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Abstract

Depending on the specific alloy composition and iron
content, iron can have various effects on aluminum alloys.
This work examines the influence of varying Fe content on
the Charpy impact, tensile, and hardness properties of cast
AlSi7Mg0.3 alloy (356). The samples contained 0.11, 0.25,
0.42, and 0.65 wt% Fe levels. The instrumented Charpy
V-notch impact tests, conducted according to the ISO EN
148-3 standard, provided data on maximum impact force,
crack initiation, crack propagation, and total Charpy
impact resistances. Tensile tests, performed according to
EN ISO 6892-1 standard, evaluated the yield strength (YS),
ultimate tensile strength (UTS), and elongation (%e)

values. Hardness and density measurements were also
taken. Additionally, the fracture surfaces of Charpy
V-notch and tensile test samples underwent optical
macroscopic and scanning electron microscopic analysis
to understand the effects of Fe content. The study revealed
that as the Fe content in AlSi7Mg0.3 alloy increases, the
tensile properties and Charpy impact resistances decrease.

Keywords: AlSi7Mg0.3, aluminum alloys, Fe level,
Charpy impact strength, mechanical properties

Introduction

Recently, there has been a growing emphasis on energy

savings, recycling, reuse, and weight reduction. These

areas have gained significant importance due to various

reasons, including environmental concerns, resource scar-

city, and the need for sustainable development. Light-

weight materials are sought after because they offer several

advantages, such as reduced energy consumption,

improved fuel efficiency, and lower emissions in trans-

portation sectors like automotive and aviation.1–3 Due to

their lightweight nature, castability, and high strength,

aluminum and its alloys are commonly used in the auto-

motive, aerospace, and defense industries.4

Based on its intended use, aluminum is split into two cat-

egories: primary and secondary (recycled) aluminum.

Regarding energy released, primary aluminum is disad-

vantageous compared to secondary aluminum, accelerating

carbon dioxide production to obtain this energy. The

energy needed to produce primary ingots is around ten

times greater than that needed to produce recycled ingots.5

According to a report,6 producing recycled aluminum uses

approximately 5% of the energy needed to generate pri-

mary aluminum, resulting in a considerable reduction in

CO2 emissions. Among all materials, aluminum has one of

the highest recycling rates. In Europe, recycling rates for

the building and automotive industries exceed 90%, while

those for aluminum cans are at 75%.7 Therefore, as the

‘‘Green Deal’’ aims to minimize carbon footprint and car-

bon dioxide emissions, the usage of secondary aluminum in

the industry becomes even more crucial. Thus, the low

energy requirement is the main driving force behind
Received: 13 September 2023 / Accepted: 25 November 2023

International Journal of Metalcasting

http://orcid.org/0000-0002-1787-9475
http://crossmark.crossref.org/dialog/?doi=10.1007/s40962-023-01227-y&amp;domain=pdf


promoting aluminum recycling. According to the Interna-

tional Aluminum Institute, secondary aluminum’s share of

total aluminum production increased from a paltry 17% in

1960 to 33% in 2006. By 2040, the institute expects this

ratio to reach 40%.8 However, recycling and repeated

aluminum scrap re-melting cause the Fe content of sec-

ondary aluminum to rise, and an excess of Fe content

adversely impacts the mechanical characteristics of alu-

minum and its alloys by generating various Fe-rich inter-

metallic compounds during solidification.9 Additionally,

melting, re-melting, casting, contamination from melting

pots, machining, hardware tools, and molten processing

can potentially increase iron contamination levels in the

molten aluminum A356 alloy. Despite this fact, Fe is also

one of the primary contaminants in commercially pure

aluminum, and sometimes, it is also purposefully added to

specific compositions of aluminum alloys to increase their

high-temperature strength.10 It is essential to comprehend

the detrimental impact of these effects on the mechanical

properties and the material’s structure. This study investi-

gated different Fe contents in the AlSi7Mg0.3 cast alu-

minum alloy. The influence of Fe at different contents is a

critical parameter and can be decisive; special attention

was paid to exploring the variation in tensile, instrumented

Charpy impact, hardness, and microstructural properties

with the different Fe contents.

