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This report investigated three everyday objects. Those objects was an aluminium engine block, a plastic water bottle, and a ceramic (porcelain) plate. The report explored the material and material properties, the manufacturing processes used to produce each object, along with an analysis on cost and life span. 
The report found that aluminium has high strength values despite its low weight, higher than both the plastic material (PET) and ceramic (Porcelain) material. Aluminium is also good for dissipating heat, which is good for engine cooling, its light weight also allows for easier weight distribution throughout the car. Sand casting is a low-cost process, however, due to the fact the mould can only be used once, as it is destroyed to remove the engine block, it does not suit large scale manufacturing, die casting is a better manufacturing process for large scale manufacturing. The report found that PET is a viable option for water bottles as it is low cost and easy to manufacture on a large-scale thanks in part to the blow moulding manufacturing process. However, PET is environmentally harmful as it takes a long time to decompose. Porcelain has very low tensile strength and is prone to thermal shock despite its high melting point. Porcelain does have a long-life span provided it is handled with care; porcelain also has good corrosion and chemical resistance making it a good for kitchen appliances such as plates. The manufacturing method of press moulding is viable for both large and small scale manufacturing, which can lower costs and allow for a cheaper product. 


Contents
Abstract	2
1	Introduction	i
1.1	Aims	i
1.2	Objectives	i
2	Research and Discussion	ii
2.1	Material Science and Engineering	ii
2.1.1	Aluminium Alloy Engine Block	ii
2.1.2	Plastic Water Bottle	iii
2.1.3	Ceramic Plate	iv
2.2	Manufacturing Method Comparison	v
2.2.1	Aluminium Alloy Engine Block – Sand Casting	v
2.2.2	Plastic Water Bottle – Blow Moulding	vi
2.2.3	Ceramic Plate – Press Moulding	vi
2.3	Mechanical and Thermal Properties Comparison	vii
2.3.1	Aluminium Alloy (A356) Engine Block	vii
2.3.2	Plastic (PET) Water Bottle	vii
2.3.3	Ceramic (Porcelain) Plate	viii
2.3.4	Comparison	viii
2.4	Durability and cost	ix
2.4.1	Aluminium Alloy	ix
2.4.2	PET	ix
2.4.3	Porcelain	x
2.5	Material Selection and Alternative Choices	x
2.5.1	Aluminium Engine Block vs Cast Iron Engine Block	x
2.5.2	Plastic Water Bottle vs Metal Water Bottles	xi
2.5.3	Ceramic Plate vs Plastic Plate	xi
3	Conclusion	xi
4	References	xii
5	Appendix	xiv








2

General Business


2

[bookmark: _Toc220007622]Introduction
This Report will analyse and compare three objects made up of three different materials, the manufacturing process used to produce the objects, mechanical properties of the materials, their lifespan and cost. The report will also suggest alternative materials when appropriate. 
[bookmark: _Toc220007623]Aims  
The aim is to research material selection and the manufacturing process of the listed objects: 
· Aluminium Alloy Engine Block 
· Plastic Water Bottle 
· A Ceramic Plate
[bookmark: _Toc220007624]Objectives 
For each object the report will: 
· Investigate the selected material
· Research the manufacturing process used to produce the material 
· Compare mechanical and thermal properties 
· Analyse lifespan and cost of each object based on the chosen material 
· Compare the material selection against common alternatives 












[bookmark: _Toc220007625]Research and Discussion
[bookmark: _Toc220007626]Material Science and Engineering
In the opinion of Callister & Rethswich (2020) the subject of material science and engineering can be split into two topics. Material Science is the study of the relationship between material structure and property. Material Engineering is the use of this relationship to design or engineering a material with the desired properties. 
This Report will research the material science and engineering behind the below everyday objects. 
[bookmark: _Toc220007627]Aluminium Alloy Engine Block 
[image: Machining Aluminum Engine Blocks - Engine Builder Magazine]An engine block is the foundation of the internal combustion engine, it holds the major components of an engine such as the engine cylinders, crankshaft and camshaft, as well as allows for cooling and lubrication via its coolant passages and oil galleries. Modern engine blocks are typically manufactured from Aluminium alloys (Shahzad, 2025) 
Figure 1 Aluminium Engine Block
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[image: ]Bottles in general are a very useful object used to store and for the consumption of many different liquids like water, juices and fizzy drinks. A bottle can be made from materials such as plastic, glass, and metal. Plastic water bottles are one of the most common objects you will see in everyday life. According to Bernard Laboratories (2021) the clear plastic water bottles you see in the shops are typically made from Polyethylene Terephthalate (PET) or High-Density Polyethylene. Figure 2 Plastic Water Bottle
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[image: Hasense 10 Inch Dinner Plates Set of 6,Ceramic Large Porcelain Pasta ...]Plates are most commonly used to eat meals and can come in many different materials such as plastic, paper or most commonly ceramics. Ceramics are commonly used due to their high durability and heat resistance and food safety. Figure 3 Ceramic Plate
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[bookmark: _Toc220007631]Aluminium Alloy Engine Block – Sand Casting
[image: An infographic depicting the different steps in the sand casting process. The steps listed are pattern creation, mold creation (drag), mold creation (cope), mold assembly, pouring, and cooling/shakeout.]Aluminium alloy engine blocks are manufactured using a casting process known as sand casting (Yongzhu Casting, 2025). The casting process involves making a sand mould of the engine block and filling the mould cavity with molten metal.   Figure 4 Sand Casting Process

