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Phase evolution in AlSi20/8009 aluminum alloy during
high temperature heating near melting point and cooling processes
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Abstract: The AlSi20/8009 aluminum alloy was heated to high temperatures near the melting point and cooled to
investigate the effect of external Si addition on the phase evolution of Al(Fe,V);Si dispersion. Differential scanning
calorimeter, scanning electron microscope, energy dispersive spectrometer and X-ray diffractometer were employed.
The results showed that Aljy(Fe,V);Si and Si phases evolved into a needle-like Al sFeSi phase and a nano-sized V-rich
phase during holding the alloy at 580—600 °C. With increasing holding temperature to 620—640 °C, AlysFeSi and
nano-sized V-rich phases evolved reversibly into Al;,(Fe,V);Si and Si phases, of which Alj,(Fe,V);Si occupied a coarse
and hexagonal morphology. During the alloy (after holding at 640 °C) furnace cooling to 570 °C or lower, Si and
Aljy(Fe,V);Si phases evolved into strip-like AlysFeSi and the V-rich phases, which is a novel formation route for
Al sFeSi phase different from Al-Fe—Si ternary system.
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dispersions may be unstable and the formation of
certain  harmful intermetallic may occur.
WHITAKER and McCARTNEY [4] studied the
microstructure of CO, laser welding 8009
aluminum alloy and found that Al,Fe-type (m~4)

1 Introduction

The SiC particles reinforced 8009 aluminum
matrix ~ composite  (SiC,/8009Al  composite)

occupies light mass, good thermal stability, high
elevated-temperature strength and high wear
resistance and obtains a wide range of applications
in the fields of automobile, aerospace and
electronics [1-3]. However, SiC,/8009Al composite
also has a poor formability. To resolve the problem,
it could be joined to casting aluminum alloys during
fabricating complex parts such as pistons. Since the
joining temperature was close to the melting
point of the 8009 aluminum matrix, Aljy(Fe,V);Si

precipitates appeared in the fusion zone. The study
of HE et al [5] showed that Aly(Fe,V);Si
dispersions in 8009 aluminum alloy were
transformed into 6-Al;sFe, and 4-AlFeSi phases
after being exposed at 600 °C for 10 h. The work of
SUN et al [6] showed that when the selective
laser melting 8009 aluminum alloy was hold at
600 °C for 100 h, Al;;Fe, and AlgFe,Si phases were
formed by consuming Al»(Fe,V);Si dispersions.
As is known, Al,(Fe,V);Si is a nanoscale phase
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supporting good thermally mechanical properties of
8009 aluminum alloy and its composites [7-9].
Thus, the phase evolution of Aljy(Fe,V);Si
dispersions is undesirable and should be avoided.
recent study [10], SiC,/8009Al
composite and A356 aluminum alloy were joined
together using compound casting. However, a large
amount of strip-like AlysFeSi phases were formed
in the transition zone. As is known, Al sFeSi phase
is detrimental to the mechanical properties and
workability of aluminum alloys due to its sharp
needle-like shape [11-13]. It was deduced that the
Si element of A356 aluminum alloy melt diffusing
into the melted SiC,/8009Al composite should be
responsible for the formation of AlysFeSi phase. To
confirm the inference, an investigation program was
designed [14], where AlSi20 alloy powders and
rapidly solidified 8009 aluminum alloy powders
were mixed and extruded into an AlSi20/8009
aluminum alloy. The AlSi20/8009 aluminum alloy
was then annealed at 480—540 °C and the results
proved that the external Si addition could result in
the dissolution of some Al;,(Fe,V);Si dispersions
and the formation of needle-like Al;sFeSi and
nano-sized V-rich phases. However, the above
annealing treatments could not melt the 8009
aluminum matrix. Therefore, the formation and
cooling processes of the transition zone during
compound casting or other solid-liquid joining
processes could not be fully simulated. In addition,
the AlysFeSi phase formed during compound
casting occupying a strip-like rather than a
needle-like shape also required further explanation.

Therefore, in the present study, the as-extruded
AlSi20/8009 aluminum alloy was heated to high
temperatures near the melting point. The phase
evolution during heating and cooling processes
of the AlSi20/8009 alloy was
comprehensively studied by comparing with the
8009 aluminum alloy. The effect of cooling
conditions on the phase evolution in the
AlSi20/8009 aluminum alloy was also investigated.
Finally, the phase evolution route was discussed and
the change in morphology of Al,sFeSi phase was
explained.

