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Abstract: Aluminum and its alloys are gaining significant attention due to their high
strength-to-weight ratio, corrosion resistance, and recyclability. this study explores the use of
secondary aluminum alloys in current and potential Transportation applications. secondary
aluminum production involves recycling aluminum scrap, significantly reducing environmental
impact and energy consumption. Research shows that recycled aluminum is 92 percent more
energy-efficient than primary production, making it a sustainable alternative.

In transportation, secondary aluminum alloys are used in automotive components,
aircraft structures, and railway systems. These applications benefit from the material's
lightweight nature, improving fuel efficiency and reducing greenhouse gas emissions.
Additionally, the durability and cost-effectiveness of recycled aluminum make it appealing for
widespread use.

This report analyzes the mechanical and physical properties of secondary aluminum
alloys, comparing them with primary aluminum to highlight benefits and trade-offs. It
addresses recycling challenges like contamination and alloying element losses, proposing
advanced techniques to overcome these issues. Future work in this field will focus on
innovative recycling technologies and optimizing alloy compositions to meet the transportation
industry's evolving demands. The findings emphasize the role of secondary aluminum alloys in
promoting sustainable development and advancing transportation technology.

INTRODUCTION

Aluminum and its alloys play a crucial role in modern industries due to their
lightweight, strength, and corrosion resistance properties. These characteristics make aluminum
a popular choice for various applications, including transportation. The demand for aluminum
in the transportation industry continues to grow as manufacturers seek to improve fuel
efficiency and reduce environmental impact. In addition to primary aluminum production
(which is derived directly from bauxite ore), secondary aluminum (or recycled aluminum)
production from recycled scrap has become increasingly important in meeting this demand [1].

Secondary aluminum production involves the recycling of aluminum scrap into usable
aluminum alloys. This process significantly reduces the environmental footprint compared to
primary aluminum production, which is derived from bauxite ore through energy-intensive
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processes. Recycling aluminum requires only about 8% of the energy needed for primary
production, making it a highly energy-efficient and sustainable alternative. The process of
collecting, sorting, melting, and refining aluminum scrap not only conserves natural resources
but also mitigates waste and reduces greenhouse gas emissions [2-5]. As a result, secondary
aluminum production plays a vital role in the circular economy, enhancing the material's
lifecycle and contributing to more sustainable industrial practices.

The purpose of this study is to explore the use of secondary aluminum alloys in
transportation [3] and to examine their potential impact on the industry [6]. The objectives of
the research include evaluating the performance of secondary aluminum alloys in various
transportation applications, analyzing their environmental benefits compared to primary
aluminum production, and assessing the economic implications of using these alloys. The scope
of the study will focus on the current trends and future prospects of secondary aluminum alloys
in the transportation sector, providing valuable insights for manufacturers, policymakers, and
stakeholders in the industry.

PROPERTIES AND PRODUCTION PROCESS OF SECONDARY ALUMINUM
ALLOYS

One of the significant advantages of secondary aluminum alloys lies in their exceptional
strength-to-weight ratio, crucial for enhancing fuel efficiency and performance in
transportation. Despite differences in mechanical properties compared to primary aluminum
due to impurities, advanced processing aligns them closely, making secondary alloys viable for
high-performance applications. These alloys also exhibit excellent corrosion resistance, crucial
for transportation, and maintain satisfactory thermal and electrical conductivity, suitable for
various applications.

Another primary benefit is their recyclability, significantly reducing carbon footprint
and conserving resources compared to primary aluminum production. Secondary aluminum
alloys contribute to environmental sustainability by generating fewer greenhouse gas emissions
and reducing the need for mining and processing bauxite ore. The diverse sources of aluminum
scrap ensure a steady raw material supply, supporting a circular economy and reducing reliance
on primary aluminum.

Effective sorting and preparation are crucial for ensuring alloy quality, involving
advanced technologies to achieve high purity levels [2]. Melting in specialized furnaces,
refining to remove impurities, and adding specific alloying elements contribute to achieving
desired properties. Common refining techniques include fluxing, inert gas bubbling, and
filtration systems to ensure a clean melt. Alloying elements such as silicon, magnesium,
copper, zinc, and manganese are added to the molten aluminum to enhance specific properties.

