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[bookmark: _Toc213421235]Abstract
This report compares three everyday products (Stainless steel spoon, Polypropylene Food container, Tempered glass phone protector) this study analyses material properties, manufacturing methods, mechanical properties and product sustainability.
Alternatives materials and processes are also discussed to reduce environmental and cost. The research emphasizes material selection is a key factor to achieve a sustainable product.
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[bookmark: _Toc213421236]Introduction
[bookmark: _Hlk216116738]This report presents a comparative analysis of three widely used products and their material classes by examining key manufacturing processes, mechanical properties and suggesting alternative materials.
The products analysed include Stainless-Steel spoon (SS), Food container (Polypropylene), Smartphone screen protector (Tempered glass). 
Given the significant differences in material properties, the report focuses on the manufacturing processes and deciding factors that influence material selection for their applications.
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[bookmark: _Toc213421237]Research and Discussion
[bookmark: _Toc213421238]Selection and Description
[bookmark: _Toc213421239]Material 1 – Stainless Steel Spoon
[bookmark: _Hlk216116764][bookmark: _Hlk216257893]The stainless-steel spoon is a common item that has been designed for durability, corrosion resistant and safe contact with food. Grade 304  (18/8) stainless steel is commonly used due to its high ductility, corrosion resistance, and food safety compliance all that which allow large scale manufacturing possibilities.

In manufacturing, the most used grade is “18/8 grade” stainless steel, also known as ‘304’ stainless steel or 1.4301. Although higher grades such as “18/10” are available for cookware, the “18/8 grade” still has all the necessary characteristics for wide spread use due to high corrosion resistance and food safe capabilities. (Association, n.d.)
[bookmark: _Hlk216116769]Table 1 highlights the key differences between different grades of stainless steel and some of their applications. 
[image: A white sheet with black text
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Table 2 highlights the difference mechanical properties of stainless steel.
[image: A screenshot of a computer
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(Matweb, 2024)

[bookmark: _Hlk216116780]According to a study conducted in 2012 “Piqueras-Fiszman, B., Laughlin, Z., Miodownik, M. and Spence, C. (2012). Tasting spoons: Assessing how the material of a spoon affects the taste of the food. Food Quality and Preference, 24(1), pp.24–29. doi:https://doi.org/10.1016/j.foodqual.2011.08.005.”. 
[bookmark: _Hlk216257885]The materials we interact with while eating significantly influence the perceived taste of food. Although discrepancies in the study results where caused by other factors, the study clearly indicated that the subjects experience a taste difference when using cutlery made from different metals.

[bookmark: _Toc213421240]Material 2 – Polypropylene Food Container

[bookmark: _Hlk216116790][bookmark: _Hlk216257878]Polypropylene is widely used for food storage applications due to its high durability and low manufacturing cost compared to other alternatives such as Glass. As a thermoplastic it is highly suitable for both hot and cold food storage, transportation and microwave reheating without compromising its mechanical properties.
Polypropylene can be divided into 2 main grades (HPP & CPP) although there are other market variations for other types of processes.
[image: HP 500P polypropylene homopolymer - KPPlastics]Homopolymer Propylene (HPP) is a common type used in food containers because of ease of manufacture and cost effectiveness. This polymer has good resistance to high temperatures, stiffness and chemical resistance, although it becomes brittle at lower temperatures. 
[bookmark: _Hlk216116818]
Copolymer Polypropylene (CPP) combines propylene with other monomers to change the crystal structure of the material, enhancing the material making it tougher, flexible and better performing at lower temperatures, making it ideal for automotive parts and medical devices.
[image: A screenshot of a table
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(Plastics, n.d.)

[image: A diagram of different types of monopolymer

AI-generated content may be incorrect.] According to Gon plastics “In contrast to other variants of polypropylene, such as impact copolymer polypropylene, homopolymer polypropylene enhances performance in several ways. Its specific structure leads to superior chemical resistance, allowing it to maintain functional integrity even when exposed to various solvents and chemicals. Additionally, the material is inherently lightweight, which adds to its versatility in applications ranging from packaging to automotive components.”( GON Plastics (2025) )

(Look, 2020)

[bookmark: _Toc213421241]Material 3 – Tempered glass Screen Protector
[bookmark: _Hlk216116843]Tempered Glass screen protectors remain a benchmark industry due to their high hardness, clarity compared to other screen protector options.They are produced through thermal or chemical tempering, creating a surface capable of resisting scratches and impacts better than regular glass.
As Tempered glass is manufactured, and quality tested the product is evaluated in terms of Hardness. 
[image: A table of physical properties

AI-generated content may be incorrect.][image: undefined]Most tempered glass protectors achieve a hardness rating of 9H on the Mohs scale, ensuring resistance to everyday wear. However, edge brittleness remains a common flaw, which manufacturers address through variations such as 9D, 11D, and 18D designs. These grades do not improve hardness but enhance edge coverage and durability (Eddie, 2024).

