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Abstract
	This report takes a brief look at three different objects, a claw hammer, a plastic drinks bottle and a mug. It looks at the materials used to make them, some alternative material options
 It compares similarities between the manufacturing processes of each of the products even though they are all very different shapes and sizes with very different use cases and specifications and vastly different mechanical and thermal properties the underlaying principles for a lot of manufacturing processes remain the same. You require a material, a desires shape and use some form of energy transfer to form it. Most manufacturing processes require the heating of the material and force to form the shape, eg. all forms of casting, forging and thermoplastic manufacture.
It looks at the mechanical and thermal properties of the materials and why they are chosen for the selected products.
There are often multiple choices of materials for a given product, but the most important part is justifying the choice. You may not always be able to go for the best material choice due to cost constraints. Its all about getting the right balance to get the desired outcome of part behaviour and material properties.
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[bookmark: _Toc221370541]Introduction
This report will look at three different items all comprised of a different material type. It will focus on the current material of the items and what alternatives could be used with reasons for and against each option. The main aim is to understand why each material was chosen for its selected product and if there are any better alternatives for a given criteria or application.














[bookmark: _Toc221370542]Research and Discussion
[bookmark: _Toc221370543]Selection and Description
The first item is a claw hammer die forged from steel. It is designed to drive nails typically into wood and has the claw feature on the back to remove nails.
[image: ](LD FORGE, 2025)
[bookmark: _Toc221370219]Figure 1.Die forged medium carbon steel claw hammer
The second item being looked at is a plastic water bottle blow moulded from Polyethylene Terephthalate (PET) (Barletta et al., 2019). The caps are typically made from High Density Polyethylene (HDPE) and the labels from Low Density Polyethylene (LDPE). So, this report will be focusing on the body of the bottle. These are made for the storage, transportation and consumption of liquids such as water, soft drinks and milk.
[image: ](British Plastics Federation, 2024)
[bookmark: _Toc221370220]Figure 2. injection blow moulded PET drinks bottles
The Third and final item being reviewed is ceramic mug slip cast using stoneware (Efilena Baseta et al., 2025). These are used for the preparation and consumption of hot drinks such as tea or coffee.
[image: Angled view of a green ceramic mug decorated with a hand-painted wildflower design featuring white, red, and orange blossoms. The floral pattern continues inside the rim for added detail.](National Trust, 2025)
[bookmark: _Toc221370221]Figure 3 Slip cast stoneware mug

[bookmark: _Toc221370544]Material 1 – Medium carbon steel
Most forged claw hammers use medium to high carbon steel although other alloys can be used to improve specific properties. (LD FORGE, 2025).


[bookmark: _Toc221370545]Material 2 - Polyethylene terephthalate (PET)
Disposable plastic drink bottles are made from PET. It is usually a clear plastic, it is recyclable so it can be reused (British Plastics Federation, 2024). It is very tough and flexible, so it can absorb energy from impact without rupturing and also able to handle the drastic increase of internal pressure from fizzy drinks after impact.


[bookmark: _Toc221370546]Material 3 - Stoneware
The most common type of ceramic used for everyday mugs is stoneware due to its strength and durability (Joyye, 2024). Stoneware is usually comprised of “compounds of kaolin’s, silicas and feldspars” (Flynn and Stachurski, 2006).



[bookmark: _Toc221370547]Manufacturing Method Comparison
[bookmark: _Toc221370548]Method 1 – Die forging
It is manufactured using a technique called die forging, this process starts by taking steel, pre heating it to make it malleable, then forging it into a rough shape using a mechanical hammer before being placed into the dies where it will undergo immense force often thousands of tons. This is the die forging stage where the final shape is formed, this can often take multiple strikes, any excess material is then trimmed off using another die. Hammers are then heat treated to get a balance of hardness and toughness. Finally, a coating is added and if not formed as part of the hammer, a handle is added (LD FORGE, 2025).