Overall, secondary aluminum alloys play a crucial role in transportation, offering
sustainable alternatives with comparable properties to primary aluminum alloys. With
meticulous control throughout the production process, secondary alloys meet the demands of
various applications, supporting sustainable development in the transportation industry.

APPLICATIONS IN AUTOMOTIVE INDUSTRY

Secondary aluminum alloys are vital in the automotive industry [7,8], serving various
components such as engine parts, body panels, wheels, and structural elements. They provide
lightweight construction, corrosion resistance, high strength, and flexibility, thereby enhancing
vehicle performance and longevity. Corrosion resistance is crucial for durability, particularly
against environmental elements. Lighter vehicles made with these alloys improve fuel
efficiency, thereby reducing emissions. Integrating secondary aluminum alloys enables
sustainable vehicle production without compromising performance. These alloys are essential
for achieving the automotive sector's sustainability and efficiency goals. Many manufacturers
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produce high-quality secondary aluminum alloys for automotive use, including Alumag,
Raffmetal, TRIMET, Hydro, Real Alloy, Novelis, Constellium, Rio Tinto, and Kobe Steel.
Each brand offers a range of alloys tailored to meet car manufacturers' high demands for
lightweight, durable, and sustainable materials.

APPLICATIONS IN AEROSPACE INDUSTRY

In the aerospace industry, secondary aluminum alloys are increasingly being used in
various structural and component applications. Aircraft structures, such as fuselage frames,
wings, and landing gear components, rely on the lightweight and high-strength properties of
aluminum alloys. Secondary aluminum alloys are used in various landing gear parts (struts and
supports, linkages and actuators) due to their high strength-to-weight ratio and durability. The
ability to withstand high stress and fatigue, combined with excellent corrosion resistance,
makes secondary aluminum alloys suitable for these critical applications. Components such as
brackets, fittings, engine components (engine casings, cooling systems) and interior structures
(seating frames, overhead bins and luggage racks, interior panels and partitions) also benefit
from the use of secondary aluminum alloys due to their ease of fabrication and maintenance.

Some of the advantages of using secondary aluminum alloys in aerospace are [9]:
weight reduction (fuel efficiency, increased payload, extended range); cost-effectiveness
(material costs, maintenance and repair); sustainability (energy savings, resource conservation,
reduced waste); performance and reliability (strength and durability, corrosion resistance,
fatigue resistance).

Some specific examples of secondary aluminum alloy brands commonly used in the
aerospace industry include: Alcoa 2024-T3, Kaiser Aluminum 7075-T6, Constellium HSAG,
Aleris 6061-T6, Kobe Steel KBM10. These brands offer specific alloy compositions tailored to
meet the stringent requirements of aerospace applications, ensuring high performance,
reliability, and safety in aircraft structures and systems.

APPLICATIONS IN RAILWAY TRANSPORT AND IN RAILWAY SYSTEMS

Secondary aluminum alloys are increasingly utilized in railway transport and systems
[10,11]. Below are a few examples of their many such applications.

Structural applications - in the construction of train bodies and carriages, which gives
energy efficiency, increased speed, enhanced payload capacity; in various structural
components of train bodies, including: frames and beams, exterior panels.

Interior Applications: Inside the train, secondary aluminum alloys are used to
manufacture a range of components: seating frames, luggage racks and partition panels, interior
panels. Aluminum interior panels are durable and resistant to wear and tear, making them ideal
for high-traffic areas within the train. Aluminum’s excellent thermal conductivity allows for
efficient heat distribution, which is beneficial for maintaining comfortable temperatures within
train cabins. Aluminum panels can be combined with insulation materials to enhance acoustic
performance, reducing noise levels inside the train and improving passenger comfort.

Exterior Applications: in the construction of train doors and window frames due to their
light weight, strength, and corrosion resistance; in roofing and flooring applications - roofing
panels, flooring systems.

