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Abstract: The effects of Si addition and applied pressure on the microstructure and tensile properties of as-cast Al-5.0Cu—0.6Mn—
1.2Fe alloys were studied. The results show that Si addition promotes the formation of Chinese script a-Fe, and suppresses the
precipitation of Al;(FeMn) and Alg(FeMn). For the alloys produced without pressure, Si addition increases the volume fraction of
porosity, resulting in remarkable decrease in ultimate tensile strength (UTS) and yield strength (YS). For the alloys produced with
75 MPa pressure, Si addition improves UTS and YS owing to the formation of high number density of Al,Cu () phases. The tensile
properties of alloys increase with increasing applied pressure at the same Si content level, which is attributed to elimination of
porosity, grain refinement strengthening and solid-solution strengthening. The alloy with 1.1% Si addition and 75 MPa pressure
shows the best tensile properties, where the UTS, YS and elongation are 237 MPa, 140 MPa and 9.8%, respectively.
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1 Introduction

Cast aluminum alloys, due to their low density
and excellent mechanical properties, have been widely
used in transportation and aerospace areas, particularly
for production of automotive components [1-3]. In
addition, recycled Al alloys have received considerable
attention since only 3% of the energy is required
compared with the primary production from natural
resources [4]. However, one of the greatest challenges to
Al recycling is the high impurity elements in the
scraps [5]. Fe is one of the most common impurities in
commercial Al alloys, and the Fe levels in the alloys can
be invariably increased with the accumulation. However,
in the Al-Cu alloys, extremely low Fe content is required,
for example, less than 0.10% (mass fraction) Fe in A206
series alloys [6]. The solid-state solubility of Fe in a(Al)
is about 0.05% (mass fraction) in equilibrium state [7]
and it is even less under real solidification conditions.
Consequently, Fe in Al—Cu alloys usually precipitates in
the form of the Fe-rich intermetallics, including

Aly(FeMn) [8,9], Alg(FeMn) [10,11], Al,(FeMn) [8,11],
Al;,CuFe (f-Fe) [12—-14] and Al;s(FeMn);(SiCu),
(a-Fe) [15,16]. Among these Fe-rich intermetallics, the
plate-like Alz(FeMn) and f-Fe could severely deteriorate
the tensile properties of the alloys due to their brittle
nature which could result in the crack initiation and
propagation [17]. Compared with the coarse plate-like
Al;(FeMn) and S-Fe, the Fe-rich intermetallic in the form
of compact Chinese script has been found to be less
harmful to tensile properties [18]. Mn is the most
commonly used alloying element to neutralize the effect
of Fe and modify the plate-like Fe-rich intermetallics
into less harmful morphologies [19].

Si, like Fe, is another major impurity in many high
strength commercial Al-Cu alloys [1]. Recently,
interesting research findings [1,15,20—23] have been
reported concerning Si transferring the Fe-rich
intermetallics from platelet-like to less harmful Chinese
script. LIU et al [8,20,21] proposed that the addition of
Si is helpful to promote the formation of a-Fe and
hinder the precipitation of f-Fe because the formation
temperature of a-Fe is higher than that of f-Fe and there
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are less free Fe atoms available for the formation of S-Fe.
KAMGA et al [22,23] further confirmed this result.
However, TALAMANTES-SILVA et al [24] reported that
f-Fe is the only Fe-rich intermetallic in the 206 alloys
with Si/Fe ratio of 1 and Mn/Fe ratio of 3.5. LEMIEUX
et al [25] and HAN et al [26] observed that the addition
of Si does not have an effect on the strength, but
decreases the ductility of the alloys. However, there are
controversial results about the effect of Si on the Al-Cu
alloys, i.e., whether Si is an impurity or a beneficial
alloying element, or in which range that Si can improve
the mechanical properties in Al-Cu alloys. Therefore, it
is vital to study the effect of Si on the microstructure
evolution and tensile properties of recycled Al-Cu alloys
with high Fe and Si contents.

Squeeze casting is a technology with short route,
high efficiency and precise forming, possessing features
of casting and plastic processing [13,27-29], which
offers advantages such as enhancing the cooling rate and
eliminating casting defects of porosity and shrinkage.
Recently, LI et al [28] reported that squeeze casting
could greatly improve the performance of light alloys
and reduce the impurity restriction in recycling material.
In our previous studies [13,16,30,31], we reported that
squeeze casting decreases the secondary dendritic arm
spacing (SDAS) of a(Al) and the porosity and
significantly affects the intermetallics, such as Fe-rich
intermetallics, in Al-Cu alloys.

