Formation of Fe-rich intermetallic compounds and their effect on the
tensile properties of squeeze-cast Al-Cu alloys
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The development of high performance Al-Cu based alloys generally depends on the strict control of the
Fe content. However, with the increasing use of recycled aluminum alloys, it is necessary to increase
the tolerance for the Fe content in Al-Cu cast alloys for the purpose of low cost, energy saving, and
environment protection. In this study, the formation of Fe-rich intermetallics and their effect on the
tensile properties of squeeze-cast Al-5.0 wt% Cu—0.6 wt% Mn alloys with an Fe content of up to

1.5 wt% have been investigated. The full formation sequence of squeeze-cast Al-5.0 wt% Cu—0.6 wt%
Mn alloys with different Fe contents has been established. The results were also compared with the
corresponding results obtained for Al-5.0Cu—0.6Mn alloys prepared by gravity die casting. It is found
that the Fe-rich intermetallic compounds mainly consist of o-Fe and -Fe in alloys with a low Fe
content, changing into Alg(FeMn) and Alz(FeMn) for alloys with a high Fe content. The applied pressure
promotes the formation of the Fe-rich intermetallics o-Fe/Alg(FeMn) and prevents the precipitation of
needle-like B-Fe/Al;(FeMn). The elongation of the alloys gradually decreases with the Fe content, and
a maximum value for both the ultimate mechanical strength and the yield strength was found for the

alloys with 0.5 wt% Fe. The tensile properties of alloys with a different Fe content significantly
increased as the applied pressure was increased from O to 75 MPa, especially the elongation.

. INTRODUCTION

With increasing use of recycled aluminum alloys, the
control of Fe impurities has become a great challenge
for the low cost aluminum industry. Fe impurities are
inevitable and considered to be most detrimental to the
tensile properties. To reduce the detrimental effect of Fe
impurities on aluminum alloys, the formation of Fe-rich
intermetallics and their effect on the tensile properties
have been widely investigated. However, most of these
studies focused on Al-Si alloys.'™ Only a few studies
have been reported focusing on the formation of Fe-rich
intermetallics in Al-Cu cast alloys. The needle-like -Fe
(Al;Cu,Fe) phase is the most frequently observed Fe-rich
intermetallic compound found in A206 Al-Cu alloys
with a low Fe content, as reported by Backerud et al.,’
Talamantes-Silva et al.,® and Tseng et al.” Mn and Si
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were added to the alloys to transform the Fe-rich
intermetallics from the needle-like B-Fe to the less
detrimental o-Fe phase.®™'?

Recently, Liu et al. reported on the formation of Fe-rich
intermetallics in A206 alloys with 0.5% Fe'>~'(all compo-
sitions quoted in this work are in weight percent unless
indicated otherwise). They found that the needle-like
Al3(FeMn), Al,Fe and o-Fe all represent potential
dominant Fe-rich intermetallic phases of the solidified
microstructure in Al-Cu alloys, depending on the Fe,
Mn and Si content, and the applied cooling rate. Liu
et al. also studied the effect of Fe-rich intermetallics on
the tensile properties of A206 alloys containing 0.5%
Fe,'® and reported that the Chinese-script Fe-rich
intermetallics are less detrimental to the tensile properties
than the needle-like Fe-rich phase (B-Fe), and that the
required ductility (>7%) and mechanical strength can be
reached under T4 condition. Therefore, it is possible to
design recycled Al-Cu cast alloys with a high Fe content.

Squeeze casting is an efficient method to develop high
performance and low cost aluminum alloys with higher
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Fe contents.!” " However, only a few studies on the for-
mation of Fe-rich intermetallic compounds in squeeze-cast
Al-Cu alloys and their effect on the tensile properties have
been reported. Therefore, in this study, the formation of
Fe-rich intermetallics and their effect on the tensile
properties of squeeze-cast Al-5.0Cu—0.6Mn alloys with
different Fe contents were investigated. The results are
expected to be helpful for the development of high
performance cast Al-Cu alloys with high Fe content.

