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Iron Production, its types and Steel

Creating Iron

A worker covers the steel slag poured on the ground with sandy soil at a stainless steel factory.
​The more advanced way to smelt iron is in a blast furnace. A blast furnace is charged with iron ore, charcoal or coke (coke is charcoal made from coal) and limestone (CaCO3​). Huge quantities of air blast in at the bottom of the furnace, and the calcium in the limestone combines with the silicates to form slag. Liquid iron collects at the bottom of the blast furnace, underneath a layer of slag. The blacksmith periodically lets the liquid iron flow out and cool.

At this point, the liquid iron typically flows through a channel and into a bed of sand. Once it cools, this metal is known as pig iron. To create a ton of pig iron, you start with 2 tons (1.8 metric tons) of ore, 1 ton of coke (0.9 metric tons) and a half ton (0.45 metric tons) of limestone. The fire consumes 5 tons (4.5 metric tons) of air. The temperature at the core of the blast furnace reaches nearly 3,000 degrees F (about 1,600 degrees C).

	Iron Advantage

Between the 15th and 20th centuries, some countries had an industrial leg up on the competition due to the availability of iron ore deposits. For example, China, India, England, the United States, France, Germany, Spain and Russia all have substantial iron ore deposits. When you think of the historical importance of all of these countries, you can see the correlation!


​Pig iron contains 4 to 5 percent carbon and is so hard and brittle that it's almost useless. If you want to do anything with it, you have three options. First, you can melt it, mix it with slag and hammer it out to eliminate most of the carbon (down to 0.3 percent) and create strong, malleable wrought iron. The second option is to melt the pig iron and combine it with scrap iron, smelt out impurities and add alloys to form cast iron. This metal contains 2 to 4 percent carbon, along with quantities of silicon, manganese and trace impurities. Cast iron, as the name implies, is typically cast into molds to form a wide variety of parts and products.

​The third opt​ion for pig iron is to push the refining process even further and create steel, which we'll examine on the next page. 

Creating Steel

A ladle filled with molten iron approaches a blast furnace that will convert it to liquid steel.
​Steel is iron that has most of the impurities removed. Steel also has a consistent concentration of carbon throughout (0.5 to 1.5 percent). Impurities like silica, phosphorous and sulfur weaken steel tremendously, so they must be eliminated. The advantage of steel over iron is greatly improved strength.
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The open-hearth furnace is one way to create steel from pig iron. The pig iron, limestone and iron ore go into an open-hearth furnace. It is heated to about 1,600 degrees F (871 degrees C). The limestone and ore form a slag that floats on the surface. Impurities, including carbon, are oxidized and float out of the iron into the slag. When the carbon content is right, you have carbon steel.

Another way to create steel from pig iron is the Bessemer process, which involves the oxidation of the impurities in the pig iron by blowing air through the molten iron in a Bessemer converter. The heat of oxidation raises the temperature and keeps the iron molten. As the air passes through the molten pig iron, impurities unite with the oxygen to form oxides. Carbon monoxide burns off and the other impurities form slag.

However, most modern steel plants use what's called a basic oxygen furnace to create steel. The advantage is speed, as the process is roughly 10 times faster than the open-hearth furnace. In these furnaces, high-purity oxygen blows through the molten pig iron, lowering carbon, silicon, manganese and phosphorous levels. The addition of chemical cleaning agents called fluxes help to reduce the sulfur and phosphorous levels.


.

       ::Bessemer Furnace::

A variety of metals might be alloyed with the steel at this point to create different properties. For example, the addition of 10 to 30 percent chromium creates stainless steel, which is very resistant to rust. The addition of chromium and molybdenum creates chrome-moly steel, which is strong and light.

When you think about it, there are two accidents of nature that have made it much easier for human technology to advance and flourish. One is the huge availability of iron ore. The second is the accessibility of vast quantities of oil and coal to power the production of iron. Without iron and energy, we probably would not have gotten nearly as far as we have today.

