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Task 1: Prepare and discuss simple extraction chemical equations relating to the production of pig iron (Blast Furnace) and steel (Basic Oxygen Route). Also explain the process with the help of useful diagrams.

Blast furnaces are made up of different parts which facilitate the making of pig iron from iron ore, coke and limestone. A hearth is situated at the bottom of the furnace with an area called the bosh directly above. Above the bosh is the stack, which is a vertical shaft that extends from the bosh to the top of the furnace. At the top of the furnace there is mechanism for charging the furnace. These charges consist of iron ore, carbon rich coke and limestone. As the charge descends through the shaft it is heated with natural gas which is blown in through nozzles which are located near the top of the hearth. When the furnace is heated the Carbon burns in the hot air to form carbon dioxide (CO2). The carbon dioxide is then reduced to carbon monoxide 2C + O2 → 2CO. The carbon monoxide rises through to the top of the furnace and reduces the iron oxide in the ore to molten iron and slag.
Iron oxide is reduced to iron through the release of carbon monoxide:
Fe2O3+3CO2→2Fe+3CO2.
The impurities in the iron ore reacts with the limestone to form a slag (CaSi03). The slag is less dense than the molten iron so it floats to the top and can be tapped off (separated from the molten iron). The molten iron is then cast into forms know as pig iron.
Pig iron has a high amount of carbon, around 3.5%-4.5%, which makes it far less workable that steel. To create steel from pig iron, Oxygen is blown in to a furnace which ignites the carbon dissolved in the steel scrap and pig iron to form carbon dioxide and carbon monoxide. This increases the temperature of the melt to around 1700 degrees Celsius. The gasses carbon dioxide and carbon monoxide are separated from the liquid melt which reduces the carbon content of the steel from around 3.5%-4.5% in pig iron to (0.3%) for low carbon steel, (0.3%-0.6%) for medium carbon steel and (0.6%-2%) for high carbon steel.
Pig iron and steel scrap are converted into steel by blowing oxygen into the melt:
C + Fe2O3 → Fe + CO.
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illustration 1-  https://www.metallics.org/pig-iron-bf.html


Task 2: Carbon is added to iron to make steel which has very good mechanical properties. Briefly explain why carbon and not any other elements could be used for this purpose. What is the usefulness of atomic structure of carbon in this regard?

Carbon has two electrons in its inner shell and four electrons in its outer shell. The outer shell electrons are what allows carbon to form various types of bonds with other elements. Carbon can form stable covalent bonds with other elements which means that it can share electrons with iron to form steel.
Carbon is used in steel to make it less likely to deform and to make it more durable. Carbon added to steel distorts the crystal lattices in iron which impedes the movement of dislocations. As carbon atoms are smaller than iron atoms, they can sit in the interstitial sites of the crystal lattice of the iron as shown in illustration 2.  
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illustration 2: Kevin Tan, wordpress.com

As the amount of carbon in steel increases the distortion of crystal lattice increases, which further inhibits dislocations from moving and so the strength of the steel increases further. 

The addition of carbon to iron to make steel also increases the alloys resistance to corrosion. Carbon atoms are more reactive with oxygen than iron atoms are which can prevent the steel from forming rust. The higher the amount of carbon in the steel, the more resistant to corrosion it becomes. Carbon steel is also more ductile than iron, so it is less likely to fracture. Both carbon and iron are good conductors of electricity. If other non-metallic elements were added to Iron, then the resulting alloy would not be as good a conductor as steel.

Task 3: Compare ferrous metal electrical and thermal conductivity properties with non-ferrous metals, semi-conductors, and insulators. Illustrate your answer with the help of useful applications for each case.

A ferrous metal is any metal or alloy that contains iron. Non-ferrous metals have excellent electrical and thermal conductivity properties compared to ferrous metals. In non-ferrous metals the valance electrons are non-localised and can move freely between atoms which means electricity and heat are conducted more easily. The applications of non-ferrous metals depend on the properties of the metal. Aluminium is used in aircraft manufacturing due to its low weight, whereas copper is used in electrical wires due to its high conductivity. The most commonly used ferrous metal is steel due to its versatility. Low carbon steels are softer and more malleable than higher carbon steels which means they are predominantly used to make sheet metal and panels in the automotive industry due to their ease of forming and welding. Medium carbon steels strike a balance between strength and ductility, so they are often used for applications like shafts, gears and railway tracks. High carbon steels are harder and more wear resistant than lower carbon steels, so their applications include cutting tools that need to retain a sharp edge, springs and dies.

