Emily lewis    1809098




Contents

Introduction	2
Steelmaking process in the BOS plant	2
Slag – how it’s made through the steelmaking process	3
Recycled steelmaking slag and how it’s used	4
Conclusion	4
References	4

[bookmark: _Toc25258666]Introduction

This essay will look focus on the steelmaking process, from molten pig iron transportation from the blast furnaces to the production of steel in the BOS (Basic Oxygen Steelmaking) vessels. It will highlight the creation of steelmaking slag as a by-product, and explore the recyclable uses of it, both internally and externally. 
Tata Steel, Port Talbot, is a steel manufacturing company, producing between 3 and 4 million tonnes of steel each year. Torpedoes, with a maximum holding capacity of up to 300t of molten pig iron, are transported from the blast furnaces to the hot metal prep area. It is then later charged along with up to 90t of scrap into the BOS vessels and converted into steel. During this process, up to 150kg of slag is formed as a by-product. 

[bookmark: _Toc25258667]Steelmaking process in the BOS plant (Figure 1)

Raw materials are turned into molten pig iron in the blast furnaces and tapped into torpedoes through a tap hole. The molten pig iron is now transported, via the internal logistics team, to the BOS plant. Upon arrival, hot metal pour is carried out into two ladles (290t each), located in the North pit and South pit. 
“Sulphur is normally regarded as an impurity and has an adverse effect on impact properties when a steel is high in sulphur.” (He, 2019) Sulphur cannot be removed with an oxidation reaction in the BOS process. Therefore, sulphur is removed from the heat at a dedicated desulphurisation station, (HM desulph North and South) prior to charging of the vessel. The desulphurisation of the hot metal is achieved by co-injecting magnesium and lime using a lance. The sulphur reacts with the magnesium and forms, together with lime, a sulphur rich slag on top of the hot metal. This sulphur rich slag is removed by gently skimming the surface using what’s known as a rabbler blade. The hot metal ladle has a special lip where the slag can be skimmed off the hot metal surface. The rabbler is manually controlled by an operator and the slag is then collected in a special slag-pot and taken for recycling.
Scrap is loaded in a special scrap container by a crane with a magnet, and then charged into a vessel. Scrap is used, primarily, as a coolant. The energy requirements necessary to heat up and melt the scrap and to reduce any remaining oxides (rust) can be used to control the temperature in the vessel during the steelmaking process. Primary steelmaking currently operates at a 18% scrap ratio. This scrap ratio allows for 1800 tonnes per day to be charged to the vessel for basic oxygen steelmaking
‘During the basic oxygen steelmaking process, hot metal is converted to liquid steel through the oxidation of unwanted impurities such as, silicon, carbon, sulphur and phosphorus. This is achieved by blowing oxygen through a water cooled lance with a nozzle at high pressure into the hot metal in the vessel. The oxidation of silicon and sulphur produces a slag which floats to the top of the bath. The oxidation of carbon and other elements is an exothermic process and is cooled by using scrap, pellets and slag.
The aim of the tapping process is to separate the slag and the steel and to dissolve any desired alloys and additives in the steel. The separation of slag from the steel is achieved by launching a dart during the tapping process via a hydraulic arm. The head of the dart contains small channels to reduce the flow of steel once the dart has been sucked into the taphole. This reduction in flow enables the Slag Detection System (SDS) to minimise the slag carry-over into the steel ladle.’ (Schlothmann, 2019)Figure 1
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Throughout the steelmaking process, different types of slag is produced as a by-product. Each type of slag composing of different elements and recycled for different uses.
(Heput et al 2007) states that “Sulphur is considered a harmful element for steel quality”, which is easier to be removed than to be oxidised, and is, therefore, the reason TATA Steel has two dedicated de-sulphurisation units.  As previously mentioned, magnesium and lime are co-injected into the heat via a lance, which reacts with the sulphur, creating a sulphur rich slag. This is then removed from the heat using a rabbler blade, and deposited into a de-sulph slag pot.  