With accumulation of recycled Al-Cu alloys scraps,
the content of Fe and Si elements is relatively high.
However, previous studies were mainly focused on the
effect of low content of Fe and Si element on the Al-Cu
alloys. In the present work, the microstructure and tensile
properties of Al—Cu alloys with high contents of Fe and
Si were studied during squeeze casting produced by
casting with or without pressure.

2 Experimental

The alloys with various Si contents were produced
by melting commercially pure Al (99.5%) and the master
alloys of AI-50%Cu, Al-10%Mn, Al-20%Si and
Al-5%Fe. The real chemical composition was analyzed
by optical emission spectrometer, as given in Table 1.
Firstly, 10 kg raw materials were melted at about 730 °C
in a clay-graphite crucible using an electric resistance
furnace and the melts were degassed by 0.5% C,Clg to
minimize hydrogen content. The pouring temperature
was set to be 710 °C after degassing and the die was
preheated to ~200 °C before squeeze casting. After the
melt was poured into a cylindrical die, varied pressure
(0, 25 and 75 MPa) was applied to melts and held for
30 s until the melt was completely solidified. Finally, the
ingots with sizes of d 65 mm x 68 mm were obtained.

Table 1 Chemical compositions of experimental alloys (mass
fraction, %)

Alloy Cu Mn Fe Si Al
Al-5.0Cu—0.6Mn—1.2Fe—0Si  5.19 0.64 1.22 0.03 Bal.
Al-5.0Cu—0.6Mn—1.2Fe—0.15Si 5.30 0.63 1.22 0.17 Bal.
Al-5.0Cu—0.6Mn—1.2Fe—0.55Si 5.23 0.63 1.22 0.58 Bal.
Al-5.0Cu—0.6Mn—1.2Fe—1.1Si 5.05 0.67 1.29 1.09 Bal.

The tensile samples with dimensions of d 10 mm x
65 mm were cut from the edge of the ingots. Tensile tests
were carried out at room temperature using a SANS
CMT5105 standard testing machine with a strain rate of
I mm/min. At least three samples were tested to obtain
the average Samples for metallographic
observation were cut from the end of tensile specimens.
Metallographic samples were etched with 0.5% HF
solution for 30 s. Samples for grain size measurement
were examined in Leica optical microscope with
polarized light after anodizing with a 4% HBF, solution
for about 30 s at 20 V. The random linear intercept
technique was used in the center of the samples to
measure the grain size and 20 images were used to
calculate the grain size. The microstructure was analyzed
with the image analysis software Leica materials
workstation V3.6.1. The area fractions of intermetallics
were calculated based on the assumption that the
morphology of the intermetallics is uniform. Nearly 50
different fields were examined for each sample. The
average chemical compositions of the phases and
fracture surfaces of tensile specimens were analyzed
using SEM Quanta 200, energy-dispersive X-ray
analyzer (EDX) and EPMA-1600 electron probe
micro-analyzer. X-ray diffractometer (Bruker DS
ADVANCE) was used to further index these phases,
which was operated at 40 kV and 100 mA. The
morphology of the Fe-rich intermetallics was further
studied by transmission electron microscopy (TEM)
using a Philips microscope (FEI 3010). Cu content in the
o(Al) matrix in the as-cast state was measured by
EPMA-1600 electron probe micro-analyzer.

value.

3 Results and discussion

3.1 Microstructure

The grain size distributions of the 0% Si alloys with
and without applied pressure after anodizing are
displayed in Fig. 1. The red line in Fig. 1 is marked in
order to distinguish different grains on the grain
boundary. It can be seen that the grain size of the alloy
produced with 75 MPa applied pressure is smaller than
that of the alloy produced without applied pressure. The
statistics results (Fig. 1(c)) show that the increase of
applied pressure results in a grain size reduction. The
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measured SDAS of a(Al) decreases from ~80 um for the
alloy without applied pressure to ~30 pum for the alloy
with 75 MPa applied pressure. The reduction in grain
size is mainly attributed to the applied pressure which
can reduce the air gap between the melt and die and an
associated increase in the cooling rate, leading to local
high undercooling and the increased nucleation rate of
primary a(Al) [27].
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Fig. 1 Effect of applied pressure on grain size of alloy
containing 0% Si: (a) Without applied pressure; (b) With
75 MPa applied pressure; (c) Histogram showing distribution
of grain size of alloy with and without applied pressure