Semiconductors are materials that have an intermediate level of electrical conductivity between insulators and conductors. Semiconductors have a small band gap, which means they are good conductors compared to insulators, which have a larger band gap, but not as good as ferrous and non-ferrous metals which have no band gap. Band gap energy refers to the energy difference between the valance band and the conduction band in a material. It is the minimum amount of energy required for an electron to move from the valance band to the electrical band. Conductors like ferrous and non-ferrous metals have overlapping bands so the electrons can move freely, semiconductors have a small gap, and insulators have a larger gap. Semiconductors are used in the electronic industry because they allow the controlled conduction of electricity. One of the most commonly used semiconductor components is the diode, which acts as a one-way valve in a circuit, allowing the flow of current in one direction. Silicon is a semiconductor which serves as the base material for a microchip, which is used in almost every electronic device.

Insulators are materials that resist the flow of electric current and thermal energy due to the large band gap in the atoms which results in a tight binding of their electrons. As the electrons cannot move freely in the material, they are not able to transfer energy as easily as more conductive materials such as metals and semiconductors. Applications for insulators include rubber which can prevent electric shocks and thermos flasks which prevent drinks from losing heat too quickly. Insulators are also used in conjunction with conductors to help protect us from electricity, copper wires are wrapped in a rubber coating to stop electricity from shocking people. Household appliances like kettles and televisions have their electric components covered in rubber and plastic to make them shock proof.


Task 4: Prepare a simple material selection table for plain carbon steels (Low carbon steel, medium carbon steel and high carbon steel) highlighting the basic mechanical (Young’s modulus, Yield strength and Ultimate tensile strength) and physical properties (Thermal conductivity, specific heat capacity, density etc.) of these metals.


 
	Property 
	Low Carbon Steel
	Medium Carbon Steel
	High Carbon Steel

	Chemical Composition

	0.05%-0.30% C
<0.05% Mn
	0.30%-0.60% C
<0.03% Mn
	0.60%-1.5% C
0.60% Mn

	Youngs Modulus (GPa)

	200-210
	200-210
	200-210

	Yield Strength (MPa)

	250-350
	350-500
	500-800

	Ultimate Tensile Strength (MPa)

	400-550
	550-700
	700-100

	Thermal Conductivity (W/m.K)
	45-55
	45-55
	45-55

	Specific heat Capacity (J/Kg.K)

	450-490
	450-490
	450-490

	Hardness (Brinell Scale)

	120-170
	170-230
	230-270

	Electrical Conductivity (%)

	5
	5
	5

	Density (g/cm3)


	7.85
	7.85
	7.85






Task 5: Why do you think steel is so useful a material? Have we exhausted all the potential of steel in terms of its applications or are there more mysteries about steel which we are still not aware of? Discuss in the light of your research findings.

Steel is a very useful material due to several factors. It has a relatively low costs of making, forming and processing and is also easy to recycle which makes it highly sustainable. Steel is the most recycled material globally.  As steel is strong and lightweight it is a suitable material for various construction projects. 

The future of steel production will be a focus on its environmental impact. Most steel is still made using coal to reduce iron ore, a process that emits roughly two metric tons of CO2 per ton of steel. The industry accounts for 7% of global Green House Gas (GHG) emissions from the energy system – equal to global aviation, shipping and chemicals emissions combined. One initiative to help reduce the environmental impact of steel making is the improval of recycling techniques. For every metric ton of steel produced 10-25kgs of dust is produced which accumulates in the exhaust system and is then released into the atmosphere. Dust cleaning can remove the dust from the exhaust system which will help steel making plants to reach its emission limits. Advanced coating techniques will play an important role in the future of steel making by enhancing surface performance, durability, and quality of steel products. By applying thin layers of polymers like epoxy, steel producers can reduce the effects of corrosion and abrasion. Other coatings like ceramic and thermal spray can contribute to the longevity of steel for the use in construction projects. 

Another application which will have a big impact on the future of steel making will be the use of Electric Steel. Electric steel is a material made up of iron that contains large quantities of silicon. The development of electrical steels was brought on by electrical devices requiring steels that can decrease the dissipation of heat, an issue that results in energy wastage. With the global trend of increased demand for electric vehicles, which uses Electric Steel in their driving motors, Electric Steel could become one of the most used steels. 
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The Blast Furnace
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