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Figure 1.1 Blast Furnace in Operation (WIN, 2021)
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The process of steelmaking has remained relatively consistent throughout its history, tracing its roots back hundreds of years. Early evidence suggests that blacksmiths discovered that iron became harder, stronger, and more durable when carbon was introduced from being left in coal furnaces. 
The base material Iron ore is converted into pig iron through a series of chemical reactions, this is an intermediary before steel and is produced with the use of a blast furnace. The primary components of the blast furnace charge would include iron ore (Fe2o3), coke (carbon), and limestone (calcium carbonate). The process will then take place in several steps. 
1. Firstly, Reduction: Iron ore (Fe₂O₃) is reduced to iron (Fe) by using coke (C) as a reducing agent, and limestone (CaCO₃) as a fluxing agent. This reaction takes place in a blast furnace under the presence of heat. Blast furnaces normally operate around 1200˚ C, and can reach up to 2000˚ C.    Carbon monoxide is also produced as a byproduct (CO), which will then act as the reducing agent for this process. 

2. Formation of slag: Limestone serves as a fluxing agent to remove impurities from the iron ore. It decomposes as forms calcium oxide (CaO) and carbon dioxide (CO₂). Calcium oxide can then react with impurities like silicon dioxide (SiO₂) to form slag (calcium silicate, CaSiO₃) which helps in the removal of impurities. 
The process can be understood by the following equation which represents the reduction of iron ore using carbon monoxide and carbon from the coke to produce the final product of pig iron;

