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[bookmark: _Toc219470044]Abstract
This report evaluates the suitability of aluminium, polyethylene terephthalate, and ceramic materials for manufacturing beverage cans, plastic bottles, and mugs. Each material was assessed based on mechanical and thermal properties, manufacturing processes, cost, lifespan, and sustainability. Aluminium’s lightweight nature, combined with its ductility and ability to be recycled efficiently, makes it well suited for rapid forming techniques such as drawing and ironing used in can production. PET plastic bottles made by injection stretch blow moulding are lightweight, low-cost and transparent, optimal for high-volume production. However, their thermal constraints and challenges in closed-loop recycling have an economic impact. Ceramic mugs manufactured by jolleying provide strong thermal insulation, chemical stability, and a long lifespan, although brittleness and limited recyclability remain limitations.
Comparative analysis of manufacturing methods revealed that aluminium can production is highly automated and energy-intensive, while PET moulding achieves high throughput with moderate energy demand. Ceramic forming processes, such as jolleying, are simpler but slower, making them less suitable for large-scale output. Mechanical and thermal property comparisons confirmed that metals offer ductility and strength, polymers provide flexibility, and ceramics excel in heat retention but lack toughness.
Alternative materials such as tin-plated steel for cans, recycled PET or glass for bottles, and stainless steel for mugs are being explored for improved durability and sustainability. Overall, the study concludes that no single material is universally optimal. Manufacturers must balance performance, cost, and environmental impact, with future developments focusing on recycled content and sustainable alternatives without compromising functionality.
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[bookmark: _Toc219470047]Introduction
This report examines the suitability of varied materials and manufacturing processes for everyday consumer products, considering properties, lifespan, cost and sustainability.
[bookmark: _Toc219470048]Literature Review
Studies on aluminium sheet forming indicate that alloys (AA3104‑H19) exhibit sufficient ductility and work‑hardening capacity to withstand the high levels of deformation encountered during rapid drawing and ironing processes (Martins, Couto and Lima, 2016). In contrast, research on polymer processing demonstrates that polyethylene terephthalate (PET) relies on its viscoelastic behaviour, strain‑induced crystallisation, and high elongation to accommodate biaxial stretching during injection stretch blow moulding, although processing temperatures must be carefully controlled to avoid thermal degradation (Olam, 2021; McEvoy, Armstrong and Crawford, 1998). Comparatively, ceramics possess high compressive strength and excellent thermal stability; however, their inherent brittleness significantly limits their ability to tolerate tensile and impact loading, restricting their suitability for forming‑intensive manufacturing processes (Shackelford, 2023). Collectively, these studies highlight the importance of selecting materials whose mechanical behaviour aligns with the demands of the intended forming or shaping process.





[bookmark: _Toc219470049]Research and Discussion
[bookmark: _Toc219470050]Task 1: Selection and Description
[bookmark: _Toc219470051]Aluminium Beverage Can 
Due to their high strength-to-weight ratio and recyclability, aluminium cans (Figure 1) account for less than 95% of all beer and soft drink cans in the US (Adtech, 2017). High-speed drawing and ironing are made possible by formability and ductility, and low density lowers transportation costs in comparison to steel. Aluminium can withstand carbonation pressures, maintain surface polish, and provide thermal conductivity for quick cooling. However, due to lower strength than steel and denting risk, polymer coatings are necessary. Shown in Figure 2, global consumption of aluminium cans has increased significantly, highlighting the growing industrial demand that drives high-speed production. 
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[bookmark: _Toc215820978]Figure 1.Aluminium Can (Adtech, 2017).
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[bookmark: _Toc215562261][bookmark: _Toc215562717][bookmark: _Toc215820979]Figure 2. The chart shows an increase in consumption, rising from 343 billion units in 2015 to a projected 627 billion units by 2030.  (Al Circle, 2025)


[bookmark: _Toc219470052]Plastic Bottle
PET bottles (Figure 3) combine cost-effectiveness, clarity, easy mouldability, and lightweight performance. High elongation (19-46%) allows the polymer chains to stretch and orient during biaxial moulding, helping manufacturers create thin yet strong bottle walls that use less material than glass alternatives (Olam, 2021, p.140). PET complies with food safety regulations due to non-toxicity. However, its low softening temperature restricts use in high-heat environments and recycling often leads to downcycling rather than closed-loop reuse.
Olam quotes, “PET ranks third in the global plastic market… estimated to reach 82.9 billion dollars by 2027” (Olam, 2021, p.132).
[image: 1L Clear Round PET Bottle | UK Wide Distribution]
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Figure 3. PET bottle (Patrico, 2024).