                                                                                         (Wikipedia, 2023)

According to Eddie - “9H: Focuses on scratch resistance. 9D: Refers to the dimensional design and edge coverage of the protector. A 9D protector might offer better edge-to-edge protection, but not necessarily better scratch resistance.” Eddie (2024)
[bookmark: _Hlk216116854]Other alternatives like TPU films exist at a much lower cost, however tempered glass remains an industry leader due to its high durability and premium feel for the consumer.

[bookmark: _Toc213421242]Manufacturing Method Comparison
[bookmark: _Toc213421243]Method 1 – Stainless spoon Deep Drawing

[bookmark: _Hlk216257844][bookmark: _Hlk216116864]Two main methods are used for large-scale production: forging and deep drawing. Deep drawing is preferred due to its efficiency, lower labour requirements, and faster production rates. While forging offers strength, it is slower and labour-intensive.

The Deep drawing spoon manufacturing method goes as following:
[image: A diagram of steps
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(Vlabs.ac.in, 2024)

[bookmark: _Hlk216116874][image: Manufacturing Processes-I]The forging process includes:

(Vlabs.ac.in, 2024)

[bookmark: _Hlk216257831]Both manufacturing processes are effective in producing the product however Forging has a large draw back due to the low speed of manufacture and labour requirements. While the deep drawing process is slightly more complex it offers a higher amount of units per hour while achieving a uniform quality finish on the product produced.

A pre-feasibility study by Samadhan indicates that a machine can produce 500 sets of cutlery (1,500 units) per day –“Assumptions: 1. Production Capacity of Stainless Steel Cutlery Manufacturing unit is taken at 500 Sets per day. First year, Capacity has been taken @ 30%” (Samadhan, n.d.)

[bookmark: _Toc213421244]Method 2 – Polypropylene (PP) Food Container
[bookmark: _Hlk216257824][bookmark: _Hlk216116894]A PP food container, can be produced using two manufacturing methods: Thermoforming and injection moulding. 
[image: Diagram of a diagram of a heat exchanger
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Thrmoforming is where a thin sheet of plastic is heated and formed to achieve the desired shape. This shape is usually achieved by pressing or by inducing vacuuming so the plastic sheet takes the shape of the mold. This process is highly efficient being able to produce parts at a high speed with the drawback of them being thin walled and mostly applicable for disposable packaging. 

                                                                             (Mechanical Engineering, 2019)

As per the video by Kyle Milan it shows the variety of applications of thermoforming “Kyle Milan (2019). Thermoforming Food Packaging Tour - MFG Tribe TV - S1E2 (Ultra Green Packaging). [online] YouTube. Available at: https://www.youtube.com/watch?v=qfdRfkxekhw [Accessed 8 Dec. 2025].” (Kyle Milan, 2019)

[bookmark: _Hlk216257816]Injection molding can carry out much more detailed shapes, thicker and more durable material. 
In this process material is injected into a mold to achieve the desired shape, the material is then rapidly cooled to solidify its shape. Once the shape as solidified ejector pins push the object of the mold, repeating the initial process. [image: A diagram of a machine
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(https://predictabledesigns.com/author/teeleng_teeleng, 2017)
Has per the video produced by EngineerGuy “engineerguy (2015). Plastic Injection Molding. YouTube. Available at: https://www.youtube.com/watch?v=RMjtmsr3CqA.” (engineerguy, 2015)
We can achieve much more complex shapes at a also very high speed, however this usually comes with the drawback that most injection molding machines are much more expensive than thermoforming machines and have higher maintenance costs.

[bookmark: _Toc213421245]Method 3 – Tempered Glass Screen Protector
The manufacturing of Tempered glass screen protectors process involves sheets of glass that are carved using CNC’s, the shaped glass then goes through polishing and cleaning process before going into the tempering process.
Ruizhi Sourcing highlights the importance of the tempering process in order to achieve the desired hardness “Ruizhi Sourcing (2022). Tempered Glass Screen Protector Manufacturing Factory Tour | Chinese Screen Protector Factory. [online] YouTube. Available at: https://www.youtube.com/watch?v=ZI5nEmuNC_s [Accessed 8 Dec. 2025].” (Ruizhi Sourcing, 2022)
The tempering process is extremely crucial to create a scratch and impact resistant product. This is achieved by heating the glass to high heat levels such as 650 Degrees C and rapidly cooling it with air jets (Quenching) causing the outer layers to compress while the inner layer is still under tension.
[image: Diagram of a heat exchanger
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 				(Glass, 2020)

A major drawback is that tempered glass loses ductility after tempering, so all shaping must occur beforehand. Additionally, the process requires specialized equipment and high energy consumption.









