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1.1
 Production of Iron and Steel

 Eng. Off   /   2nd Eng.   /   Chief Eng.
Iron ores are the basic materials used in the manufacture of irons and steels. The more important iron ores are:
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Hematite – 30% to 65% iron content

· Magnetite – 60% to 70% iron content

Before being fed into the blast furnace, the iron 

ores are subjected to:

· Concentrated washing to remove earthly 

matter.

· Cushing to produce even size lumps and 

dust fines.

· Screening to separate the fines from the 

lumps, with the fines being mixed with coal 

or tar dust.

· Sintering which causes agglomeration 

(the sticking together) of the fines and coal 

dust whilst removing some of the volatiles

The sinter along with the unsintered iron ore is fed 

into the blast furnace as part of the charge 

(known as the burden). The remainder of the charge 

is mainly coke (which serves as the fuel) and 

limestone (which serves as the flux).

In the blast furnace, the charge is subjected to intense heat, 

the highest temperature being just above the pressurized 

air points, in the region of 1800 °C.
The iron produced from the top of the furnace by oxidation/reduction action is a spongy mass, which falls to the bottom of the furnace, gradually melting on the way. It takes with it in solution, carbon, sulphur, manganese, etc., as it goes.
The molten iron is collected in the furnace hearth, with slag floating on the top. The iron is tapped off at intervals into sand pig beds via sand channels (hence pig iron). In this form, pig iron has very little use due to it being so brittle.

The following are some of the reactions that take place:

Bottom of furnace: 
Carbon + oxygen = carbon dioxide

Middle of furnace: 
Carbon dioxide + carbon = carbon monoxide


Top of furnace: 
Iron oxide + carbon monoxide = Iron + carbon dioxide

The blast furnace

A mixture of metallic ore, coke and flux (such as limestone), are fed into the top of the furnace, with air (under pressure), introduced into the furnace bottom. The charge descends through the shaft, where it is heated to produce liquid iron and slag at the bottom of the furnace (the hearth). Pig iron is produced from the iron ore, for the steel processing operation. 

Pre-heated air in the region of 900 (C to 1250 (C, along with an injected fuel (oil or natural gas), is blown in through nozzles fitted around the circumference of the furnace, near the hearth top.  
The pre-heated air reacts with the coke, resulting in temperatures around 1650 (C that is sufficient to produce the molten iron and slag.

Molten iron is tapped off from the hearth, and slightly above this tapping point a slag hole is installed to tap off the impurities and the flux. The stack filled with alternate layers of coke, ore and limestone, and is replenished in a continuous cycle. 

The iron oxides within the ore are reduced to molten iron, by the carbon and carbon monoxide from the coke. 

The slag comprises limestone flux, ash and impurities, which floats on top of the molten iron. 

The hot gas from the combustion process passes out through ducts at the furnace top.
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Cupola Furnace

The cupola furnace consists of a vertical steel shell 

that is lined with refractory brick. They typically have 

internal diameters of between 450 mm and 2000 mm, 

allowing for melt rates from one to thirty tonnes per 

hour. 

The charge is admitted half way up the vertical shaft, 

and consists of alternate layers of the metal that is to 

be melted, the coke fuel and the limestone flux. Air is 

admitted above the hearth through tuyeres, with the 

hot gas that ascends from the lower shaft, heating the 

charge that descends. The air reacts with the 

carbonaceous fuel, providing the combustion heat. 

Molten metal collects in the hearth, ready to be drained 

into a receiver (ladle). As molten metal is drained off, 

fresh charge is added and so the melting process is a 

continuous one. The charge added generally consists of 

Cupola furnace
pig iron and scrap steel.

Most cupolas are designed so that the bottom drops away at the end of the melting period, which allows for cleaning of the cupola, and for repairs to the furnace. 

A tap-hole is fitted to tap off molten iron, and a slag hole positioned slightly above this point, removes the slag. The top of the unit has a hood that acts as a spark and fume arrestor.


Puddling
This process is used for the manufacture of 

wrought iron. The fire makes no contact with the 

metal, the hot fumes passing over the hearth and 

reverberating down onto the iron via the sloping 

roof.

The Puddlers hearth

The hearth itself is lined with materials that are rich in oxygen, such as hematite & cinder. With the pig iron is in the molten condition, the fire door is opened to admit air. The combined oxide reaction (from the lining and the carbon in the iron), result in the oxidation of the impurities. 

This process is helped by the action of the puddler, which stirs the mixture constantly. Carbon monoxide bubbles to the surface to form slag, which is removed. 

With the removal of impurities, the iron becomes pasty. The metal is then worked into balls and hammered to remove any remaining slag. The iron is the rolled into rough bars and brought up to welding heat, then rolled further to make the quality of the iron produced more uniform. 
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