Figure 2 shows the corresponding microstructure of
Al-5.0Cu—0.6Mn—1.2Fe alloys with Si content varying
from 0% to 1.1% without applied pressure. As can be
seen, the microstructure consists of the primary a(Al),
Al Cu, platelet-like Al;(FeMn), Chinese script Alg(FeMn)
and a-Fe, confirmed by the EDS results (Table 2). The

irregular-shaped light grey phase observed in the
microstructure is Al,Cu, which is obtained from the
eutectic reaction during solidification. These Fe-rich
intermetallics are typical phases found in Al-Cu alloys
[8,13,32]. As seen from Fig. 2(a), the platelet-like
Al;(FeMn) and Chinese script Alg(FeMn) precipitates are
the main Fe-rich intermetallics in the alloys without Si
addition. There is only a little morphology change when
the Si content is raised from 0% to 0.15% (Fig. 2(b)). In
the alloy with 0.55% Si, Chinese script a-Fe and
Alg(FeMn) coexist (Fig. 2(c)), while only Chinese script
a-Fe is presented when Si content is further increased to
1.1% (Fig. 2(d)). These indicate that Si promotes the
formation of a-Fe and suppresses the formation of
Al;(FeMn) and Alg(FeMn) phases. Compared with the
alloys without applied pressure, the applied pressure
influences both the size and morphology of the a(Al) and
secondary intermetallics. As shown in Fig. 3, the
morphology of Fe-rich intermetallics is smaller and more
compact in the sample with applied pressure of 75 MPa.

As shown in Fig. 4, the volume fraction of
porosities in the alloys with 1.1% Si is higher than
that in the alloys with 0% Si. Moreover, the size of the
Fe-rich intermetallics without applied pressure is
obviously larger than that of intermetallics with applied
pressure.

The DSC heating curves of Al-5.0Cu—0.6Mn—
1.2Fe alloys with different Si contents are presented in
Fig. 5. The DSC curve of the alloy with 0% Si exhibits
three distinct endothermic peaks at 656.9, 603.0 and
551 °C, corresponding to the melting of the primary
a(Al) phases, Chinese script Alg(FeMn) phases, and
eutectic AL,Cu phases, respectively. Similarly, the DSC
curve of the alloy with 1.1% Si exhibits three distinct
endothermic peaks at 649.6, 5352 and 525.5 °C,
corresponding to the melting of the primary a(Al) phases,
eutectic AlL,Cu phases, and eutectic Si phases,
respectively. With increasing Si content, the endothermic
peaks of Alg(FeMn) phase disappear, which is consistent
with the microstructure (Fig. 2). With increasing Si
content, the temperature of liquid and formation of phase
is reduced. These results are in agreement with
Refs. [20,23], which indicates that the precipitation
temperature of the blocky Al,Cu phase is lowered.

The quantitative analysis results of volume fraction
of secondary intermetallics and porosity as a function of
Si content are shown in Fig. 6. These results indicate that
the volume fraction of Fe-rich intermetallics depends on
the Si content and applied pressure. The volume fraction
of the total secondary intermetallics, Chinese Fe-rich
intermetallics and porosity increases with increasing Si
content, while the volume fraction of platelet-like Fe-rich
intermetallics and Al,Cu decreases with increasing Si
content.
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Fig. 2 Microstructures of as-cast alloys at applied pressure of 0 MPa: (a) 0% Si; (b) 0.15% Si; (c) 0.55% Si; (d) 1.1% Si

-
(c) (d)

Fig. 3 Microstructures of as-cast alloys at applied pressure of 75 MPa: (a) 0% Si; (b) 0.15% Si; (c) 0.55% Si; (d) 1.1% Si

Table 2 Average composition of secondary intermetallics (molar fraction, %)

Phase Al Cu Mn Fe Si

AlCu 65.61+1.41 34.39+1.41 - - -

Al;(FeMn) 75.01£1.94 5.24+1.38 3.65£0.74 16.10+1.55 -

Alg(FeMn) 82.7742.12 4.50+1.29 2.3540.56 10.38+1.22 -
Al;5(FeMn);(CuSi), 75.30+3.91 2.68+0.24 4.17+£1.00 12.84+2.59 5.01£0.30
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Fig. 4 Porosities in alloys at low magnification: (a) 0% Si;
(b) 1.1% Si
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Fig. 5 DSC heating curves of alloys with different Si contents