[bookmark: _Toc213421247]Mechanical and Thermal Properties Comparison
	Material Properties
	304 Stainless Steel (Spoon)
	Polypropylene (Food Container)
	Tempered Glass (Screen Protector)

	Tensile Strength
	520-720MPA
	25-40MPA
	30-90MPA

	Ductility
	High 40%-70%
	Moderate-High > 100%
	Very Low

	Toughness
	High 119-228 MPa
	Moderate 20-50MPa
	Low 69MPa (High compression forces)

	Formability
	Good
	High
	Poor

	Heat resistance
	High
	Low
	High

	Softning Point 
	1450 C 
	160 C
	600 C



Stainless Steel – “(thyssenkrupp Materials, 2018)”
Polypropylene (Food Container) – “((Hindle, 2019)”
Tempered Glass (Screen Protector) -  “(AG, 2020)”
[bookmark: _Hlk216257784][bookmark: _Hlk216173807]Stainless steel offers the highest strength, ductility, toughness, and softening point, making it ideal for spoons due to its resistance to bending, impact, and heat. Polypropylene has lower tensile strength and softening point but retains high ductility, making it suitable for food containers thanks to its lightweight and ease of manufacture, though with limited load-bearing capacity. Tempered glass provides low tensile strength and ductility but excellent thermal shock resistance. While tempering increases hardness and scratch resistance, it also makes the material extremely brittle.
[image: Stress Strain Curve Explained | A Beginner's Guide]
(Veidth, 2025)

[bookmark: _Toc213421248]Lifespan and Cost Analysis
[bookmark: _Toc213421249]Material 1 – Stainless steel Spoon

As per the study carry out by Daniela Rosa-“ This study presents a comprehensive Life Cycle Sustainability Assessment (LCSA) of stainlesssteel fork production at Mepra S.p.A., integrating environmental (LCA), economic (LCC), and social dimensions. The LCA reveals that stainless steel production is the dominant environmental hotspot, contributing over 6,000 kg CO₂-eq per 10,000 forks, while photovoltaic energy and scrap recycling offer significant mitigation potential. The LCC identifies raw materials (58%) and labor (32%) as primary cost drivers, with scrap sales and renewable energy providing economic offsets. A consumer survey (n = 198) highlights strong preferences for stainless steel due to its durability, aesthetics, and perceived sustainability, although practicality remains a barrier in non-domestic contexts. The findings offer actionable insights for improving sustainability performance and inform strategies for product innovation and consumer engagement.” (Daniela et al., 2025)
[bookmark: _Hlk216257767]Manufacturing stainless steel spoons involves significant costs, including raw material, energy, and labour. While stainless steel offers clear advantages over alternatives such as bamboo, its long-term reusability helps offset the carbon footprint over time.
As highlighted by Daniela, several improvements can enhance the manufacturing process:
· [bookmark: _Hlk216174966][image: Recycling Stainless Steel - Unified Alloys]Reducing environmental impact: Increase scrap recovery at end-of-life and during defect management and adopt renewable energy sources.
· Labor efficiency: Implement greater automation to minimize human error and boost production output.
(Unified Alloys, n.d.)


[bookmark: _Toc213421251]Material 2 – Polypropylene Food Container
Has covered by “(Peantham and Varabuntoonvit, 2024)” the picture bellow represents the full lifecycle of a PP food container-
[image: A diagram of a process
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(Statista, 2025)
[bookmark: _Hlk216257750]Plastic manufacturing is one of the most prevalent processes globally, driven by low machinery costs and high production speed through methods such as injection molding and thermoforming. While most food containers last about a year due to food contact, polymers last for many years before they are fully degraded.
[image: A graph with blue bars

AI-generated content may be incorrect.]The primary challenge with polypropylene (PP) containers lies in their carbon footprint. Due to PP’s low degradation rate, end-of-life recovery for recycling is essential to reduce material costs and environmental impact. If recycling is not feasible, PP can be incinerated and converted into an energy source.						(Statista, 2025)


Material 3 – Tempered Glass Screen Protector

[bookmark: _Hlk216257744]Tempered glass manufacturing involves high setup costs due to the energy-intensive tempering process. Although the machinery required—such as CNC machines, polishers, and furnaces—is relatively limited, operating costs remain high. These processes are economically viable because high daily production volumes reduce the unit cost.
As noted by Enva- “Glass can be recycled over and over again, and can be transformed into a wide variety of everyday products. Not only is this enhancing the benefits of recycling in the long term, it also provides an eco-friendly alternative to landfill disposals, and yearly glass wastage. Furthermore, scope for the use of recycled glass is incredibly diverse. Recycled glass can be used in areas such as aggregates, manufacture of bricks, sports turf, fibreglass insulation and even water filtration.” (Enva, 2025)
[bookmark: _Hlk216257737][image: How Glass Is Recycled: Step-by-Step from Bin to Bottle]Glass has a long lifespan; however, its extreme brittleness often leads to breakage before reaching end-of-life. Broken glass can be recovered and recycled into sheets for manufacturing new products, supporting sustainability efforts.