Al–Si alloys find application in various engineering sce-

narios due to their characteristics, such as low density, high

corrosion resistance, and excellent castability. However,

the absence of heat treatment capabilities is the most sig-

nificant disadvantage of Al–Si alloys. To address this

limitation, Mg is added to the alloy, enhancing its heat

treatment capabilities and transforming it into a more

versatile engineering alloy.11 Given the desirable proper-

ties of aluminum alloys, Al–Si–Mg is commonly utilized in

structural components.12,13

One of the most common undesirable ingredients in alu-

minum is iron (Fe). Although iron exhibits excellent sol-

ubility in liquid aluminum and its alloys, its solubility in

solid aluminum is very low. Consequently, it often com-

bines with other elements to generate various types of Fe-

containing intermetallic compounds (Fe-IMC). The for-

mation of different phases depends on the presence of

silicon (Si). When the proportion of Fe in aluminum

exceeds a certain level, most of it appears as an inter-

metallic second phase, along with aluminum and frequently

other elements. This is because iron has relatively poor

solubility in the solid state, at only (0.04%).14–16

The mechanical properties of Fe play a crucial role in the

production of intermetallics, with hardness and brittleness

being particularly affected. The content of Fe significantly

influences the material’s homogeneity, the ductility of the

aluminum alloy, and the observation of various types of

fractures.13,17,18 Additionally, yield strength (YS), ultimate

tensile strength (UTS), and elongation values may vary

based on the percentage of Fe in the structure. Furthermore,

the alteration in material structure due to a lower FE per-

centage also impacts its microstructure. It has been noted

that the final characteristics of Al–Fe alloys are highly

correlated with the shape and size of the intermetallics in

the structure.10 For instance, coarse Al3Fe particles are

prone to cracking and produce notches that degrade

formability and fatigue resistance. Therefore, the forma-

bility of Al–Fe alloys is largely dependent on the size and

distribution of intermetallics.

Two different fracture modes are reported in the literature:

intergranular and transgranular fractures, which are typical

of ductile and brittle fractures, respectively. Intergranular

fracture, intergranular cracking, or intergranular embrit-

tlement occurs when a crack spreads along the material’s

grain boundaries, typically when these grain boundaries are

compromised. On the other hand, when a crack grows

through the material grains, it is known as a ‘‘transgranular

fracture.’’ The propagation of cracks along the grain

boundaries of a metal or alloy is known as an ‘‘intergran-

ular fracture,’’ representing a fracture that follows the

material’s grains. In this type of fracture, cracks spread

quickly with little or no plastic deformation.19

A transgranular fracture follows the grain structure of the

material’s lattices, representing one of the typical features

of a brittle fracture. Transgranular fractures are also known

as transcrystalline fractures. In contrast, an intergranular

fracture occurs when the crack follows the grain bound-

aries, whereas a transgranular fracture occurs when the

crack passes from one grain boundary to the next.

Materials and Methods

The metal was melted in a melting furnace where natural

gas was used as fuel. The melt capacity of this furnace is

approximately 750 kg. Degassing is carried out using

99.9% pure nitrogen (N), a liquid metal obtained from

melting. Different rotary degassing programs are employed

in the degassing process based on the metal concentration.

Reduced Pressure Test (RPT) is utilized to control gas

levels. During the T6 heat treatment, AlSr15 is added as a

grain refiner, and magnesium (Mg) is added to enhance the

effect of the precipitation hardening. The metals are ini-

tially melted at 720 ± 10 �C; then, the melting temperature

is adjusted to 730 ± 5 �C. The molten metal density index

for the experiment is approximately 10.

The composition of the samples is given in Table 1.

While various types of molds can be used to produce test

samples,20,21 the mold used in this study was a permanent

book mold made from tool steel, not a standardized one.

The CAD drawing of the mold is provided in Figure 1. The
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mold is designed for ‘‘Gravity Casting,’’ not tilt casting,

with a slight angle to facilitate pouring.

The mold was coated with Dycote 39 and Dycote 34,

preheated with dummy castings, and the casting process

commenced at 230 ± 10 �C.

A secondary aluminum of 356 alloy was introduced to the

primary aluminum alloy (AlSi7Mg0.3) to elevate the Fe

content. As depicted in Figure 1 and named in the related

study,22 the book mold is initially prepared for casting. The

liquid metal is readied for casting once the mold reaches a

predetermined temperature.23

Gravity casting, one of the earliest die-casting methods for

metals and light alloys,24 involves pouring melted metal

directly into a semi-permanent or permanent mold. The

intention is to fill the mold through one or more channels

with minimal turbulence to reduce oxidation and foaming.