Figure 7 shows the TEM bright-field images of the
morphology and distribution of the 6 phases in the alloys
with different Si contents prepared with applied pressure
of 75 MPa. The coarse and needle-like 6 phases
(~800 nm) are uniformly distributed in the a(Al) matrix
without Si addition (Fig. 7(a)). With 1.1% Si addition,
the size of # phases is remarkably refined to ~100 nm
(Fig. 7(b)) and its EDX result is shown in Fig. 7(c). This
indicates that the Si addition promotes the precipitation

of high number density 6 phases in the alloys and
reduces their size. The similar phenomenon was also
detected in the Al-Sc—Si [33] and Al—Cu—Si [34] alloys.
They considered that the addition of Si could promote
the heterogeneous nucleation of the precipitates. The
main reason is that Si could retard the coarsening of 6
precipitates and catalyze the heterogeneous nucleation of
6. The Si addition enhances the solubility of Cu in Al,
which means less undercooling and lower driving force
for the precipitation [34]. In the meantime, Cu could
retard the nucleation of Si in the Al-Cu—Si alloys. Once
the Si precipitates are formed, they catalyze the
nucleation of 6. Si precipitates provide a higher density
distribution of heterogeneous nucleation sites, resulting
in the precipitation of smaller size 6 phase [34]. The
other reason is that Si substitutes Cu in the a-Fe
(Al;5(FeMn);(SiCu),), meaning that there are more Cu
atoms available for formation of @ phase.

Figure 8 represents the TEM microstructure and
selected area diffraction patterns (SADP) of the alloys
with different Si contents and applied pressure.
Figure 8(a) shows that the platelet-like Al;(FeMn) with
the width of 2 um is adjacent to Al,Cu in the matrix. The
Al;(FeMn) has a monoclinic structure with lattice
constants of a=1.549 nm, »=0.808 nm and ¢=1.248 nm.
These features are in accordance with the previous
works [8,18]. The Chinese script phase is identified as
Alg(FeMn) in Fig. 8(b), which has an orthorhombic
structure and lattice parameters of «¢=0.643 nm,
b=0.746 nm and ¢=0.878 nm. Figure 8(c) manifests the
morphology of a-Fe in alloys produced without applied
pressure at 1.1% Si. From the SAED pattern analysis, the
a-Fe phase, with a body-centered cubic structure, is
found to have the lattice parameters of a=b=c=1.265 nm.
This phase is also observed in the Al-Si alloy [35].

Figure 9 shows the SEM images of samples
after deep-etching, revealing the three-dimensional
morphologies of Fe-rich intermetallics. The typical
morphology of the deep-etched Al;(FeMn) phase is long
platelet with some branches (Fig. 9(a)). The Chinese
script Alg(FeMn) phase shows a three-dimensional
compact skeletal structure (Fig. 9(b)). Figure 9(c) shows
the typical eutectic structures of a-Fe with fishbone
shape, which is consistent with the previous work [7].
The primary branches grow from center to the side and
the secondary branches can grow directly from the sides
of the large primary axes. SEM—EDS mapping shown in
Fig. 10 reveals that the Si and Mn elements exist not
only in the a-Fe phase but also in a(Al) matrix. This also
indicates that the grey and long branch phase is Fe-rich
intermetallics phase.
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Fig. 7 TEM micrographs of alloys produced by applied pressure of 75 MPa without (a) and with 1.1% Si addition (b) and EDS

analysis results of Al,Cu (c)
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Fig. 9 Typical three-dimensional morphologies of Fe-rich intermetallics: (a) Platelet Al;(FeMn); (b) Chinese script Alg(FeMn);
(c) Chinese script o-Fe

(2)

Fig. 10 Elemental distributions of a-Fe phase: (a) Morphology; (b) Al; (c¢) Cu; (d) Mn; (e) Fe; (f) Si

The promotion effect of Si on the formation of a-Fe of these alloying elements exist in the alloy [20,36].
can be summarized as follows. Firstly, Si could react Secondly, the growth rate of monoclinic structure
with Mn and Fe to form a-Fe when the enough amounts Al;(FeMn) and orthorhombic structure Alg(FeMn) is



1068 Wei-wen ZHANG, et al/Trans. Nonferrous Met. Soc. China 28(2018) 1061-1072

slower than that of the body-centered cubic structure
o-Fe [8]. Since the presence of Si has a strong restriction
effect [22], which is helpful to the formation of compact
and cubic o-Fe and suppresses the formation of
two-dimensional plate-like Al;(FeMn), a-Fe can nucleate
and grow quickly on the three-dimensional network of
dendrite arm (Fig. 8(c)) in any direction [8]. Thirdly,
increasing Si content reduces the liquidus temperature
(Fig. 4), resulting in the easy formation of a-Fe, because
the formation temperature of Al;(FeMn) and Alg(FeMn)
is higher than that of a-Fe [9]. According to the
Refs. [8,20], the formation temperature of Al;(FeMn)
and Alg(FeMn) is both above 640 °C, but the liquidus
temperature of the alloy with 1.1% Si is 649.6 °C.
Because of the relatively high cooling rate during the die
casting, the formation of the Al;(FeMn) and Alg(FeMn)
can be suppressed. Thus, there are more free available Fe
atoms for the formation of a-Fe.