[bookmark: _Toc213421252]Material Selection and Alternative Choices
[bookmark: _Toc213421253]Material 1 - Stainless steel Spoon
[image: Disposable Wooden Tea Spoons]While Stainless steel spoons have advantages such as durability and ease to manufacture it poses a great disadvantage which is it’s cost and disposability. However, there are solutions to these issues such as disposable wooden spoons. 
(Midpac.co.uk, 2025)

According to (Dalian Yada Industrial Co.,Ltd, 2022) -
“Dalian Yada Industrial Co.,Ltd (2022). How we make wooden cutlery. [online] YouTube. Available at: https://www.youtube.com/watch?v=8_j_ISuWBQE [Accessed 17 Dec. 2025].”
Disposable spoons use a stamping manufacturing process; this possess applies the stamping of a die on wooden sheet to create the spoon shape and deep drawing to create its depth (requires the wood to be humid in order to be flexible). This cheap and biodegradable product makes it perfect where spoons need to be used in inconvenient places such as food festivals as more often then not they are only used once.

[bookmark: _Toc213421254]Material 2 - Polypropylene food Container
Polypropylene food Container ease of mass manufacture and cost remain one of the main reasons to why this product is so used on a regular basis. However due to its high mass manufacturing and it poses high challenges on environmental impact.

“IKOO GLASS (2025). Filmed at the IKOO Factory How Glass Food Storage Boxes Are Made？. [online] YouTube. Available at: https://www.youtube.com/watch?v=rrYbd3uPJhg [Accessed 17 Dec. 2025].”

An effective alternative to polypropylene containers is glass food storage. These containers are manufactured through a press-forging process, in which silica sand is melted and poured into a mold before being pressed into the desired shape. Glass also offers significant advantages in terms of reusability, providing long-term cost benefits while also reducing the risk of microplastic ingestion (PIRG, 2025).

[bookmark: _Toc213421255]Material 3 - Tempered Glass Screen Protector

Tempered Glass screen protectors remain the benchmark product in the phone industry, however its high cost and low ductility have created some alternatives in the market like TPU films.
While TPU films offer low impact resistance, it does still offer many of the other benefits that tempered glass does such as edge-to-edge protection and scratch resistance while being a much cheaper alternative.
According to a study conducted by Zarkov L.D screen protectors have different applications depending on the level of protection required – “Zarkov, L.D., Georgi (n.d.). PET, TPU, or Tempered Glass – all you need to know to choose a screen protector. [online] Phone Arena. Available at: https://www.phonearena.com/news/PET-TPU-or- Tempered-Glass--all-you-need-to-know-to-choose-a-screen-protector_id58204.” (Zarkov, n.d.)


Decision Matrix

(www.greengatemetals.co.uk, n.d.)
(4sgio9h, 2025)
(IKEA, 2024)
(Plasticker, 2019)
(GonPlastics, 2025)
(Amazon.co.uk, 2026)
(Window Medics Ottawa, 2024)
(Bekin, 2025)
(Timber, 2024)
(POPA, 2016)
(IKEA, 2024a)
(JONES, 2023)
(Amazon.co.uk, 2025)


	
	304 Stainless Steel (Spoon)
	Wooden Spoon
	Polypropylene (Food Container)
	Glass Food Container
	Tempered Glass (Screen Protector)
	TPU film

	Tensile Strength
	520-720MPA
	70-140MPA
	25-40MPA
	40MPA
	30-90MPA
	20-100MPA

	Cost
	£2 (market cost)
£0.5/kg (raw price)
	£2.29/ 100 (Market Cost)
Raw Price (varied on wood quality)

	£1.75 (market cost)
€0.33/kg (raw price)
	£4.50 (Market Cost)
£95 per tonne (Silica sand)
	£4 (Market cost)
£95 per tonne ( Silica sand Raw price)
	£0.59 (Market Cost)
€0.35/Kg (Raw price)

	Manufacturability
	Easy to manufacture due to non-complex process
	Easy- Similar process to stainless steel with the added step of steam to soften the wood.
	Medium to hard- High machinery cost and plastic manufacturing parameters are a big variable (temperature, pressure)
	Hard- Casting setups required in order to make manufacturing fulfillable.
	Hard- Special machinery such as CNC required as well as a high set up cost for the Tempering Process.
	Hard-
Special machinery such as CNC required as well as specialist labour to operate them.

	Environmental impact
	Excellent – Re usability / Recycling opportunities.
	Good – Good recycling opportunities and clean source of energy with the downside of deforestation.
	Bad – Recycling facilities still not able to recycle contaminated plastic and are forced to use it as a ”dirty” energy source.
	Excellent- Re usability / Recycling opportunities. 
	Excellent- Recycling allow damage glass of the right grass and defected product to be ground and re manufactured into new product.
	Bad – Recycling facilities still not able to recycle contaminated plastic and are forced to use it as a ”dirty” energy source.

