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Monolith Traps for Mercury
and Trace Metal Control in
Advanced Gasification Units

Description

The focus of the U.S. Department of Energy’s Advanced Integrated Gasification
Combined Cycle (IGCC) Program is to develop advanced, gasification-based
technologies to reduce the cost of coal-based IGCC plants; to improve the thermal
efficiency; and to achieve near-zero atmospheric emissions of all pollutants, including
carbon dioxide, nitrogen oxides, mercury (Hg), and sulfur dioxide.

Gasification is a process that converts any carbon-containing feedstock into synthesis
gas (syngas), a mixture composed primarily of carbon monoxide and hydrogen,
which can be used as a fuel to generate electricity or steam or as a basic raw material
to produce hydrogen, high-value chemicals, substitute natural gas, and liquid fuels.
Gasification can produce syngas from coal, as well as from a range of low-value
carbon feedstocks, such as petroleum coke, high-sulfur fuel oil, and biomass.

Conventional methods for removing sulfur and other contaminants from syngas
typically rely on chemical or physical absorption processes operating at temperatures
of 100 °F or less. The gas stream has to be cooled and then re-heated after contaminant
removal, adversely impacting the plant’s thermal efficiency. Processes amenable to
higher operating temperatures would reduce this efficiency loss and improve the
gasification plant’s commercial viability.

Because syngas streams contain a wide variety of contaminants at low concentrations—
ammonia, hydrogen chloride, arsenic (As), mercury (Hg), selenium (Se), and cadmium
(Cd)—multiple unit operations are often needed to affect removal to acceptable levels.
Unit operations that could remove multiple contaminants at elevated temperatures
would simplify plant design, operation, and improve process economics.

The University of North Dakota Energy and Environmental Research Center (UNDEERC),
in partnership with Corning Inc., will develop an integrated system to remove trace
metals from coal-derived syngas. Corning Inc. has developed a high surface-area,
impregnated carbon monolith; Corning Inc. and UNDEERC have both developed Hg
sorbents functional at over 400 °F. This project will merge these two technologies, and
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also develop sorbents for other metals (As, Se, and Cd). The
monolith is a fixed, honeycomb-like structure that will force
the contaminant-laden syngas to travel through multiple
small channels. The inside surfaces of the monolith will be
impregnated with the reactive sorbents. The monolith structure
is expected to result in high syngas/sorbent contacting, low
pressure drop, and a long sorbent life, all of which could result
in substantial cost savings compared to the more usual particle
sorbent approach to gas cleanup.
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Sulfur-impregnated carbon honeycomb monoliths

The project includes monolith preparation, laboratory testing
(with synthetic syngas), bench-scale gasification testing
(with real coal-derived syngas), and pilot-scale gasification
slipstream testing. Once proven at lab scale, fully integrated
monolith operation and regeneration will be tested at a site
able to provide syngas with a pressure of at least 600 pounds
per square inch (psi). Corning Inc. is providing not only their
monolith technology, but also their facilities, expertise, and
substantial project cost share. Corning Inc. will produce the
monoliths at their facility in Corning, New York; the monoliths
will be tested at the UNDEERC test facility.

Primary Project Goal

The primary project goal is to develop a coal-derived syngas
cleanup system that is effective in removing Hg, As, Se, and Cd
at a temperature ranging from 400-700°F and at least 600 psi in
a single, integrated system using a monolith system.

Accomplishments

« Constructed a high-pressure, lab-scale test apparatus that
allowed testing of powdered, granulated, and monolith
sorbent samples on bottled syngas mixtures at pressures
up to 1,500 pounds per square inch gauge (psig) and 700 °F.

« Demonstrated Hg and As removal at lab-scale at 400 °F
and 600 psig.

« Construction of the bench-scale gasifier that will be used
to test the monolith system using coal derived syngas is
underway.

Benefits

This project will develop a more economical process for
reducing heavy metal emissions, which will help ensure that
the United States can use coal, the Nation’s most abundant
fossil fuel, for ultra-clean power production.
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