Il. MATERIAL AND METHODS

Commercially pure Al (99.5%), Al-50% Cu, Al-10%
Mn, and Al-5% Fe master alloys were used to prepare
the experimental alloys, and their chemical composition
was analyzed using an optical emission spectrometer.
The composition of the experimental alloys is listed in
Table I. The raw materials were melted at 1053 K in a
clay-graphite crucible using an electric resistance furnace.
About 10 kg of the melts were degassed using 0.5% C,Clg
to minimize the hydrogen content. Next, the melt was
poured into a cylindrical die under different applied pre-
ssures in the range from 0 and 75 MPa. The die tem-
perature was set to approximately 250 °C, and the pouring
temperature was set to 710 °C before squeeze casting.
Finally, cylindrical samples with a height of 65 mm and
a diameter of 68 mm were obtained.

Samples for the mechanical tests with a diameter of
10 mm and a height of 65 mm were produced using
a line-cutting machine. The mechanical tests were
performed using a SANS CMT5105 standard testing
machine. The values reported here were averaged over
three samples. Samples for the metallographic observation
were cut from the gage length part of selected mechanical
specimens and then etched in a 0.5% HF solution for 30 s.
A Leica optical microscope equipped with the image
analysis software Leica materials workstation V3.6.1 was
used to quantitatively analyze the Fe-rich intermetallics. To
obtain statistically significant data, approximately 50 dif-
ferent regions around the center of the etched specimen
were investigated at a magnification factor of 500. The
average phase composition and the fracture surfaces of the
mechanical specimens were analyzed using a Nova Nano
SEM 430 scanning electron microscope (SEM, Hillsboro,
OR), equipped with an energy-dispersive x-ray analyzer. To
further reveal the 3D morphology of the intermetallics,
some samples were deep-etched to preferentially remove the

TABLE I. Chemical compositions of the experimental alloys (wt%).

Alloys Cu Mn Fe Si Al

Al-5.0Cu-0.6Mn-0.1Fe(FeO1) 5.00 0.60 0.12 0.08 Balance
Al-5.0Cu-0.6Mn-0.5Fe(Fe05) 492 059 046 0.08 Balance
Al-5.0Cu-0.6Mn-0.7Fe(Fe07) 520 0.65 0.74 0.06 Balance
Al-5.0Cu-0.6Mn-1.0Fe(Fel0) 5.15 0.61 1.05 0.07 Balance
Al-5.0Cu-0.6Mn-1.5Fe(Fel5) 544 060 1.51 0.08 Balance

matrix phase. Deep etching was carried out on alloy samples
that were mounted and polished to 1 pm diamond and then
were immersed face down in a gently stirred solution of
iodine in methanol (10 g in 100 mL) at room temperature
for 45 h.* The samples were then gently rinsed with
methanol and dried in air prior to the SEM investigations.
A differential scanning calorimetry (DSC; NETZSCH
STA449 C, Bavaria, Germany) analysis using a heating
rate of 10 K min~" was performed to study the solidification
reactions and temperatures. An x-ray diffraction (XRD)
analysis was performed (Bruker D8 ADVANCE, Karlsruhe,
Germany) to study the phase evolution. To increase the
percentage of the Fe-rich intermetallics, powder samples of
the experimental alloys were also bathed in a solution of
iodine in methanol (10 g in 100 mL) for approximately 24 h
and then investigated by XRD. In addition, interrupted
water quenching at different temperatures was also adopted
to identify the Fe-rich intermetallics. A special mold with
fast opened and closed bottom plate was used to solidify the
experimental alloys, then the casting was quenched into
ice water less than 1 s. During the cooling, a K-type
thermocouple was positioned in the center of the
crucible to measure the temperature.

lll. RESULTS

A. Formation of Fe-rich intermetallics in
Al-5.0Cu-0.6Mn alloys

The Fe-rich intermetallics found in the experimental
alloys with different Fe contents are shown in Fig. 1.
Four different Fe-rich intermetallics were found in
the Al-5.0Cu-0.5Fe alloys, including o-Fe
[Al;5(FeMn)3(CuSi),] and Alg(FeMn), the needle-like
Al3(FeMn), and B-Fe [Al,Cu,(FeMn)]. The average
composition of the Fe-rich intermetallics as obtained by a
scanning electron microscope equipped with energy disper-
sive x-ray spectrometry (SEM-EDS) analysis is compared in
Table II. The a-Fe phase contains a small amount of Si,
while the B-Fe phase contains a high amount of Cu.