[bookmark: _Toc221370549]Method 2 – Injection blow moulding
The plastic drinks bottle is made using a process called injection blow moulding. First a preform is made by injection moulding process, where multiple preforms are made in a single mould. The heated plastic is forced into the mould by a screw at high pressure to fill the cavity. The molten plastic takes the shape of the preform, including the threads. The mould has cooling channels running through it to allow the parts to cool quickly before being ejected. The cooled preforms are then preheated but to a lower temperature. They are then placed inside of a mould on the flange of the neck to that the threads are outside of the mould. Air is then blown into the preform to force the plastic to take the shape of the bottle mould. Again, the mould is cooled to allow the bottles to cool quickly, helping to both keep their desired shape. (Worldnite Journey, 2023)

[bookmark: _Toc221370550]Method 3 – Slip casting
Most mass-produced mugs are made by a process of slip casting. The slip is a mixture of clay and water that is used to make the mug. It is poured into a plaster mould; the water will absorb into the plaster causing the clay against the mould wall to begin to solidify. The ratio of the water to clay and the porosity of the plaster mould dictate the rate at which the water is absorbed. This process yields consistent wall thickness. Once the desired wall thickness has been achieved, the excess slip is poured out, and the mould is placed upside down to allow extra slip to drip out. Before fully hardening, the mugs are removed from the moulds, and a preformed handle is added to the mug and left to dry before being sintered in a kiln. (Efilena Baseta et al., 2025)

[bookmark: _Toc221370551]Comparison
All three use some form of mould or die to help form the shape of the product. Forging and blow moulding both require heating the material and using force to change the shape to the desired result, whereas slip casting relies on osmosis to remove the water from the slip and harden the clay. Most importantly, each process is chosen to suit the material used, geometry and desired function.



[bookmark: _Toc221370552]Mechanical and Thermal Properties Comparison
Mechanical Properties of medium carbon steel:
[bookmark: _Toc221370213]Table 1. Mechanical properties medium carbon steel.
[image: ](ENZE, 2024)




Mechanical Properties of PET:
[bookmark: _Toc221370214]Table 2. Mechanical properties of PET
[image: ](Davey, 2018)
Mechanical properties of stoneware:
[bookmark: _Toc221370215]Table 3. Mechanical properties of stoneware
[image: ](Lee, 2025)
	Firstly, young’s modulus, the steel is the highest as it needs to withstand enormous striking forces without any deformation, this means the stiffness if very high and helps to ensure the forces applied are transferred through to the object being hit and not absorbed by the hammer. The PET has the lowest young’s modulus as it doesn’t need to be stiff, in fact the low stiffness and large elastic region means that the bottle can be squeezed and deformed without damaging it. The stoneware sits in the middle in terms of young’s modulus, this is ideal as it needs to be stiff, remain stiff when headed as it will be used to make hot drinks
	Tensile strength, There is a huge range on the steel as it is not showing a specific grade of steel, but again it is still the highest as it needs to not break when undergoing very higher pressure from the high force combined with striking a small nail head without breaking, we want to keep this stress below the yield strength of the material. PET has the lowest value as it does not see any significant pressure in terms of normal use. Stoneware sits in the middle as it does need to withstand daily use, being placed on metal, tile and stone surfaces, being bumped into objects over its lifetime. It has a high tensile strength meaning it’s not likely to break easily.
	Hardness, I will convert to GPa to allow for comparison. Steel: 1.28-6.02GPa, PET: 1.7-2.2GPa, Stoneware: 5-7GPa. Stoneware is generally the highest as it needs to resist scratches as mugs are drinking items, they need to stay looking attractive and scratched surfaces would harbour more bacteria. This high hardness does also mean that they are very brittle, so although the high strength means they take quite a lot to break them, they often shatter and are completely unusable. The steel also has a very high hardness as it needs to withstand thousands of heavy strikes without being too damaged, it’s less about aesthetics in this case, more about still being able to perform its function. The PET has the lowest hardness as it doesn’t need to resist surface scratches.



