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Abstract

In the recycled aluminum alloys, iron is the most common
impurity, usually deleterious to their mechanical proper-
ties, especially the ductility of the alloys. In this study,
effect of friction stir processing (FSP) was studied on the
microstructure and mechanical properties of standard and
Fe-bearing A356 cast Al alloys. For this purpose, A356
and A356—-1.2 wt.% Fe base metals were prepared in the
form of plates by gravity casting in a steel mold and FSPed
with parameters 1000 rpm rotational speed, 50 mm/s tra-
verse speed, 2° tool tilting angle, and 0.2 mm plunging
depth. The microstructure and mechanical properties of
FSPed samples were studied and compared to those of the
as-cast base metals. The results revealed that addition of
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Fe to A356 refined microstructure and increased fraction
of acicular B-AlFeSi intermetallic compounds (Fe-IMCs)
which in turn increased strength (6%) but reduced ductility
(15%) of A356-Fe base metal compared to the standard
A356. FSP fragmented both acicular Si and Fe-IMCs and
redistributed them uniformly in the structure. The FSPed
sample containing 1.2 wt.% Fe shows tensile strength as
high as 211 MPa and at the same time elongation of 25%
which are 23% and 147% higher than those of the cast
base metal. The present results prove the beneficial effects
of FSP on the problems associated with Fe residue in the
recycled Al alloys.
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Introduction

Mechanical and tribological properties of cast aluminum
alloys strongly depend on their microstructure. Amongst
cast Al alloys, Al-Si alloys find extensive applications
because of low cost, good castability, high specific prop-
erties, and excellent tribological behavior.! Mechanical
properties of these alloys are mainly determined by frac-
tion, distribution, and morphology of silicon particles in o—
Al matrix. It was shown that good mechanical and tribo-
logical properties can be achieved by fine, rounded, and
homogeneously distributed Si particles.” However, their
cast structure usually contains coarse needles of Si which
strongly reduce the ductility of the alloy.

Recycling is a very important aspect of Al industries in
recent years because of the limited resources and need for
sustainable materials management. In the recycled Al

alloys, iron is considered as the main impurity element.’
Iron can form several types of intermetallics (Fe—IMCs) in
cast alloys such as a-AlgFe,Si script-like phase, $-AlsFeSi
platelet, and n-AlgFeMg;Sis phase among other less
important phases.* It has been reported that, similar to Si
needles, these intermetallic phases, especially P platelets,
have strong effect on the properties of Al castings.”’
Hence, the control of morphology and modification of Si
and Fe containing intermetallic compounds are essential.
To this end, different techniques were developed including
heat treatment,z’8 chemical method,g’10 and dynamic
methods.'' ™13 Among these methods, the chemical method
is the most commonly method, in which, different alloying
elements added to the Al alloys melt. For instance, stron-
tium commonly used to modify the morphology of Si
needles,14 while Mn is known as strong modifier for Fe—
IMCs.” Khan and his colleagues'® studied the effects of
addition of 0.5% Mn on the Fe-IMCs in 6082-1% Fe and

Table 1. Chemical Composition of the Cast Alloys

Alloy Concentration (wt.%)

Si Mg Fe Cu Mn Zn Ca Ti Al
Standard A356 6.5-7.5 0.25-0.45 Max 0.2 Max 0.2 Max 0.1 Max 0.1 - Max 0.2 Rem.
A356 6.591 0.384 0.171 0.002 0.010 0.016 0.004 0.008 Rem.
A356-Fe 6.682 0.146 1.220 0.264 0.031 0.169 0.008 0.012 Rem.
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revealed that the addition of Mn can change morphology of
B-AlgFe,Si, platelets into o-Al;s(Fe, Mn);Si, Chinese
script. Tzeng et al.'® investigated the effects of Sc addi-
tions on the Fe-IMCs in Al-7Si-0.6Mg alloy. They
observed that addition of Sc to the base alloy transforms -
AlsFeSi phase into a harmless Sc—Fe nodular phase
(Al},SigFe,(Mg, Sc)s) which caused ~ 110% improved
ductility compared to the base alloy.'® Another strategy to
modify Fe-IMCs is increasing the cooling rate during
solidification. Wang er al.'” studied the effects of Sr
addition and cooling rate on the morphology of Si and Fe-
IMCs in A380 alloy and observed that addition of Sr and
increasing the cooling rate during solidification change the
morphology of B platelets and also transfer morphology of
B platelets to o script-like phase. Although chemical
methods gain success in modifying the Si and Fe-IMCs,
they introduce impurity to the alloy, and they may worsen
other aspects of the microstructure. For example, addition
of Sr can greatly modify Si morphology,'” but it has minor
effect on Fe-IMCs’ and can increase hydrogen adsorption
to the melt.'® Other technics also have its own limitations.
For example, heat treatment can change Si needles to
granular Si particles, but it needs long-time exposure of the
parts at relatively high temperatures.>®

