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ABSTRACT

Aluminium is the second largest used metal after iron which contributes a large impact
on the environment. Recycling is a well-known method for mitigating the
environmental impacts of aluminium production. However, the conventional recycling
approach requires high energy consumption for remelting scrap and involves many
operations which can increase the cost. Therefore, solid state direct recycling has been
implemented to reduce energy and material consumption. It is essential to produce an
aluminium billet that possesses superior functional performance as well as minimizes
the environmental impact and economic cost. For this purpose, this study investigated
the effect of the hot press forging (HPF) process parameter on the functional
performance of recycled AA7075 billet. In addition, the analysis of life cycle
assessment (LCA) and life cycle costing (LCC) approach were used to compare the
environmental impact and economic cost of aluminium recycling routes between
remelting and HPF process. The response surface methodology (RSM) and the
desirability function were implemented in this study to optimise the aluminium
recycling condition of AA7075 aluminium alloys. The study of DR-HPF shows that
the optimum parameter for AA7075 aluminium alloy based on statistical optimization
by RSM is 480°C forging temperature and 85.56 minutes holding time with 0.780
desirabilities. The maximum process parameter of recycled specimens is comparable
to the theoretical ASM AA7075. Compared to the remelting process, the HPF method
significantly reduces GWP and manufacturing costs by up to 85.26 % and 82.46 %,
respectively. The potential of the HPF process as an alternative approach in terms of
environmental impact reduction and functional performance offered for recycling

AAT7075 aluminium scrap has been demonstrated.



ABSTRAK

Aluminium adalah logam terpakai kedua terbesar selepas besi yang menyumbang
impak besar kepada alam sekitar. Kitar semula ialah kaedah yang terkenal untuk
mengurangkan kesan alam sekitar pengeluaran aluminium. Walau bagaimanapun,
pendekatan kitar semula konvensional memerlukan penggunaan tenaga yang tinggi
untuk mencairkan semula sekerap dan melibatkan banyak operasi yang boleh
meningkatkan kos. Oleh itu, kitar semula langsung keadaan pepejal telah dilaksanakan
untuk mengurangkan penggunaan tenaga dan bahan. lanya penting untuk
menghasilkan bilet aluminium yang mempunyai prestasi fungsian yang unggul serta
meminimumkan kesan alam sekitar dan kos ekonomi. Untuk tujuan ini, kajian ini
menyiasat kesan parameter proses penempaan tekan panas (HPF) ke atas prestasi
fungsi kitar semula AA7075 bilet. Di samping itu, pendekatan penilaian kitaran hayat
bersepadu (LCA) dan kos kitaran hayat (LCC) telah digunakan untuk membandingkan
kesan alam sekitar dan kos ekonomi antara proses pencairan semula dan HPF.
Metodologi permukaan tindak balas (RSM) dan fungsi keinginan telah dilaksanakan
dalam kajian ini untuk mengoptimumkan keadaan kitar semula aluminium aloi
AA7075. Kajian DR-HPF menunjukkan bahawa parameter optimum untuk aloi
aluminium AA7075 berdasarkan pengoptimuman statistik oleh RSM ialah suhu
penempaan 480°C dan masa penahanan 85.56 minit dengan 0.780 kemahuan.
Maksimum parameter untuk kitar semula spesimen adalah setanding dengan teori
ASM AAT7075-0. Jika dibandingkan dengan proses pencairan semula, kaedah HPF
memberikan pengurangan ketara dalam GWP dan kos pembuatan masing-masing
sehingga 85.26% dan 82.46%. Potensi proses HPF sebagai pendekatan alternatif dari
segi pengurangan kesan alam sekitar dan prestasi fungsi yang ditawarkan untuk

mengitar semula sekerap aluminium AA7075 dapat ditunjukkan.
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CHAPTER 1

INTRODUCTION

The continuous growth of aluminium alloy demand has led to a rise in the quantity of
aluminium scrap (Gancarczyk, Nowotnik, & Boczkal, 2021). The production of raw
materials requires an enormous amount of energy and generates a substantial amount
of carbon dioxide emissions annually (Ho et al., 2020; Baffari et al., 2019).
Approximately 93 % of carbon dioxide can be reduced through the production of
secondary aluminium (Yasinskiy et al., 2021). Recycling aluminium may conserve
energy and resources, delaying the depletion of virgin resources (Séderholm & Ekvall,
2019).

Current practices in metal recycling plants involve turning aluminium scraps
into a molten state known as conventional recycling (CR) (Paraskevas et al., 2012).
However, the CR process is inefficient in terms of energy consumption, produces toxic
gases and causes permanent metal loss during remelting (Wagiman et al., 2020; Baffari
et al., 2019; Wan et al., 2017). Thus, solid state by direct recycling hot press forging
(DR-HPF) has been selected in this study. HPF has fewer steps since the intermediary
processes of ball-milling and cold-compacting are eliminated, as well as lower cost
and energy consumption because the process occurs above the recrystallization
temperature (Ahmad et al., 2016; Ahmad, Lajis, & Yusuf, 2017; Khamis, Lajis, &
Albert, 2015).

Aside from environmental concerns, economic concerns have also been raised
about sustainability. This issue is frequently manifested by an increase in raw material,
electricity and gas. Therefore, it is crucial to focus on developing a sustainable strategy
for aluminium shaping industries that emphasises promoting cost, energy and resource

efficiency by utilizing life cycle assessment (LCA) and life cycle cost (LCC).



