Integrated Steel Mills in the United States

As global technology improves, and becomes more and more integrated into the various sectors many aspects of the steel industry advance as well. These advancements are helping to blaze a trial into a new era of faster and more efficient processes.  The decline of large integrated mills and the rise of smaller, less expensive mini-mills is evidence of this.  The integrated steelmaking process begins in some integrated mills by producing “coke” from bituminous coal in what is called a coke oven. Coke is a solid carbonaceous residue derived from low-ash, low-sulfur bituminous coal. The volatile constituents of the coal (including water, coal-gas and coal-tar) are driven off by baking in an airless oven at temperatures as high as 1,000 degrees Celsius so that the fixed carbon and residual ash are fused together. Bituminous coal must meet a set of criteria for use as coking coal, determined by particular coal assay techniques. These include moisture content, ash content, sulphur content, volatilte content, tar and plasticity.

Coke is used as a fuel and as a reducing agent in smelting iron ore in a blast furnace. Coke from coal is grey, hard, and typically has the following properties:

· Specific Gravity of 1.85 – 1.9

· Porous

· A mass of coke is about 40% greater in volume then its coal equivilant.

· Heating value of 28 megajoules/kilogram.

As a side note, coke is not only produced from bituminous coal but can also be produced as an end byproduct of petroleum refinement. This type is sometimes termed “gas house coke”. 
Once the the coal or petroleum has been refined and the coke produced, it is loaded into a furnace along with sinter, and limestone.  Sinter is produced by heating iron ore, fines, pellets, scale, etc. to bind them together. This mixture is then blasted with preheated air from below to promote the formation of pig iron. The pig iron, which is more dense, settles to the bottom while the lighter impurities such as sulfur-iron compounds, known as “slag” separates to the top.  The slag material is then poured off the top leaving the desired “pig iron” left which consists primarily of carbon-iron and pure iron.  The pig iron is then poured into a steel furnace and blown with pure oxygen to further remove impurities. 

The number of mills which take in iron ore and ship out a finished steel have fallen to just 25 plants by 1998, 11 of which are located near the Great Lakes.  These are owned by 15 steel and iron producing companies, some of which also operate non-integrated plants at the same locations.  In 1998 the Basic Oxygen Process was used to make 54.1 million tons of steel.  The use of this process represented 54.9 % of the total steel production in the United States, down from 56.2 % in 1997.   In the 1990’s companies running integrated mills have focused more upon specialty steels, particularly hot dipped galvanized, to ensure that automobile manufacturers continue using steel as the material of choice.  


Figure 1.  Integrated Steel Mill Flow

There are 21 plants in the U.S. using blast furnaces to produce liquid iron 14 of which surround the Great Lakes.  They are shown below.
The industry has improved greatly from 100 years ago, and not just with respect to the processes it uses.  Safety, cleanliness, and environmental problems have all been dealt with to some degree and in many cases are one of the top priorities in today’s industry.  In 1998 there were 10 fatalities in the iron and steel industries, compared to hundreds of injuries and deaths each year around the turn of the century and that figure continues to decrease.
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Table 1.  Blast Furnace Locations, Capacities, and Injections
	Company
	Location 
	Blast Furnaces Annual Total Capacity (t/year)
	Injection (C = Coal, O = Oil, G = N. Gas)

	ACME Steel
	Chicago, IL
	1,400,000
	G

	AK Steel
	Ashland, KY
	2,000,000
	C,G

	AK Steel
	Middletown, OH
	2,300,000
	G

	Bethlehem Steel
	Chesterton, IN
	5,000,000
	C,G

	Bethlehem Steel
	Sparrow Point, MD
	3,450,000
	G

	DSC Ltd.
	Trenton, MI
	1,000,000
	G

	Geneva Steel
	Vineyard, UT
	3,300,000
	C,O,G

	Gulf States Steel
	Gadsden, AL
	1,100,000
	G

	ISPAT Inland Steel 
	East Chicago, IN
	5,450,000
	C,G

	LTV Steel
	Cleveland, OH
	4,200,000
	O,G

	LTV Steel
	East Chicago, IN
	3,320,000
	O,G

	National Steel
	Granite City, IL
	1,770,000
	G

	National Steel
	Ecorse, MI
	3,700,000
	G

	Rouge Steel
	Dearborn, MI
	2,800,000
	G

	US Steel
	Braddock, PA
	2,300,000
	G

	US Steel
	Fairfield, AL
	2,300,000
	C,G

	US Steel
	Gary, IN
	7,750,000
	C,O,G

	USS / Kobe Steel
	Lorain, OH
	2,600,000
	C,G

	WCI Steel Inc.
	Warren, OH
	1,300,000
	G

	Weirton Steel
	Weirton, WV
	3,420,000
	O,G

	Wheeling-Pittsburgh Steel
	Steubenville, OH
	2,300,000
	G


Table 2.  Basic Oxygen Furnace Plants and Locations
	Company
	Location

	ACME Steel
	Riverdale, IL

	AK Steel
	Ashland, KY

	AK Steel 
	Middletown, OH

	Allegheny Ludlum
	Brackenridge, PA

	Bethlehem Steel
	Sparrows Point, MD

	Bethlehem Steel
	Chesterton, IN

	Geneva Steel
	Provo, UT

	Gulf States Steel
	Gadsden, AL

	Inland Steel
	East Chicago, IN

	LTV Steel
	Cleveland, OH

	LTV Steel
	East Chicago, IN

	McLouth Steel Products
	Trenton, MI

	National Steel
	Granite City, IL

	National Steel
	Ecorse, MI

	Rouge Steel
	Dearborn, MI

	US Steel
	Fairfield, AL

	US Steel
	Braddock, PA

	US Steel
	Gary, IN

	USS / Kobe Steel
	Lorain, OH

	WCI Steel
	Warren, OH

	Weirton Steel
	Weirton, WV

	Wheeling-Pittsburgh Steel
	Steubenville, OH
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