[bookmark: _Toc219470053]Ceramic Mug
[image: A hand holding a coffee cup

AI-generated content may be incorrect.]Ceramic mugs (Figure 4) offer strength, insulation against heat, and visual appeal. Strong compressive strength and thermal stability support repeated thermal cycles, while low thermal conductivity improves heat retention. However, portability and sustainability are limited by brittleness under impact and minimal recyclability. Firing energy is higher than rolling aluminium but lower than PET moulding.
[bookmark: _Toc215562264][bookmark: _Toc215562720][bookmark: _Toc215820981]Figure 4. Ceramic Mug.
I chose these objects as I use them everyday.
[bookmark: _Toc219470054]Task 2: Manufacturing Method Comparison
[bookmark: _Toc219470055]Aluminium Cans
Figure 5 summarises the automated multi-stage process used in aluminium can production, while Figure 6 outlines the sequence of forming stages used to shape and thin aluminium can bodies that reduce wall thickness without compromising strength. This elevated level of process complexity, requiring specialised equipment, coatings, energy-intensive forming and strict quality control, contributes significantly to production cost. Despite these demands, modern manufacturing lines still achieve 
[image: A diagram of a factory

AI-generated content may be incorrect.]high throughput, producing 1,800-3,000 cans per minute (Wěrychowicz, Kustra & Milenin, 2023).





[bookmark: _Toc215562721][bookmark: _Toc215820982]Figure 5.  Aluminium can manufacture process (Nipes.org, 2025).
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[bookmark: _Toc215562722][bookmark: _Toc215820983]Figure 6. Progressive stages of body-making (Przemysław Wędrychowicz et al., 2021).
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Figure 7 depicts the injection stretch blow moulding process, clarifying the role of biaxial stretching in achieving mechanical and optical performance in PET bottles. Precise temperature control, timing of stretch rod motion, and high strain rates during blowing all contribute to wall thickness and clarity (McEvoy, Armstrong, & Crawford, 1998). Despite these challenges, modern multi-cavity systems achieve a high rate of production.
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[bookmark: _Toc215562723][bookmark: _Toc215820984]Figure 7. Injection stretch blow moulding (McEvoy, Armstrong and Crawford, 1998, p.340).

[bookmark: _Toc219470057]Ceramic Mug
[image: ]Jolleying (Figure 8) is a process for mass producing mugs that involves shaping the interior with a descending tool over a rotating mould. The process has low mechanical complexity and production expenses, making it ideal for high-volume businesses. A semi-automatic jigger/jolly machine can produce about 408 cups per hour (Adeika Adeiza Sullayman, 2025, p.15). Jolleying compacts the clay and ensures uniform wall thickness, reducing porosity and creating a dense structure that enhances strength, durability, and thermal insulation after firing.



[bookmark: _Toc215562724][bookmark: _Toc215820985]Figure 8. Jollying and jiggering of ceramics (Gotheborg, 2025).
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[bookmark: _Toc216188244]Table 1. Comparison of manufacturing methods (self-produced).
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[bookmark: _Toc215820986]Figure 9. Manufacturing process flows (self-produced).
[bookmark: _Toc219470059]Task 3: Mechanical and Thermal Properties Comparison
The data presented in Appendix Tables 2-8 support the mechanical and thermal property comparisons discussed in this section.
[bookmark: _Toc219470060]Mechanical Properties
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AI-generated content may be incorrect.]The mechanical behaviour of ceramics, metals and polymers differs significantly, as summarised in Figure 10, which highlights their contrasting trends in stiffness, ductility and hardness. Figure 11 further shows their characteristic stress-strain responses, with ceramics being stiff and brittle, metals moderately ductile, and polymers capable of large deformation.[bookmark: _Toc215820987]Figure 10. Typical Stress-strain Curve (Moslemi Petrudi et al., 2020).
[bookmark: _Toc215820988]Figure 11. Comparison of the properties (Moslemi Petrudi et al., 2020).

