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Many of the 278 black liquor boilers in the
U.S. forest products industry need to be re-
placed or rebuilt. New black liquor gasifica-
tion technology is both a complementary and
alternative technology to existing recovery
boilers. Gasification of black liquor with com-
bined-cycle cogeneration of steam and elec-
tricity can result in greater energy output per
unit input for the forest products industry.
However, high alkali concentrations and high
temperatures result  in a significant loss of
refractory materials and metallic components,
creating structural and safety issues, ther-
mal efficiency losses, and unacceptable main-
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Benefits for Our Industry and Our
Nation

The use of new materials in black liquor gas-
ifiers will provide economic benefits through
improved product quality, reduced down-
time, and improved productivity.  Significant
energy benefits will be achieved through the
use of new gasification technology.

Applications in Our Nation’s
Industry

The new materials developed in this project
will find applications not only in black liquor
gasifiers for the forest products industry, but
also in other systems, including boilers, fur-
naces, gasifiers, and kilns. The technology
will be applicable to the chemicals, glass,
forest products, and petroleum industries.

Improved Refractories and Nozzle Materials Will
Enable Energy-Efficient Industrial-Scale
Gasification Technology

tenance costs and downtime. The current
refractory lifetimes of approximately six
months and nozzle lifetimes of three to six
months need to be extended to a minimum
lifetime of one year. This project will focus
on the development of degradation-resis-
tant materials that will enable high-tempera-
ture black liquor gasification units to attain
a service life of at least one year. Improved
refractories and wear-resistant nozzle mate-
rials will be developed through an under-
standing of the failure mechanisms of exist-
ing materials and through modeling to un-
derstand fluid flow inside the gasifier.

Improved materials are essential for the new black liquor gasification technology.
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Energy efficiency and clean, renewable energy
will mean a stronger economy, a cleaner environ-
ment, and greater energy independence for
America. Working with a wide array of state, com-
munity, industry, and university partners, the U.S.
Department of Energy’s Office of Energy Effi-
ciency and Renewable Energy invests in a di-
verse portfolio of energy technologies.

For more information contact:
EERE Information Center
1-877-EERE-INF (1-877-337-3463)
www.eere.energy.gov
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Project Description

The goal of this project is to develop
improved corrosion-resistant refractories
and nozzle materials for use in high
temperature, atmospheric-black liquor
gasifiers.

Barriers

Major barriers to be overcome include:

• Lack of understanding of the failure
mechanisms of refractories and nozzle
materials;

• Lack of knowledge of flow behavior on
the wear of injection nozzles and
refractories; and

• Lack of information on the performance
of candidate materials in an industrial
gasification environment.

Pathways

The objectives of the project will be
achieved through (1) identifying the failure
mechanisms of current refractory materials
and liquor injection nozzles; (2) computa-
tional fluid dynamics modeling of injection
nozzles to understand flow characteristics;
(3) developing new degradation-resistant
refractories and wear-resistant nozzle
materials; (4) testing the performance of
materials in simulated industrial  environ-
ments; (5) fabricating advanced materials
on an industrial scale; and (6) evaluating
the in-service performance of advanced
materials in an industrial-scale gasifier.

Milestones

• Model flow and temperature profile
using computational fluid dynamics

• Develop industrial-scale refractory
fabrication protocols for refractories and
surface-treated materials

• Evaluate currently available monolithic
refractories in gasifier environments

• Develop new refractories for gasifier
environments

• Manufacture and install a panel of new
refractories in a commercial gasifier

• Manufacture nozzles and thermocouple
protection sheaths with optimum
materials and design

• Evaluate the in-service performance of
the industry-produced refractories and
nozzle materials

• Decide on the replacement of a major
portion of refractory gasifier lining

Commercialization

This project team includes a national
laboratory, a university, companies
engaged in computational fluid dynamics
modeling, manufacturers of refractories,
and an end-user of black liquor gasifica-
tion. This structure ensures an effective
pathway for industrial adoption of the new
degradation-resistant materials that will be
developed as a part of this project. For
example, the refractory company will be
able to market the new technology to
various industrial sectors.