Thermal properties of steel:
[bookmark: _Toc221370216]Table 4. Thermal properties of medium carbon steel
[image: ] (ENZE, 2024)
Thermal properties of PET:
[bookmark: _Toc221370217]Table 5. Thermal properties of PET
[image: ](Davey, 2018)



Thermal properties of stoneware:
[bookmark: _Toc221370218]Table 6. Thermal properties of stoneware
[image: ](Lee, 2025)
	For the steel hammer, the thermal properties are not very important for the everyday use, but they are very important during the manufacturing process. The Ceramic mug has excellent thermal properties, mainly low thermal expansion and high resistance to thermal shock as it will likely undergo thermal shock thousands of times during its life. The thermal properties of the PET bottle is not very important either other than for the manufacturing process to ensure correct flow of the material in the mould but not too high that you get issues such as warping or discolouration,
[bookmark: _Toc221370553]Material Selection and Alternative Choices
[bookmark: _Toc221370554]Material 1 – high carbon steel
The choice of medium carbon steel for a hammer is very sensible as it is a balance of hardness and toughness. Another good choice would be high carbon steel for a harder striking face but needs careful heat treatment to avoid brittleness (LD FORGE, 2025).

[bookmark: _Toc221370555]Material 2 – Polylactic acid (PLA)
The choice of PET for plastic drinks bottles is justified by its mechanical properties and its transparency but there is potential for a cheaper and more environmentally friendly method, using PLA (Polylactic Acid), there has been some effort to produce the entire bottle assembly, including cap and label from PLA. This not only simplifies the manufacturing process, less material varieties to store, it makes recycling much easier and cheaper as there is only 1 type of plastic instead of 3 to separate before processing. And finally, PLA is renewable and biodegradable. The current limiting factor is that PLA is difficult to process and therefore more expensive than PET. (Barletta et al., 2019)
[bookmark: _Toc221370556]Material 3 – Earthenware or Porcelain
Stoneware is the most common ceramic used for everyday mugs, but another common ceramic is earthenware which matures at a lower temperature than stoneware, making it cheaper but is often avoided due to its high porosity making it unsuitable for dishwashers and microwaves. Another option is Porcelain which is the most expensive as it matures at the highest temperature. It is non-porous and highly durable, mostly used for high end products. (Humphries, 2017)



[bookmark: _Toc221370557]Conclusion
The main outcome of this report is that there is no one right answer for the correct material choice or manufacturing process but is a balance of many different specifications and limitations. You can often improve certain properties of a material but at a detriment to another property. It’s all about getting the right balance and making trade-offs where necessary.



[bookmark: _Toc221370558]References
Barletta, M., Aversa, C., Puopolo, M. and Vesco, S. (2019). Extrusion blow molding of environmentally friendly bottles in biodegradable polyesters blends. Polymer Testing, 77, p.105885. doi:https://doi.org/10.1016/j.polymertesting.2019.05.001.
British Plastics Federation (2024). PET Plastic Bottles - Facts Not Myths. [online] British Plastics Federation. Available at: https://www.bpf.co.uk/sustainability/pet_plastic_bottles_facts_not_myths.aspx.
Davey, R. (2018). Polyethylene Terephthalate Polyester ( PET, PETP ) - Properties and Applications. [online] AZoM.com. Available at: https://www.azom.com/article.aspx?ArticleID=2047.
Efilena Baseta, Palma, M., Heher, F., Konegger, T. and Kaftan, M. (2025). Differentiated Slip Casting: Producing Variable Thickness Ceramic Tiles with Functionally Graded Plaster Moulds. Ceramics, [online] 8(1), pp.6–6. doi:https://doi.org/10.3390/ceramics8010006.
ENZE (2024). A Comprehensive Guide to Medium-Carbon Steel. [online] Enze Mfg Co. Ltd. Available at: https://www.enzemfg.com/medium-carbon-steel/.
Flynn, A. and Stachurski, Z. (2006). Microstructure and properties of stoneware clay bodies. Clay Minerals, 41(3), pp.775–789. doi:https://doi.org/10.1180/0009855064130218.
Humphries, T. (2017). What is Stoneware Pottery & Differences to Earthenware and Porcelain. [online] The Little Pot Company. Available at: https://thelittlepotcompany.co.uk/blogs/pottery/what-is-stoneware-pottery-differences-to-earthenware-and-porcelain?srsltid=AfmBOordJqW8Xrk41ohFy08wlJ1fRTKohJxy7Q3kH5D6A1T5pq8bcuh_ [Accessed 7 Feb. 2026].
Joyye (2024). What Are Mugs Made Of? [online] Joyye. Available at: https://www.joyye.com/info-detail/what-are-mugs-made-of.
LD FORGE (2025). Claw Hammer Forging: A Comprehensive Guide to Durable Hand Tool Manufacturing. [online] LD FORGE. Available at: https://www.ld-forging.com/claw-hammer-forging/ [Accessed 25 Jan. 2026].
Lee, S. (2025). Stoneware in Ceramics and Glass Science. [online] Numberanalytics.com. Available at: https://www.numberanalytics.com/blog/stoneware-in-ceramics-and-glass-science?utm_source=chatgpt.com [Accessed 7 Feb. 2026].
National Trust (2025). Stoneware Mug, Green Wild Daisy. [online] Nationaltrust.org.uk. Available at: https://shop.nationaltrust.org.uk/stoneware-mug-green-wild-daisy.html [Accessed 25 Jan. 2026].
Worldnite Journey (2023). InSide Coca-Cola Plastic Bottles Factory: How PET Plastic Bottles Are MANUFACTURED. [online] www.youtube.com. Available at: https://www.youtube.com/watch?v=-gKGkDRGdmM.