Fe₂ ​O₃ ​+ 3CO → 2Fe + 3CO₂​

In a further process known as Basic Oxygen Route/Process (BOS) which will take place in a BOS plant, Pig Iron from the blast furnace gets converted into steel by blowing pure oxygen at super-sonic speeds into a vessel of molten pig iron and sometimes scrap material. The oxygen initiates a series of intensively exothermic reactions, including the oxidation of impurities such as carbon, silicon, and manganese. 
Carbon reacts with oxygen to form carbon dioxide, silicon forms silicon dioxide (SiO2) and manganese forms manganese oxide (MnO). Due to their oxidation, these impurities form a layer of slag that will sit on the surface of the molten metal.  By adjusting the levels of carbon present, we can either increase its properties of hardness and strength by adding more carbon, or we can amplify its ductility and malleability by removing an amount of carbon. The control of the impurities then helps in reducing the carbon content of the steel, adjusting the composition to give it the desired mechanical properties. 
The overall reaction for the conversion of pig iron to steel can be seen below.
Fe + C + Mn + Si + O₂​ → Steel + CO + MnO + SiO₂​
This equation shows how the impurities of Carbon, Manganese and Silicon are present in the production of pig iron in the BOS plant. Resulting in them being oxidized and present as their oxide forms (CO, MnO, SiO₂).
Figure 1.2 Basic Oxygen Process (Britannica, 1999)
[image: Basic oxygen process (BOP) | Britannica]
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2   Carbon 
During the process of steelmaking, it is sometimes necessary for manufacturers to alloy their material due to several key reasons, mainly to alter its atomic structure and enhance its mechanical properties. 
 However, one main reason for the use of alloying is the cost effectiveness of using carbon in steel. Cost effectiveness is essential in engineering as it dictates the reality of what can be done, for example, carbon is available in abundance and is relatively inexpensive compared to other elements used in alloying. This makes carbon an economically good choice for use with iron to produce steel on a large and economically viable scale. However a downside to the use of carbon is the negative environmental factors that it can leave, such as carbon dioxide being released as a byproduct of steel production.
During the process of alloying, the atomic structure of the materials is also essential to understand. The atomic structure of an atom, including its number of protons, neutrons, and electrons determines its physical and chemical properties. This leads us to understanding the use of alloying and its effect on mechanical properties. 
As well as being cost effective carbon imparts desirable mechanical properties to steel, such as hardness and strength. The addition of carbon atoms alters the crystal structure of iron causing changes in its microstructure. For example, these changes impede the movement of dislocations within the lattice, making it harder for iron atoms to slide past each other. As a result of this, the steel becomes stronger and more resistant to deformation. Carbon can also form multiple bonds, such as single double and triple bonds, to form complex structures like graphite or diamond. This versatility enables a wide range of possibilities by adjusting its carbon. 
Another reason why carbon would be added to iron as opposed to other alloying elements is the control that you can have over the carbon content of the steel. Carbon content in steel can be precisely controlled, allowing for the customization of steel’s mechanical properties depending on specific applications. By varying the carbon content within certain limits, different types of steel with varying properties can be produced ranging from low-carbon mild steel to high-carbon tool steel.  For example, giving the steel a low carbon content will increase the ductility of the metal and produce mild steel. Considered a general-purpose material that is used in most industries typically in applications such as car bodies, rebar, wire, and fasteners. 
In contrast steel with a high carbon content where the hardness has been increased would be used to make knife blades, tools such drill bits, and springs as these would need to be effective at resisting abrasion and retaining shape. 
1. [bookmark: _Toc165550308]Conductivity Properties
When comparing electrical and thermal conductivity properties of ferrous and non-ferrous metals, it is important to remember that they exhibit some major differences. The same can be said with semi-conductors and insulators, influencing their suitability for certain applications. 
Ferrous metals such as iron and steel alloys possess moderate electrical and thermal conductivity. While their electrical conductivity is lower than a non-ferrous metal such as copper, ferrous metals are still heavily used in electrical applications. For example, they are used in electrical wiring and power transmission due to their durability and cost-effectiveness which is a huge factor in electrical engineering. In addition to this, their moderate thermal conductivity makes them suitable for structural purposes. For instance, these metals aid in heat dissipation in applications such as heat exchangers. 
In comparison to this, non-ferrous metals such as copper and aluminum along with their alloys exhibit superior electrical conductivity compared to the ferrous metal group. Copper is very commonly used in electronic works as it is an excellent conductor of electricity, is indispensable in electrical wiring and components, and delivers efficient energy transmission with minimal loss. 
Aluminum on the other hand is slightly less conductive than copper but offers advantages in terms of weight and cost making it a good choice for applications such as power lines. Aluminum has strong conductivity for electricity and heat because it has three electrons in the free state but is substantially less conductive than copper as it is less dense. 
A further group of materials with less electrical and thermal conductivity is that of semi-conductors. Semi-conductors represent a unique class of materials that have conductivity levels that are somewhere between ferrous/non-ferrous metals and insulators. Materials such as silicon and germanium are quite often used semi-conductors. The conductivity of these can be manipulated and changed by external factors such as temperature or impurities. These serve as the crutch of modern electronics, through the development of transistors, diodes and integrated circuits that are essential for computers and smart phones to say the least. 
Further to these points, insulators exhibit very low electrical conductivity, effectively stopping the flow of electricity. This is a direct contrast to the conductivity levels of metals and semi-conductors. Materials such as glass, rubber and plastics are commonly employed as insulators in electronic applications to prevent electric charges being exposed and leading to possible harm and short circuits. Insulators also have low thermal conductivity, making them extremely valuable for insulating applications such as buildings, refrigerators, industrial equipment to name a few. 
It is often essential to be able to minimize heat transfer in engineering, hence why insulators are a very important material. 
To summarize this section, understanding the electrical conductivity and thermal conductivity of these materials is crucial for selecting the most applicable ones for diverse use across multiple industries. Each category of material offers distinct advantages and disadvantages in their application, further contributing to the advancement of innovation and technology.  
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	Mechanical Property
	Low Carbon Steel
	Medium carbon steel 
	   High Carbon Steel 

	Density (g/cm³)
	7.85 (EUROFER, 2019)
	7.85 (EUROFER, 2019)
	7.85 (EUROFER, 2019)

	Young Modulus (GPa)
	200-210  (Callister, 2007)
	200-210  (Callister, 2007)
	200-210  (Callister, 2007)

	Ultimate Tensile Strength (MPa)
	400-550 (ASM, 1990)
	550-700 (ASM, 1990)
	600-1000 (ASM, 1990)

	Thermal Conductivity (W/m.K)
	40-60 (Touloukian, 1970)
	30-50 (Touloukian, 1970)
	20-40 (Touloukian, 1970)

	Specific Heat Capacity (J/kg.K)
	450-550 (CRC, 2020)
	450-550 (CRC, 2020)
	450-550 (CRC, 2020)

	Yield Strength (MPa)
	250-350 (ASM, 1990)
	350-500 (ASM, 1990)
	500-700 (ASM, 1990)