According to Sild (2024) is a cost-efficient casting process as it does not require you to run large machinery to carry out the process, can be used across multiple materials meaning that an engine block can be produced using materials such as cast iron, is a fast process and is suitable for single piece, batch or mass production. However, the process does not allow for great control of the cooling rate which may result in defects. 
[bookmark: _Toc220007632]Plastic Water Bottle – Blow Moulding 
[image: A diagram of the reheat blow molding process.]Plastic water bottles are manufactured via a process called Blow Moulding. The process involves heating plastic and inflating the plastic with air, so that the plastic takes the shape of the mould (Edwards, 2023)Figure 5 Blow Moulding Process (Edwards, 2023)

 
[bookmark: _Toc220007633]Ceramic Plate – Press Moulding
[image: Plastics Moulding Methods Compression - Rutland Plastics]Ceramic plates are relatively simple to simple to make, the manufacturing process involves raw material prep where the clay is cleaned and mixed with various additives to enhance properties, shaping the clay using a process call press-moulding, where they are then dried and placed in a kiln to create the solid structure (Pito, 2023). Figure 6 Press Moulding
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[bookmark: _Toc220007635]Aluminium Alloy (A356) Engine Block 
Aluminium Engine blocks are alloy A356 (Carley, 2017). The mechanical and thermal properties of this alloy are: 
Table 1 Mechanical Properties of Aluminium A356 (MatWeb)
	Property 
		

	Tensile Strength (MPa)
	234

	Yield Strength (MPa) 
	165

	Ductility (%)
	3.5%

	Density (g/cm3)
	2.67



Table 2 Thermal Properties of Alumiunium Alloy A356
	Properties 
	

	Specific Heat Capacity (J/g-˚C)
	0.983

	Thermal Conductivity (W/m-K)
	151

	Melting Point (˚C)
	557-613
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As stated by Bernard Laboratories (2021) plastic water bottles are produced from the polymer PET. The mechanical and thermal properties of PET are: 
Table 3 Mechanical Properties of Polymer (PET) (MatWeb)
	Property 
		

	Tensile Strength (MPa)
	22 - 830

	Yield Strength (MPa) 
	5.52 - 147

	Ductility (%)
	1.1 - 600

	Density (g/cm3)
	0.07 – 2.5



Table 4 Thermal Properties of Polymer (PET)
	Properties 
	

	Specific Heat Capacity (J/g-˚C)
	1 – 1.5 (@ room temp)

	Thermal Conductivity (W/m-K)
	0.19 – 0.29

	Melting Point (˚C)
	200 - 260
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Typically, ceramic plates are manufactured from porcelain (Cantwell, 2023). The mechanical and thermal properties of porcelain are: 
Table 5 Mechanical Properties of Porcelain (TrueGeometry, 2024)
	Property 
		

	Tensile Strength (MPa)
	0

	Yield Strength (MPa) 
	0

	Ductility (%)
	Not Stated

	Density (g/cm3)
	2.403





Table 6 Thermal Properties of Porcelain
	Properties 
	

	Specific Heat Capacity (J/g-˚C)
	Not Stated

	Thermal Conductivity (W/m-K)
	1.5 (The Engineering Toolbox, 2008)