By minimizing porosity and deposits, the final casting is

ensured to have the best possible metal characteristics.

Gravity-casting equipment provides options for vertical or

horizontal die openings. Permanent mold casting can pro-

duce dense, high-quality castings with superior mechanical

attributes, strength, and hardness. Due to these character-

istics, it is well suited for demanding automotive applica-

tions, including braking systems and suspension parts. The

gravity-casting technique is particularly effective in man-

ufacturing a wide range of intricate aluminum castings for

automotive parts, such as turbos, brake calipers, knuckles,

engine cylinder heads, engine blocks, and pistons. Addi-

tionally, it finds applications in various industries, includ-

ing kitchenware and lighting fixtures.

All tensile test specimens were machined and completed in

accordance with DIN 50125. Testing was performed using

the Zwick Z100 model testing machine, following TS-EN

ISO 6892-1:2020.

According to EN ISO 148-3, Charpy V-notch test speci-

mens measuring 55 mm 9 10 mm 9 5 mm were machined,

tested, and evaluated using an Instron CEAST 9050. The

Table 1. Composition of the Test Samples

% wt Sample 1
0.11% Fe

Sample 2
0.25% Fe

Sample 3
0.42% Fe

Sample 4
0.65% Fe

Al 92.0235 92.0526 91.7269 91.5483

Fe 0.11487 0.25264 0.42482 0.65121

Si 7.42442 7.26952 7.32596 7.37820

Mg 0.28041 0.27143 0.26867 0.27032

Ti 0.11632 0.11608 0.11422 0.11188

Sr 0.01356 0.01178 0.01281 0.01178

Mn 0.00234 0.00251 0.00281 0.00325

Zn 0.00215 0.00241 0.00425 0.00264

Ni 0.00453 0.0046 0.00474 0.00486

Ca 0.00154 0.00137 0.0013 0.00148

V 0.01167 0.01149 0.01129 0.01137

Sb 0.00032 0 0 0

Others 0.00437 0.00357 0.10223 0.00471

Figure 1. Permanent mold (290mm x 260mm x 50mm).
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Figure 2. Hardness variation with Fe content.
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Figure 3. Density variation with Fe content.
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temperature and sample geometry were kept constant

during the Charpy tests.

Five standard test samples were tested for each alloy with a

specific Fe content, and their average values are considered

in this investigation.

Specific processes were employed to conduct a compre-

hensive microstructure study and further investigate the

material. The samples were bakelite molded, ground, pol-

ished, and etched before being examined under an optical

microscope. Mechanical tests were conducted at room

temperature.

Experimental Results

Hardness Test

The Proceq Equotip 550 Leeb portable measuring equip-

ment was employed for hardness measurements using the

Brinell scale. Four hardness measurements were taken for

each sample. Figure 2 illustrates the Brinell hardness val-

ues for the alloys with different Fe percentages.

As seen in Figure 2, the hardness initially increases and

then decreases with an increase in Fe content. This

behavior can be attributed to multiple factors, including the

influence of Fe content and microstructural formations

resulting from varying Fe contents. However, the variations

are within the range of 4%.

Table 2. Charpy Test Average Results

C Max Load
(kN)

Initiation Impact Energy
(J/cm2)

Total Energy (J/
cm2)

0.11 2.56±0.062 3.18±0.467 6.76±0.481

0.25 2.52±0.091 2.16±0.723 5.14±0.731

0.42 2.36±0.060 1.27±0.031 2.68±0.317

0.65 2.33±0.031 0.94±0.332 1.89±0.119

Figure 4. Charpy tests force-time and energy-time
responses.

Figure 5. Charpy impact tests: Maximum load and
impact energy variations with Fe content.
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Density Test

Ethyl alcohol, with a density of 0.8050 gr/mm3, was used

in density tests. This measurement was performed using the

Mettler AJ100 device.

According to Figure 3, density levels show a slight increase

with Fe content. This could be attributed to the formation

of Fe-rich intermetallics in the alloy structure or the con-

tribution of the higher-density Fe element to the lower-

density Al alloy itself.

Charpy Tests

The Charpy test samples were obtained from ‘book mold

samples,’ and their dimensions were prepared by sawing

and finishing with a milling cutter according to EN ISO

148-3. The instrumented Charpy V-notch impact test

results, shown in Table 2, include the average maximum

load, average crack initiation impact energy, and average

total energy.