3.2 Tensile properties

Figure 11 shows the effect of applied pressure and
Si content on the tensile properties of the alloys. It is
worth emphasizing that an increase in applied pressure
brings about a significant improvement in the strength
and elongation of Al-5.0Cu—0.6Mn—1.2Fe alloys. For
the alloys without the addition of Si, when the applied
pressure increases from 0 to 75 MPa, the UTS of the
alloys increases from 206 to 223 MPa, the YS increases
from 109 to 114 MPa and the elongation increases from
6.1% to 11.7%. This result is consistent with previous
study [35]. The increments of UTS, YS and elongation of
the alloys are about 8.1%, 4.6%, and 93.1%, respectively.
Similarly, for the alloys with addition of 1.1% Si, when
the applied pressure increases from 0 to 75 MPa, the
UTS, YS and elongation are further increased by 35.2%,
40.0%, and 140.2%, respectively.

The fracture surface morphologies of the alloys with
different Si contents are shown in Fig. 12. The fracture
surfaces of the Si-free alloys without applied pressure
(Figs. 12(a) and (b)) show many large porosities
(~50 pm) and high volume fraction of secondary phases
at grain boundaries, leading to many tearing ridges. As
the applied pressure is increased to 75 MPa, some
dimples but no porosity are found on the fracture surface
(Figs. 12(c) and (d)), which implies that the applied
pressure tends to improve the ductility. The fracture
surface of the alloy with 1.1% Si produced without
applied pressure shows the porosities and microcracks
and the cracks propagate along the interface between
large a-Fe and a(Al) (Figs. 12(e) and (f)). For the
samples with applied pressure of 75 MPa, the fracture
morphology of integrated a-Fe and Al,Cu phases shows
the feature of quasi-cleavages, as seen in Figs. 11(g) and
(h). In order to further understand the failure mechanism,
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Fig. 11 Mechanical properties of alloys at different Si contents
and applied pressures: (a) UTS; (b) YS; (c) Elongation

the longitudinal microstructures beneath the fracture
surfaces of the alloys are shown in Fig. 13. The
secondary phases and porosities are the preferable
locations for the crack initiation and propagation (Figs.
13(a) and (c)), while cracks are mainly concentrated on
refined and compact a-Fe for the samples produced by
squeeze casting (Figs. 13(b) and (d)).

As described above, the strength and elongation of
the alloys increase with increasing applied pressure at the
same level of Si content, which could be deduced from
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Porosity

|

Fig. 12 Fracture surface morphologies of alloys with different Si contents and applied pressures: (a, b) 0% Si, 0 MPa; (c, d) 0% Si,
75 MPa; (e, f) 1.1% Si, 0 MPa; (g, h) 1.1% Si, 75 MPa
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Fig. 13 Microstructures beneath fracture surfaces of alloys at different applied pressures and silicon contents: (a) 0%Si, 0 MPa;
(b) 0%Si, 75 MP; (c) 1.1%Si, 0 MPa; (d) 1.1%Si, 75 MPa

the grain refinement strengthening, solid-solution Table 3 Chemical compositions of a(Al) matrix in alloys
strengthening and elimination of porosity. First, the w(Si)/ Applied w(Cu) w(Mn)/ w(Fe)/ w(Si)/
average grain size of the alloy under 75 MPa applied % pressure/MPa % % % %
pressure decreases compared with that of the alloy 0 0 1.09 048 007  0.02
without applied pressure. Also, the solid-solution 75 2.54 0.51 0.10  0.02
strengthening is contributed to the increasement of the 0 1.24 047 009 0.14
strength [37]. The solubility of the alloying elements in 11 75 259 048 009 027

the a(Al) matrix is presented in Table 3 and the
microhardness of the solid-solution matrix was