In our

aluminum

2 Experimental

The rapidly solidified 8009 aluminum alloy
powders, which had the main chemical composition

of 9.0 wt.% Fe, 1.19 wt.% V and 2.22 wt.% Si, and
21.6 wt.% AISi20 alloy powders were used to
prepare the AlSi20/8009 aluminum alloy. The
preparation procedure containing powder mixing,
canning, vacuum degassing, densification and
extrusion was illustrated in detail in our previous
work [14]. As a contrast, the 8009 aluminum alloy
was prepared utilizing the same process without
adding the AlISi20 alloy powders.

As shown in Fig. 1, the AlSi20/8009 aluminum
alloy samples were heated to 580—640 °C, held for
10 min and then water-quenched to investigate the
phase evolution during heating process. The 8009
aluminum alloy experienced the same treatment to
investigate the role of external Si addition in the
phase evolution of the AlSi20/8009 aluminum alloy.
To investigate the phase evolution during cooling
process, the AlSi20/8009 aluminum alloy samples
were held at 640 °C for 10 min, furnace cooled to
615—560 °C and then water quenched. The effect of
cooling rate on the phase evolution in the
AlSi20/8009 aluminum alloy was investigated
using the following process. The AlSi20/8009
aluminum alloy samples were held at 640 °C for
10 min, furnace- or air-cooled to 555 °C and then
water-quenched. All the samples were cut into
d17 mm x 15 mm cylinders from the extruded rods
using wire electrical discharge machining
(WEDM).

Temperature

Water quenching

Time
Fig. 1 Schematic description of heating and cooling
processes

A NETZSCH STA 449C differential scanning
calorimeter (DSC) was used to measure the starting
melting and solidification points of the as-extruded
AlSi20/8009 and 8009 aluminum alloys. A heating
rate of 10 K/min and a cooling rate of 10 K/min
were applied in the temperature interval of
500-700°C. A ZEISS EVO MAIO scanning
electron microscope (SEM) was used to observe the
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microstructures of experimental samples. An
Oxford energy dispersive spectrometer (EDS)
equipped on the SEM was used to measure the
chemical composition of different phases. At least
six points were measured for each phase. A Rigaku
D/Max 2500 X-ray diffractometer (XRD) was used
for the phase identification of experimental
samples. A Cu target at 40 kV and 250 mA was
used and diffraction patterns in the 26 range of
10°-90° were recorded at a scanning speed of
8 (°)/min. All the samples for above examinations
were sectioned from the planes parallel to the
extrusion direction.

3 Results

3.1 DSC curves of as-extruded AlSi20/8009 and
8009 aluminum alloys

Figures 2(a) and (b) show the DSC curves of
the as-extruded 8009 aluminum alloy and
AlSi20/8009 aluminum alloy, respectively. It is
observed that the starting melting point and the
starting solidification point of the as-extruded 8009
alloy are 628.5 and 631.5°C,
respectively. In contrast, there are two peaks present
in ether heating or cooling process of the
as-extruded AISi20/8009 aluminum alloy. The first
starting melting point of the as-extruded
AlSi20/8009 aluminum alloy is 571.2 °C, which is
close to the eutectic point of Al-Si alloy. It has been
shown that the external Si formed Si-rich strips and
blocks in the as-extruded AlSi20/8009 aluminum
alloy [14]. Therefore, the Al-Si eutectic of the
as-extruded AISi20/8009 aluminum alloy is melted
first during the heating process. Then, the second
stage of the melting is activated without an
intermittent due to the diffusion of Si element into
the 8009 aluminum matrix. During the cooling
process, the first starting solidification point of the
as-extruded AlSi20/8009 alloy is
617.4 °C. Similar to the heating process, there is no
obvious intermittent between the first and second
solidification stages due to the ejection of Si
element from the 8009 aluminum matrix. Therefore,
according to the DSC results shown in Fig. 2, there
is liquid alloy present in the 8009 aluminum alloy
during holding at 640 °C, while the 8009 aluminum
matrix of the AlSi20/8009 aluminum alloy is
gradually melted after the Al—Si eutectic melting is
completed. Meanwhile, it is expected that the 8009

aluminum

aluminum

aluminum matrix of the AlSi20/8009 aluminum
alloy is melted more drastically when holding at
620 and 640 °C.
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Fig. 2 DSC curves of as-extruded 8009 (a) and
AlSi20/8009 (b) aluminum alloys

