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1. Abstract 
The Aim of this report is to understand the main factors that contribute to an engineers material choice, it is an engineers role to carefully consider and compare material properties and assess advantages and disadvantages before selection as the choice will have a significant effect on the product overall performance. Alongside the choice in materials manufacturing methods must also be considered as this will effect such factors as cost and lead time. Selecting the right method of manufacture is critical to ensure product functionality. To achieve this, objects of three different material types have been chosen, one metal, one Polymer and one composite. The factors considered include but are not limited to Mechanical properties, thermal properties, associated costs, object lifespan, manufacturing processes and environmental considerations for sustainability. The research that has been completed will show comparisons to other materials to better aid selection and ultimately conclude why certain objects are made of specific materials.
















2. Introduction to objects and their primary materials.
2.1 Woodturning Chisel.
[image: Beginner Woodturning Tool Robert Sorby Spindle Roughing Gouge 3/4" – High  Speed Steel Woodturning Chisel, Ash Handle, Made In UK High Speed Steel  Chisel]The First object selected is a Woodturning chisel (see Figure 1 inveraplanet.com (2019). Typically made of M2 High speed steel, which is a tungsten-molybdenum alloy (Dorman, E. (2017). This object was chosen as I use it in my everyday environment within my spare time. I would like to know more about the material used and the tools manufacture.  A difficult number to attain but an estimated 54 million individual wood carving chisels were in use 2024 with 4.8 year average usage. (Industryresearch.co. (2026) The production of the tool itself usually involves, Forging, heat treatment and grinding in order to create the shape and properties needed for the tools usage. (Northmen.com. (2024). 



   Figure 1 – Woodturning Chisel (inveraplanet.com (2019)

[bookmark: _Hlk221036335]2.2 Disposable drinks bottle 
[image: BPA in Plastic Water Bottles: Get the Facts | Facts About BPA] The second objected selected is a disposable drinks bottle (see figure 2), a product usually made of polyethylene terephthalate or ‘PET’ for short (British Plastics Federation (2024) This object has been selected due to its wide negative media attention despite being one of the most frequently used objects on the planet. Bottles are most commonly made using stretch blow moulding (Pocock, M. (n.d.). An estimated 600 billion plastic bottles are produced annually (Daly, R. (2025). 
Figure 2 – Disposable drinks bottle Hentges, S. (2018) 
2.3 Coffee mug 
The Third object is a Coffee mug (See Figure 3), chosen for its wide availability across the planet and use everyday. Usually made out of ceramic (Joyye.com. (2024) but can also be made from other materials. Difficult to ascertain how many are produced each year, however the global market is worth 15.36 billion dollars for FY 24/25 (Businessresearchinsights.com. (2026), and ceramic mugs make up 46-54% of the sales. The most common manufacturing method is slip casting  (Ceramic Coffee Cup. (2015). Which involves pouring Stone/earthenware and porcelain mixed with water into a plaster mould. The clay is then hardened using a oven and finally glazed.

[image: A white mug with a grumpy cat holding a coffee cup

AI-generated content may be incorrect.]







Figure 3 - Novelty Coffee mug Georges River Embroidery. (2024). 






3. Manufacturing Processes 
3.1 Wood Turning Chisels and Drop Forging 
Wood turning chisels are most commonly produced using a method called drop forging, The process starts by heating up a billet of the required material, in this case M2 High speed steel, to primary recrystallization or hot forming range, usually between 950 degrees and 1250 degrees. Which will allow the grain structure to recrystalise during deformation. This will allow for complex forming. Once the billet is heated to the required temperature its place inside to impression dies which once closed, the cavity inside will form the final shape of the desired this will depend on which chisel shape is requires. Usual the top die is the force, or drop hammer, it is typically raise up mechanically, and dropped repeatedly until the billet is the required size and shape. Once the material is shaped, material is cooled and sharpened with a handle applied. Drop forging process for simple shapes itself is quite simple, however the creation of the dies requires precision engineering and tooling accuracy, and the control of billet temperature needs to be highly monitored. So whilst products have superior strength to weight, initial start up costs can be high and there are limited design capabilities. (Drop Forging Specialist. (n.d.).

[image: A diagram of metal billet

AI-generated content may be incorrect.]
Figure 4 Overview of drop forging – (www.whtildesley.com. (n.d.). 



3.2 Disposable drinks bottle and stretch blow moulding
Stretch blow moulding is a widely used manufacturing method for disposable water bottles, This process starts by heating up pellets of the required polymer, in this case PET. Once molten the polymer should flow into an injection cavity as pictured in Figure 5.  This will then create the preform, a rod will then stretch the preform and act as the neck for the bottle once removed from the mould. Air will then be blown into the preform which stretches and blows the material into the desired shape which will be defined by the shape of the mould dies. (British Plastics Federation. (n.d.). The process is simple fast and cheap for mass production of a product we use everyday. 

[image: A diagram of a contraceptive device

AI-generated content may be incorrect.]
Figure 5 overview of Stretch blow moulding – (Polibrixia. (2020). 









3.3 Coffee Mugs and Slip casting.
Slip casting is a commonly used method in the mass production of Coffee mugs, First a plastic or plaster mould is made in the desired design, usually in 4 parts, 2 halves for the handle and 2 for the body of the mug. Stoneware, earthenware and porcelain material are then mixed together to form a slurry. This liquid is then poured into the mould which is left to harden. Any excess moisture is absorbed by the plaster. Once hardened the mould is removed and the mug placed into a oven, usually around 352 degrees C, dependant on specific materials. The mug is then left to cool again and once cool a glaze is applied. The mug is then fired again in the oven which hardens the glaze and creates a waterproof barrier critical to the mugs function. (Ceramic Coffee Cup. (2015). 