measured, as displayed in Fig. 14. Taking 1.1% Si alloy 100
for example, as the applied pressure increases from 0 to % g SMI\EI%a
75 MPa, the hardness of a(Al) matrix increases from . 8or L
HV 64.4 to HV 75.7 and the solubility of Cu in a(Al) E = o —
matrix increases from 1.24% to 2.59% (molar fraction). ; 60L — (L0 i T
These imply that the applied pressure makes higher g
amount of Cu dissolve in the a(Al) matrix, leading to the E m
solid-solution strengthening [38,39]. In addition, the §
elimination of porosity partially contributes to the =
improvement of strength. 20r
The UTS, YS and elongation of the alloys decrease

with increasing Si content when the alloys are produced 0
without applied pressure. The increasing amount of
porosity and Fe-rich intermetallics plays a leading role in
the deterioration of the tensile properties. As shown in  Fig. 14 Microhardness of a(Al) matrix in different alloys

0 0.15% 0.55% 1.1%
Si content/%
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Fig. 4, the porosity increases as the Si content increases.
The cracks easily initiate and propagate along the
porosity, resulting in the decreasing of UTS and Y'S. The
increasing amount of Fe-rich intermetallics prevents
liquid feeding and promotes formation of porosity in the
solidification. The site of porosity and coarse Fe-rich
intermetallics are apt to be the cracks initiation sites, as
demonstrated in the fracture surface morphologies
(Figs. 12(a) and (e)). It is interesting to note that the
UTS, YS and elongation of the alloys increase slightly
with increasing Si content when the alloys are produced
at the applied pressure of 75 MPa. It is considered that Si
addition promotes the formation of the Chinese script
o-Fe and suppresses the formation of plate-like
Al;(FeMn) and Chinese script Alg(FeMn), which is less
harmful to the tensile properties. The Chinese script a-Fe
is usually interwoven with a(Al), making the crack more
difficult to propagate. These are also confirmed by the
cracks propagation through the arms of a-Fe in
multi-directions (Figs. 11(e) and (g)) and the broken
Fe-rich intermetallics (Figs. 12(b) and (d)). And the
applied pressure makes the Fe-rich intermetallics tend to
be refined and compact, which could strengthen the alloy
by acting as pins to prevent dislocations from sliding
under stress. Also, Si enhances the strength of the alloys
by increasing the number density of fine 6 phase,
because Si addition could accelerate the precipitation
kinetics and increase coarsening resistance of the
precipitates [31].

4 Conclusions

1) The AI-5.0Cu—0.6Mn—1.2Fe alloys show three
kinds of Fe-rich intermetallics, i.e., Chinese script a-Fe,
Alg(FeMn) and platelet-like Aly(FeMn). Si addition
promotes the formation of less harmful a-Fe and
suppresses the formation Al;(FeMn) and Alg(FeMn).

2) The applied pressure significantly improves the
strength of the alloys, which is attributed to the
elimination of porosity, grain refinement strengthening
and solid-solution strengthening. The UTS and YS of the
alloys produced at 75 MPa increases obviously with
increasing Si content, while the UTS and YS decrease
without applied pressure, because the Si addition
promotes the formation of compact a-Fe and the
precipitation of refined and high number density 6
phases under applied pressure.

3) The alloy with addition of 1.1% Si produced
under the applied pressure of 75 MPa shows the best
tensile properties, where the UTS, YS and elongation are
237 MPa, 140 MPa and 9.8%, respectively, which are
35.2%, 40.0%, and 140.2% higher than those of the
counterpart without applied pressure, respectively.
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Al-5.0Cu—0.6Mn—1.2Fe & A4 %0 1 % ge 89 2 M

REXL, RER, KKE, FRK, # &£, FAL

B TR BEREBEMENLE Y TREEARB A, M 510641

 ZE. WIS IS S Al-5.0Cu—0.6Mn—1.2Fe &4 RISV f 2 ERE R . S5 REW], 4N Si
AR a-Fe MR, FEHIH] Aly(FeMn)fl Al(FeMn) T . X F B 1&E M &4, Win Si &34 infLiR I 4RF 5
%, SEASHPURSEEE(UTS) SRR (YS) R & K. XTF7E 75 MPa K /1 FHil& R &4, Si i et w5
ALCu (MBI, MITTAE T 5 P A0 AR FE 38N ZEARIR] Si & BME &R, J12- RSB G N+ 77 i34 o 1
I, 3 T LIS . SR AR AT R AT . A S BT S R M DLAE R 1A 75 MPa Rl Si S A
1.1%H, 3 UTS. YS Fffi R 5514 237 MPa. 140 MPa 1 9.8%.
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