[bookmark: _Int_Bzk15jAT]AA3104-H19 aluminium typically shows moderate ductility (4.19% elongation) and tensile strengths in the 265–281 MPa range, enabling uniform gradual thinning that occurs during drawing and ironing without tearing (Martins, Couto & Lima, 2016). PET exhibits higher elongation (19-46%) but lower strength, allowing chain orientation during stretch-blow moulding and producing lightweight, pressure-resistant bottles (Olam, 2021). Alumina porcelain, by contrast, has very high stiffness and compressive strength but low tensile toughness, making it durable under load yet vulnerable to impact (Shackelford, 2023).
[bookmark: _Toc219470061]Thermal Properties
Aluminium has high thermal conductivity (237 W/m·K) and a specific heat capacity of 900 J/kg·K, allowing beverages to cool quickly and uniformly in aluminium cans (Shackelford, 2023, pp. 231–234). PET softens near its glass‑transition range of 67–80 °C, reducing energy requirements during processing but limiting performance in hot environments and increasing susceptibility to sunlight degradation (Olam, 2021, pp. 138–139). In contrast, alumina porcelain exhibits low thermal conductivity (≈1.7 W/m·K) and minimal thermal expansion, enabling effective heat retention while resisting thermal shock during repeated heating and cooling cycles (Shackelford, 2023, pp. 231–234).
[bookmark: _Toc219470062]Task 4: Lifespan and Cost Analysis
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Table 9.Lifespan comparison of materials (self-produced).
Aluminium’s high recyclability and resistance to pressure make it ideal for high-speed, single-use packaging, despite the need for internal coatings to prevent corrosion. PET offers lightweight convenience for mass production but suffers from thermal and UV degradation, coupled with high environmental impact due to downcycling. Ceramics provide exceptional durability and thermal stability for long-term use, yet brittleness and poor recyclability is a limitation.

SEM and EDS analysis (Figure 12) confirms that aluminium cans without an organic coating exhibit severe pitting and oxide formation in comparison to the coated cans. 
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[bookmark: _Toc215820989]Figure 12. SEM and EDS analysis of Red Bull can: (a) in acetic acid in with organic coating and (b) without an organic coating (Almoiqli et al., 2023).
Figure 13 highlights how prolonged exposure to sunlight decreases PET transparency and causes visible yellowing, reducing the suitability of the bottles for outdoor use.
[image: A graph of sunlight exposure on pet color and light exposure
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[bookmark: _Toc215820990]Figure 13. Effect of sunlight exposure on PET color and clarity (Schloss and Voyles, 2018)
PET and aluminium benefit from closed-loop recycling systems (Figures 14 and 15), making them more sustainable than ceramic mugs (Figure 16) which typically end in landfill. Figure 17 shows aluminium achieving the highest recovery globally in comparison to PET.  
[image: A diagram of pet bottles
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[bookmark: _Toc215820992]Figure 15. Life cycle of Aluminium can (crunchycan, 2017).
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[bookmark: _Toc215820993]Figure 16. Life cycle of ceramic mug (self-produced)
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[bookmark: _Toc215562725][bookmark: _Toc215820994]Figure 17. Comparison of average recycled content by region for PET bottles and Aluminium Cans (International Aluminium, 2022).
[bookmark: _Int_YfFN1Hr1]Figure 18 highlights that PET bottles and aluminium cans are both dominated by material costs, accounting for 84% and 80% of total production cost, while utilities and labour contribute only marginally. This makes PET bottles the most cost-efficient option for high-volume production, as they combine low energy requirements with lightweight material. Aluminium cans remain more expensive due to the higher price of aluminium and complex tooling. In contrast, ceramic mugs, similar to glass bottles, would have higher energy and labour costs because of kiln firing and manual handling, making them the least economical for large-scale output despite low raw material prices.
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[bookmark: _Toc215562726][bookmark: _Toc215820995]Figure 18. Manufacturing cost breakdown (International Aluminium, 2022).