	Life Span
	50+ years
	15-40 years
	20+ years
	20-30 years
	20-30 years
	20+ years


 
[bookmark: _Toc213421256]Conclusion
The comparative analysis carried out in this report highlights the importance of material selection and manufacturing processes to achieve good product performance while also providing with alternative products.
Stainless Steel spoons regardless of its high production cost it shows high strength, ductility and heat resistance making it ideal for long term use.
Polypropylene Food containers are lightweight and cost effective while its environmental impact remains its biggest challenge.
Tempered glass offers high protection to the end user with large draw downs on brittleness and high energy manufacturing requirements.
Ultimately material selection requires a large balancing of material properties, lifecycle and manufacturing cost to be a feasible product. 
[bookmark: _Toc213421257]References
4sgio9h (2025). How Long Will Stainless Steel Last? A Complete Guide - Speciality Metals. [online] Speciality Metals. Available at: https://www.smetals.co.uk/how-long-will-stainless-steel-last-a-complete-guide/?srsltid=AfmBOopeBJbnnOu5oEj--8efsGWC9DLesGJOL_wv0qDwl_-enOFKNa3w [Accessed 21 Jan. 2026].
6M6CaO4OqhTBUHVXrrGoOdrZNHss4w411.0 (2025). Common Stainless Steel Materials for Cutlery Tableware & Kitchenware - Keywood International Inc. [online] Keywood.com.tw. Available at: https://www.keywood.com.tw/common-stainless-steel-for-tableware.html [Accessed 8 Dec. 2025].
AG, S. (2020). Technical Glasses Physical and Technical Properties.
Amazon.co.uk. (2025). Amazon.co.uk. [online] Available at: https://www.amazon.co.uk/New-Horrizon-Protector-Anti-Shatter-Anti-Scratch/dp/B0D63JSRQ2?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&smid=A1ATIMVH9KG798&th=1 [Accessed 21 Jan. 2026].
Amazon.co.uk. (2026). 4youquality [4-Pack Screen Protector for iPhone 16e, iPhone 14, iPhone 13 & 13 Pro (6.1-Inch), Tempered Glass Film, [Impact-Protection][Anti-Shatter][Anti-Scratch] : Amazon.co.uk: Electronics & Photo. [online] Available at: https://www.amazon.co.uk/4youquality-LifetimeWarranty-Impact-Protection-Anti-Shatter-Anti-Scratch/dp/B09K6MKR5H?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&psc=1&smid=A3PDCLMAXJYT4V [Accessed 21 Jan. 2026].
Association, B.S.S. (n.d.). Cutlery Stainless Steel Grades – British Stainless Steel Association. [online] bssa.org.uk. Available at: https://bssa.org.uk/bssa_articles/cutlery-stainless-steel-grades/.
Bekin, M. (2025). The Mechanical Properties of Wood | Ecochoice. [online] Ecochoice. Available at: https://ecochoice.co.uk/mechanical-properties-of-wood/.
Dalian Yada Industrial Co.,Ltd (2022). How we make wooden cutlery. [online] YouTube. Available at: https://www.youtube.com/watch?v=8_j_ISuWBQE [Accessed 17 Dec. 2025].
Daniela, A., Rosa, L., Chiara De Pizzol, Salandini, D. and Ginestra, P. (2025). Life Cycle Sustainability Assessment of Stainless-Steel Cutlery: An Industrial Case Study from Italy Life Cycle Sustainability Assessment of Stainless-Steel Cutlery: An Industrial Case Study from Italy.
Eddie (2024). Understanding 9H Hardness for Screen Protectors: What It Means and Why It Matters – KARERTE®. [online] Karerte.com. Available at: https://karerte.com/9h-hardness-for-screen-protectors/ [Accessed 8 Dec. 2025].
engineerguy (2015). Plastic Injection Molding. YouTube. Available at: https://www.youtube.com/watch?v=RMjtmsr3CqA.
Enva (2025). Glass Recycling | Enva. [online] Enva.com. Available at: https://enva.com/case-studies/glass-recycling [Accessed 9 Dec. 2025].
Glass, L. (2020). Tempered Glass Production Process - News - Qingdao Laurel Glass Technology Co.,Ltd. [online] Laurelglasstech.com. Available at: https://www.laurelglasstech.com/news/tempered-glass-production-process-30850676.html [Accessed 8 Dec. 2025].
GON Plastics (2025). Understanding Homopolymer Polypropylene: Properties, Applications, and Advantages. [online] Gonplastics.com. Available at: https://www.gonplastics.com/a-understanding-homopolymer-polypropylene-properties-applications-and-advantages.html.
Hindle, C. (2019). Polypropylene (PP). [online] BPF. Available at: https://www.bpf.co.uk/plastipedia/polymers/pp.aspx.
https://predictabledesigns.com/author/teeleng_teeleng (2017). Introduction to Injection Molding. [online] PREDICTABLE DESIGNS. Available at: https://predictabledesigns.com/introduction-to-injection-molding/.
IKEA. (2024a). IKEA 365+. [online] Available at: https://www.ikea.com/gb/en/p/ikea-365-food-container-with-lid-rectangular-glass-plastic-s89269071/?utm_source=google&utm_medium=organic-shopping&utm_campaign=shopping_feed&utm_content=free_google_shopping_clicks_Cooking [Accessed 21 Jan. 2026].
IKEA. (2024b). IKEA 365+ food container with lid, square/plastic, 750 ml - IKEA UK. [online] Available at: https://www.ikea.com/gb/en/p/ikea-365-food-container-with-lid-square-plastic-s49269105/?utm_source=google&utm_medium=organic-shopping&utm_campaign=shopping_feed&utm_content=free_google_shopping_clicks_Cooking [Accessed 21 Jan. 2026].
IKOO GLASS (2025). Filmed at the IKOO Factory How Glass Food Storage Boxes Are Made？. [online] YouTube. Available at: https://www.youtube.com/watch?v=rrYbd3uPJhg [Accessed 17 Dec. 2025].
irplastics. (2021). HP 500P polypropylene homopolymer - KPPlastics. [online] Available at: https://irplastics.com/en/product/%D9%BE%D9%84%DB%8C-%D9%BE%D8%B1%D9%88%D9%BE%DB%8C%D9%84%D9%86-%D9%87%D9%85%D9%88%D9%BE%D9%84%DB%8C%D9%85%D8%B1-hp-500p/ [Accessed 8 Dec. 2025].
