
 
The Physical Sciences Initiative                       

1

 

OPTION 2B – 
ADDITIONAL ELECTROCHEMISTRY AND 

THE EXTRACTION OF METALS. 
 
2B.5  d-Block Metals. 
Transition elements; general chemical properties (colour, variable valency, use as 
catalysts). 
 
Manufacture of iron (blast furnace – chemical aspects) and steel. Steels as alloys of 
iron. 
 
Uses of iron and steel (two examples in each case). 
 
Electric arc process for steel manufacture (outline of main stages). 
 
Environmental aspects of iron and steel production. 
 
 
The primary source of iron is iron-ore. Iron (III) oxide in the ore is 
reduced by carbon monoxide in a Blast Furnace to produce iron, which is 
rich in carbon. This iron is usually transferred directly as a liquid to a 
Basic Oxygen Furnace where excess carbon is burned off with oxygen. 
The steel from the Basic Oxygen Furnace goes on to casting and rolling 
mills where the finished product is produced. About 60% of steel 
produced worldwide is made by this method. 
  
Recycling of iron and steel scrap account for about 40% of the world 
production of steel.  An Electric Arc Furnace is used to melt the scrap 
before it is refined and cast and rolled into steel products.  This is the 
method used in Irish Ispat Ltd.  
 
The Electric Arc Furnace is a large container lined with refractory (heat 
resistant) bricks in which steel scrap can be melted. The heat necessary to 
do this is achieved by striking an electric arc from carbon electrodes.  
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{Refractory bricks are produced from oxides of metals such as 
magnesium or aluminium. Magnesium oxide is extracted from seawater 
by Premier Periclase at Drogheda c.f. section 1A.2(c)}   
 
 

STAGES IN MAKING STEEL USING AN 
ELECTRIC ARC FURNACE 
 
 
CHARGING 
An overhead crane is used to add the scrap in several stages, melting 
between each addition, since the scrap takes up much more space than the 
liquid steel. 
Lime (CaO) is added to absorb the acidic impurities during the melting 
and refining stages and form a slag. 

 
MELTING 
Three carbon electrodes are automatically lowered when the lid of the 
furnace is closed. An electric arc is struck between the electrodes and the 
scrap, which generates very high temperatures melting the steel quickly 
and cleanly. The furnace uses large amounts of electricity (a current of 
55,000 A results in 450 kWh of electricity being used per tonne of scrap).  

Oxygen / natural gas burners are used to augment the electric arc and to 
reduce the amount of electricity used. 
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REFINING 
The purpose of refining is to remove unwanted elements and convert 
scrap steel of variable composition into useful steel products with a 
specified composition. 
 

 
 
Oxygen is blown, through a water-cooled lance, into the molten steel to 
oxidise non-acidic impurities to their oxides. 
 
 Excess carbon burns to form carbon monoxide and carbon dioxide. 
These reactions generate heat and also help to mix and agitate the molten 
steel 
 
Carbon 
 
2C  +  O2     ⇒    2CO 
 
2CO  +  O2        ⇒   2CO2 
 
Non-metals, such as silicon, will form oxides, which then react with lime 
to form a material known as slag.  
 
Slag is less dense than liquid steel and floats on top thus allowing it to be 
easily removed. 
 
Silicon: 
Si  +  O2      ⇒    SiO2 (silica) 
 
CaO   +   SiO2     ⇒      CaSiO3     (calcium silicate   ⇒   slag) 
 
Phosphorus and Aluminium oxides are removed in a similar manner. 
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SLAGGING 
Tilting the furnace pours off the liquid slag.  After it has solidified it may 
be used for land reclamation. Slag can contain up to 35% iron oxides 

 
 

 
 
TAPPING  
The liquid steel is released from the bottom of the furnace into an 
insulated ladle. The steel will contain unwanted dissolved oxygen 
because of the amount of oxygen blown into the liquid steel in the 
furnace. This can be removed by adding silicon or manganese, which will 
react with the oxygen to form oxides, which will then react with lime to 
form slag.  
A sample of the liquid steel is analysed using a spectrometer and the 
quantities present of as many as 17 elements are determined. The 
elemental composition of refined steel is adjusted by adding the required 
amounts of alloying elements. Carbon, silicon, manganese, and chromium 
in varying amounts are used to produce steels of particular properties. 
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The exact composition of steel is variable. Steel is the general name given 
to a large family of alloys of iron with carbon and a variety of different 
elements. Even small differences in the composition of the steel can have 
a dramatic effect on its properties. This is particularly true in the case of 
carbon. Iron containing 4% carbon is extremely brittle and of limited 
practical use. With 0.1% carbon, however, it is easily drawn into wire 
form and is ideal for making staples or paper clips. With 1% carbon, steel 
is much tougher and harder wearing and is used, for example, to make 
tools or the wire cord in car tyres. 
Chromium is added to make stainless steel, and tungsten and manganese 
increase the hardness of the alloy. 
 
 
 
 
 
 
LADLE FURNACE 
The ladle full of liquid steel is taken from the Electric Arc Furnace to a 
ladle furnace where its temperature can be maintained while further 
refining treatment takes place. The Electric Arc Furnace is free to begin a 
new cycle, which takes around 90 minutes from scrap to finished steel. 
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CONTINUOUS CASTING 
Molten steel is poured into a casting machine from where it flows through 
water-cooled moulds, which shape the steel as it solidifies. 
 
ROLLING MILL 
The purpose of the rolling mill is to convert the semi-finished steel slabs 
into the correct shape for the final product (beams, columns and 
channels). 
 
FINISHING AND DISTRIBUTION 
The steel sections pass through a straightening machine and are cut into 
the lengths required by the customer before packing into standard 
bundles. Steel products from Irish Ispat are distributed by land and sea. 
 
 

ENVIRONMENTAL ASPECTS OF STEEL 
PRODUCTION BY ELECTRIC ARC FURNACE. 

 
 
All emissions from the plant are carefully monitored to ensure they meet 
the statutory requirements. Fumes are filtered to remove dust particles 
and water used for cooling purposes is either recycled or returned to the 
harbour. The use of natural gas for heating eliminates emissions of sulfur 
dioxide, which can be a problem if oil is used instead. 
 

ENVIRONMENTAL ASPECTS OF IRON AND STEEL 
PRODUCTION BY BLAST FURNACE AND BASIC 

OXYGEN PROCESS. 
 
The production of coke from coal, for use in the blast furnace will result 
in the formation of smoke and gases such as sulfur dioxide. Emissions of 
these must be kept to a minimum. 
 
Fumes from a blast furnace must be cleared of dust particles before being 
released into the atmosphere.  
 
If the iron ore is a sulfide ore such as iron pyrites, sulfur dioxide is a 
problem which has to be dealt with. 
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