Friction stir processing (FSP) shows promising results in
distribution of grain size and second phases,'®?! especially
the homogenization of cast structures.”” It is quick with
low energy consumption and no pollution, hence known as
a green and nature friendly processing method. Numerous
scientists were employed FSP to modify cast structure of
aluminum alloys and matrix composite (AMCs) in solid
state.”>*® In general, it was observed that high temperature

and shear associated with FSP causes i) elimination of
dendritic structure, ii) significant refinement and uniform
distribution of Si particles, and iii) elimination of casting
defects (such as holes and segregation) in the stirred zone
(SZ).**** The microstructural modification by FSP results
in considerable improvement of tensile properties>** and
wear behavior>* of the SZ.

Based on the above literature review, although FSP showed
significant improvement in structure and properties of Al-
Si alloys, a systematic study on Al-Si alloy containing
considerable amounts of Fe impurity is missing. Hence, the
aim of the present study is to investigate the effect of FSP
process on the microstructure and mechanical properties of
Al-Si cast alloys with and without Fe additions. Accord-
ingly, a very common Al-Si-Mg cast hypoeutectic alloy
(A356) was selected as the base and A356 + 1.2 wt.% Fe,
was prepared as Fe-bearing alloy by casting. Both A356
and A356-Fe alloys were FSPed with the same FSP
parameters. To investigate the effect of Fe addition and
FSP, the microstructure and mechanical properties of

Table 2. Samples Codes and the Preparation Conditions

Sample code Alloy Condition
A356 A356 Cast
A356-FSP A356 FSPed
A356-Fe A356-1.2 wt.% Fe Cast
A356-Fe-FSP A356-1.2 wt.% Fe FSPed
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Figure 1. (a) Schematic drawing and (b) digital image showing the FSP tool
geometry and dimensions, (c) geometry and dimensions of tensile test specimen,
and (d) location of metallography and tensile test specimens. All dimensions are in

millimeters.
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Figure 2. Optical/SEM micrographs of the as-cast microstructures of (a) and
(b) A356 and (c) and (d) A356-Fe. The holes are marked by dashed circles. Scale bar
values are in microns. Optical and SEM micrographs are at 50X and 1000X,

respectively.

Table 3. Results of SEM/EDS Point Analysis for the
Points Indicated in Figure 2 (b)

Spectrum number Compositions (wt.%)

Si Fe Mg Mn Al
1 1.3 0.1 0.1 0.0 98.5
2 95.3 0.1 0.5 0.1 4.0
3 17.4 14.4 0.7 0.2 67.3

FSPed samples were studied and compared to those of the
cast base metals.

Experimental Procedure
Materials

In this research, cast and FSPed A356 Al-Si-Mg samples
containing 1.2 wt.% Fe were prepared, and their mechan-
ical behaviors were compared with cast and FSPed stan-
dard A356 samples. The addition of 1.2 wt.% Fe was
selected based on the literature.”' ™ A356 ingot, com-
mercially pure Si, and Al—10 wt.% Fe master alloy were
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Figure 3. XRD patterns of cast A356 and A356-Fe base
metals.

used as raw materials. In order to prepare 2 kg of Fe-
bearing A356 alloy, pre-weighted raw materials were
melted in a silicon carbide crucible by an induction fur-
nace. The melt was cast, at 700 °C, in a Y-block steel mold
preheated to 450 °C to form a slab with dimensions (length
x width x thickness) 250 x 150 x 12 mm. The cast slab
was then cut into plates with dimensions of (length x width
x thickness) 150 x 40 x 12 mm for FSP. Chemical
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Table 4. Results of Quantitative Metallography

Sample code Si particles

Fe-IMCs

Average length (um)  Size reduction (%)

Average length (um)  Size reduction (%)  Volume fraction (%)

A356 13.2 -
A356-FSP 3.9 70
A356-Fe 12.9 -
A356-Fe-FSP 3.5 73

6.2 - 0.7
4.1 34 -
8.1 - 6.3
3.6 56 -

composition of the alloys was measured by optical emis-
sion spectroscopy (OES) and reported in Table 1. Based on
the data in the table, it can be seen that, while the com-
position of A356 alloy lies within the standard range,
A356-Fe alloys slightly deviate from the standard range.
This will be discussed in the future sections.