The evolution of Fe-rich intermetallics with increasing
Fe content was investigated by XRD analysis. The XRD
pattern obtained for FelO alloys without deep etching is
shown in Fig. 2(a). Only the o (Al) and Al,Cu phases
were found in the FelO samples, and diffraction peaks
associated with the Fe-rich intermetallics are barely
visible due to the low percentage of Fe-rich intermetallics
within the samples. To remove the matrix phase and
increase the percentage of the Fe-rich intermetallics,
some powder samples were deep etched in a solution of
iodine in methanol (10 g in 100 mL) for approximately
24 h. The resulting XRD patterns for deep etched samples
are shown in Figs. 2(b)-2(d). We found that the Fe-rich
intermetallics consist of a-Fe for Al-5.0Cu—0.6Mn alloys
with a low Fe content, and they change into Alg(FeMn)
and Al;(FeMn) for alloys with a high Fe content.
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FIG. 1. SEM morphology of Fe-rich intermetallics in alloys with different Fe contents: (a) 0.1%; (b) 0.5%; (c) 0.7%; (d) 1.0%; (e) 1.5%.

B. Formation of Fe-rich intermetallics in gravity
die cast alloys

Figure 3 shows the DSC heating curves obtained for
the gravity die cast alloys. Three distinct peaks can be
identified. To investigate the formation of the Fe-rich
intermetallics in detail, an interrupted water quenching
technique was used to observe the Fe-rich intermetallics
formed at different temperatures. The microstructure of
gravity die cast alloys water quenched at 620, 600, and
570 °C, respectively, is revealed in Fig. 4. As shown in
Fig. 4(a), the Fe-rich intermetallics consist of Alg(FeMn)
for the samples water quenched at 620 °C and change into
a-Fe [Fig. 4(b)] or B-Fe. Similar results were observed for
the FeO7 alloy. When the Fe content was increased to
1.0%, the Fe-rich intermetallics consist of Alg(FeMn) and

2476

Al;(FeMn) for the samples water quenched at 620 °C, with
the Aly(FeMn) partly changing into Alg(FeMn), effectively
resulting in the decrease of the Alz(FeMn) content in
samples water quenched at 570 °C.

C. Effect of the applied pressure on the formation
of Fe-rich intermetallics

The DSC heating curves obtained for the alloys
squeeze-cast at 75 MPa are shown in Fig. 5. Similar to
the results obtained for the gravity die cast alloys,
three peaks were observed for the squeeze-cast alloys.
To investigate the effect of the applied pressure on the
formation of the Fe-rich intermetallics, the samples
squeeze-cast at 75 MPa were water quenched at 620 °C, as
shown in Fig. 6. Compared to the microstructure of water
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quenched gravity die cast alloys, the size of the Fe-rich
intermetallic phases is smaller and the amount of
Al3(FeMn) is obviously lower in the squeeze-cast
alloys [Fig. 6(c)].

The volume percent of the Fe-rich intermetallic phases
in alloys with a different Fe content and for different
applied pressures is shown in Fig. 7. The volume percent
of the Fe-rich intermetallics obviously increases with the
Fe content, while the applied pressure decreases the volume
percent of needle-like Fe-rich intermetallics obviously.
When the applied pressures increase from 0 to 75 MPa,

TABLE II. Average chemical composition of Fe-rich intermetallics
(at %).

the volume percent of needle-like Al;(FeMn) in FelO
alloys decreases from 3.5 to 0.6%.

D. Effect of the Fe content on the tensile
properties of Al-5.0Cu-0.6Mn alloys

Figure 8 compares the tensile properties of alloys with
different Fe contents and different applied pressures. The
tensile properties are significantly enhanced as the applied
pressure was increased from O to 75 MPa, especially the
elongation. The reason may be attributed to the refinement
of o (Al), the decrease of porosities and the evolution of
Fe-rich intermetallics resulted by the applied pressures.'
The elongation of the alloys gradually decreases with the
Fe content, with a maximum of the ultimate mechanical
strength and the yield strength observed for the alloys