As seen in Table 2, the maximum impact load decreases

with increasing Fe content. This trend is further evident in

Figure 4, where the force-time and energy-time graphs

indicate a shorter impact duration as the Fe content

increases in the sample. Despite the consistent temperature

and test conditions, adding Fe to the material is predicted to

alter particle sizes,25–27 leading to a decrease in the mate-

rial’s Charpy impact resistances.

The impact test results show that the maximum impact load

dropped as the Fe content rose. Figure 5 also discloses that

Figure 6. Fe content effects on stress–strain curves.

Table 3. Summary of Tensile Test Results

%Fe wt. YS (MPa) UTS (MPa) E (%)

0.11% 174.04±6.4 224.33±36.17 5.97±4.55

0.25% 176.08±4.21 225.07±14.49 3.11±1.50

0.42% 167.7l8±13.45 212.05±37.72 2.92±2.10

0.65% 164.59±17.72 185.84±35.41 0.82±0.52

Figure 7. Tensile test results of YS, UTS, and elongation
vs. Fe content.
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crack initiation and the total energy decrease as the Fe level

increases.

Tensile Tests

The summary of the tensile test results is presented in

Table 3.

The average stress–strain curves for the samples are shown

in Figure 6, with each curve representing the average of

five tests. The figure reveals that all the stress–strain-re-

lated mechanical properties change as the Fe content

increases.

The tensile test results in Figure 7 reveal that the elonga-

tion values with YS and UTS decrease as the Fe content

increases. These findings suggest that beyond a threshold

between 0.11% and 0.25% Fe contents, the UTS and YS

values of the Al alloy decrease as the Fe content rises. A

23% reduction in elongation value is observed when

comparing all the data to the first sample.

The scatter in the tensile test results may be attributed to

the presence of casting defects in the test samples.

Macroscopic and Microscopic Examinations

Under a microscope, specimens from tensile and Charpy

tests were analyzed to reveal their distinct macroscopic and

microscopic characteristics. Processes, including bakelite

molding, grinding, polishing, and etching, were employed

to enhance our ability to examine the material and conduct

a thorough microstructural investigation. These treatments

are expected to yield higher-quality microstructure images.

Microstructural analysis was carried out using an optical

microscope (OM) (Nikon Epiphot 300) and a scanning

electron microscope (SEM) (Zeiss Evo Ma 10). Addition-

ally, the fractographic features of the samples were

observed with OM (Nikon SMZ1500) and SEM (Zeiss Evo

Ma 10).

Optical Microscope Results

The optical microscopic images of samples with varying Fe

levels are given in Figure 8. The figures display two main

regions: one with relatively light, Al-dominated irregular

but single regions, and the other region is relatively dark,

featuring irregular Fe–Al intermetallic regions. The

micrographs also contain small dark spots representing Al

oxide-rich inclusions.

The magnifications were obtained after the modifier (Sr),

and the Sr content is shown in Table 1. The samples

underwent heat treatment, and as anticipated, the dual

effect of heat treatment and Sr amount resulted in the

modifications of eutectic silicon.

Charpy Fracture Surface Results The fracture surfaces

of the Charpy test samples are given in Figure 9. The

samples with 0.11% Fe content exhibited a relatively

ductile fracture, while those with 0.65% Fe content

Figure 8. Optical microscopic results of each sample for different Fe contents (Magnification x20,
scale is 100 lm).
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fractured in a brittle mode. The first sample appears

indented with wavy, ductile fracture features. However, the

fourth sample displays smoother fracture surfaces, indi-

cating a change in the material’s brittleness. Figure 9

includes three different views and magnifications: A, B,

and C. Figure 9A shows the top views of the fracture

surface; Figure 9B presents the same surface with higher

magnifications; and finally, Figure 9C is a high-magnifi-

cation side image of the test samples. Overall, the fracture

surfaces become more brittle and bright with increasing Fe

content, as observed in Figure 9.

Tensile Fracture Surface Results The optical micro-

scopic fracture surfaces of the tensile-tested samples are

presented in Figure 10. Upon analysis, it was observed that

the samples with different Fe contents exhibited distinct

fractographic patterns during tensile testing. The samples

with lower Fe content appeared rougher and displayed a

wavy pattern, whereas samples with higher Fe content

exhibited relatively smoother and more brittle fracture

surfaces.