3.2 Phase evolution in AlSi20/8009 aluminum

alloy during heating process

Figure 3 shows the microstructures of the
AlSi20/8009 aluminum alloy samples after holding
at different temperatures for the same time of
10 min. As shown in Figs.3(a) and (b), the
microstructures of the samples after holding at
580 and 600 °C are similar to that after annealing at
540 °C (as shown in Ref. [14]). Vast number of
needle-like AlysFeSi phases are formed while
Alj5(Fe,V);Si and Si phases are decreased in their
contents, as shown in Fig. 3(e). With increasing
holding temperature to 620 °C, the density of
AlysFeSi phase is decreased and many coarse and
hexagonal Al;,(Fe,V);Si phases are present in
Fig. 3(c). Further increasing holding temperature to
640 °C, as shown in Fig. 3(d), needle-like Al,sFeSi
phase disappears and only the coarse and hexagonal
Aly(Fe,V);Si phase can be observed. The XRD
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Fig. 3 SEM micrographs (a—d) and XRD patterns (e) of AlSi20/8009 aluminum alloy samples after holding for 10 min
at 580 °C (a), 600 °C (b), 620 °C (c) and 640 °C (d)

patterns in Fig. 3(e) validate the above observations
at the holding temperatures of 620 and 640 °C. The
gradually disappeared peaks of AlssFeSi phase
reflect its decreased content, while the strengthened
peaks of Alj»(Fe,V);Si and Si phases indicate their
increased contents.

Figure 4(a) shows a high magnification SEM
micrograph of the AlSi20/8009 aluminum alloy
sample after holding at 620 °C for 10 min. The
nano-sized V-rich phases with granular shape and
bright color, which appeared in our previous
work [14], can be still observed. Combined with the
XRD patterns in Fig. 3(e), the EDS result in
Fig. 4(c) proves that the coarse and hexagonal
phase shown in Fig. 4(a) is Aljy(Fe,V);Si phase.
Figure 4(b) shows a high magnification SEM

60 70 80 90

micrograph of the AIlSi20/8009 aluminum alloy
sample after holding at 640 °C for 10 min. The EDS
result in Fig. 4(d) proves that the Si-rich regions
distribute around the voids. Compared with the
8009 aluminum matrix, the Si-rich regions occupy a
slightly brighter contrast. As can be seen, the Si
phase did not form coarse grains. This is due to the
following factors. One is the preparation method of
rapid solidification for the AISi20 alloy powders,
the other is suddenly water quenching during
holding the AlSi20/8009 aluminum alloy at high
temperatures. Due to the fine grain characteristic of
Si phase, no obvious trends of density of Si phase
can be observed in Figs. 3(a—d). During heating
process, as mentioned above, Al-Si eutectic was
melted and a part of Si in Si-rich blocks diffused
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into the 8009 aluminum matrix, which resulted in
the formation of voids.

3.3 Microstructures of 8009 aluminum alloy

after holding at high temperatures
As a contrast, the as-extruded 8009 aluminum

\ Nano-sized

1161

alloy samples were also held for 10 min at
580-640 °C. As can be observed in Fig. 5, the
microstructures of the 8009 aluminum alloy
samples maintained stable with increasing the
holding temperature. The streamlines and
powder particles appearing in the as-extruded 8009

©
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Si 9.38
\% 1.83
Fe  14.64

Fe Si Fe
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Fig. 4 High magnification SEM micrographs (a, b) and EDS results (c, d) of AlSi20/8009 aluminum alloy samples after
holding for 10 min: (a) 620 °C; (b) 640 °C; (c) Point 1 in Fig. 4(a); (d) Point 2 in Fig. 4(b)

Fig. 5 SEM micrographs of 8009 aluminum alloy samples after holding for 10 min at 580 °C (a), 600 °C (b), 620 °C (c)

and 640 °C (d)
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aluminum alloy [14] were retained in the annealed
8009 aluminum alloy samples. In other words, as
compared with the AIlSi20/8009 aluminum alloy
samples, no similar phase evolution occurred in the
8009 aluminum alloy samples during holding at
high temperatures.