Source Phase Al Cu Mn Fe Si containing 0.5% Fe.
FeO1 a-Fe 77.42 9.58 0.67 11.10 1.23
Fe05 o-Fe 75.28 9.62 398 1013 141 IV. DISCUSSION
B-Fe 67.83 27.30 0.60 4.27 .
o-Fe 7391 8.86 319 1341 061 A. Formation of Fe-rich intermetallics in gravity
Fe07 B-Fe 67.03 2264 147 8.86 die cast alloys with different Fe contents
Alg(FeMn)  84.20 471 1.60 9.49 . . .
Alg(FeMn)  83.01 520 288 3.86 Combining the results of the systematic metallographic
Fel0 Aly(FeMn)  77.09 6.8 455 1133 observations and DSC investigations described above with
p-Fe 73.87 1987 1.20 5.06 the results published by Backerud et al.,” Mondolfo®'
Alg(FeMn) 8375 498 215 9.13 Kamaga et al.,'* and Liu et al.,'*'> the possible solidifi-
Fel5 Al;(FeMn) 72.44 72 5.38 14.98 . . hei £ d th
B-Fe 7970 1718 084 228 cation reactions, their sequence of occurrence and the
peak dissolution temperature for gravity die -cast
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FIG. 2. XRD patterns of alloys: (a) 1.0% Fe, un-deep etched; (b) 0.5% Fe, deep etched; (c) 0.7% Fe, deep etched; (d) 1.0% Fe, deep etched.
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FIG. 3. DSC heating curves of the gravity die cast alloys with different Fe contents: (a) 0.1%; (b) 0.5%; (c) 0.7%; (d) 1.0%; (e) 1.5%.

Al-5.0Cu-0.6Mn alloys with different Fe contents are
listed in Table III.

AlsFe and AlgFe are common Fe-rich intermetallics in
AA1xxx (Al-Fe-Si) alloys. Backerud et al. found that the
formation of aluminum dendrites begins at a temperature
of 649-651 °C, and the Alg(FeMn) phase starts to form
at 649 °C in A204 Al-Cu cast alloys.” According to
Liu et al., the shape and position of the peaks attributed to
Al;(FeMn) and Alg(FeMn) will resemble the Al dendrite
peak in A206 Al-Cu alloys.'* Therefore, only one peak is
observed in this temperature range, indicating that the
peaks for Al dendrite, Al;(FeMn), and Alg(FeMn) overlap
in peak #1.

2478

As shown in Table III, peak #2 indicates the formation
of a-Fe, B-Fe, and Alg(FeMn). In alloys with a low Fe
content (<1.0%), Alg(FeMn) takes part in the reaction
associated with peak 2, resulting in the formation of the
ao-Fe and B-Fe phases, respectively [Figs. 4(b) and 1(d)].%
Furthermore, the o-Fe partly transforms into B-Fe, as
illustrated by Figs. 1(b) and 1(c). In alloys with a high
Fe content (>1.0%), Al;(FeMn) takes part in the reac-
tion associated with peak 2, resulting in the formation
of the Alg(FeMn) and B-Fe phases, respectively
[Figs. 4(h) and 1(e)].

Here, peak #3 is attributed to the main eutectic reaction
because, in this study, this reaction is present in all alloys,

J. Mater. Res., Vol. 30, No. 16, Aug 28, 2015
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FIG. 4. Microstructures of alloys water quenching at different temperatures without applied pressure: (a) 0.5% Fe, 620 °C; (b) 0.5% Fe, 600 °C; (c)
0.5% Fe, 570 °C; (d) 0.7% Fe, 620 °C; (e) 0.7% Fe, 600 °C; (f) 0.7% Fe, 570 °C; (g) 1.0% Fe, 620 °C; (h) 1.0% Fe, 600 °C; (i) 1.0% Fe, 570 °C.
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FIG. 5. DSC heating curves of the squeeze-cast alloys with different Fe contents: (a) 0.1%; (b) 1.5%.

independent of the Fe content. The formation of the B-Fe  to the selective promotion of Fe-rich intermetallics by a

phase during the main eutectic reaction depends on the Fe ~ high cooling rate in squeeze-cast alloys. As already
demonstrated earlier, higher cooling rates can be achieved

. . during solidification in the squeeze-casting process.”>**

B. Effe.ct o.f the appllfgd [.)ressure on the formation Previous studies suggested that a high cooling rate
of Fe-rich intermetallics in Al-5.0Cu-0.6Mn alloys promotes the formation of Alg(FeMn) over the formation
The applied pressure reduces the amount of needle-like ~ of Alz(FeMn) in AA1xxx(Al-Fe-Si) alloys25 and AA5182
B-Fe and Al;(FeMn).'? This phenomenon may be related  alloys.?® Furthermore, the Al-AlgFe eutectic phase grows

content.
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FIG. 6. Microstructures of water quenching samples at 620° C with the applied pressure of 75 MPa: (a) 0.5%; (b) 0.7%; (c) 1.0%.
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FIG. 7. Volume percent of Fe-rich intermetallics of alloys with
different Fe contents and applied pressures.

at a higher temperature than the Al-Al;Fe eutectic phase
in the Al-Fe alloy at high solidification velocities.?’
Similarly, the applied pressure will promote the for-
mation of Alg(FeMn) and prevent the precipitation of
Al;(FeMn) during squeeze casting at high cooling rates
(cp. Fig. 6).