image1.jpeg
Prifysgol Cymru
% Y Drindod Dewi Sant

“" University of Wales
Trinity Saint David

%




image2.jpeg




image3.jpg




image4.jpeg




image5.png
Property

Hardness, Brinell
Hardness, Knoop
Hardness, Rockwell B
Hardness, Rockwell C
Hardness, Vickers
Tensile Strength, Ultimate
Tensile Strength, Yield
Elongation at Break
Reduction of Area
Modulus of Elasticity
Bulk Modulus
Poissons Ratio
Fatigue Strength

Fracture Toughness

Value

126 -578

145-616

71.0-112

9.00-71.0

131-614

450 - 2730 MPa

230 - 1740 MPa

5.00-342 %

200-714%

187 - 213 GPa

152 - 163 GPa

0.280 - 0.300

138 - 614 MPa

80.9 — 143 MPa-m'>




image6.png
Mechanical Properties

Coefficient of friction 0.2-04
Hardness - Rockwell M94-101

Izod impact strength (J.m™) 13-35
Poisson’s ratio 0.37-0.44 (oriented)
Tensile modulus ( GPa) 2-4
Tensile strength (MPa ) 80, for biax film 190 - 260
Density (g.cm) 13-14
Flammability Self Extinguishing
Limiting oxygen index ( % ) 21
Refractive index 1.58-1.64
Resistance to Ultra-violet Good

Water absorption - equilibrium (% ) <0.7

Water absorption - over 24 hours (%) 0.1




image7.png
Property

Strength (MPa)
Toughness (MPavm)
Young's Modulus (GPa)

Hardness (GPa)

Value

100-300

2-5

70-100

5-7




image8.png
Property

Electrical Resistivity
CTE, linear

Specific Heat Capacity
Thermal Conductivity
Melting Point

Maximum Service Temperature, Air

Value

0.0000166 — 0.0000263 ohm-cm

10.4 - 15.1 pm/m-°C

0.470 - 0.519 J/g-°C

21.9-52.0 W/m-K

1420 - 1460 °C

400 °C




image9.png
Thermal Properties

Coefficient of thermal expansion (x10° K ™) 20-80
Heat-deflection temperature - 0.45 MPa ( °C) 115
Heat-deflection temperature - 1.8 MPa ( °C) 80
Lower working temperature ( °C) -40 to -60
Specific heat (J.K".kg™") 1200 - 1350
Thermal conductivity (W.m™.K") 0.15-0.4 @ 23

Upper working temperature ( °C) 115-170





image10.png
Property Value
Thermal Conductivity (W/mK) 2-5
Thermal Expansion (x 10/ (-6) KA(-1)) 5-10

Specific Heat Capacity (J/gK) 0.8-1.2