Figures 9 and 10 reveal that intermetallics became less

noticeable as the amount of Fe decreased. The fourth

sample, with the highest Fe content, allows for a more

obvious observation of intermetallics, which began to

exhibit more prominent structures as the Fe content

increased.

Figure 9. The Charpy fracture surface is shown for four levels of Fe additions.
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Upon examination of the photos, it is evident that as the

Fe content increases, the ductility of aluminum alloy

diminishes, and the alloy becomes more brittle. This can

be directly attributed to the increase in size and density

of iron-containing intermetallics and their porosity with

iron content.16 As these Fe-containing intermetallic par-

ticles are more brittle and weaker than the aluminum

matrix, an aluminum alloy with a higher concentration of

intermetallic particles is much more prone to fracture and

Figure 10. The tensile fracture surface for four levels of Fe additions is shown.

Figure 11. Charpy impact test SEM micrographs at 500X magnification: (A) 0.11% Fe, (B) 0.25% Fe, (C) 0.42% Fe,
and (D) 0.65% Fe.
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thus easily fractured under tensile and Charpy impact

loadings.

SEM Results

The microstructural characterization and phase identifica-

tion properties of the fracture surfaces of the broken sam-

ples were conducted using scanning electron microscopy

(SEM) (ZEISS Evo MA10, Germany) equipped with

energy-dispersive X-ray spectroscopy (EDX).

The dispersion of inorganic nanoparticles in the samples is

an essential characteristic of organic/inorganic materials.

The SEM-BSE (Back-Scattered Electron) analysis was

employed to map the inter-dispersion of Fe–Al inter-

metallic particles on the fracture and rapture surfaces of the

tested samples.

Charpy Fracture Surface Results Figure 11 displays

SEM pictures of samples with four different Fe contents at

500x magnification. The surface gradually flattens out, as is

visible to the human eye. These SEM pictures at various

zones in Figure 11 enable structural analysis and a better

understanding of their appearances.

At a magnification of 3000X, Figure 12 displays inter-

granular and transgranular refraction patterns. The blue-

circled region represents intergranular fracture, while the

orange-circled region represents transgranular fracture.

Figure 12 reveals that as the iron (Fe) content increases, the

material becomes more brittle, as indicated by the presence

of dimple and shear-lips-rich regions in Figs. 12a and b,

transitioning to transgranular and intergranular-rich regions

in Figs. 12c and d.

It has been reported that grain refiners, such as Al–Ti, Al–

B, Al–Ti–B, or Al–Ti–C, are added to aluminum alloys to

improve their mechanical properties.28

Tensile Fracture Surface Results The SEM analysis

was conducted on Charpy and tensile test samples. Upon

examination of the SEM pictures, two distinct types of

refraction were observed, revealing dendritic rupture as the

Fe contents increased, indicative of intergranular fractures

prone to straight-line fractures upon impact.

Upon comparison, it was observed that the first sample had

more spherical refractions than the fourth sample, which

exhibited a flatter fracture profile. The intergranular

structure of the sample transformed into a transgranular

Figure 12. Charpy impact test SEM micrographs with 3000X magnification of all samples (a) 0.11%
Fe, (b) 0.25% Fe, (c) 0.42% Fe, and (d) 0.65% Fe.
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structure due to its higher intermetallic content. Conse-

quently, the fourth sample exhibits the brittle fracture

pattern more frequently, suggesting a gradual transition

from ductile to brittle with increasing Fe content. Figure 13

also suggests that as the Fe content increases, cleavage-

type features become more dominant while the density of

dimples and tear ridges diminishes.

Other Analysis

Back-Scattered Electron (BSE) Picture Mode

Fe has an atomic weight of 55, and aluminum has an atomic

weight of 27. Consequently, the impact energies are not the

same. It is known that as the number of atoms increases, the

number of electrons also increases. Therefore, the impact

energy of the sample with a higher atomic weight is higher.29

The greater the impact energy, the brighter the view. In this

case, aluminum will appear darker, while Fe will appear

brighter and whiter. The variability in these colors and con-

trasts provides information about the homogeneity of the

material. The results can be seen in more detail in Figure 14.

Contrast inequalities in images captured in back-scattered

electron (BSE) mode can be utilized to comment on the

homogeneity of the material. Suppose the Fe precipitates as

pure Fe or becomes intermetallic, enhancing the strength of

the material. In that case, comments on the structure of the

samples can be made based on these contrast differences.