3.4 Phase evolution in AlSi20/8009 aluminum

alloy during cooling process

Figure 6 shows the microstructures of the
AlSi20/8009 aluminum alloy samples after holding
at 640 °C for 10 min and then furnace cooling from
640 to 575 °C. The microstructures maintained
stable when decreasing the target temperatures of
furnace cooling. The XRD results in Fig. 6(e) were
consistent with above observations. Therefore, no

phase evolution occurred during the cooling process
of the A1Si20/8009 aluminum alloy samples.
Figures 7(a—d) show high magnification SEM
micrographs of the AlSi20/8009 aluminum alloy
samples after holding at 640 °C for 10 min and then
furnace cooling from 640 to 575 °C. When the
target temperatures of furnace cooling are
640—595 °C, as shown in Figs. 7(a—c), only the
coarse and hexagonal Al;,(Fe,V);Si phases are
observed. However, with decreasing the target
temperature of furnace cooling to 575 °C, as shown
in Fig. 7(d), a few fine needle-like Al,sFeSi phases
are formed near the coarse and hexagonal
Aljy(Fe,V);Si phases. It is worth noticing that the
growth orientation of AlssFeSi phase is random.
The nano-sized V-rich phases can also be identified

575°C

"Tantun =
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I .

615°C
640 °Cl

A il

10 20 30 40

60 70 80 90
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Fig. 6 SEM micrographs (a—d) and XRD patterns (e) of AlSi20/8009 aluminum alloy samples after holding at 640 °C
for 10 min and then furnace cooling to 640 °C (a), 615 °C (b), 595 °C (c) and 575 °C (d)
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Fig. 7 High magnification SEM micrographs of AlSi20/8009 aluminum alloy samples after holding at 640 °C for
10 min and then furnace cooling to 640 °C (a), 615 °C (b), 595 °C (c) and 575 °C (d) and EDS result of Point 1 in

Fig. 7(d) (e)

due to their granular shape and brighter contrast.
The EDS result in Fig. 7(¢) proves that the
needle-like phase is AlysFeSi. The excessive V
element should come from the 8009 aluminum
matrix since the needle-like AlysFeSi phase is too
fine.

Figure 8 shows the microstructures and XRD
patterns of the AlSi20/8009 aluminum alloy
samples after holding at 640 °C for 10 min and then
furnace cooling from 570 to 560 °C. When the
target temperature of furnace cooling decreases to
570 °C, as shown in Figs. 8(a) and (d), AlssFeSi
phase is formed obviously. Further decreasing the
target temperature of furnace cooling to 560 °C, the
density of AlssFeSi phase is intensively increased

while that of the coarse and hexagonal
Aljx(Fe,V);Si phase shows an opposite trend, as
shown in Fig. 8(c). The weakened peaks of Si phase
imply its decreased content, as shown in Fig. 8(d).
Meanwhile, it is worth noticing that the formed
Al sFeSi phase occupies a strip-like rather than
needle-like shape.

Figure 9 shows high magnification SEM
micrographs of the AlSi20/8009 aluminum alloy
samples after holding at 640 °C for 10 min and then
furnace cooling to 570 and 560 °C. When the target
temperature of furnace cooling is 570 °C, the coarse
and hexagonal Aljx(Fe,V);Si phase can be clearly
identified, as remarked by the red line in Fig. 9(a).
And the formed Al, sFeSi phase tends to surround
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Fig. 8 SEM micrographs (a—c) and XRD patterns (d) of AISi20/8009 aluminum alloy samples after holding at 640 °C
for 10 min and then furnace cooling to 570 °C (a), 565 °C (b) and 560 °C (c)

Element at.%
Al 72.43
Si 14.19
Fe 13.38

Fe
— . A", .
0 2:5 5.0 7.5 10.0
E/keV

Fig. 9 High magnification SEM micrographs of AlSi20/8009 aluminum alloy samples after holding at 640 °C for
10 min and then furnace cooling to 570 °C (a) and 560 °C (b) and EDS result of Point 1 in Fig. 9(a) (c)

the Al;,(Fe,V);Si phases. However, with decreasing nano-sized V-rich phases can be observed in
the target temperature of furnace cooling to 560 °C, Figs. 9(a) and (b). The EDS result in Fig. 9(c) and
only residual Al;,(Fe,V);Si phase can be observed the XRD patterns in Fig. 8(d) confirm that the
and the growth of Al sFeSi phase occurs, as shown strip-like phase shown in Fig. 9(a) is AlysFeSi
in Fig. 9(b). In addition, vast number of the phase.
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Figures 10(a, b) show the microstructures of
the AlSi20/8009 alloy samples after holding at
640 °C for 10 min and then cooling to 555 °C with
furnace and air. The XRD patterns shown in
Fig. 10(c) prove that the phase identification has no
obvious difference between the above two cooling
conditions. However, as compared with furnace
cooling, Al,sFeSi phase formed under air cooling
has a finer morphology.

