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Effects of Fe Content on Fe-rich Intermetallics and Porosity in AISiCuMg Alloys
Song Wei, Zhong Gu, Li Hutian, Gui Xinghui, Lu Tong, Jiang Huixue
(Chinalco Materials Application Research Institute)

Abstract : According to the application of Al-Si-Cu-Mg alloy, experimental samples with different Fe contents were
designed. The influence of Fe content on the type, amount and maximum size of Fe-rich phase was investigated by
experimental and thermodynamic analysis. The results indicate that the increase of Fe content promotes the pre-
cipitation and growth of g-Fe phase, and make the morphology of n-Fe phase transformed from a simple Chinese
character to a complex skeleton. The precipitation of 3-Fe phase can be inhibited by controlling Fe content within
a range. In addition, the mechanism of g-Fe on porosity formation and growth was analyzed through theoretical
and experimental analysis. The results reveal that the needle-shaped g-Fe phases inhibit interdendritic channels
and leads to the formation of porosity. Furthermore, due to the lower gas-solid interface energy of Fe-rich phase,
hydrogen is preferentially precipitated on Fe-rich phase surface, which further enlarges the porosity volume.
Based on tensile results, Fe has great effects to the mechanical properties of the alloy. When Fe content exceeds
0.25% , the alloy tends to brittle fracture.
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Tab.1 Chemical composition and vacuum density of alloys
o wn/ % I
o BUE 5] %% B/
e B o Mg Mn Ti Sr Fe -
(gecm )
PE 8.500 1.000 0.350 0.150 0.120 0.020 0.100
Fy . fi K 2.616
SPAE 8.590 0.960 0.320 0.160 0.120 0.018 0.110
B {E 8.500 1.000 0.350 0.150 0.120 0.020 0.150
Foooo Pis 2.609
SZIE 8.600 1.020 0.320 0.150 0.116 0.019 0.155
P {E 8.500 1.000 0.350 0.150 0.120 0.020 0.200
Fs L 2.614
S 8.760 1.040 0.350 0.158 0.114 0.024 0.194
BEHAE 8.500 1.000 0.350 0.150 0.120 0.020 0.250
Foo .. K 2615
SEME 8.610 1.040 0.350 0.160 0.109 0.019 0.251
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The ingot model and sampling position
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Fig.2 Simulation results of casting defect in experimental ingot
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Fig.3 SEM microstructures of samples with different Fe contents
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Tab.2 EDS results of typical Fe-rich phases in Fig.3 %

XB

= Al Si Mn Fe Mg
A 66.02 22.17 — 3.87 7.94
B 69.32 13.33 9.67 7.68 -
C 66.55 19.42 2.31 5.27 6.45
D 60.41 22.5 2.47 14.19 -
E 77.67 9.04 - 12.96 0.33
F 81.16 9.88 8.96
G 66.8 18.41 1.56 3.65 9.58
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Fig.4 The area fraction of bright white phases in samples

with different Fe contents

K o WP - MPaso A SR, %,
2 RBERS5 M

2.1 Fe 2EXE Fe AN

Bl 3 AR Fe & A G740 B B 19 BT CT
LR RE J L 3 2 AT 3 L B Fe A A RE T 70 45
o ATLIE A& AR R A7 A 3 Rl BE R P A L
5 TR IR Y - ALIE PR AR LK €0 1Y 36 88 S L S5 1

(c) Fs (d) Fy

(R Fe AR MEE i 36 PR Ak B0 T 2R R

B AR A B R AN TR) Fe & da 1aCAF v it B 1Y
w Fe MTES 5 £ SEM IR v B B Ok L IR 45 5 ik
T AR (R 2) 0 ALARE P Fe MHINIE AL Fh 2
VARt RIRSF it AT o e A R W3R 3. AT LA i, 4 Fe
R 0.1% 0, & 4 E Fe MBS L AR o
Fe #ABUFAR Y o-Fe M0 E . e K& Fe IR
18.6 pm. B Fe & BN . &8P ZH B 7 REHR
(1 p-Fe #l, HA Z W 2 s o-Fe ML B iy i .19
DU AR 77 e 78 S 2% 19 iR e A L B R R Fe ]

R3 AR Fe@BRHEPE Fe BER.FHEURZK

Rt &R
Tab.3 The morphology, species and maximum size

of Fe-rich phases in samples with different Fe contents
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Fig.5 The effect of Fe content on precipitation temperature

of Fe-rich phases
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Fig.6 Typical microstructure of AlSiCuMg alloy with different Fe contents
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Tab.4 Statistical results of porosity defects in samples

with different Fe contents

W fLBR/ % BRHFMRA/pm AR Z 8
Fy 0.09 23 0.42
F, 0.16 43 0.27
Fy 0.24 75 0.17
F, 0.28 107 0.19
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