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Abstract
This report examines the material selection, manufacturing processes, mechanical and thermal properties, durability, cost, and alternative design choices for three everyday objects. I have chosen a stainless‑steel fork, a PET plastic bottle, and a porcelain ceramic mug as the 3 everyday items to investigate further. Each object represents a different material category (metal, polymer, and ceramic) and illustrates how engineering decisions evaluate performance, manufacturability, cost, and environmental impact. The analysis compares manufacturing methods across alternative materials, evaluates key mechanical and thermal property differences, and takes into account lifespan and degradation. In the conclusion to my report I will critique my material choices and propose alternatives based on engineering reasoning.
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1.Introduction
Everyday items such as PET plastic drinks bottles, ceramic drinks mugs and stainless steel cutlery forks appear simple but are the result of deliberate material choice and manufacturing processes. In this report I will compare these three objects, looking into material choice, manufacturing methods, mechanical and thermal behaviour, cost, lifespan and alternative options to compare and justify why the material was used for my chosen items.

1.1 Aims
Research manufacturing methods and material selections for the following objects.
· PET plastic bottle
· Ceramic mug
· Stainless steel fork



1.2 Objectives
For each object
· Explanation of selected materials
· Research the manufacturing methods
· Compare the mechanical and thermal properties
· Analyse lifespan and cost of each object based on the material selection
· Compare material selection with alternative choices




2.1 Selection and description of objects
2.1.1 Stainless steel fork (metal)
Stainless steel is used for forks because of its corrosion resistance, strength and ductility. It’s high melting point makes it suitable for hot food and dishwasher use. Forks are most commonly made from ‘18/8’ stainless steel and are made to the BS EN10088 standard. These forks are produced through blanking, forming, annealing and finally polishing to give a durable, cost effective and hygienic utensil. (William, 2025)

2.1.2 PET plastic drinks bottle (Polymer)
PET (polyethylene terephthalate) is lightweight, strong for it’s mass and has good impact resistance. It is processed by blow moulding and injection moulding which allows for rapid, high volume and low cost production. PET bottles are easily recyclable, cost effective and versatile so industries are able to customise the bottle to suit their porduct. (marco@itsmart.uk, 2025)

2.1.3 Porcelain ceramic mug (ceramic)
Porcelain ceramics are used for drinks mugs due to their high heat resistance and low thermal conductivity. The manufacturing process involves slip casting, drying, glazing and firing before the mug is able to be decorated and personalised. (Yutai Machinery, 2025) The finished product is sustainable and has a long lifespan and is also made by sustainable manufacturing processes. (VarEesha Customer Support, 2023)
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This table compares worldwide production of the three items. The data in the table shows that ceramic mugs have large global demand but far lower than the high production volumes of plastic bottles which is largely due the ever expanding beverage industry. Forks come out lowest in output due to a combination of slower processing times and long lifespan.

 





3.1 Fork manufacturing comparison and alternatives
Stainless steel fork process flow 
Sheet Metal → Blanking → Forming → Annealing → Polishing → Finished Fork
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(www.madehow.com, 2006)
Alternative materials include aluminium (stamping and anodising) and plastic (injection moulding). Stainless steel is the preferred choice due to high production rates and good durability when compared to the other choices. (www.niceflatware.com, 2024)

3.2 Bottle manufacturing comparison and alternatives 
PET bottle process flow
PET Pellets → Injection Mould Preform → Reheat → Stretch Blow Mould → Bottle
[image: Diagram of a diagram showing how to use a plastic bottle

AI-generated content may be incorrect.]
Alternative materials include glass bottles (blow and blow method) and aluminium (deep drawing). However PET provides the quickest production rate and lowest cost. (marco@itsmart.uk, 2025b)

3.3 Mug manufacturing comparison and alternatives
Ceramic mug process
Slip → Plaster Mould → Drying → Bisque Firing → Glazing → Final Firing → Mug
(Yutai Machinery, 2025)
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(Ceramic Coffee Cup, 2015)
Alternative materials include glass (press moulding) and stainless steel (deep drawing). The preferred choice is ceramic as it maintains temperature of the beverage longer than glass and aluminium, doesn’t impact the flavour of the drink and the ceramic mugs are able be customised and designed more easily. (Tau Access, 2025)








4. Mechanical and thermal properties comparison
Stainless steel has high strength and ductility, making it the perfect choice for cutlery utensils where the requirements incude resistance to bending and deformation. The stainless steel used in forks (304 or 18/8) has a good resistance to oxidation and corrosion and a tensile strength around 500-750 MPa with high fracture toughness. These properties mean that forks can withstand repeated loading without failure. (AZoM, 2019)
The steels ductility also supports efficient cold forming during the manufacturing processes such as stamping and pressing. (Bloomfield, 2007)
PET has a lower mechanical strength and it’s tensile strength is around 50-75 MPa. However PET is suitable for drinks bottles because they are designed to withstand relatively low internal pressures. Controlled deformation is required to achieve a thin, uniform wall thickness during injection stretch blow moulding which is easy to carry out due to PET’s moderate ductility. (www.specialchem.com, 2026).
PET bottles are prone to creep and denting under long term loading and sometimes through the production line, however due to their unintended short service life this limitation is accepted. (yet2, 2024)
Porcelain ceramic mugs have high compressive strength but have very low tensile strength and fracture toughness, which makes them brittle and vulnerable to cracking and fracture when subjected to impact or bending loads. (Coorstek.com, 2024)

