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The Iron Age
Alloy = A substance formed from 
the combination of two or more 
metals. Alloys can also be formed 
from combinations of metals and 
other elements. The properties 
exhibited by alloys are often quite 
different from the properties of 
their individual components.

Examples of Common Alloys

• Steel = Iron + Carbon Brass = Copper + Zinc
• Sterling Silver = Silver + Copper Bronze = Copper + Tin
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What makes steel a desirable material?

Strength – When Carbon is added to Iron up to 1% it becomes 1,000 times stronger.

Abundant – Steel is principally Iron and Iron is the 4th most common element in the 
Earth’s crust after Oxygen (46%), Silicon (28%), and Aluminum (8%)

Recyclable – Is 100% recyclable infinitely without loss of quality.

Variety – Steel is not a single product with over 3,500 different grades each with its 
own properties and uses.
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Why is Steel so useful?

Ferrite Pearlite

Martensite Tempered Martensite

Spheroidized

Bainite

With different chemistries and different processing 
combinations you will make different microstructures. These 
different microstructures will have properties.

• Ferrite is relatively soft and low in strength but ductile.

• Pearlite is stronger and harder than Ferrite with good 
ductility.

• Spheroidized Steels are quite formable with good 
ductility and toughness.

• Martensite if very hard and very strong but very brittle 
with limited uses.

• Tempered Martensite improved the toughness of 
Martensite at the expense of some strength and 
Hardness.

• Bainite is a microstructure will similarities to martensite 
but less severe.
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Bessemer set out to find a way of making steel from brittle pig iron, which contains
significant amounts of carbon. Bessemer reconfigured his furnace to force cold air
straight through the molten iron, even though his foundry workers told him the idea
was foolish and the air would cool the iron. But Bessemer was proved right: airflow
causes silicon and carbon to oxidize in an exothermic reaction, which –
counterintutively – raises the temperature of the process.

Mass Production of Steel brought costs down
Bessemer Furnace at Station Square – Pittsburgh PAHenry Bessemer (1813 – 1898)
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Intergrated Steelmaking Approach

Inputs
Iron Ore
Coke (Coal)
Flux

Outputs
Molten
Steel

Outputs
Molten 
Pig Iron

Inputs
Molten 
Pig Iron

Examples
• US Steel
• Cleveland Cliffs
• ArcelorMittal Dofasco
• Algoma
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Electric Arc Furnace Steelmaking Approach

Inputs
Scrap

Outputs
Molten 
Steel

Examples
• Charter Steel
• Nucor
• Steel Dynamics
• Commerical Metals Co
• Gerdau
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USA Steelmaking 1900-2010
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Global Top Producers 1650-2020

World steel production, historical data from [3]. | Download Scientific Diagram (researchgate.net)

In 1993 China 
overtook the US.

In 1996 China 
overtook Japan

In 2017 China 
overtook the rest of 
the world
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Article Summary and Conclusions
Highlights from the Article
• With all eyes on green steel production, an electric arc furnace powered by renewable energy offers the optimal route for carbon reduction.
• The advantages of an EAF are numerous, and EAFs today boast capacities and steel-grade production capabilities that parallel the BOF.
• The first furnaces were adopted in North America, in both the U.S.A. and Canada.
• An electric arc furnace makes up nearly one-third of global steel production today.
• Scrap preheating method. A shaft captures the off-gas from furnace operations and redirects it to a section containing scrap prepared to be 

charged to the hot metal bath of the EAF.
• By preheating the scrap, energy savings are also a factor as the workload of the electrodes is spared the necessity of heating room 

temperature scrap.
• While this is only a brief overview, what’s clear: the future is electric.

Additional Comments
• Cost to fully reline a blast furnace (20 years) is about 200 million.
• Cost to build an EAF is about 500 million but high reline costs are no longer needed.
• Blast Furnaces are not easily brought up and down but EAF’s are easily started and stopped.
• BOFs are good at low residuals since they are not scrap based but EAFs have improved and continue to close the gap with BOFs.
• An EAF is essentially a recycling facility compared to a BOF which uses the mined products like Iron Ore and Coke (Coal).
• EAFs emissions are much better than BOF emissions, significantly more environmentally friendly.
• In most circumstances EAF costs are lower than BOF.

CHARTERSTEEL.COM

Questions?
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