The second reason is related to the crystal structure of
the Fe-rich intermetallics. The o-Fe phase has a cubic
structure, and nucleates and grows more easily and more
quickly than the tetragonal B-Fe phase, whereas the B-Fe
and Al;(FeMn) phases exhibit a thin needle-like

2480

morphology, which indicates the rate of transformation
of these phases is essentially governed by the mobility of
the large facets.'? That is to say, the growth rate of Fe-rich
intermetallics is governed by the mobility of solute,
especially the Fe, because the low solute normalized
growth restriction factor of Fe in aluminum alloys.*®

The connection of solute normalized growth restriction
factor and the applied pressure can be expressed by the
Eq. (1) (Ref. 29):

p=_*__ (1)
dng exp (52)

where D is the solute normalized growth restriction factor;
d is the length of atomic free path; 1 is the viscosity, Vj is
the original volume of liquid phase; therefore, the ratio
between the solute normalized growth restriction factor of
the squeeze casting (applied pressure of 75 MPa) and
gravity die casting (applied pressure of 0 MPa) can be
expressed as the Eq. (2):

Do RT

1.01 x 10° = 7.5 x 107) x V,
= exp l( . ) 0] . (2

Dp o [(Po —P) x VO}

RT

From the Eq. (2), we can find that the solute normal-
ized growth restriction factor will decrease with increas-
ing the applied pressure. As a result, the thin needle-like
B-Fe will form difficulty for the low diffusion and gather

J. Mater. Res., Vol. 30, No. 16, Aug 28, 2015



W-w. Zhang et al.:

Formation of Fe-rich intermetallic compounds and their effect on the tensile properties of squeeze-cast AI-Cu alloys

ability of Fe in squeeze-casting alloys. Besides, the
“early” formed o-Fe consumes the Fe, and the amount
of free Fe available for B-Fe is reduced. Therefore, com-
pared to the PB-Fe and Alz(FeMn) phases, o-Fe and
Alg(FeMn) can be formed more easily at high cooling

320 20
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280 |- e () MPa
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240 -
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FIG. 8. Tensile properties of the alloys with different Fe contents and
applied pressures.

TABLE III. Possible solidification reactions in gravity die cast
Al-5.0Cu-0.6Mn alloy with different Fe contents.

Temperature

NO Reactions o) Alloys
(a) L — o (Al 649-653 FeOl-Fel5
1 (b) L — o (Al) + Alz(FeMn) Fel0-Fel5
(¢) L — o (Al) + Alg(FeMn) FeOl-Fel5
(a) L + Alg(FeMn) — o-Fe 589-597 FeO1-Fe05
(b) L + o-Fe — B-Fe Fe05-Fe07
) (c) L + Alz(FeMn) — o (Al) + B-Fe Fel0-Fel5
(d) L + Alz(FeMn) — o (Al) FelO-Fel5

+ Alg(FeMn)

(e) L + Alg(FeMn) — o (Al) + B-Fe Fe05-Fel5
3 L — o (Al) + AlL,Cu + B-Fe 546-547 FeOl-Fel5

75 MPa :

=11
£
z
E //
-sr i
: 3 :
=
§ D MPy SrrotEmdnneheeensany e X .
=
a-Fe
575 580 585 590 595 600
(a) Temperature (°C)

rates. Figure 9 shows the DSC heating curves and their
first differentiations obtained for the 0.6Mn-0.1Fe alloy
for different applied pressures. The peak temperature of
peak #2 in the Fe(Ol alloy increases with the applied
pressure (peak #2 is related to the formation of ao-Fe).
A high applied pressure increases the precipitation
temperature of o-Fe. Therefore, the DSC heating curves
further confirm that a high applied pressure promotes the
formation of a-Fe.

In addition, high pressures decrease the critical radius
for nucleation and decreases the interfacial free energy
of crystal interface.>® That is to say, the applied pressure
will increase the nucleation of Fe-rich intermetallics.
Therefore, a large amounts and small size of Fe-rich
intermetallics will be obtained in squeeze-cast alloys.