[image: Slip casting method] 

Figure 6 Overview of slip casting process (Ceramic Coffee Cup. (2015). 







	Complexity 
	Rates of production 
	Processing costs 
	Advantages 
	Disadvantages 
	Environmental impacts 
	Sources 

	Low to medium 
	1 part every 10-30 seconds 
	Dies (for HSS) last 100 cycles
	Products have superior strength to weight 
Can use most metals 
Reduction in metallurgical defects 
Can construct in one piece
	Limited design capability 
High initial costs 
Safety considerations
	Low - Waste and product itself is recyclable 
	Drop Forging Specialist. (n.d.). 

	Low to medium 
	800 to 15,000 bottles an hour 
	low - 0.3 $ per unit
	Design freedom for complexity, cheap per unit, durable lightweight components 
	High initial costs 
Limited to hollow shapes
Relies heavily on petroleum products  
	High, plastic waste 
	British Plastics Federation. (n.d.). 

	Moderately complex
	400 per hour 
	low $6 per unit 
	Consistent part dimensions 
low cost per unit 
low waste
Low impact on the environment 
	High initial costs 
Limited production speed
High potentially for defects  
	Low - Waste and product itself is recyclable 
	editor (2023). 
Pottery | Handmade| Portugal | Sporvil Ceramics. (2019). 



Figure 7 Manufacturing process comparison table 







4. Material Properties 
The material properties for all three of the objectives and the respective material will differ greatly due to their function and the required properties needed to be effective. Below is a comparison table for all three materials. Strength between the material varies as plastic bottles only need to hold liquid and are disposable, coffee mugs hold liquid but are reusable, HSS has the highest strength as its function is to carve are remove material from a spinning piece of wood, whilst retaining an edge. PET is ductile and Formable whilst Ceramics and HSS are not, again due to function. Ceramic and HSS need to withstand high temperature all be in in two different temp ranges, whilst PET is used for cold drinks.

	Material Properties 
	PET Plastic
	Ceramic
	HSS Steel 

	Strength (Mpa)
	22.0 - 830 
	345-3500
	1000 to 1400

	Ductility
	High
	Low
	Low

	Formability
	High
	Low
	Low

	Heat Resistance
	Moderate
	High
	High 

	Melting point °C
	200 - 260 
	1000 - 2000
	1375 - 1450

	Sources
	(MatWeb, n.d.) (SKS, n.d.)
	(Precision Ceramics, n.d.)
	Robert (2026). HS 6-5-2 Data Sheet

	
	
	(Pelleg, 2014)
	



Figure 8 Material properties table 












5. Lifespan and cost consideration
For a PET plastic bottle its actual use will be hours to days as the product is disposable, however ceramic mugs and HSS chisel are designed to be reusable. There life will depend entirely on usage, as the ceramic ages it will chip and crack due to thermal shock, and a chisel will primarily depend on how many times it is sharpened. The cost of the objects is representative of the type of use and their function, alongside production method. Plastic holds a particular challenge in that once it is used it would take 450 years to degrade, and whilst recyclable this is entirely dependant on if the bottle makes it to a recycling plant. Increasingly we are seeing more and more plastics in the sea which creates an environmental issue. Ceramic and Steel are also recyclable in the form of being crushed up for aggregate for ceramics and remelted for HSS.
	
	PET Plastic
	Ceramic
	HSS Steel 

	Expected lifespan 
	hours to days in use
	5-30 years 
	20 30 years 

	Cost of object 
	£0.50 - £1
	£1.70 - £30
	£20 - £150 

	Degradation 
	450 Years 
	5 - 30 years 
	20 30 years 

	Disposal 
	Recyclable - into raw material 
	Recyclable aggregate 
	Recyclable into raw material 

	Sources
	‌ Surfers Against Sewage (2025)
world-of-bottles.co.uk. (2026). 
	Co., H. (2025). 
Origin Coffee. (2026). 
	DICTUM. (2019). 
Industryresearch.co. (2026). 



Figure 9 – Lifespan and cost table 







6. Material selection and alternate consideration 
The use of PET for plastic water bottles is a widely used, because of a combination of cost effectiveness and high strength to weight ratio, this allows the bottle to be lightweight but durable, it is safe and non toxic in use, however disposal routes are not without risk and the environmental impact should be considered. An alternate material for water bottles is stainless steel. Stainless steel is also highly durable and non toxic, however is more expensive to produce and requires discipline in order to re-use. This would be a cultural change forcing a manufacturing change.
Ceramic is the chosen material for coffee mugs due to its excellent heat resistance which also retains the heat within the beverage due to its low thermal conductivity, ceramic is also chemically stable and non toxic. Once glazed a decorative finish could be applied making it appealing to the consumer. Plastic mugs could be an alternative they are lightweight and cheaper to produce, however they do not have the thermal properties ceramics do and have a negative environmental impact .
HSS for wood turning chisels is used because of its mechanical properties, hardness and excellent wear resistance, this allows the tool to maintain a cutting edge whilst being subjected to the friction generated during use. It is relatively expensive to purchase due to manufacturing all alternate could be carbon steel which is cheaper to manufacture and will achieve a sharper edge, however carbon steel will see a rapid loss of edge comparatively to HSS due to lower heat resistance.
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