During the vessel charging process, oxygen is blown into the heat at a supersonic speed, creating chemical reactions with the elements present in the heat. Carbon oxidises and leaves the molten iron bath as carbon monoxide, whereas the other elements are held in their oxidised form within slag.  ‘Steelmaking slag, or steel slag, is a by-product from the production of steel during the conversion of hot metal to steel in a basic oxygen vessel. The slag is generated as a melt and is a complex solution of silicates and oxides that solidify upon cooling.’ (Criado et al, 2017) 
‘If the silicon levels present in the bath are too high, they can be controlled during a silicon refining blow. Silicon has a high affinity for oxygen, and as a result of this, reacts quickly creating silica. Silica is acidic and therefore would attack the basic refractory lining of the vessel. In order to counteract the acidity of the silica, the addition of fluxes such as lime (CaO) is made at the start of the blow. This reaction creates dicalcium silicate, which is a strong compound for steelmaking slag. The steelmaking slag then rises to the top of the bath, and the newly made steel remains at the bottom.’ (Euroslag, 2019)
‘The condition of the slag needs to maintained to ensure that it is neither over-oxidised nor de-oxidised. On the one hand, if the blowing lance is too high (soft blow), then the oxygen reacts with the slag rather than the steel bath below. This creates an over active slag that can overflow out of the top of the vessel (this is known as slopping), resulting in a loss of yield. On the other hand, if the oxygen lance tip is too close to the steel bath (hard blow), the lime in the steelmaking slag can come out of solution, resulting in poor dephosphorisation.’ (Bramming, 2010)
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Steelmaking slag can be recycled in many ways, both internally and externally. Steelmaking slags recovered from the BOS and hot metal desulphurisation processes are all rich in iron. When collected from the processes, the slag is still in liquid form. The pots are tipped onto the floor, and the liquid slag is allowed to cool and solidify. The slag iron is valuable to the company, as recovering internal scrap relieves the need to purchase external merchant scrap.
(Rashad, 2019) states that steel scrap can be used in many fields such as soil improvement, agricultural fertilizer, asphalt concrete, road construction, as part of concrete/mortar aggregate and as part of cement. ‘Focusing on incorporating steel slag as a part of cement, the studies showed both advantages and disadvantages. Using steel slag as a part of cement was advantageous in that it reduced the CO2 emissions produced during clinker sintering, as well as the reduction in consumption of raw materials.’ (Rashad, 2019)
‘The steelmaking slag can be recycled internally through slag washing and splashing processes. Once the steel has been tapped out of the vessel, the remaining slag, with its chemistry is suitable for building a protective coating of the vessel refractory lining. The vessel is rocked from side to side, and the slag is spread up the walls of the vessel, allowing a layer of slag to chill off on the lining (this is known as slag washing). Another way the slag can be recycled is by reusing the oxygen lance, but instead blowing nitrogen into the vessel. This throws a layer of slag high up within the vessel, whilst cooling at the same time (this is known as slag splashing).’ (Biao et al, 2018) 
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[bookmark: _GoBack]In conclusion, the steelmaking process is slowly becoming a self-sufficient process. From recycling raw materials and energy to recycling BOS and de-sulph slag. This, as a result, has many benefits; such as reducing waste sent to landfill but also contributes significantly to cost savings to the business. Internally, the recycling of the processes by-product scrap reduces the costs that would have to be paid to external merchants. By doing this, it reduces the businesses carbon footprint by minimizing CO2 emissions caused by external transit of scrap entering the site. Cost savings can also be made by carrying out slag splashes and washes after every heat. This practice, executed correctly extends the lifespan of a vessel of up to 7000 lives. 
Externally, the benefits range from financial gain, to developing a more environmentally friendly image as a business. Steelmaking slag can be sold to external clients who can then utilize the by-product. As proven in the essay, incorporating the use of steelmaking slag as a part of cement reduces CO2 emissions and the use of raw materials.
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