​If you were to follow humanity's genetic trail back through the millennia, you'd find primitive creatures fumbling for a foothold on a primeval Earth. Lacking the natural, physical advantages of other animals, it's a marvel humans were able to claw their way out of the Cenozoic era at all. Of course, Homo sapiens had one advantage over all the other animals: the ability to make and use tools. While they lacked a lion's teeth and claws or a deer's defensive antlers, they learned to craft their own weapons from the world around them.

The oldest known tools date back 2.6 million years, to a time when humans used shaped stone to carry out a variety of tasks [source: Encyclopedia Britannica]. After all, a sharpened rock can potentially slice, stab, scrape, pound and bludgeon. In time, humans began to specialize their tools, creating everything from arrowheads to pestles for grinding grain. Yet stone is a brittle, inflexible medium. Eventually, they were able to pinpoint more durable and malleable elements and their alloys: first copper, then bronze and iron. Instead of flaking or fracturing under blunt force, they proved malleable.

Iron makes up a huge array of modern products. Especially carbon-rich, commercial iron, which we call steel. Cars, tractors, bridges, trains (and their rails), tools, skyscrapers, guns and ships all depend on iron and steel to make them strong. Iron is so important that primitive societies are measured by the point at which they learn how to refine it. This is where the "Iron Age" classification comes from.

​Have you ever wondered how people refine iron and steel? You've probably heard ​of iron ore, but how do we turn a slab of rock into a set of stainless steel surgical instruments or a locomotive? In this article, you'll learn all about iron and steel. 

:: Schematic diagram of steel production::
WHAT IS PIG IRON?

	The vast majority of PIG IRON is produced and consumed within integrated steel mill complexes. In this context the term “pig iron” is something of a misnomer: within integrated steel mills, blast furnace iron - hot metal - is transferred directly to the steel plant in liquid form. The term “pig iron” arose from the old method of casting blast furnace iron into moulds arranged in sand beds such that they could be fed from a common runner. The group of moulds resembled a litter of sucking pigs, the ingots being called “pigs” and the runner the “sow.” 
	   


MERCHANT PIG IRON is cold iron, cast into ingots and sold as ferrous feedstock for the steel and metal casting industries. It falls into the category of ferrous metallics, of which iron and steel scrap comprises by far the largest volume, others being direct reduced iron [DRI], hot briquetted iron [HBI] and various other “alternative iron” materials. Merchant pig iron is, by definition, produced by dedicated merchant plants all of whose production is sold to external customers. Some integrated steel mills produce blast furnace iron that is surplus to their internal requirements and this is also cast into ingots and sold as merchant pig iron. 

Merchant pig iron comprises three main types: BASIC PIG IRON, used mainly in electric arc steelmaking, HAEMATITE PIG IRON [also known as FOUNDRY PIG IRON], used in mainly in the manufacture of grey iron castings in cupola furnaces, and NODULAR PIG IRON, used in the manufacture of ductile [also known as nodular or spheroidal graphite - SG] iron castings. Pig iron contains at least 92% Fe. Other constituents are typically: 
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	BASIC PIG IRON 3.5-4.5% carbon, <1.5% silicon, 0.5-1.0% manganese, <0.05% sulphur, <0.12% phosphorus 

	
	 

	[image: image2.png]



	HAEMATITE PIG IRON 3.5-4.5% carbon, 1.5-3.5% silicon, 0.5-1.0% manganese, <0.05% sulphur, <0.12% phosphorus 
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	NODULAR PIG IRON 3.5-4.5% carbon, <0.05% manganese, <0.05% sulphur, <0.05% phosphorus 


Most merchant pig iron is produced through the reduction of iron ore in blast furnaces, using either coke or charcoal as reductant and energy source. Pig iron, principally nodular pig iron, is also produced through the smelting of ilmenite in electric furnaces, as a by-product of titanium dioxide slag production. For more detail on the Blast Furnace and Ilmenite Smelting process, click on the links below. 
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