JONES, J. (2023). The Properties of TPU Material and Its Application in 3D Printing. [online] SUNLU | Affordable 3D Printing Filaments and Resins . Available at: https://store.sunlu.com/blogs/products-knowledge/the-properties-of-tpu-material-and-its-application-in-3d-printing.
Kyle Milan (2019). Thermoforming Food Packaging Tour - MFG Tribe TV - S1E2 (Ultra Green Packaging). [online] YouTube. Available at: https://www.youtube.com/watch?v=qfdRfkxekhw [Accessed 8 Dec. 2025].
Look, A. (2020). Plating International, Inc. [online] Plating International, Inc. Available at: https://www.platinginternational.com/plating-workshop/a-look-at-the-superior-poly-tank-material-homopolymer-polypropylene-vs-co-polymer-polypropylene.
Matweb (2024). ASM Material Data Sheet. [online] asm.matweb.com. Available at: https://asm.matweb.com/search/SpecificMaterial.asp?bassnum=mq304a.
Mechanical Engineering. (2019). What is Thermoforming and what is it used for? - Mechanical Engineering. [online] Available at: https://mechanical-engineering.com/thermoforming/.
Midpac.co.uk. (2025). Welcome To Zscaler Directory Authentication. [online] Available at: https://www.midpac.co.uk/index.php?route=product/product&product_id=4710 [Accessed 17 Dec. 2025].
Mous UK. (2023). Tempered Glass Screen Protector (2 Pack). [online] Available at: https://uk.mous.co/products/tempered-glass-screen-protector?srsltid=AfmBOopjYP4_eVCmr8BuTkr2dvn1VTqUg2lw5o6WaamLFKgo0fRApyWp [Accessed 8 Dec. 2025].
Packaging Food2Go . (2023). 500ml Clear Takeaway Food Containers & Lids (case of 300). [online] Available at: https://www.packagingfood2go.co.uk/product-page/500ml-clear-takeaway-food-containers-lids?srsltid=AfmBOoriioM4nzzZJAJ5lm0eykGZh0iFYomOZ_4QqgwMZlGZh10wkgRW [Accessed 8 Dec. 2025].
Peantham, K. and Varabuntoonvit, V. (2024). Sustainable solutions in single-use food containers: A comprehensive life cycle assessment comparing plastic (PP) and its green alternative (PLA coated kraft paper, PLA). Environmental Engineering Research, 29(5). doi:https://doi.org/10.4491/eer.2023.729.
Piqueras-Fiszman, B., Laughlin, Z., Miodownik, M. and Spence, C. (2012). Tasting spoons: Assessing how the material of a spoon affects the taste of the food. Food Quality and Preference, 24(1), pp.24–29. doi:https://doi.org/10.1016/j.foodqual.2011.08.005.
PIRG. (2025). Studies show how microplastics from packaging get into our food. [online] Available at: https://pirg.org/articles/studies-shows-how-microplastics-from-packaging-get-into-our-food/.
Plasticker (2019). Raw Materials & Prices. [online] Plasticker.de. Available at: https://plasticker.de/preise/pms_en.php?kat=Mahlgut&aog=A&show=ok&make=ok.
Plastics, P. punch & (n.d.). TYPICAL PROPERTIES OF POLYPROPYLENE (PP) ASTM or UL Test Property HPP* CPP** CPP-filled. [online] Available at: https://precisionpunch.com/wp-content/pdf/polypropylene.pdf.
POPA, C. (2016). Glass Physical Properties. [online] Structural Glass. Available at: https://www.structuralglass.org/single-post/2016/11/26/glass-physical-properties?srsltid=AfmBOoqkdRlKjEnbEpKU8nnn0r07KxrtDug_66EOZod62NAk1ut3jOGI [Accessed 21 Jan. 2026].
Popat Stores UK. (n.d.). Bead Stainless Steel Mirror Finished Table Spoon. [online] Available at: https://www.popatstores.co.uk/bead-mirror-finished-table-spoon.html.
Ruizhi Sourcing (2022). Tempered Glass Screen Protector Manufacturing Factory Tour | Chinese Screen Protector Factory. [online] YouTube. Available at: https://www.youtube.com/watch?v=ZI5nEmuNC_s [Accessed 8 Dec. 2025].
Samadhan (n.d.). PROJECT REPORT Of PURPOSE OF THE DOCUMENT. [online] Available at: https://www.kviconline.gov.in/pmegp/pmegpweb/docs/commonprojectprofile/StainlessSteelCutlery.pdf [Accessed 8 Dec. 2025].
shah, meet (2016). CUTLERY HOW IT IS MADE. [online] Slideshare. Available at: https://www.slideshare.net/slideshow/cutlery-how-it-is-made/106366369#4 [Accessed 8 Dec. 2025].
Statista. (2025). Plastic product lifespans by type| Statista. [online] Available at: https://www.statista.com/statistics/1357773/plastic-product-lifespans-by-type/?srsltid=AfmBOoqUX9D98f1Z2WLtexiu_gBV7ia-ufl03SKiqukXbFd2N5YA9Ec2 [Accessed 9 Dec. 2025].
thyssenkrupp Materials (2018). Stainless Steel 304 - 1.4301 Data Sheet. [online] Materials UK. Available at: https://www.thyssenkrupp-materials.co.uk/stainless-steel-304-14301.html.
Timber (2024). Timber Durability - Hewins Oak. [online] Hewinsoak.com. Available at: https://hewinsoak.com/help/articles/40-timber-durability.
Unified Alloys (n.d.). Recycling Stainless Steel - Unified Alloys. [online] www.unifiedalloys.com. Available at: https://www.unifiedalloys.com/blog/recycling-stainless-steel.
Veidth, M. (2025). Stress Strain Curve Explained | A Beginner’s Guide. [online] CAE Assistant. Available at: https://caeassistant.com/blog/stress-strain-curve/.
Vlabs.ac.in. (2024). Manufacturing Processes-I. [online] Available at: https://msvs-dei.vlabs.ac.in/mem103/Unit2lesson2.html.
Wikipedia (2023). Mohs Scale. [online] Wikipedia. Available at: https://en.wikipedia.org/wiki/Mohs_scale.
Window Medics Ottawa. (2024). What’s the Lifespan of Different Types of Window Glass? | Window Medics Ottawa. [online] Available at: https://ottawa.windowmedics.com/blog/whats-the-lifespan-of-different-types-of-window-glass/.
www.greengatemetals.co.uk. (n.d.). Scrap Stainless Steel £1KG, TRADE PRICE: £1 - Manchester Scrap Yard UK. [online] Available at: https://www.greengatemetals.co.uk/scrapmetal/Stainless+Steel.html.
Zarkov, L.D., Georgi (n.d.). PET, TPU, or Tempered Glass – all you need to know to choose a screen protector. [online] Phone Arena. Available at: https://www.phonearena.com/news/PET-TPU-or-Tempered-Glass--all-you-need-to-know-to-choose-a-screen-protector_id58204.
image1.jpeg
Prifysgol Cymru
% Y Drindod Dewi Sant