1.1  Background of Study

Over the last 20 years, there has been a surge in sustainability publications. The three-
pillar concept of sustainability consists of environmental, economic and social,
commonly depicted by three intersections circles with overall sustainability at the
centre (Purvis, 2019). In addition, the public has been paying attention to how
industries affect the environment, and discussions about sustainable behaviour and
climate change are on the international agenda (Luthin, Backes, & Traverso, 2021).
For decades, European Union policy has aimed at minimising waste, lowering the
emission of hazardous toxic to the environment and limiting the environmental impact

(Hughes, 2017). As a result, the demand for sustainable raw materials and finished
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Figure 1.1: Infographic of AA7075 aluminium alloy

Figure 1.1 illustrates the infographic of AA7075 aluminium alloy. There are
various types of aluminium alloys. Al-Zn-Mg-Cu alloys, categorized as 7XXX series
aluminium alloys, have been widely used as structural materials in aeronautical
industries (Aziz, 2018). German researchers commercially launched them in 1940
(Kilig et al.2020). Aluminium alloy AA7075 is widely used in the aerospace industry

due to their attractive properties such as high strength, ductility, low density, toughness



and resistance to fatigue, and their favourable strength-to-weight ratio and corrosion
resistance compared to conventional stainless steels (Aziz, 2018).

Aluminium is the third most abundant element on earth which does not exist
in nature as a free element (Abdulkadir, Ajayi, & Hassan, 2015). Nonetheless,
aluminium is the second-largest used metal after iron (Mahinroosta & Allahverdi,
2018). According to the statistic forecasting aluminium consumption from 2021 to
2029, with a compound annual growth rate of 2.6 %, global aluminium consumption
is projected to reach approximately 64.2 million metric tonnes in 2021 (Statista,
2022b). China is by far the world's largest producer of aluminium, with a record 37.08
million tonnes produced in 2020 (Staff, 2021). However, its government intends to
limit yearly smelting capacity to 45 million tonnes, and companies are aiming to
recycle more scrap metal instead, under pressure to reduce emissions.

Table 1.1 shows the details of the aluminium production for Southeast Asian
nations. From the data, Malaysia, Indonesia and Singapore produce approximately
908, 220.6,51.1 thousand metric tonnes respectively. Thailand does not produce
primary aluminium while used secondary approximately 22.6 thousand metric tonnes

of secondary aluminium

Table 1.1: The details of aluminium production for Southeast Asian nations

Country Details of aluminium production Year Source
Malaysia Approximately 908 thousand metric tonnes 2021 (Muller, 2022)
Indonesia | Approximately 220.6 thousand metric tonnes 2021 (Statista, 2022c)
Singapore | Approximately 51.1 thousand metric tonnes 2021 (Statista, 2022a)
Thailand Thailand does not directly produce aluminium 2020 (Manakitsomboon,
from upstream sources. Instead, aluminium 2021; Thaimetal
scrap is recycled. Approximately 22.6 aluminium, 2022)
thousand metric tonnes of secondary
aluminium

It is found that aluminium production is an energy-intensive process. It
produces a lot of black dross during remelting or refining of aluminium and creates
hazardous waste that poses a major threat and challenge to the aluminium industry
(Abdulkadir et al., 2015). Table 1.2 shows the distribution of waste produced by the
aluminium industry according to the European Waste Catalogue (EWC). Table 1.2
shows hazardous waste produced by the aluminium industry coded 100304, 100308,
100309, 100315, 100317, 100319, 100321, 100323, 100325, 100327 and 100329. By
referring to Table 1.2, the hazardous waste type with code numbers 100304, 100308,



100309 and 100321 has contributed a significant amount of hazardous waste to the

aluminium industry.

Table 1.2: The hazardous wastes type from the aluminium industry according to the
European Waste Catalogue (Mahinroosta & Allahverdi, 2018)

Hazardous waste type Code

Slag from primary production 100304
Salt slag from secondary production 100308
Black dross from secondary production 100309
Dross that emits flammable gases in dangerous quantities in contact with water 100315
Tar-containing waste from anode production 100317
Flue gas dust containing hazardous materials 100319
Dust and other particulates comprising hazardous materials 100321
Solid wastes from processing the gas comprising hazardous materials 100323
Filter sludge and cake from processing gas containing hazardous materials 100325
The waste from cooling water treatment containing oil 100327
Hazardous waste from salt slag/black dross processing 100329

Aluminium recycling practices have been debated for many years back, since
the 1900s. Aluminium recycling emits only 5% of greenhouse gas and utilizes 95%
less energy than primary aluminium production (Wagiman et al., 2020). Primary
aluminium manufacturing uses between 174 to 186 Megajoules per kilogram, whereas
secondary production uses between 10 to 20 Megajoules per kilogram (Green, 2007).
Secondary aluminium production requires less energy due to its raw materials
consisting of aluminium scrap and primary metallic aluminium scrap. (Tsakiridis &
Oustadakis, 2013). Therefore, aluminium is manufactured through two different
pathways in which primary aluminium production by alumina is extracted from
bauxite ore and secondary aluminium production by aluminium scrap (Tsakiridis &
Oustadakis, 2013).

Currently, two major non-ferrous metal recycling techniques have been
proposed; conventional recycling (CR) and solid-state recycling (SSR). The CR
technique involves remelting the scrap and casting it into new products. As for CR
techniques, several remarkable problems are listed as follows (Wan et al., 2017):

i.  High metal loss due to the high chemical reactivity and large specific metal
surface area.

ii.  Toxic gases are produced by the combustion of the oil emulsion adhering to
the chips.

iii.  High energy consumption and processing costs.
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