Secondary aluminum alloys play a vital role in enhancing the performance, durability,
and sustainability of railway transport and systems. Their lightweight construction, high
strength, corrosion resistance, ease of fabrication, thermal conductivity, and cost-effectiveness
make them a preferred choice for a wide range of applications in the railway industry. By
leveraging the unique properties of secondary aluminum alloys, railway systems can achieve
improved efficiency, reduced environmental impact, and enhanced operational reliability.
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The use of secondary aluminum alloys in railway applications involves various specific
alloy brands and types that have been engineered to meet the demands of the industry. Here are
some notable examples of secondary aluminum alloy brands and their applications in railway
transport:

e Hydro CIRCAL is a series of aluminum alloys that contain at least 75% recycled
post-consumer scrap. This makes it one of the most sustainable aluminum products on the
market. It is used for structural components, exterior panels, and interior fittings in train
carriages. Their high recycled content and excellent mechanical properties make them ideal for
reducing the environmental footprint of railway vehicles while maintaining structural integrity
and durability.

e Novelis Advanz™ is a range of high-strength aluminum alloys that are extensively
used in automotive and transport sectors, including railways. These alloys are known for their
high recycled content and superior performance characteristics. It is used in the construction of
lightweight train bodies, doors, and roof panels. The high strength-to-weight ratio and excellent
corrosion resistance of these alloys help improve fuel efficiency and reduce maintenance costs.

e Constellium Securalex™ is a brand of aluminum alloys specifically designed for
safety-critical applications in the transport industry. These alloys are formulated with high
recycled content and offer enhanced impact resistance and energy absorption capabilities, and
are used in the manufacturing of crash-resistant components, such as sidewalls and structural
beams in train carriages. Their ability to absorb impact energy helps enhance passenger safety
in the event of a collision.

e ALCOA Endure™ - alloys that incorporate a significant amount of recycled
material. These alloys are designed to offer long-term durability and resistance to harsh
environmental conditions. They are used in the construction of exterior cladding, window
frames, and flooring systems for trains. Their durability and corrosion resistance ensure long
service life, and reduced maintenance requirements.

Other aluminum alloys, tailored for use in various transportation applications, that focus
on sustainability by maximizing the use of recycled aluminum are: ReAl™ from Rusal,
KSTAL™ from Kobe Steel, etc.

APPLICATIONS IN MARITIME INDUSTRY AND PUBLIC TRANSIT

The use of secondary aluminum alloys in maritime and public transit sectors [3,12] is on
the rise due to their lightweight, durable, and sustainable properties. These alloys offer
excellent corrosion resistance, making them suitable for shipbuilding, ferry construction, and
various transit components. In maritime applications, they contribute to improved fuel
efficiency and maneuverability. Similarly, in public transit, they lead to weight savings,
increased passenger capacity, and reduced emissions. Specific applications include ship hulls,
ferry components, railcar bodies, transit buses, and light rail systems. Overall, secondary
aluminum alloys represent a compelling solution for performance optimization and
environmental sustainability in both industries. Some specific examples of secondary
aluminum alloy brands commonly used in these industries include: Hydro CIRCAL®, Novelis
evercycle™, Constellium HSA6™, Alcoa EcoLum™, Aleris SECURE™. These brands offer
specific alloy compositions tailored to meet the stringent requirements of the maritime industry
and public transit sector, providing lightweight, durable, and environmentally friendly solutions
for shipbuilding, marine equipment, and transit vehicle construction.

ENVIRONMENTAL AND ECONOMIC IMPACT

Secondary aluminum alloys offer significant energy savings compared to primary
aluminum production, requiring only 5% of the energy. This is due to the elimination of
energy-intensive processes like bauxite extraction.
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Using secondary alloys leads to cost savings in production and maintenance, benefiting
manufacturers, consumers, and the economy [4,6].

These alloys contribute to sustainable development by conserving resources, reducing
greenhouse gas emissions, and promoting environmental stewardship in transportation.

CHALLENGES AND SOLUTIONS IN RECYCLING

Recycling aluminum scrap for secondary alloys faces contamination challenges from
various sources, degrading alloy quality. Techniques like pre-treatment, sorting, and fluxing
help minimize contamination during melting. However, recycling may lead to loss of alloying
elements, affecting properties. Controlled melting atmospheres and precise alloying additions
[8] minimize losses. Innovations like electromagnetic separation and laser sorting enhance
recycling efficiency. Future directions include automated sorting, sustainable processing, and
digital technology integration for optimization.

FUTURE DEVELOPMENTS

Research in secondary aluminum alloys aims to enhance mechanical properties, develop
cost-effective grades, and improve corrosion resistance. Material science advancements like
nanotechnology and Al offer potential for superior properties. Additive manufacturing allows
intricate part production with minimal waste.