FSP Practice

FSP was conducted using a Machine Sazi Tabriz FP4M
universal milling machine. A tool with geometry and
dimensions shown in Figure la, b made of H13 hot
working tool steel was employed for FSP. FSP parameters
were selected according to the literature and several trial
pretests.**** The FSP parameters were 1000 rpm rotational
speed, 50 mm/min traverse speed, 2° tool tilting angles,
and 0.2 mm plunging depth and kept constant for all FSP
runs. Samples codes are listed in Table 2.

Characterization

Microstructures of the samples were studied on the cross
sections cut from the same locations of the processed plates
according to Figure 1d. Metallography samples were pre-
pared by conventional methods include grinding by
60—1500 grit abrasive papers, polishing with 1 pm dia-
mond paste, and for higher contrast, etched using 1% HF
solution for 10-15 s. Microstructural examinations were
performed by Olympus GXS51 optical microscope and
TESCAN Mira3 field emission scanning electron micro-
scope (FE-SEM) equipped with EDS detector. Quantitative
metallography was conducted on both optical and SEM
micrographs by image analysis using MIP4 software. In
order to identify the phases formed in the cast samples,
XRD test were conducted on the same sections used for
metallography by Philips PW1730.

Vickers hardness profiles were measured by a Qualitest
QV-1000 microhardness testing machine with 100 g force
and 10 s dwell time. The hardness profiles were measured
on a straight path, 2 mm below the surface and 500 pm
distance between the two adjacent indentations. One profile
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Figure 4. Appearance of the FSPed plates (a) A356-FSP
and (b) A356-Fe-FSP.

was measured for each sample, containing at least 40
indentations.

Tensile tests were performed according to ASTM ES8 by a
Zwick/Roell Z250 machine. For FSPed samples, tensile
test specimens were prepared from the stirred zone (Fig-
ure 1d). All tensile test specimens were cut precisely by
wire-cut EDM with the geometry and dimensions presented
in Figure lc. Two tensile tests were performed for each
sample. Fractured surfaces of tensile tests specimens were
also studied by the FE-SEM used for metallography.

Results and Discussion
Structure of the Cast Base Metals

Microstructures of the cast base metals are presented in
Figure 2. In this figure, images (a) and (c) are optical
micrographs showing the general structure at very low
magnification and images (b) and (d) are backscattered
(BSE) SEM micrographs showing the detailed
microstructure at higher magnification. It can be seen from
the Figure 2a that A356 sample shows dendritic structure
of a—Al phase with some o—Al + Si eutectic mixture in the



interdendritic regions. This sample also contains large
voids as a result of casting solidification. Based on the
Figure 2b and EDS results presented in Table 3, and XRD
pattern in Figure 3, three phases can be distinguished in the
microstructure including primary o—Al phase (matrix), Si
needles (light gray phases), and some Fe-IMCs (white
phases). The formation of Fe-IMCs is because the com-
mercial A356 alloy employed in this research already
contains ~ 0.17 wt.% Fe, (as reported earlier in Table 1).
This is known as the general structure of an unmodified
cast A356 Al-Si alloy. Results of quantitative metallogra-
phy are reported in Table 4. According to Figure 2c, d,
increasing the Fe content to the 1.22 wt.% in sample A356-

1: Top 4: Advancing side
2: Bottom 5: Retreating side
3: Center

50 um ——-

1
4 2
3

Figure 5. Optical micrographs showing the microstruc-
ture of SZ. (a)—(e) top, center, bottom, RS, and AS of the
A356-FSP sample and (f)—(j) top, center, bottom, RS, and
AS of the A356-Fe-FSP sample, respectively. Magnifica-
tion is 500%.

Fe, causes remarkable refinement of the dendritic
microstructure and considerably increases the fraction of
Fe-IMCs. Based on the data in Table 4, addition of 1.2
wt.% Fe to the base metal, increased the fraction of Fe-
IMCs from 0.7 to 3.1 vol.%. Average Si needle length was
also reduced slightly; however, average Fe-IMCs length
was considerably increased from 6.2 to 8.1 um (30%
increase). Interestingly, it was also observed that the A356-
Fe sample contains small interdendritic porosities instead
of large voids in A356 sample.