n— Al,(Fe,V);Si
*— Al, sFeSi

Air cooling

* * e
* tumw% *&Lﬂuﬂ jx =

* gm g G Ak

. . . _ Furnace cooling
10 20 30 40 50 60 70 80 90
20/(°)

Fig. 10 SEM micrographs of AlSi20/8009 alloy samples
after holding at 640 °C for 10 min and then furnace
cooling (a) and air cooling (b) to 555 °C and XRD
patterns (c)

4 Discussion

Al5(Fe,V)3Si dispersion could evolve into
other phases under certain conditions, as proved by

previous studies [4—6,14]. When the AlSi20/8009
aluminum alloys were held for 10 min at 580 and
600 °C, as shown in Figs.3(a) and (b), similar
microstructures as annealed at 540°C were
obtained. According to literature [14], the formation
of needle-like AlssFeSi and the nano-sized V-rich
phases was attributed to the consumption of
Aljx(Fe,V);Si dispersions and the external Si
addition. With increasing holding temperature to
620 and 640 °C, the 8009 aluminum matrix of the
AlSi20/8009 aluminum alloy was drastically melted
(Fig. 2(b)). As shown in Figs. 3(c) and (d), the
content of Al,sFeSi phase was gradually decreased
while that of Al;»(Fe,V);Si and Si phases showed an
opposite trend. It was indicated that the phase
evolution, where Al;;(Fe,V);Si and Si phases were
consumed to form Als;sFeSi and the nano-sized
V-rich phases, was a reversible process. AlssFeSi
and nano-sized V-rich phases lost their
thermodynamic stability and free Fe and V elements
were released. Meanwhile, the coarsening of
previously stable Aly(Fe,V);Si dispersions was
activated and free Fe and V elements were
consumed. The results in Ref. [4] proved that once
the 8009 aluminum matrix was melted without the
external Si addition, Al»(Fe,V);Si dispersions
would evolve into Al-Fe binary intermetallic.
Combined with the stable microstructures of the
8009 aluminum alloy in Fig. 5, it was proved that
the reversible phase evolution process required the
participation of the external Si element.

When the AISi20/8009 aluminum alloy was
held at 640 °C for 10 min and then furnace-cooled
to 575 °C, the phase evolution route was different
from that of Al-Fe—Si ternary system. As shown in
Refs. [15—18], the reactions for the formation of
AlysFeSi phase can be listed as follows:

L— Al dendritic network (655 °C) ()
L—Al+AlsFe,Si (615-618 °C) 2)
L+AlgFe,Si—L+Al,sFeSi (610 °C) 3)
L—Al+Al, sFeSi+Si (576 °C) @)

As proved by Figs. 7 and 8, there was no
Chinese script-like AlgFe,Si phase [19—23] formed
during the furnace cooling process of the
AlSi20/8009 aluminum alloy after 640 °C holding.
Previous literatures [24] and [25] showed that larger
cooling rate could suppress the formation of
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AlysFeSi phase and promote the formation of
AlgFe,Si phase. However, as shown in Fig. 10, no
AlgFe,Si phase was formed and only Al sFeSi
phase became finer even under air cooling
condition. In other words, the phase evolution route
of Al-Fe—Si ternary system could not apply to the
cooling process of the AlSi20/8009 aluminum alloy
after 640 °C holding. As shown in Figs. 8 and 9, the
formation and growth of Al,sFeSi and nano-sized
V-rich phases were attributed to the consumption of
Alj»(Fe,V)3Si and Si phases. Therefore, it can be
concluded that, during the above mentioned cooling
process, Alj»(Fe,V);Si and Si phases were directly
evolved into Al sFeSi and nano-sized V-rich phases,
with no AlgFe,Si as a transition phase.

