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Steel Making [#3] 



“Globalization is the integration and interdependency of world markets and 
resources in producing consumer goods and services” 

Steel Making 

•  Why steel is used in Engineering? 
•  How steel is produced? 
•  What is needed to produce steel? 
•  What are the types of steel? 
•  Where in the world can steel be produced? 
•  In what “forms” (geometries) steel is produced? / How steel is 

sold? 



Why steel is used in Engineering? 

“Principles of Metal Manufacturing Processes” - J. Beddoes & M. J. Bibby, 1999 - 
Elsevier ButtenNorth-Heinemann 



Phase Diagrams 







Fe-C Diagram 



Hardening with solution atom (Instestitial and Substitutional) 









Cast Iron 



Primary manufacturing processes 

Manufacturing operations can be generally classified into primary 
and secondary processes. For metals, primary manufacturing 
usually refers to the conversion of ores into metallic materials. 
Secondary manufacturing is generally understood to mean the 
conversion of the products from the primary operation into 
semifinished or finished parts. 

 

•  refining steel from iron ore  

•  aluminium from bauxite 



PIG IRON (Ferro Gusa) 

•  Pig iron is produced from iron ores by blast furnaces. 

•  The high carbon product of the 20th century furnaces became 
known as cast iron. 

•  Blast furnaces are typically more than 30 m high and about 
10m in diameter. The structure is roughly cylindrical and lined 
with refractory firebrick, supported by a water-cooled outer 
steel shell. 



PIG IRON 

Iron Ore; 

•  Iron Supply 

Coke;  

•  residual solid of 
heating coat 

•  Fuel 
•  Reduction for Fe 
•  Carbon Supplier 

Limestone;  

•  rock of calcium 
carbonate CaCO3 

•  Reacts with 
impureties / 
Produces slag 
(scoria)  

•  Low melting 
point 

Hot Air 

•  Or blast to burn 
the coke 

Blast Furnace 



Iron Ores 

The iron itself is usually found in the form of: 
•  magnetite (Fe3O4, 72.4% Fe),  
•  hematite (Fe2O3, 69.9% Fe),  
•  goethite (FeO(OH), 62.9% Fe),  
•  limonite (FeO(OH).n(H2O)) or  
•  siderite (FeCO3, 48.2% Fe) 

Hematite: the 
main iron ore in 
Brazilian mines 

Magnetite and pyrite 
from Piedmont, Italy 

Goethite, Cornwall, 
England 

Limonite 

Siderite (Brazil) 



Iron Ores (Mining) 

http://assets.vale.com/ui/Documents/en/business/mining/iron-ore-pellets/carajas/
index.html 





Other Ores 

Copper ore extraction site at Sossego 
Mine, Pará state 

Aluminun Ore (Baixite) 



Museos Nacional UFRJ – Mining / Ores 

•  http://www.museunacional.ufrj.br/ 

•  http://www.museunacional.ufrj.br/exposicoes/geologia/exposicao/meteoritos 

•  http://www.museunacional.ufrj.br/exposicoes/geologia/acervo/amostras-e-outros-
meteoritos 

•  Museu de Ouro Preto: http://www.museu.em.ufop.br/museu/mineracao.php 



Coke (Coal) 

“Global steel production is dependent on coal. 70% of the steel produced today uses coal. 
Metallurgical coal – or coking coal – is a vital ingredient in the steel making process. World 
crude steel production was 1.4 billion tonnes in 2010. Around 721 million tonnes of coking 
coal was used in the production of steel.” 

http://www.worldcoal.org/coal/uses-of-coal/coal-steel/ 

It acts as the fuel, burning to produce carbon monoxide and 
to reduce the iron oxide to iron. 
Coking coal is found in many parts of the world. 



Coke (Coal) 

•  Coking coal is converted to coke by driving off impurities to leave almost 
pure carbon.  