[bookmark: _Toc219470063]Task 5: Material Selection and Alternative Choices
Although PET is affordable, lightweight, and suitable for mass production, glass provides superior UV and thermal protection and can be fully recycled without loss of quality. However, glass production is energy‑intensive and its higher weight increases transport emissions and costs. A blend of virgin and high‑quality recycled PET offers a practical compromise, as blending maintains strength and process reliability while reducing cost and environmental impact, despite minor losses in clarity and mechanical performance (Alvarado Chacon, Brouwer and Thoden van Velzen, 2020).
Tin‑plated steel cans offer high strength and resistance to internal pressure but are less efficient to manufacture than aluminium, as steel cannot be drawn into seamless one‑piece bodies and causes greater tool wear. Aluminium remains preferred for high‑speed production due to easier forming, seamless can bodies, and reduced tooling replacement.
Ceramic mugs provide good thermal insulation and long service life but are brittle and commonly non‑recyclable. Stainless steel, despite higher production costs, offers a more durable, lightweight, heat‑retaining, and fully recyclable alternative.

[bookmark: _Toc219470064]Conclusion
In conclusion, material selection requires balancing performance with manufacturing efficiency and sustainability. Aluminium remains ideal for high-speed packaging because of its strength, lightweight properties, and recyclability. PET provides cost-effectiveness and clarity, although it has thermal resistance and environmental limitations. Ceramics provide durability and insulation but are not recyclable and are brittle. Future developments ought to focus on integrating recycled material and exploring sustainability alternatives without compromising functionality.
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Material E(10° MPa) MOR (MPa)
Alumina 0 261034
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Magneste (magnesia)brick i EY
Sintered spinel(magnesia aluminate) 240260 110245
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Steaite (magnesiaaluminosicate) porclain © 10
Superduy firelay (aluminosiicate) brick I 52
Sintered® berylia (5% porosity) 310 10280
Fully sabilized sirconia 970 245
Pariallystabilzed irconia 205 00100
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Values of Specific Heat for a Variety of Materials

Material € [IkgK]
Metals*

Aluminum 900
Copper 385

Gold 129

Tron (@) 444

Lead 159

Nickel 444

Silver 237
Titanium 523
Tungsten 133
Cerami ab

ALO, 160

MgO 457

SiC 344
Carbon (diamond) 519
Carbon (graphite) 711
Polymers®

Nylon 66 1,260-2,090
Phenolic 1,460-1,670
Polyethylene (high density) 1,920-2300
Polypropylene 1.880
Polytetraflouroethylene (PTFE) 1,050
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Values of Linear Coefficient of Thermal Expansion for a Variety of Materials

a[mm/(mm-=C) X 10°]

Material Temperature = 27°C (300 K) 527°C (800 K) 0-1,000°C
Metals®

Aluminum 232 338

Copper 168 20.0

Gold 141 16.5

Nickel 127 168

Silver 192 234

Tungsten 45 48

Ceramics and glasses™”

Mullite (3ALO52Si0,) 53
Porcelain 6.0
Fireclay refractory 55
ALO; 88
Spinel (MgO-ALO;) 76
MgO 135
U0, 100
710, (stabilized) 100
siC 47
Silica glass 05
Soda-lime-silica glass 9.0
Polymers®

Nylon 66 3031

Phenolic 30-45

Polyethylene (high-density) 149-301

Polypropylene 68-104

Polytetrafluoroethylene (PTFE) 99
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Values of Thermal Conductivity for a Variety of Materials

k(s m-K)]

Material Temperature = 27°C (300 K) 100°C 527°C (800K)  1,000°C
Metals®

Aluminum 237 220

Copper 398 371

Gold 315 292

Iron 80 43

Nickel 91 67

Silver 427 389

Titanium 2 20

Tungsten 178 128

Ceramics and glasses™"

Mullite (3ALO52Si0,) 59 38
Porcelain 17 19
Fireclay refractory 11 15
ALO; 300 63
Spinel (MgO-ALO;) 15.0 59
MgO 380 71
710, (stabilized) 20 23
TiC 250 59
Silica glass 20 25
Soda-lime-silica glass 17 -
Polymers®

Nylon 66 29

Phenolic 0.17-0.52

Polyethylene (high-density) 033

Polypropylene 2124

Polytetrafluoroethylene (PTFE) 024