Emerging recycling technologies include advanced sorting and energy-efficient melting
processes. Blockchain integration ensures sustainable sourcing, impacting transportation by
improving alloy quality and reducing costs.

Growing demand for secondary alloys in electric vehicles benefits from weight
reduction. Circular economy practices drive recycling, conserving resources. Market expansion
is projected with technology advancements and supportive regulations, establishing secondary
alloys in transportation.

CONCLUSION

This study emphasizes the benefits of secondary aluminum alloys in transportation,
including their environmental advantages and desirable mechanical properties. Advancements
in alloy composition and recycling technologies are crucial for enhancing their effectiveness.
These alloys contribute to sustainable transportation by improving fuel efficiency and
supporting cleaner energy sources through recycling, which aligns with sustainability goals and
lowers material costs. Embracing secondary aluminum alloys is essential for a greener and
more efficient future in transportation.
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Knwuosu oOymu: emopuunu aiymunuesu Cniasu, MpAaAHCNOPMHA UHOYCMPUs.,
peyukiupare HA AIYMUHUL, eHepeUliHa eheKMmUsHOCm, AaIyMUHUe8 CKpan, YCmoudueu
mamepuanu, UHOYCMPUATHU NPULONCEHUSL, 8b30elCmBUe 6bPX) OKOIHAMA cpedd, C8OUCmed Ha
Mamepuanume, 6voewu paspadomKu.

Pesztome: Anymunusm (Al) u cnnasume my npusnuuam 201AMO SHUMAHUE ROPAOU
BUCOKOMO CbOMHOULeHUe 30PABUHA-Me2N0, KOPO3UOHHA YCMOUYUBOCH U 6b3MONCHOCH 3d
peyuxaupane. Cmamusama pazenexcoa HACMoswume u NOMEHYUATHU NPUTONCEHUS. HA
emopuunu Al cnnasu 6 mpancnopma. Bmopuunomo npoussoocmeo Ha Al exnmousa
peyurauparemo na Al ckpan, koemo 3HAUUMENHO HAMAISABA 8b30EUCTBUEO 8bPX)Y OKOIHAMA
cpeda u enepeonompebrenuemo. Mzcreoeanusma nokaseam, ue peyuxiupanusm Al e 92
NpoyeHma no-eHepeUliHo epexmueern om NbPEUYHOMO HPOU3BOOCHIBO, KOEemo 20 Npasu
YCMOUYUE ANMepHAMUEEH MAmepual.

B mpancnopma emopuunume Al cnnasu ce usnonzeam 8 agmomoOUIHU KOMNOHEHMU,
CAMONEeMHU CMPYKMYPU U JHCele30NbmHuu cucmemu. Jlekomama na mamepuana noooopssa
20pUBHamMa eeKmueHOCM U HAMAIABA eMUcuume Ha NAPHUKOBU 2azose. HM30pvociusocmma u
UKOHOMUYHOCIMA HA peyukaupanus Al 2o npassam npusiekamenen 3a WUpPoOKo NPULOdCeHUe.

Jloknaoem aumanuzupa mexanuunume u ¢husuyHume ceovcmea Ha emopuuHume Al
CNasuU, Kamo 2u CpasHsea ¢ mesu Ha nwvpsuyHus Al, 3a 0a noduepmae npeoumcmeama u
nomenyuainume Hedocmamvyu. Paszenescoam ce npedussuxkamencmeama, CcevbpP3aAHU C
npoyecume Ha PeYuKIuUpane, Kamo 3amMubpcssane u 3a2you Ha neupauju elemMenmu, u ce
npeonazam yCo8bPUICHCMBAHU MEXHUKU 3a npeodoisisanemo um. bBvoewume paspabomxu we
ce ghoxycupam 6vpxy UHOBAMUBHU MEXHOIO2UU 30 PEYUKIUPAHE U ONMUMUZUPAHE HA CbCMABA
Ha cnaasume, 3a 04 OM208OPSAM HA UBUCKSAHUAMA HA MPAHCNOPMHAMA UHOYCMPUSL.
Iloouepmasa ce sadxicnama poisi HA MOPUYHUME CHAABU 3d YCIOUYUBO pa3eumue U HAnPeovbK
Ha mexHolo2uume 6 mpaHcnopmd.
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