	Chemical Composition (Cabon Content) 
	0.05-0.3% C
	0.3-0.6% C
	0.6-1.5% C

	Hardness (Brinell) 
	120-170
	170-230
	230-270
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[bookmark: _Toc165550310]5    Exploration 
Steel is an incredible useful material in engineering due to its combination of properties that make It unique, properties such as affordability, strength, durability, and versatility. Across vast amounts of industries steel has uses that can be attributed to its mechanical properties and is one of the most widely adopted materials. Steel has been produced on mass for roughly the last 200 years, and engineers still explore the potential to see if there are any unexplored aspects of steel that can be used in the modern world. 
One of the primary reasons that is still often used in engineering is that steel is somewhat environmentally friendly when compared to many other materials. It is highly recyclable with a rate that exceeds any other material. Steel is an energy efficient metal to produce applications such as cans. Due to its properties recycled material makes for ideal packaging for types of food, drinks, aerosols, and pet food for example. Additionally, steel’s longevity and recyclability contribute to sustainable development practices, aligning with global efforts to avoid climate change and reduce waste. 
Another reason for steels utility is how versatile it can be. It can be worked and fabricated into different shapes, sizes, and forms, ranging from heavy industrial machinery - to wires and supporting beams. The adaptability of steel makes it very efficient to produce and use, its durability ensures long lasting performance in harsh environments such as the salt water of the sea where it is susceptible to heavy corrosion. The ability of alloying steel with other elements can create steel that is resistant to these types of environments by simply changing the carbon content for example. This makes it the ideal material for harsh environments.
Steel boasts an exceptional strength to weight ratio compared to other construction materials like wood or concrete. This property allows engineers to design structures that are both strong and lightweight, reducing material usage and transportation costs while maximizing structural integrity. The result of this is that steel is the material of choice for high rise buildings, bridges, offshore oil rigs where strength and weight are essential. 
Whilst steel has been extensively utilized for centuries, there is constantly ongoing research and innovation aimed at enhancing its properties and exploring new applications. Advanced manufacturing techniques, such as micro-alloying and thermomechanical processing, have enabled the development of high-strength steels with improved performance characteristics, including greater resistance to corrosion, fatigue, and impact. These innovations expand the potential applications of steel in industries such as aerospace, renewable energy, and transportation. 

Furthermore, the advent of advanced manufacturing methods like additive manufacturing or 3D printing creates fresh possibilities in steel fabrication. These methods empower the production of intricate geometries and tailor-made components with utmost accuracy. Such innovations grant designers and engineers entry to areas of creativity and utility once thought unattainable. Think of intricately detailed architectural wonders and highly personalized medical implants seamlessly integrating with the replaced bone or limb. Such things could be very innovative for the future of medicine. 
Despite the long history and widespread use of steel, there are still many areas where its potential remains untapped. One fascinating example of this is the concept of “self-healing” steel. Over the years, various scientists have theorized that in a nonoxidative environment, any cracks that develop in a metal should close on their own. This so-called self-healing is predicted to arise if the atoms are brought back into proximity as local compressive strains push the atoms to reform the bonds.
In conclusion, steelmaking has evolved into a sophisticated process crucial to modern engineering. Carbon's transformative effects on iron's properties drive steel production, enabling precise customization of mechanical properties for diverse applications.
Moreover, ongoing research promises even greater potentials for steel technology. Additive manufacturing techniques and exploration of self-healing properties hint at future innovations, while steel's blend of strength, durability, and recyclability embodies sustainability.

1. [bookmark: _Toc165550311]References 
· Callister Jr, W.D (2007). Materials Science and Engineering: An Introduction. John Wiley and Sons.
· ASM International (1990). ASM< Handbook: Properties and Selection: Iron, Steel and High-Performance Alloys.
· Toulaokian, Y.S, Powell, R.W, Ho, C.Y & Klemens, P.G (1970). Thermophysical Properties of Matter. Thermal Conductivity: Nonmetallic Solids. 
· CRC Handbook of Chemistry and Physics (2020)
· European Commission – EUROFER (2019) Steel Statistical Yearbook. 
· Britannica (1999)
· WIN industrial (2021)

2

image3.gif
off-gas flue

flux hopper
axygen
lance
tiltable
converter
- igig steel
charging box fig
iron molds.
~ charging ey
Tadle] -

charging aisle  furnace aisle teeming aisle

©1999 Encyelopaedia Britannics, inc.




image1.png
»N] < rysgol Cymru
3N ¥ Drindod Dewi Sant
S University of Wales

Tk Salt David




image2.jpeg
Waste gases