Thermal properties comparison 
Stainless steel has a high melting point above 1400C, and will maintain mechanical integrity at all temperatures found in household/restaurant settings where forks will be used. This means the material is suitable for contact with hot food and dishwashers. (AZoM, 2019)
On the other hand stainless steels relatively high thermal conductivity means heat is rapidly transferred, which can make forks hot to touch if exposed to high temperature. (y4rewgsa, 2024)
PET exhibits comparatively poor thermal resistance. The glass transition temperature of PET is typically around 70–80°C, above which the material begins to soften and lose stiffness. (LINSEIS, 2024) This restrict PET bottles for use only with cold or ambient-temperature liquids and prevents their use for hot beverages (PlasticsEurope, 2022). Thermal deformation is therefore a key design limitation for PET products.
Ceramic mugs have a good heat retention and a thermal conductivity greater than glass (around 3.8W/mK) but lower than stainless steel which is preferable as ceramic will keep the beverage at an optimum temperature. (Joyye.com, 2025)
Porcelain ceramics demonstrate excellent thermal stability, with firing temperatures exceeding 1,200°C during manufacture and strong resistance to heat during use (CeramTec, 2023).
These properties are shown and compared in the table below.
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A typical stress-strain graph for the 3 materials discussed is represented here and also helps us understand why each material is used. (Moslemi Petrudi et al., 2020)
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5. Lifespan and cost analysis
A stainless steel fork is suitable for everyday kitchen use as the steel resists rust and most forms of corrosion. While in use the lifespan is decades with minimal maintenance, making it a very durable and long lasting household item. (Kalfaian, 2022)
A PET bottle is only intended for short life, single use lifespan in most cases. It has properties sensitive to heat, UV and certain chemicals that can cause cracking. Also modern production techniques use lightweighting as a cost saving tool which reduces the material, potentially making it easier to dent or deform. (www.silganplastics.com, 2023)
While a ceramic mug is chemically durable and protected by glazing there are risks of impact fracture and thermal shock which could reduce the lifespan of the product. Industrially made porcelain tend to show robust performance when properly processed and offer strong durability for everyday use. (Zakladyboleslawiec.com, 2025)
5.1 Cost-effectiveness
Fork : Higher material cost per kg than most plastics however due to being reusable means lower cost per use. Cheaper stainless steels are available, for example Ferritic 18/0 but this type of steel is more susceptible to corrosion which wouldn’t work out more cost effective. (https://bssa.org.uk, 2026)
Bottle : The unit costs are very low and the bottles are produced at high volumes, generally seconds per bottle. This high speed and low cost production is major reason for their global use. The low cost per unit means that even though they are made for single use it’s still cost effective. (SIPA, 2020)
Mug : Ceramic mugs use inexpensive raw materials, but the firing process requires high temperature and consumes a large amount of energy. This is offset though due to a ceramic mug lasting many years in a household environment, making it cost effective over its lifespan. (Ceramic Resource, 2025)


5.2 End of life and environmental aspects
Fork : Can be recycled as stainless scrap that can then be re-used without any degradation. Due to it’s long lifespan kitchen forks are usually only recycled at end of life, and would be scrapped along with other raw materials to be made into a different item. (Recycling, n.d.)
Bottle : New greener procedures are leading to growing recyclability and reusability. The process to create a plastic bottle is less intense than making a glass or aluminium bottle meaning it’s carbon footprint is lower. (SIPA, 2020) Due to huge production volumes made each year a strong recycling infrastructure is becoming more essential to reduce environmental damage.
Mug : Can be difficult to recycle to it’s mixed ceramic/glaze. Typically mugs will be put to landfill at end of life, however their long lifespan per item outweighs the negatives of recyclability. (Ceramic Resource, 2025)














6. Conclusion 
The stainless‑steel fork, porcelain ceramic mug, and PET bottle each represent suitable combinations of material and manufacturing process. Firsty cold‑formed austenitic stainless steel provides long‑lasting, hygienic cutlery forks. Cast ceramic porcelain with durable glazes is suited to hot beverages and different designs, and PET for bottles is the favoured choice due to extremely high production rates with relatively low cost. Their differing mechanical and thermal behaviours explain the performance contrasts observed in daily use and these behaviours show the reasons each material was chosen for that particular product. Even considering the other alternatives for each item I think the 3 I’ve chosen are strongly justified by their properties, manufacturability, cost structure, and global scalability.
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