•  The physical properties of coking coal cause the coal to soften, liquefy and 
then resolidify into hard but porous lumps when heated in the absence of 
air. Coking coal must also have low sulphur and phosphorous contents. 
Almost all metallurgical coal is used in coke ovens. 

•  The coking process consists of heating coking coal to around 1000-1100ºC 
in the absence of oxygen to drive off the volatile compounds (pyrolysis).  

•  This process results in a hard porous material - coke.  
•  Coke is produced in a coke battery which is composed of many coke ovens 

stacked in rows into which coal is loaded. The coking process takes place 
over long periods of time between 12-36 hours in the coke ovens. Once 
pushed out of the vessel the hot coke is then quenched with either water or 
air to cool it before storage or is transferred directly to the blast furnace for 
use in iron making. 





Limestone (calcário) 

•  Limestone is a sedimentary rock consisting predominantly of calcium carbonate 
(CaCO3). 

•  Within the blast furnace it combines with impurities in the ore to form a slag which 
floats on molten pig iron and is separately tapped into a ladle.  

•  Slags consist mostly of the oxides of silicon, aluminium, calcium and magnesium, 
and can be used in making concrete or as railroad ballast. 



How steel is produced? 



“Principles of Metal Manufacturing Processes” - J. Beddoes & M. J. Bibby, 1999 - Elsevier Butten North-Heinemann 



How steel is produced? 

Approximately 800 t of pig iron are tapped from the blast furnace about five times a 
day, with the blast furnace operated continuously 7 days a week. To produce 800 t: 

•  1400 t of ore,  

•  500 t of coke,  

•  320 t of limestone and  
•  3200 t of air  

 

About 90% of the iron contained in the ore is converted to pig iron. The remaining 
product is removed primarily as slag or as a gaseous top gas, which is combustible and 
is used for heating the incoming blast.  

The pig iron produced contains 2.5-5% carbon, 1-3% silicon and various amounts of 
manganese, sulphur and phosphorus originally from the ore, or picked up from the 
coke.  

 



How steel is produced? 

•  Steel is produced from molten blast furnace pig iron in a converter furnace by 
oxidizing the carbon, sulphur, phosphorus and other impurities in the pig iron. 

•  Molten pig iron is brought into contact with air, or more recently oxygen, so that 
impurities are burned by transforming them into oxides.  

•  The oxides are less dense than the molten steel and float on the surface as a liquid 
slag, which can be separated.  

•  In addition to pig iron, some converter furnaces can process recycled scrap steel. 

•  Due to the ability to process scrap, such converter furnaces are often the initial 
processing step at many steel mills.  

https://www.youtube.com/watch?v=Ea_7Rnd8BTM 



“Principles of Metal Manufacturing Processes” - J. Beddoes & M. J. Bibby, 1999 - Elsevier Butten North-Heinemann 



“Principles of Metal Manufacturing Processes” - J. Beddoes & M. J. Bibby, 1999 - Elsevier Butten North-Heinemann 



What is needed to produce steel? 

•  Where normally there are Steel Plants? Why? 

•  What is needed? 



Waste and Energy? 

During the manufacturing of steel, a significant amount of dust is produced that 
contains zinc and other metals and minerals generated from the steel making process. 
 
This dust is typically extracted by the air pollution control system on an Electric Arc 
Furnace (EAF).  
 
Steel plant waste is difficult to recycle back through the primary steel plant facility 
because of environmental compliance issues and their physical form as particulates/
dusts. The challenge is finding a viable solution that is capable of separating the 
valuable recyclable metals from the hazardous waste. 



Where in the world can steel be produced? 
Iron Ore Suppliers 

Estimated iron ore production in million 
metric tons for 2013 according to U.S. 

Geological Survey 



Brazil as a Iron Ore Supplier 





In what “forms” (geometries) steel is produced? 
How steel is sold? 







HOME WORK (For next class) 

•  What are the companies of selling steel in your home 
country ? 

•  Could you search the medium prices of steel? 

•  In what forms? Bars? Slab? Ingot? 


