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[bookmark: _Toc221514329]Abstract
The following report seeks to explore the manufacture and material selection of products commonly found in the energy sector, that represent three distinct material categories. The products that are to be investigated are Stainless Steel Valves, HDPE Safety Helmets and Carbon Ceramic Brake Discs. 
The chosen products allow for further research into the material selection process and manufacturing techniques required to produce each product on a mass production scale. 
The report will examine and compare manufacturing methods and alternative material choices for each product. Mechanical properties will also be analysed to determine and appraise the reasoning of each product material choice. 
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[bookmark: _Toc221514331]Introduction
This report will seek to identify, analyse and compare three commonly utilised products, manufactured from three different material categories. Each product will be compared against an alternative material and allowing for comparable reasoning to be conducted, to establish the material of choice.
[bookmark: _Toc221514332]Objectives
The objective of this report is to investigate and analyse the three chosen products, in relation to their manufacturing methods, mechanical properties and application within industry and / or society. Further research will be undertaken to ascertain substitute material possibilities and the mechanical characteristics of these secondary alternatives.
The selected products that are the primary focus of the report are:
1. Stainless Steel Valve
2. High Density Polyethylene Safety Helmet
3. Carbon Ceramic Brake Disc
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According to research, there are two main approaches to classifying material categories. One system separates materials into ‘Raw Material’ and ‘Material’ before further sub-categorisation into groups such as ceramics, glass, wood, textiles, metals, and plastics (Marschallek and Jacobsen, 2020).
The second, widely used engineering classification groups materials based on atomic bonding and mechanical properties into four categories: metals, ceramics, polymers, and composites (Marschallek and Jacobsen, 2020).
Metals are characterised by high electrical and thermal conductivity and are typically ductile and malleable due to metallic bonding, where valence electrons move freely within a crystalline structure. These properties make metals suitable for engineering and industrial applications (Encyclopedia Britannica, 2019).
Polymers consist of large molecules formed from repeating monomer units and can be naturally occurring or synthetically produced. They are lightweight, chemically resistant, and thermoplastic, making them suitable for applications in packaging, construction, and protective equipment (Encyclopedia Britannica, 2019).
Ceramics are inorganic, non-metallic materials produced at high temperatures. They are hard and heat resistant but brittle, with applications including tiles, bricks, and tableware due to their thermal stability and corrosion resistance (Encyclopedia Britannica, 2019).
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The following three products derive from the Metal, composite and polymer categories. Allowing varied research and investigation into differing manufacturing techniques, material process selection and product comparison.
[bookmark: _Toc221514335]Stainless Steel Valves
Stainless steel valves are largely utilised throughout the energy industry. It is classified as an alloy material, due to its composition of Iron and Chromium. The molecular structure of Stainless-Steel forms a product that is durable, corrosion resistant and tolerant to significant temperature variations. (Federal Steel Supply, 2024).
I selected stainless steel as a focus material due to its extensive use within the LNG sector, which aligns with my current employment on a liquified natural gas terminal. Additionally, further investigation into stainless steel alongside modern alternative materials will provide valuable insight into its relative performance, durability and environmental impact.
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[bookmark: _Toc221417867][bookmark: _Toc221514361]Figure 1 – Image of a stainless-steel ball valve (Zhu, 2016)
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Safety helmets, commonly known as ‘hard hats’ throughout industry are a mandatory requirement in hazardous industrial environments or construction sites. Designed to protect users where risk exists from potential falling objects, today most are manufactured utilising High-Density Polyethylene. (Wikipedia Contributors, 2019).
Given that hard hats are essential and mandatory equipment in industry, it will be interesting to examine their manufacturing processes and associated environmental impacts. This necessity also makes it worthwhile to investigate alternative, more sustainable materials, as opportunities to reduce their footprint are potentially limited.
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[bookmark: _Toc221417868][bookmark: _Toc221514362]Figure 2 - Image of a typical hard hat widely used throughout industry (AtkinsRéalis, 2025)








[bookmark: _Toc221514337]Ceramic Brake Disc
Developed and implemented into road car production in 2000, by Mercedes Benz. The ceramic brake disc is a high-cost option within its market, usually restricted to luxury or performance vehicles. 
The selection of ceramic brake disc is due to the function of a brake disc being a critical component of a transport method, utilised by millions of people worldwide every day. (Reyes, 2020)
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[bookmark: _Toc221417869][bookmark: _Toc221514363]Figure 3 – Ceramic Brake Disc (Reyes, 2020) 








[bookmark: _Toc221514338]Manufacturing Processes
[bookmark: _Toc221514339]Stainless steel valve
Casting processes are performed in the manufacture of stainless-steel valve production. Dependant on specification requirements, differing variations of casting methods are used to produce valves. Typically, the two casting methods that are practiced in the manufacture of valves are sand casting and investment casting. 
[bookmark: _Toc221514340]Sand Casting
Sand casting uses moulds made from sand mixtures. It is suitable for producing large and complex valve bodies at low cost, especially in small to medium production runs. However, it provides lower dimensional accuracy and requires additional finishing (Papanikolaou and Saxena, 2021).
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[bookmark: _Toc221417870][bookmark: _Toc221514364]Figure 4 – Sand Casting illustration (The Open University, 2017d)