Photographs of all four samples obtained in BSE mode are

displayed in Figure 15. It has been observed that dark

colors fade over time, resulting in a brighter appearance,

possibly due to the high Fe concentration.

Tensile test specimens were analyzed in BSE mode, and

samples were mapped to make a more precise judgment

regarding their homogeneity in the overall structure of the

material. The homogeneity situation was investigated. In

addition, X-ray mapping was conducted on the samples to

visualize the intermetallics more clearly.

X-ray Mapping

The X-ray mapping in Figure 16 reveals the samples’ alloy

ratios concerning the iron–aluminum phase diagram val-

ues, suggesting that the samples are not homogeneous. The

observed intermetallics had an impact on ductility, and the

X-ray mapping procedure carried out with the SEM vali-

dates this behavior in areas where Fe intermetallics are

dense, as shown in Figure 16. As a result, this region of the

Figure 13. Tensile test SEM micrographs with 3000X magnification of all samples: (a) 0.11% Fe,
(b) 0.25% Fe, (c) 0.42% Fe, and (d) 0.65% Fe.
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phase diagram contains Fe3Al and Alpha-Fe intermetallics.

Moreover, with the addition of more Fe, increased inter-

metallic formations with FeAl2, Fe2Al5, etc., forms are

encountered.

Furthermore, the greater the reactivity of the Fe, the more

pronounced its tendency to form intermetallics. Therefore,

intermetallic formations become more pronounced with

increased Fe content.

The red and blue hues in the mapping approach in Fig-

ure 15 represent Fe and aluminum, respectively. Parts close

to the purple between two colors are known to be inter-

metallics, although they are challenging to see. Inter-

metallics were confirmed in the fourth sample with the

highest Fe content.

Discussions of Results

The results of this study highlight that the mechanical

properties of an aluminum alloy vary with changes in Fe

content. Charpy V-notch impact and tensile tests were

conducted on aluminum alloys containing different Fe

levels, employing the same approach at room temperature.

The Fe contents in the samples are 0.11%, 0.25%, 0.42%,

and 0.65%, respectively, allowing the determination of the

structure’s transition from ductility to brittleness.

Macroscopic and microscopic examinations were carried

out on each sample to pinpoint the exact source of the

fracture. The structure becomes more or less brittle

depending on the amount of Fe in the samples, with an

observable increase in brittleness as the Fe content rises.

Optical analysis of the fracture surface revealed the duc-

tility and brittleness of the structure in both the Charpy

V-notch impact test and tensile test specimens. The find-

ings of the Charpy V-notch impact tests indicate that the

AlSi7Mg0.3 (A356) alloy transition from ductile to brittle

as the Fe content in the alloy increases.30

Furthermore, broken samples were examined using

macroscopic and microscopic fractographic analysis. A

dimple-type structure is evident in the figures, indicating

the presence of porosity possibly resulting from casting

flaws or hydrogen/oxygen gas into gas bubbles.31,32 The

sensitivity of hydrogen absorption explains the porosity.

Mechanical properties, such as elongation, are inversely

affected by increasing Fe content.

Figure 14. Charpy impact test SEM micrographs in BSE mode: (A) 0.11% Fe, (B) 0.25% Fe, (C) 0.42%
Fe, and (D) 0.65% Fe.
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The microstructure of aluminum alloys is examined from

two aspects, focusing on the combination of Fe and alu-

minum that creates intermetallics. This allows for observ-

ing the effects of production, casting quality, and

aluminum alloy components. The investigations reveal

rapid solidification, also known as dendritic solidification,

in the material. Intermetallics can be distinguished by their

tone and color, with Fe appearing as a bright white sub-

stance upon precipitation. The smaller gray areas in

between are intermetallic, contributing to the increased

strength and rigidity of the material. Intermetallics are

evenly distributed in the samples, supporting the

microstructure. They alter fracture performance, leading to

a steady improvement in strength as the Fe content

increases. The higher Fe content results in the creation of

more robust and sensitive specimens.

The SEM examination of broken samples provides more

detailed fractographic features than the optical microscope,

offering a clearer understanding of the fragile nature of the

samples. A flatter fracture surface is observed, indicating the

evaluation from an intergranular to a transgranular structure,

Figure 15. Tensile test SEM micrographs in BSE mode (A) 0.11% Fe, (B) 0.25% Fe, (C) 0.42% Fe, and
(D) 0.65% Fe.