The microstructure refinement of an alloy by altering its
chemical composition is best explained by the growth
restriction theory. It has been reported that the growth
restriction factor for Fe atoms in Al is relatively high'
suggesting that, adding around 1 wt.% Fe to the base alloy,
can significantly refine its microstructure. Additionally,
Table 1 indicates that in the A356-Fe sample, not only Fe
but also other alloying elements such as copper (Cu), zinc
(Zn), calcium (Ca), and titanium (Ti) were present in
higher amounts compared to the A356 sample. These ele-
ments originate from the Al-Fe master alloy and can
enhance the growth restriction effect of Fe. Among these
elements, Ti is particularly an effective grain refiner,
although it has little impact on the morphology and size of
Si and B-AlFeSi phases.” While Ca can act as eutectic
modifier, it is less effective than the conventionally used Sr
element. Furthermore, based on Figure 2 and Table 4, no
modification effect on Si morphology was observed. So it
can be concluded that the amount of Ti and Ca does not
have a profound effect on the morphology and size of Si
and B-AlFeSi phases.

Experimental observations on phase formation in cast base
metals were confirmed by thermodynamic calculations
using OpenCalphad software with COST 507 database. In
A356 alloy, the phases (by weight fraction) are o-Al
(92.5%), Si (6.3%), B-AlFeSi (0.6%), and Mg,Si (0.6%). In
contrast, the A356-Fe sample contains o-Al (88.8%), Si
(5.9%), B-AlFeSi (4.5), AlsCu,MgsSig (0.5%), and Al,Cu
(0.3%). It can be seen that the change in chemical com-
position of the alloy significantly altered the fraction of B-
AlFeSi which is consistent with experimental results.
Additionally, minor phases in the microstructure were
affected, with Mg,Si being replaced by AlsCu,MgsSig and
Al,Cu. Based on the literature, although AlsCu,MggSig has
a weaker strengthening effect than Mg,Si, the presence of
both AlsCu,MggSig and Al2Cu together may significantly
enhance the alloy’s strength due to a synergistic strength-
ening effect.

XRD patterns of cast base metals are presented in Figure 3.
According to the XRD patterns, peaks of Al (JCPDS No.
00-004-0787) Si (JCPDS No. 01-077-2111), and B-AlsFeSi
(supported by literature®), are present in the pattern. These
include Al peaks at 20 values around 38.5 (Al 111), 44.8
(Al 200), and 65.3 (Al 220), Si peaks at 20 values about
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Figure 6. SEM micrographs showing the microstructure
of the SZ of (a)—(e) top, center, bottom, RS, and AS of the
A356-FSP sample and (f)—(j) top, center, bottom, RS, and
AS of the A356-Fe-FSP sample, respectively. Magnifica-
tion is 1000 .
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28.5 (Si 111), 47.5 (Si 200), 56.3 (Si 311), and 69.5 (Si
400), and B-AlsFeSi peaks at 20 values around 41.7, 46.0,
and 47.1. A slight peak shift toward higher 26 values was
noticed in the XRD pattern of A356-Fe compared to that of
A356 alloy. Such peak shifts are usually attributed to
changes in the phase’s chemistry. It is well-known that the
dissolution of atoms with a higher atomic radius shifts
peaks to lower 20 values, and vice versa. Based on the
chemical composition in Table 1, it is observed that the
concentrations of Mg and Zn in A356-Fe differ from those
in A356 alloy. Decreasing Mg concentration and increasing
Zn concentration cause the a-Al peaks to shift to higher 26
values. According to Bragg’s rule, the lattice parameter for
a-Al in A356 and A356-Fe alloys are calculated to be
4.044 A and 4.026 A, respectively, while the lattice
parameter for Si in A356 alloy is calculated to be 5.024 A.

Structure of the FSPed Samples

Digital images of the FSPed plates are shown in Figure 4.
The appearance of the FSPed surfaces is very smooth and
free of any macro defects. Some flashes are formed, mainly
at the retreating side of the stirred zone.