	Melting Point (˚C)
	1650 (The Engineering Toolbox, 2003)
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Mechanical Properties 
The above tables show that the Aluminium alloy has a greater Tensile and yield strength than the porcelain, and greater yield strength when compared to PET. However, the tensile strength of the PET is much greater which can be attributed to the greater ductility of the PET.  All three materials have a similar density 
Thermal Properties 
The aluminium has the greatest thermal conductivity compared to the other two materials and has a greater melting point compared to the PET, however Porcelain has a much greater melting point. 
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[bookmark: _Toc220007640]Aluminium Alloy
The life span of aluminium can be up to 50 years due to aluminium’s strength, corrosion resistance and thermal stability, exposure to corrosive substances, extreme temperatures and a lack of maintenance can negatively affect the lifespan of an aluminium object (MG Metals, 2024). The average lifespan of an engine block is typically 8-9 years but can increase to 10+ years with proper maintenance and proper operation of the engine. 
Aluminium engine blocks can be recycled like most metals avoiding the need to wait for the material to decompose. To recycle an engine block, you must remove it from the car and dispose of any oil from the engine, and disassemble the engine (Potter, 2022) The engine block can then be broken down by recycling machinery like a crusher and the raw material can be re-used for another purpose.
An aluminium engine block can be expensive to manufacture. Currently aluminium costs £0.80 to £1.30 per kg (Hayes, 2026), the average 4-cylinder engine block can weight approximately 19kg (Murphy, 2006), meaning the material can cost between £15.20 to £24.70 for a single engine block. Sand casting as a manufacturing process has a low initial cost due to how inexpensive it is to make the moulds; however, the moulds are not reusable leading to reoccurring mould prep costs. Sand castings also have a low production rate which can increase costs (Shane, 2025)
[bookmark: _Toc220007641]PET
The Lifespan of PET water bottles is between 10-15 years when properly stored and handled; however, plastic water bottles have an average lifespan of 1-3 years (Robinson, 2025). The plastic used to produce a water bottle (PET) is extremely harmful to the environment and takes roughly 450 years to decompose into landfills (Biology Insights, 2025) 
Plastic water bottles manufactured from PET are relatively cheap to manufacture. With PET costing $0.70 - $1.20 per lbs and production costs of $0.08 - $0.30 per unit it is easy for manufacturing companies to keep the costs low (Starmann, 2025)
[bookmark: _Toc220007642]Porcelain 
Although technically porcelain plates don’t have an expiry date and can be used for centuries, porcelain does have a life span of 50 to 100+ years. Exposure to harsh chemicals, sunlight and humidity can reduce the life span of a porcelain plate, causing discolouration or bacterial growth within the material. Like most ceramics, porcelain is susceptible to thermal shock due to their atomic structure, and extreme temperature changes can cause cracks and fractures within the material (Jon, 2026). Due to porcelains high melting temperature, it is very difficult to recycle but can be done by specialist recycling companies. 
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[bookmark: _Toc220007644]Aluminium Engine Block vs Cast Iron Engine Block 
Aluminium Engine blocks have good strength to weight ratios and allow for engine manufactures to make lighter engines. A lighter engine allows for weight to be better distributed throughout a car which improves a cars performance. Aluminium has high thermal conductivity which can allow for good heat dissipation. Aluminium Engine blocks are also easy to repair due to the use of sleeves which can be changed throughout an engine’s life span (Iger, McInnis and Fretz, 2021)
 Traditionally engine blocks are made from cast iron, this is because of cast irons high strength and durability and ability to dissipate heat. Cast iron engine blocks have better power output and is cheaper than aluminium allowing for lower production costs. However, cast iron engine blocks tend to be heavier which will have the opposite effect (Iger, McInnis and Fretz, 2021)
Due to these reasons, I believe Aluminium is the better option, although more expensive it can reduce the operating cost of an engine and allow for the engine to be used over a longer period thanks to its better strength to weight ratio and better repairability. 
[bookmark: _Toc220007645]Plastic Water Bottle vs Metal Water Bottles
Manufactures use PET to produce water bottles due to their low weight and high strength, they PET is also cheap to buy and manufacture and the rise of recycled PET can reduce the cost more (British Plastics Federation, 2024). 
Another option for water bottles is aluminium, it has higher strength values and is still light weight, allowing for good moveability and a longer lifespan compared to plastic water bottles. Typically, aluminium water bottles are designed to be re-used and is easy to be recycled making the water bottle better for the environment. For this reason, I believe an aluminium water bottle is the better option, but the low costs of PET make financial sense to manufactures, without any drawbacks in functionality.


[bookmark: _Toc220007646]Ceramic Plate vs Plastic Plate
Ceramics such as porcelain are a good material for plates due to their high impact resistance and chemical and corrosion resistance. It allows for porcelain to be used for a longer period time compared to other materials. Another material option for plates is plastic, light weight plastic is still strong enough to withstand the impact that a plate might experience. Plastic is also a very cheap material to buy and manufacture with, however plastic is very harmful to the environment and plastic does not have a life span as long as ceramics. Therefore, I believe ceramics such as porcelain is a better option for plates. 
[bookmark: _Toc220007647]

Conclusion
From this report I can conclude that aluminium is the optimal material for the engine block. Its good strength to weight ratio and heat dissipation allows for manufactures to produce lighter engines which can positively affect the performance of an engine and cars, as it allows for better weight distribution. Although cast iron is cheaper and stronger, aluminium’s strength to weight ratio makes more sense for the application. We can also see that although plastic is extremely bad for the environment and has a shorter life span compared to aluminium, plastics low cost, and the high production rate of blow moulding makes more financial sense and there is no draw back in functionality. Ceramics toughness and long life span makes it the ideal choice for plates, although it isn’t as strong as other materials and susceptible to thermal shock. 
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