As shown in Figs. 3 and 8, whether in the
AlSi20/8009 aluminum alloy samples after holding
at 580—600 °C or in the AlSi20/8009 aluminum
alloy samples after holding at 640 °C and then
furnace cooling to 570-560 °C, Al,sFeSi phases
were formed. However, the formed Al, sFeSi phases
showed different morphologies. One occupied a
needle-like shape, the other had a strip-like shape.
This may be due to their different nucleation and
growth conditions. When the AISi20/8009
aluminum alloy samples were annealed at
580—600 °C, the 8009 aluminum matrix maintained
fine microstructure with a grain size of about
300 nm[14]. A large number of grain boundaries
could serve as nucleation sites and elemental
diffusion channels for Al,sFeSi phases. Vast
number of Al,sFeSi phases could simultaneously
nucleate and grow, and absorb nearby free Al, Fe
and Si atoms. Therefore, different AlysFeSi phases
could grow independently and occupy a needle-like
shape. In contrast, the 8009 aluminum matrix of the
AlSi20/8009  aluminum alloy samples was
drastically melted after holding at 640 °C for
10 min. AlysFeSi phases tended to nucleate near the
coarse and hexagonal Al»(Fe,V);Si phases, as
shown in Fig. 7(d). To reduce the diffusion distance
of atoms and the energy barrier of phase evolution,
as shown in Fig. 9, AlysFeSi phases tended to
surround the coarse and hexagonal Al;y(Fe,V);Si
phases and then gradually consume the coarse and
hexagonal Alj,(Fe,V);Si phases for growth. In other
words, the distribution of the coarse and hexagonal
Aljy(Fe,V);Si phases may constrain the final shape
of AlssFeSi phases. Meanwhile, considering the
fact that the growth orientation of AlysFeSi phases

was random, different Al,sFeSi phases tended to
cross and aggregate to form a strip-like shape.
When the cooling rate of solidification process was
larger, as shown in Fig. 10(b), there was a shorter
period for the growth and aggregation of Al,sFeSi
phases. Thus, AlssFeSi phase formed under air
cooling condition occupied a finer morphology.

5 Conclusions

(1) When the AlSi20/8009 aluminum alloy
was held for 10 min at 580—600 °C, needle-like
AlysFeSi and nano-sized V-rich phases were formed
by consuming Al»(Fe,V);Si dispersions and Si
phase. With increasing holding temperature to
620—640 °C, the contents of Si and coarse and
hexagonal Al»(Fe,V);Si  phases increased by
consuming Al,sFeSi and nano-sized V-rich phases.
It was proved that the phase evolution during
heating the A1Si20/8009 aluminum alloy to 640 °C
was a reversible process.

(2) When the AlSi20/8009 aluminum alloy was
held at 640 °C and then furnace-cooled to 575 °C,
the microstructure maintained stable. Further
furnace cooling to 570 and 560 °C, AlysFeSi and
nano-sized V-rich phases were formed by
consuming the coarse and hexagonal Al,(Fe,V);Si
and Si phases. Meanwhile, the formed Al,sFeSi
phase during furnace cooling showed a strip-like
rather than needle-like shape.

(3) As compared with furnace cooling to
555 °C, the AlSi20/8009 aluminum alloy after
holding at 640 °C and then air cooling to 555 °C
had similar phase identification but a finer
morphology of Al,sFeSi phase. It was proved that a
novel formation route of Al,sFeSi phase was found,
which was different from Al—Fe—Si ternary system.
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AlSi20/8009 s5 & S EMMAE B S MHLEE
RENEERRFRET

XM, FEK?, R, FHaak, Kk aE!

1. WIR R MER2ES TR, Kb 410082;
2. FilgHGEHAAERAT, L 200093

W E: 4 AISi20/8009 FEA SRS S LIRS TR, FIHZERABRHRERMG BB TEME. ftE
Iy B ORI X SR ATEHCIT FLAMIN Si X Aly(Fe,V);Si SR BRI IS . &5 R, 2 AlSi20/8009 A4 &7
580~600 °C {RIE, Aly(Fe,V);Si Al Si AHIE AR R ALK AlysFeSi MAE V 40KH . &5 R 2 620~640 °C,
AlysFeSi ABRIGKAR S A3 AE 4 Al(Fe,V);Si HEA Si 41, Hidr Al(Fe,V)sSi #HE A M K ANBIEIES . 4
AlSi20/8009 86 4 1E 640 °C ARG ¥ HI E 570 °C BUEARMIR RS, Si AHFHKISIATE Aly(Fe,V);Si AT BT
IR Al sFeSi HIATE V 40KH, X2 —FANHT Al-Fe—Si =0k & 1) Aly sFeSi A1 B B 4%

KHEIR: SiC,/8009 FRE & EAMEL A, WMeLiE: =E: AN

(Edited by Wei-ping CHEN)