“" University of Wales
Trinity Saint David

%




image2.png




image3.jpeg




image4.jpeg




image5.png
Material

316

430

201, 202

X45CrMoV15

Also Known As

18-8, 18-10, food-grade

stainess steel

Surgical grade stainless
steel

Industrial stainless steel

German stainless steel

Magnetism

No

No

Yes

Yes

No

Yes

Properties

+ Corrosion resistant.
+ Not as hard as 430/440

« Stronger corrosion resistance than
304

« Resistant to salt corrosion

- Notas hard as 430/440

+ Mediocre corrosion resistance.
+ Harder than 300 series

« Mediocre corrosion resistance.
= Much harder than 300 series

+ Mediocre corrosion resistance.

+ Contains manganese

« Contains molybdenum & vana
« Can be sharpened.

« Retains edge.

« Corrosion resistance

« Very hard

Application Use

Kitchenware, flatware,
machinery. Not good for knife
use.

Kitchenware, flatware, surgical
tool. Not good for knife use.

Kitchenware, flatware,
dishwasher, scissor, knife

Ideal for knife production use.

Can be used for kitchenware &
flatware. Not as good as 300 o
400 series

Ideal for knife production use.





image6.png
Mechanical Properties

Hardness, Brinell
Hardness, Knoop
Hardness, Rockwell B.
Hardness, Vickers
Tensile Strength, Utimate.
Tensile Strength, Yield
Elongation at Break
Modulus of Elasticity
Poisson's Ratio

Charpy Impact

‘Shear Modulus

215 MPa

e

&
5

123
138

L

129

73200 psi.

31200 psi

0%

28000 - 29000 ksi
029

240 b

12500 ksi

Converted from Rockwell B hardness.
Converted from Rockwell B hardness.