Optical micrographs showing the microstructure at differ-
ent locations of the stirred zone (SZ) are presented in
Figure 5. According to Figure 5Sa—e, it can be seen that in
sample A356-FSP, the coarse Si needles are broken into
small Si particles as a results of severe shear strain and high
temperature accommodated with the FSP process. The a—
Al dendrites are also broken and fragmented Si particles
distributed more uniformly inside the o—Al matrix. It
should be mentioned that although the microstructure
homogeneity increases as a result of FSP, but it is apparent
from the micrographs that the size distribution of Si frag-
mented particles are different at different locations of the
SZ. It can be seen that among different locations in the SZ,
center of SZ shows the coarsest structure and advancing
side shows the finest structure. This gradient in the
microstructure was also observed and reported by other
researchers and Al-Si’’ and Al 7050,38 and attributed to
nonuniform shear strain and temperature gradients within
the SZ. Shear strain is maximum close to the FSP tool
surface,” i.e., top (just below the tool shoulder) and the
retreating (RS) and advancing (AS) sides. The temperature
is highest at the top and the centerline of the SZ and lowest
at the RS and AS of the SZ.*° Increasing the shear strain
tends to refine the microstructure, whereas increasing the
temperature tends to coarsen it. Therefore, the size of
microstructure in different regions of the SZ will be
determined by the balance between these opposing effects.
In sample A356-Fe-FSP, the same trend can be seen with
the difference that the structure is finer due to the cast
structure was finer as it was already presented in Figure 2b.
The broken Fe-IMCs are better presented in SEM micro-
graphs shown in Figure 6. It can be seen that the same



80 [(a)][—o— A356 ] 180
~ | —m— A356-FSP 69.1 ]
E70f +Hoeaq
£ :
j;“ 55.6 460
§ : ]

T {F[—o— A356-Fe 150
- 1f [ —®— A356-Fe-FSP It .
7o J) N SRR U SEPURIN SR i | S P P EPE S | 140
- - - o \4 ¢ L
10 5 0 5 10 -10 05 0 5 10 Pgo %66&5 Pg,% 6'@&8
Distance (mm) Distance (mm) s W

Figure 7. Hardness profiles of (a) Fe-free samples, (b) Fe-bearing samples, and (c) average hardness
value (for FSPed samples average hardness of SZ).

Table 5. Results of Mechanical Tests

Sample code Average hardness Tensile stress Elongation
(HVN) (MPa) Uniform (%) Total (%)
A356 63.0 + 3.7 162.1 +£18.8 122+ 25 123+ 25
A356-FSP 556 + 4.3 193.7 +£ 15.9 28.0 + 3.7 33.0+ 43
A356-Fe 69.1 £ 5.7 171.5 £ 20.8 10.3 £ 2.2 105+ 2.2
A356-Fe-FSP 63.1 £ 5.0 211.3 £ 19.7 254 + 3.8 26.7 + 4.1
FSP compared to A356-FSP, as a result of finer initial cast
A356-Fe-FSP structure.
200 |
Hardness
E 150 A356-Fe A356-FSP
% Results of hardness measurements are shown in Figure 7
g /A356 and Table 5. It can be seen that Fe-bearing samples show
&» 100 | higher hardness than that of Fe-free samples. It was also
observed that FSPed samples exhibit lower hardness than
50l that of the cast alloys. In the case of A356 sample, the
average hardness is ~ 63 HVN which is reduced to 55.6
HVN in the A356-FSP sample (11.7% reduction). For
P EPEEPEE S S SN SRS B A356-Fe sample, the average hardness is 69.1 HVN which

5 10 15 20 25 30 35
Strain (%)

Figure 8. Tensile test curves.

phenomena occurred for the Si needles also happens to the
Fe-IMCs needles. This proves the benefit of FSP method
over chemical methods in which works the same for both
of the needle shaped phases, i.e., Si and Fe-IMCs. Results
of quantitative metallography in SZ of FSPed samples are
also presented in Table 4. It can be seen that FSP consid-
erably refines the Si and Fe-IMCs needles. Regardless of
initial size of the needles, the average size of fragmented
particles is at 3.5-4.2 pm range. Si needles were refined by
70% and Fe-IMCs by 34-55%. It was also observed that
the degree of refinement is more pronounced in A356-Fe-

reduces to 63.2 HVN in A356-Fe-FSP sample (8.5%
reduction). Addition of Fe considerably refines the struc-
ture of Fe-bearing samples, as already shown in Figs 2 and
6. Fraction of hard second phases is also higher in Fe-
bearing samples. These can be the reasons for the observed
higher hardness in Fe-bearing samples. Reduction of
hardness in FSPed samples compared to cast samples was
also observed by other researchers and is due to dissolution
of Mg,Si precipitates.”

Tensile Properties

Engineering stress-strain curves resulted from tensile tests
are presented in Figure 8. The data extracted from the
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Figure 9. SEM micrographs showing the fractured surfaces of the tensile test specimens. (a1-a4)
A356, (b1-b4) A356-FSP, (c1-c4) A356-Fe, and (d1-d4) A356-Fe-FSP. Scale bar values are in microns.

