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Formation and Microstructure Characteristics of 3-AlsFeSi Intermetallic
Compound in the Al-Si-Cu Alloys with the Variation of Fe Content

Bong-Hwan KimT, and Sang-Mok Lee

Liquid processing & casting technology R/D division, Korea Institute of Industrial Technology, Incheon, 406-840 Korea

Abstract

For comprehensive understanding of the formation behavior of B-AlsFeSi phase in Al-Si-Cu alloys with the existence of Fe ele-
ment, microstructure characterizations were performed using combined analysis of OM, SEM-EDS, XRD. Especially, experimental
and predictive works on solidification events of f-AlsFeSi phase as well as other phases formed together with 3-AlsFeSi have been
carried out by using DSC analysis and Java-based Materials Properties software (J. Mat. Pro.). Primary and eutectic $-AlsFeSi phases
were able to distinguish from each other on microstructures by their morphological features. Primary B-AlsFeSi phase was seen to
have rough surface perpendicular to growth direction, indicating free attachment of solute atoms in liquid state. On the other hand,
the eutectic B-AlsFeSi phase was formed with plain and straight surface during eutectic reaction together with a-Al phase. The eutectic
reaction of B-AlsFeSi and a-Al phases was seen to be able to separate into each formation depending on cooling rate.
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Fig. 1. (a) The Al-corner of the Al-Si-Fe phase diagram at 540°C and (b) Enlarged view of (a) re-drawn from figures in reference [4], in which

the figures were derived by Thermo-Calc.
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Fig. 2. Al-corner of the liquidus surface in the Al-Si-Fe ternary phase
diagram in which the numbers in circle indicate the symbols

of casting runs in the present study.
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Table 1. Crystallographic information of intermetallic compounds in the Al-Si-Fe system

Phase Crystal structure Lattice parameter Reference

AlgFe,Si Hexagonal a=1.2404 nm [18]
(also designated as Alj;Fe;Si, or a(AlFeSi)) (P63/mmc) ¢=2.6234 nm
a=2,0813 nm

AlsFeSi Monoclinic b=0.6175 nm [18]
(also designated as AlgFe,Si, or B(AlFeSi)) (C2/e) ¢=0.6161 nm

B =90.42°
Al;5(Fe,Mn);Si, Face-centered Cubic a=1252 nm [16]

(also designated as a-AlFeMnSi or sludge or a')

(Im3)

(42)
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Table 2. Invariant reactions reported in the Al-Si-Cu system with the existence Fe element
Reaction Tem}?)erature Compositif)n (wt.%) Reference
C) Fe Si Cu
L + a-AlgFe,Si — o-Al + B-AlsFeSi 613 1.8 6.2 -
L + a-AlgFe,Si — a-Al + B-AlsFeSi + Al;Cu,Fe 579 0.8 32 16.7
L — o-Al + B-AlsFeSi + Si 573-576.5 0.5-0.78 11.7-12.2 - [18]
L — a-Al+ B-AlsFeSi + Si+ ALCu 525 0.4 5.5 262
L + B-AlsFeSi — o-Al + Si + Al;Cu,Fe - - - -
Table 3. Actual compositions of casting specimens analyzed by ICP-ES
. Element (wt.%)
Specimen - - -
Si Fe Cu Mn Mg Cr Ni Zn Sn Ti B
No. 1 7.0 0.6 2.8 0.10 0.02 0.02 0.02 0.34 0.02 0.19 0.03
No. 2 7.1 2.1 2.7 0.10 0.04 0.02 0.03 0.37 0.02 0.20 0.03
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Fig. 3. (a) typical microstructure of No. 1 specimen showing the
primary [B-phase and eutectic of 3- and o-Al phases and (b)
mutual growth of B and a-Al showing tendency to block
each other in the pore areas.

large B-AlsFeSi

Fig. 4. Typical microstructure showing the large primary and small
B-phase together with sludge phase (designated with o-
Al;s(Fe,Mn);Siy) in No. 2 specimen.
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Fig. 5. X-ray diffraction patterns showing the presence of sludge
phase (designated with a-Al;s(Fe,Mn);Si,) in (b) No. 2 and
B-phases in (a) No. 1 and (b) No. 2 specimens solidified in
9 mm of wall thickness.
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(c) Element (at.%)
No. . Phase
Al Si Fe Cu Mn Cr

1-1 70.1 16.3 13.7 - - Pri Boph
rimary [B-phase

1-2 69.0 17.7 13.3 - - - Y &P

2 82.9 11.9 52 - - - Eutectic [3-phase

3 74.0 9.3 13.1 1.4 1.1 1.1 Sludge phase

Fig. 6. Typical secondary electron micrographs of (a) No. 1 and (b) No. 2 specimens solidified in 9 mm wall thickness and (c) EDS results
corresponding to the phases designated with the same number in (a) and (b).
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Fig. 7. (a), (b) Fractions of major phases and (c), (d) liquid concentrations of No. 1 and No. 2 specimens, respectively, as a function of
temperature calculated using the J. Mat. Pro. (version 5.0).
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Fig. 8. (a) Heating and cooling DSC curves of No. 2 specimen and (b)
calculated specific heat curve using J. Mat. Pro. (version 5.0).
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Table 4. Summary of reaction during solidification of No. 2 specimen
(the number of reactions correspond to the same number in
Fig. 8(a) and (b)).

No. Reaction Remark
1 L — Sludge Primary (~645°C)
2 L — B-phase Secondary (620°C~)
> L= oAl Eutectic (584-595°C)
4 L — B-AlsFeSi
5 L—Si Eutectic with 3, 4 (558°C)
6 L — o-Al;Cu,Fe Eutectic (504°C)
7 L — 0-ALCu Eutectic (496°C)
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Fig. 9. Cooling curves obtained during DSC analysis of No. 2
specimen showing the shift of reaction temperatures of 3 and
4 events as a function of cooling rate.

Table 5. Measured peak temperatures of the reactions corresponding
to the number of 3, 4 and 5 in Fig. 9, respectively

Tpeak(°C) of the reactions
corresponding to the numbers in Fig. 6(a)

No. 5 No. 4 No. 3
5 552.7 577.9 591.5
10 552.3 582.9 590.7
20 551.6 585.0 589.5
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