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Abstract: In this study, the mechanical properties of recycled aluminium alloys for automotive pistons were investigated
by comparing with the Primary Alloy (PA, Al-12%Si) and Scrap-added Alloy (SA) with the same chemical composition.
The tensile strength of PA and SA was measured to be 285.1 MPa and 281.4 MPa, respectively, indicating that the
addition of scrap caused only a negligible decrease in tensile strength. Fatigue tests were conducted using ultrasonic
fatigue testing equipment under room temperature (22 ℃) and high-temperature (200 ℃) conditions. Both alloys met
the high-cycle fatigue (HCF) criteria, with fatigue lives of 1.51× 108 cycles for PA and 1.03× 108 cycles for SA.
Notably, SA had superior fatigue property under high-temperature conditions compared to PA. These results confirmed
the potential of using recycled materials in high-temperature cyclic loading environments. These results demonstrated
that cast aluminum alloys with scrap can be applied to actual industrial applications and may serve as a basis for future
sustainable material technologies.
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1 Introduction
Aluminum alloys are widely used across various
industries due to their light-weight and high specific
strength, and their applications continue to expand. In
particular, the automotive industry is actively researching
the recycling of aluminum materials to achieve carbon
neutrality goals [1-3].

Recycling aluminum scrap is a key strategy for
reducing energy consumption and carbon reduction.
However, residual oxides, inclusions, and porosity in the
molten metal during the recycling process can adversely
affect the microstructure and degrade mechanical
properties [4]. Therefore, verifying the tensile and fatigue
properties of recycled cast alloys is essential before they
can be applied to actual components.

In this study, we evaluated the tensile and fatigue
properties of a conventional Al-12%Si alloy for
automotive pistons (referred to as the Primary Alloy, PA)
and a scrap-added Alloy (SA), in which 30 wt% of
aluminum scrap with the same chemical composition.

2 Experimental procedures
Both PA and SA alloys had the same Al-12%Si chemical
composition, with SA containing an additional 30 wt% of
scrap. The alloys were melted at 720 ℃ and subjected to
a Gas Bubbling Filtration (GBF) process by injecting Ar
gas, followed by casting at 700 ℃. After casting, a T5

heat treatment was applied. The test specimens were
machined from the head section of cast pistons.

A tensile test was conducted at room temperature
(22 ℃) according to the ASTM E8 standard using a
universal testing machine. 10 specimens were tested for
each alloy. Fatigue tests were performed in the
high-cycle fatigue regime under both room temperature
and high-temperature (200 ℃) conditions using an
ultrasonic fatigue testing system. The fatigue tests at
room temperature were conducted at 20 kHz with a stress
amplitude of 120 MPa and a stress ratio of R= ‒1. The
high-temperature fatigue tests were conducted at 80 Hz.
15 specimens were tested per condition.

3 Results and discussion
3.1 Tensile properties of PA and SA
The tensile strengths of PA and SA were measured to be
285.1 MPa and 281.4 MPa, respectively, as shown in
Figure 1. Even with the addition of 30 wt% scrap alloy,
the decrease in tensile strength was approximately 1.3%,
which did not result in a significant difference. This
result suggests that the optimization of the GBF process
effectively minimized casting defects [3]. The fact that
the scrap-added alloy exhibited tensile properties
comparable to those of PA demonstrate its meaningful
potential for industrial applications.
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Fig. 1: Tensile strength of Primary Alloy and Scrap-added Alloy.

3.2 High-cycle fatigue properties at room temperature
As shown in Figure 2, the average fatigue life of the

PA was 1.51×108 cycles, whereas that of SA was
1.03×108 cycles. Although the PA exhibited a slightly
longer fatigue life than the SA, both alloys sufficiently
satisfied the high-cycle fatigue criterion of 107 cycles.
Notably, despite the addition of 30 wt% scrap, the SA
still achieved a fatigue life exceeding 1.0×108 cycles,
indicating that the influence of scrap addition on fatigue
properties was limited. In general, the HCF properties of
cast aluminum alloys at room temperature are strongly
influenced by internal defects such as porosity, which can
cause local stress concentrations and serve as initiation
sites for fatigue cracks [5]. Therefore, implementing
melt-cleaning processes to minimize such internal defects
can positively affect the enhancement of fatigue
resistance [6]. The result that the SA alloy in this study
met the HCF requirement supports the findings of
previous research and suggests that adequate fatigue life
can be achieved even when using scrap containing alloys.

Fig. 2: High-cycle fatigue behavior of Primary Alloy and
Scrap-added Alloy at room temperature

3.3 High-temperature fatigue properties
Figure 3 presents the fatigue S-N curves of the PA and

SA at the high-temperature conditions (200 ℃),
measured fatigue life 5.66×106 and 7.65×106 cycles,
respectively. In contrast to the results at room
temperature, the SA demonstrated superior fatigue
properties at the high-temperature cyclic loading. The
fact that SA, despite containing 30 wt% scrap,
maintained high fatigue resistance under such conditions
indicates that the use of recycled materials does not
inherently compromise mechanical properties. Rather, it
suggests that sufficient durability can be ensured through
appropriate process control. These results are consistent
with the findings of G.Nicoletto et al., who reported that
the high-temperature fatigue properties of Al-Si cast
alloys can be improved by optimizing casting and heat
treatment conditions [7].

Fig. 3: High-temperature fatigue S-N curves of Primary Alloy and
Scrap-added Alloy.

4 Conclusions
This study evaluated the tensile and fatigue properties of
a recycled aluminum alloy (SA), which contained 30
wt% scrap and a conventional Al-12%Si alloy (PA). Both
alloys exhibited comparable tensile strengths. While PA
showed slightly superior fatigue life at room temperature,
SA demonstrated better fatigue properties at the
high-temperature conditions. These results indicate that,
with appropriate GBF processing and heat treatment, cast
alloys incorporating aluminum scrap can achieve
sufficient mechanical properties. The findings support the
industrial applicability of aluminum scrap recycling for
automotive casting components. Future work will focus
on evaluating mechanical properties and durability with
varying scrap content.
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