Figure 16. Microstructural images of EDX mapping of the 0.65% Fe.
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likely due to increased intermetallic formation. Contrast

differences in images recorded in BSE mode provide

insights into the homogeneity of the material, and inter-

metallics can be observed more quickly in mapping studies.

For instance, the purple color obtained from the combination

of blue and red signifies intermetallics. Consequently, a

significant variation in impact energy and tensile strength is

observed among aluminum alloys with different Fe content,

as corroborated by the studied microstructure.

Conclusion

This paper investigated the effects of different Fe content

on the Charpy impact, tensile, and hardness properties of

cast AlSi7Mg0.3 alloy. The goal was to understand how

mechanical properties change with varying Fe percentages

in the composition. Across the Fe content ranges of 0.11%,

0.25%, 0.42%, and 0.65%, significant impacts on the

alloy’s mechanical properties were observed. The key

findings are as follows:

As Fe content increases,

• Yield strength (YS), ultimate tensile strength

(UTS), and elongation decrease.

• Impact resistance decreases.

• Fracture surfaces become smoother and more

brittle.

• The material remains ductile but exhibits semi-

brittle behavior, with a higher prevalence of

intergranular fracture over intergranular fracture.

• While not all samples show homogeneity in the

overall structure, the proportion of intermetallics

tends to increase. However, heterogeneity also

increases despite this rise, as indicated by BSE results.

The study concludes that the inclusion of Fe alloying ele-

ment during the manufacturing process significantly affects

the strength of AlSi7Mg0.3 aluminum alloys. This insight

can be valuable for optimizing Fe content and enhancing

the performance and durability of machine elements made

from A356 alloy.
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32. M Uludağ R Cetin D Dişpinar M Tiryakioğlu 2018 On

the interpretation of melt quality assessment of A356

aluminum alloy by the reduced pressure test: the

bifilm index and its physical meaning Int. J. Metalcast.

12 4 853 860 https://doi.org/10.1007/s40962-018-

0217-4

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

Springer Nature or its licensor (e.g. a society or other

partner) holds exclusive rights to this article under a

publishing agreement with the author(s) or other rightsh-

older(s); author self-archiving of the accepted manuscript

version of this article is solely governed by the terms of

such publishing agreement and applicable law.

International Journal of Metalcasting

https://doi.org/10.2320/matertrans.L-M2009830
https://doi.org/10.2320/matertrans.L-M2009830
https://doi.org/10.1016/j.mspro.2012.06.004
https://doi.org/10.1016/j.mspro.2012.06.004
https://doi.org/10.1007/s11663-016-0909-1
https://doi.org/10.1007/BF03355479
https://doi.org/10.1007/BF03355479
https://doi.org/10.1007/BF03355504
https://doi.org/10.1007/BF03355504
https://doi.org/10.24425/afe.2021.136108
https://doi.org/10.24425/afe.2021.136108
https://doi.org/10.1007/s40962-022-00845-2
https://doi.org/10.1007/s40962-022-00845-2
https://doi.org/10.1007/s11665-021-06326-7
https://doi.org/10.1007/s11665-021-06326-7
https://doi.org/10.3311/PPtr.12101
https://doi.org/10.3311/PPtr.12101
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.4149/km-2015-2-85
https://doi.org/10.4149/km-2015-2-85
https://doi.org/10.1007/s40962-016-0122-7
https://doi.org/10.1007/s40962-016-0122-7
https://doi.org/10.1007/s40962-022-00882-x
https://doi.org/10.1007/s40962-022-00882-x
https://doi.org/10.1007/s40962-018-0217-4
https://doi.org/10.1007/s40962-018-0217-4

	Influence of Different Fe Levels on Mechanical Properties of AlSi7Mg0.3 Aluminum Casting Alloys
	Abstract
	Introduction
	Materials and Methods
	Experimental Results
	Hardness Test
	Density Test
	Charpy Tests
	Tensile Tests
	Macroscopic and Microscopic Examinations
	Optical Microscope Results
	Charpy Fracture Surface Results
	Tensile Fracture Surface Results

	SEM Results
	Charpy Fracture Surface Results
	Tensile Fracture Surface Results


	Other Analysis
	Back-Scattered Electron (BSE) Picture Mode
	X-ray Mapping


	Discussions of Results
	Conclusion
	Acknowledgement
	References