[bookmark: _Toc221514341]Investment Casting
Investment casting is commonly used to manufacture small valves that require high dimensional accuracy and fine surface finish. The process allows complex and precise valve components to be produced with minimal need for additional machining (Doe, 2025). 
[image: ]
[bookmark: _Toc221417871][bookmark: _Toc221514365]Figure 5 - Investment Casting illustration (The Open University, 2017c)
[bookmark: _Toc221514342]High Density Polyethylene Safety Helmet
HDPE hard hats are manufactured utilising injection moulding techniques (Bhattarai, Thapa and Nirajan Ghimire, 2019).
[bookmark: _Toc221514343]Injection Moulding
[bookmark: _Toc221417872][bookmark: _Toc221514366][image: ]Figure 6 - Injection Moulding Process (The Open University, 2017)
Figure 6 illustrates an injection moulding process. HDPE would be heated and fed into the hopper, prior to being injected into a specifically designed mould, shaping the plastic into the hard hat shell. 
[bookmark: _Toc221514344]Carbon Ceramic Brake Disc
Figure 7 represents the steps of the process in the manufacture of Carbon Ceramic brake discs.  (Bence Rancsó, 2015)
[image: ]
Interpretation of the process, acknowledges the fact that the composition of the brake disc is in fact a composite material, even though commonly referred to as Ceramic. The table illustrates the use of varying manufacturing processes to achieve the required product specification, including compression moulding techniques.
[bookmark: _Toc221417873][bookmark: _Toc221514367]Figure 7 – Ceramic Brake Disc Process (Bence Rancsó, 2015)
















[bookmark: _Toc221514345]Product material comparison
[bookmark: _Toc221514346]Stainless Steel vs Carbon Steel 
Figure 8 demonstrates that carbon steel design strength is superior to that of stainless steel, however stainless-steel grade material is more ductile, indicated by greater elongation and can withstand increased stress, highlighted by the ultimate tensile strength. 
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[bookmark: _Toc221417874][bookmark: _Toc221514368]Figure 8 - Stainless Steel vs Carbon Steel comparison (British Stainless-Steel Association, n.d.)
[bookmark: _Toc221514347]High Density Polyethylene vs Acrylonitrile Butadiene Styrene
ABS is an alternative hard hat material that is represented in Figure 9 for in comparison to HDPE.
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[bookmark: _Toc221417875][bookmark: _Toc221514369]Figure 9 - High Density Polyethylene vs Acrylonitrile Butadiene Styrene (McClements, 2022) 
Interpreting Figure 6, ABS is mechanically stronger and stiffer than HDPE, making it more resistant to deformation. However, HDPE is tougher and more flexible, allowing it to absorb impact energy more effectively. For hard hats, HDPE is often preferred because its toughness helps reduce cracking and improves impact protection. 
[bookmark: _Toc221514348]Ceramic Brake Disc vs Cast Iron
The table in Figure 10 compares the mechanical and thermal properties of ceramic disc brakes against cast iron disc brakes. [image: ]
[bookmark: _Toc221514370]Figure 10 - Carbon Ceramic Brake Disc vs Cast Iron Brake Disc (N Fatchurrohman et al., 2016, Bence Rancsó, 2015)
Summarising the results, it can be interpreted that carbon ceramic brake discs have lower density, higher thermal stability, superior wear resistance and reduced thermal expansion compared with cast iron discs. These properties improve resistance to brake fade, corrosion, and high-temperature deformation. 
However, cast iron discs offer higher tensile strength, greater stiffness, and lower manufacturing cost. As a result, carbon-ceramic discs are preferred for high-performance vehicles, while cast iron remains suitable for conventional applications due to its economic advantages.







[bookmark: _Toc221514349]Conclusion
This report investigated the material selection and manufacturing processes of stainless-steel valves, HDPE safety helmets, and ceramic brake discs. The findings indicate that stainless steel remains the preferred material for valves due to its high corrosion resistance, mechanical strength, and suitability for harsh industrial environments. HDPE was identified as the most appropriate material for safety helmets because of its lightweight nature, toughness, and ability to absorb impact energy effectively.
The analysis of ceramic brake discs demonstrated that carbon-ceramic materials offer superior thermal stability, wear resistance and reduced thermal expansion when compared with conventional cast iron discs. These properties improve braking performance and durability, particularly under high-temperature conditions. However, the high manufacturing cost of carbon-ceramic discs limits their application primarily to high-performance vehicles, while cast iron remains more suitable for conventional automotive use.
Although alternative materials such as carbon steel and ABS provide certain advantages, the selected materials represent the most balanced combination of performance, reliability, and cost for their intended applications. Future developments in material science and manufacturing technologies may further improve sustainability, reduce production costs, and enhance the lifespan of engineering components.
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