Table 6. Results of SEM/EDS Point Analyses for the
Points Indicated in Figure 9

Spectrum number Compositions (wt.%)

Si Fe Mg Al
1 95.2 0.1 0.5 4.2
2 19.7 471 0.1 33.1
3 16.8 21.7 0.4 61.1
4 1.2 0.1 0.9 97.8

tensile tests are reported in Table 5. It can be seen that
addition of Fe to the A356 sample increased tensile
strength from 162.1 MPa to 171.5 (6% increase), but
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decreased the elongation from 12.2 to 10.3% (16%
decrease). Increase in strength may come from the refine-
ment of structure and increase in fraction of hard Fe-IMCs
in A356-Fe sample compared to A356 sample. Reduction
in ductility is due to increased fraction of hard needle
shaped Fe-IMCs which act as stress concentration points
and may also crack during loading. In FSPed samples,
however, considerable improvement in the tensile proper-
ties was observed compared to the cast samples. In Fe-free
samples, FSP increases both strength and percent elonga-
tion from 162.1 MPa and 12.2% for A356 sample to 193.7
MPa (19% increase) and 28% (130% increase) for A356-
FSP sample, respectively. In Fe-bearing samples, FSP
increases both strength and percent elongation from 171.3
MPa and 10.3% for A356-Fe sample to 211.3 MPa (23%
increase) and 25.4% (147% increase) A356-Fe-FSP



sample, respectively. Coarse and elongated phases, such
as-cast Si and Fe-IMC needles, tend to crack or interfacial
separation early at tensile loading which result in reduction
of both strength and ductility.*' Fracture can also start at
defects such as casting pores.** Hence, fragmented second
phases in FSPed samples are less prone to fracture and
interfacial separation and consequently show less detri-
mental effects on the tensile properties of the sample. In
table (5), beside uniform elongation, values for total
elongation were also reported. It can be seen that the cast
samples, show up to 0.2% nonuniform elongation, which is
negligible. In FSPed samples, however, 5 and 1.3%
nonuniform elongation were observed for A356-FSP and
A356-Fe-FSP which means that the FSPed samples shows
considerable elongation after necking.

The fractured surfaces of the tensile test specimens, as
shown in Figure 9, were studied to understand the fracture
mechanism. According to Figure 9al—a4, fractured surface
of A356 sample shows features of mostly brittle fracture in
which large facets (or cleavages) can be seen on the frac-
tured surface. Large holes are also present which is indi-
cated by the white arrows in image (al). Dendrites can be
seen inside the voids, Figure 9a3, which denotes the voids
formed during solidification. Additionally, cracked Si
needles can be readily seen in the fractured surface (black
arrows). The fractured surface of A356-FSP sample,
however, shows features of ductile fracture in which many
dimples can be seen on the fractured surface. No casting
voids and few cracked Si particles was observed on the
fractured surface. Similar to sample A356, sample A356-Fe
shows features of brittle fracture on its fractured surface, as
presented in Figure 9c. Main difference to sample A356 is
that instead of large casting voids, small holes are present
on its fractured surface (white arrows in Figure 3c1. Many
cracked needles can also be seen on the fractured surface
(white arrows). Some of these cracked particles are Si
needles and some of them are Fe-IMCs as proved by EDS
point analysis results reported in Table 6. Fractured surface
of A356-Fe-FSP is also shown the ductile fracture features,
the same as A356-FSP sample.

Conclusion

In this study, effect of FSP on the microstructure, hardness,
and tensile properties of standard A356 and A356-Fe
(containing 1.2 wt.% Fe) alloys was investigated. The
results proved the beneficial effects of FSP on the
microstructure and mechanical properties of both alloys.
The main results can be summarized as below.

e Addition of iron to A356 alloy significantly
refined the as-cast structure and increased the
fraction of Fe-IMCs and hence, slightly increased
the strength, however, the ductility was signifi-
cantly reduced.

e FSP completely changed the cast structure. The
dendritic structure of cast alloys was vanished,
and Si and Fe-IMC needles were fragmented to
small particles.

e FSP considerably improved both strength and
ductility of A356 and A356-Fe cast alloys.

e These results prove the beneficial effect of FSP on
the structure and mechanical properties of iron-
bearing cast aluminum alloys. This is important in
the view point of aluminum recycling industry as
the Fe is the main impurity in these alloys.
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