C. Effect of the Fe content on the tensile
properties of Al-5.0Cu-0.6Mn alloys

As indicated by Fig. 8, the alloy elongation gradually
decreases with the Fe content, and the maximum value
for both the ultimate mechanical strength and the yield
strength was found for the alloys with 0.5 wt% Fe. This is
attributed to the morphology and amount of Fe-rich
intermetallics. To disclose the morphologies of the
Fe-rich intermetallics, some selected specimens were
deep-etched. Representative SEM micrographs revealing
the typical three dimensional morphologies of the Fe-rich
intermetallics are shown in Fig. 10. The coarse B-Fe
phases precipitate with a coarse plate-shape morphology
as shown in Fig. 10(a). As shown in Fig. 10(b), the o-Fe
phase exhibits a typical dendrite structure. Some primary
branches with different sizes grow from a center and some
secondary branches can grow directly from the sides of the
large primary axes.

The morphology of Al;(FeMn) in the deep-etched
samples exhibits twinning characteristics, i.e., some
branches in different growth directions [Fig. 10(c)], whereas
Alg(FeMn) shows a skeletal structure [Fig. 10(d)]. Therefore,

= E
1) !
E |
F ;
E ;
- |
2 ; i
= 0 MPa '
'\
‘u-Fe
i 1 L L L i
575 580 585 590 595 600
(b) Temperature (°C)

FIG. 9. (a) DSC heating curves and (b) their first differentiations for 0.6Mn-0.1Fe alloy at various applied pressures.
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FIG. 11. Morphologies of Fe-rich intermetallics in fracture surfaces of alloys: (a) 0.1%; (b) 0.5%; (c) 0.7%; (d) 1.0%.
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the plate-shaped B-Fe and Alz(FeMn) can easily
become crack initiation sites, while the compact o-Fe
and Alg(FeMn) are less harmful to the mechanical
properties.'® Figure 11 reveals the morphology of Fe-rich
intermetallics on the fracture surfaces of the alloys. It can
be observed that the a-Fe and Alg(FeMn) phases usually
exist inside ductile dimples, which suggests that they are
less harmful than the plate-shaped Al;(FeMn).

As it is shown in Fig. 7, the main Fe-rich intermetallic
phase is o-Fe, with only 0.2% volume percent B-Fe
existing in the Fe05 alloy. A small amount of o-Fe is
beneficial by improving the alloy strength through
second phase hardening in alloys with a low Fe content.
In contrast, the increased concentration of Fe-rich
intermetallics, especially the needle-like Al;(FeMn) in
alloys with a high Fe content results in the deterioration
of the tensile properties. Therefore, a maximum value
for both the ultimate mechanical strength and the yield
strength was found for the alloys with 0.5 wt% Fe.

V. CONCLUSIONS

The formation of Fe-rich intermetallics and their effect
on the tensile properties of squeeze-cast Al-5.0Cu—0.6Mn
alloys with different Fe contents have been investigated.
The conclusions are as follows:

(1) The main Fe-rich intermetallics observed are
o-Fe [Al;5(FeMn);(CuSi),] and needle-like
B-Fe [Al;Cu,(FeMn)] in Al-5.0Cu—0.6Mn alloys with
a low Fe content, and they change into Alg(FeMn) and
needle-like Alz(FeMn) in alloys with a high Fe content.

(2) According to the microstructure investigations
performed on water quenched specimens, the primary
Fe-rich intermetallics which formed from the Al alloy
melt were Alg(FeMn) and Alz(FeMn). Alg(FeMn) pref-
erably precipitates in alloys with a low Fe content (below
0.7%), partly or completely changing into B-Fe or o-Fe,
respectively, after solidification. Al;(FeMn) preferably
forms in alloys with a high Fe content (above 1.0%),
partly or completely changing into B-Fe or Alg(FeMn),
respectively, after solidification.

(3) The applied pressure promotes the formation of Fe-
rich intermetallic a-Fe or Alg(FeMn) phases and prevents
the precipitation of needle-like B-Fe or Alz(FeMn). The
formation temperature of a-Fe increases with the applied
pressure.

(4) The elongation of the alloys gradually decreases
with the Fe content. A maximum value for both the
ultimate mechanical strength and the yield strength was
found for the alloys with 0.5 wt% Fe. The reason is that
the o-Fe and Alg(FeMn) phases are beneficial for the
strength but are harmful to the toughness of the alloys.
The tensile properties of the alloys with different Fe
contents significantly increased as the applied pressure
was increased from O to 75 MPa, especially the elongation.
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