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Evaluation of Sustainable Steelmaking
Using Biomass and Waste Oxides
Reduction Of Iron Ore Using Wood Charcoal In Steelmaking
May Reduce Net Greenhouse Gases By 90 Percent

Benefits
S Reduced greenhouse gas
emissions by over 90 percent
S Significantly decreased capital
and operating costs
S Increased productivity of the
rotary hearth furnace
S Increased recycling of waste
oxides in steelmaking

Applications
A process using wood charcoal
in the pellets by feeding it into a
smelting furnace, may complete the
reduction and separate the gangue
by melting. The metal will be low in
sulfur, and be an excellent feed to an
electric arc furnace or basic oxygen
furnace.

The American Iron and Steel Institute’s (AISI) Technology Roadmap Program
(TRP) is conducting this one-year project at the Carnegie Mellon University in
Pittsburgh, Pennsylvania. The project goal is to use wood charcoal, a renewable
energy source, to reduce iron ore and waste oxides. Wood charcoal contains
very low levels of gangue, sulfur, and volatile matter, therefore, providing a very
desirable reductant to perform the reduction of iron ore. The reduced iron ore
can be a feed to a variety of melting furnaces.
There are a number of alternative processes being developed that use composite
pellets of ore or waste oxides and a carbonaceous material, such as coal char
or coke, which are reduced in the solid state using a rotary hearth or similar type
furnace. These processes produce a product that is too high in gangue and
sulfur to be used effectively in the electric arc furnace. This project proposes to
use wood charcoal in the pellets to overcome the gangue and sulfur problem.
Reduced iron ore containing low contents of gangue and sulfur can be directly
feed into a variety of melting furnaces. If biomass is used, the metal will be low
in sulfur, , and will be an excellent feed to electric arc furnace or basic oxygen
furnace steelmaking.
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Evaluation of Sustainable Steelmaking Using Biomass and Waste Oxides
(Continued)
If wood charcoal is used as the energy source and reductant along with
the growing of wood, the net greenhouse gas emissions can be reduced
by 90 percent or more. It has been estimated that a forest 35 kilometers by
35 kilometers with one seventh being harvested yearly is required for one
million tons of iron production. Additionally, by-products from forestry and
paper production could possibly be used. The growing of the trees
converts the carbon dioxide back to carbon and oxygen. Since wood
charcoal contains little or no sulfur and low ash, sulfur dioxide (SO2)
emissions are reduced, less slag is produced, and the metal is low in
sulfur.
Project Description
Goal: To conduct preliminary research for a process using wood charcoal
and ore or waste oxide pellets in rotary hearth and smelting furnaces. The
kinetics of reduction of ore or waste oxide-charcoal pellets will be
determined. The possibility of producing charcoal in the U.S. from trees of
forestry waste products will be examined.
Progress and Milestones
S Project Start Date, April 2000.
S Experimentally determine the rates of reduction of North American
ores and waste oxides using wood charcoal available to U.S.
steelmakers.
S Compare these reduction rates to conventional reductants, such as
coal, coke, and coal char.
S Conduct preliminary scoping study to assess the possibility and
economics charcoal production.
S Project Completion Date, April 2003.
Total Project Cost/Duration
$376,000/three years.

Research Organization
Carnegie Mellon University,
Department of Materials
Science & Engineering,
Pittsburgh, PA

Industry Participants
Center for Ironmaking &
Steelmaking Research,
Pittsburgh, PA
Ispat Inland Inc.,
East Chicago, IN
North Star Steel-Cargill Inc.,
Minneapolis, MN
U.S. Steel Research,
Pittsburgh, PA
Weirton Steel Corporation,
Weirton, WV

For additional information:
Please Contact:
Gobind Jagtiani
Office of Industrial Technologies
Phone: (202) 586-1826
Fax: (202) 586-3237
gobind.jagtiani@ee.doe.gov
http://www.oit.doe.gov/steel
Dr. Richard Fruehan
Carnegie Mellon University,
Pittsburgh, PA
Fruehan@andrew.cmu.edu
William Obenchain
American Iron and Steel Institute
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