Converted from Rockwell B hardness.

a10.2% offset

in 50 mm




image7.jpeg




image8.png
‘TYPICAL PROPERTIES OF POLYPROPYLENE (PP)

AsTHor Homopolymer Copolymer
ULTest” Property Hep* cep cPPtiled
D792 Specifc gravity 050091 089091 088124
D570 Water absorpton (%) 001003 003 001002
D&% Tonsil strength (s) 45006000 40005500 2500.10000
DE38  Elongation at break (%) ‘00600 200500 2250
DA Tonsile modulus ps) 1650022500 13000-18,000 500035,000
D79 Flexural moculus (os) 17,000.25,000 1300020000
D256 Impact strength, laod (4bfn f otch) 0414 1114
D785 Hardness, Rockwell R 80102 859
CA77 Thermal conductviy
(104 calemisec.on?-'C) 28 3540 39
D6%  Coefficent of thermal expansion
(10 inin"C) 810 10 25
D548 Delocton temperature (F)
A2Bips 120440 12040 116280
Ausspsi 25250 185220 170305
ULS4 UL fammabilty rating'™ e iy e
“Homopobymer polpopyne._Copolymer poopyene. V2 V1. VA, V5 rates avaiale
TYPICAL PROPERTIES OF POLYPROPYLENE (PP)
1500r Homopalymer Copolymer
ULTest_Property Hep" ‘cpp
1501183 Specifc gravity 050091 089091
1S0R2 Water absorption (%) 001003 003
1S0527  Tensil strength (Pa) 31034137 a5
1S0527  Elongation at break (%) 100600 20500
1S0527  Tensile modulus (WPa) 11371581 8961241
1SO178  Flexural modulus (Ps) 1121723 8061370
150180 Notched tzod impact trength (Jim) 2175 sa747
ASTM . Hardness, Rockwell R 80102 559
o7ss
1S08302 Thermal conductiviy (W) [ 0z
15011359 Coeffiient ofthermal expansion
(104 mim-C) 1418 108180
18075 Deflocton temperature ('C)
A 180MPa ey ey a1
045 MPa 107121 5104 152

T V0, VS s sl





image9.jpeg
A ST

Copolymer vs‘ Horﬁopolymer

When there are two types™~ When a single type of

of monomers joining to (% monor_ner_undergoes
make a polymer, itisa - Polymerization to form a

copolymer. ~ macromolecule, itis a

A homopolymer.

~
Two types of monomers [ Single type of monomer

Varieties exist such as
block copolymers, No such varieties.
alternating copolymers, _
etc. & .
777 common examples
iri:‘:l't:r;n;cs,gr::\a;\:ye:::e - include nylon 6, nylon 11,
< i % polyethylene,
butadiene rtubber. viton, . polypropylene, PVC or
Ste. * " polyvinyl chloride,
polyacrylonitrile, etc.





image10.png
[ Coscont oflnes sxpansion Ipprosimateratic
Viood ) ax10® o5
Bk Sxa0t o5
Stone i Sxa0 o5
G S 1
Steel 10t 14
Cament ot w0t 15
umniom B0t a5
Pl chlrde (V0 0107 0

‘Short Table of Physical properties

Density 25 kN/m3
Young’s modulus 70 000 MPa
Shear modulus 28 000 MPa
Poisson’s ratio 0.23
Hardness (Mohs scale) 6
Coefficient ] e
of thermal expansion

tensile strength 45 MPa
compressive strength 800 MPa





image11.png
puoweiq

10000

2
g
S

100

ssaupieH anjosay

10

123456780910

Mohs scale




image12.png




image13.jpeg
ledge hammer

Hot metal B:
workplecs Flatler  pjay surface
Horn
Tongs
X _Anvil
Hole for

anvil fiting Wooden
base




image14.png
Radient heater
-#- o
E/Mww\ /r\g v

Moid cavty — — Plastc sheet [HERERE]
Mol Vacuum holes

==

o @
o e

Clamps {open) Molded part
3 =

==

Vacuum drawn
@ @




image15.jpeg
Plastic
Moving Fixed Granules  Hopper

Platern Platern
Mould Mould | \ - Drive Injection
Tie ] Unit Cylinder
=LY

Clamping Tool / Barrel
Cylinder Bar\ > Screw g

Heater

Check Bards

Molton y/51ye
Plastic





image16.png
Furnace Air cooler
4 (650C) 650C == 60C !
« Cutting
* Grinding =
* Bevelli
semtng > H ] =
I'T1

Fast cooling - Tougheded
Slow cooling - Heat strengthened





image17.png
small toughness (ceramics)

tensile large toughness (metals)
stress, o
very small toughness
(unreinforced polymers)
Brittle fracture: ~ small toughness tensile strain, &

Ductile fracture: large toughness




image18.jpeg




image19.png
Raw
material

‘Water

Energy

Tree Growing and Logging

Corn plantation

Kraft paper reel production PLA pel

I

Film extrusion

1

Box production

1

Use

v

Appropriate disposal options

let production | !

Cutting

Thermoforming

Assumption
1. Transposition is cut-off in

Incineration with
energy recovery

Landfill

Compost

this study
2. Noinput & output at usage
stage

+ Product

Air
emission

Water
Emission




image20.png
Ufespan in years

40

s

0

2

20

15

0

20
13
8
5
3
.

Textiles

Electrical electronicTransportation

Industrial
machinery

Construction




image21.gif




image22.jpeg




