Development of Kinetics and
Mathematical Models for High-
Pressure Gasification of Lignite-
Switchgrass Blends

Cooperative Research and
Development Final Report

CRADA Number: CRD-11-447

NREL Technical Contact: Kristiina lisa

NREL is a national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy
Operated by the Alliance for Sustainable Energy, LLC

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

CRADA Report
NREL/TP-5100-66239
April 2016

Contract No. DE-AC36-08G028308



NOTICE

This report was prepared as an account of work sponsored by an agency of the United States government.
Neither the United States government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Available electronically at SciTech Connect http:/www.osti.gov/scitech

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

OSTI http://www.osti.gov

Phone: 865.576.8401

Fax: 865.576.5728

Email: reports@osti.gov

Available for sale to the public, in paper, from:

U.S. Department of Commerce
National Technical Information Service
5301 Shawnee Road

Alexandria, VA 22312

NTIS http://www.ntis.gov

Phone: 800.553.6847 or 703.605.6000
Fax: 703.605.6900

Email: orders@ntis.gov

Cover Photos by Dennis Schroeder: (left to right) NREL 26173, NREL 18302, NREL 19758, NREL 29642, NREL 19795.

NREL prints on paper that contains recycled content.


http://www.osti.gov/scitech
http://www.osti.gov/
mailto:reports@osti.gov
http://www.ntis.gov/
mailto:orders@ntis.gov

Cooperative Research and Development Final Report

In accordance with Requirements set forth in Article XI, A(3) of the CRADA document, this
document is the final CRADA report, including a list of Subject Inventions, to be forwarded to
the Office of Science and Technical Information as part of the commitment to the public to
demonstrate results of federally funded research.

Parties to the Agreement: Georgia Institute of Technology

CRADA Number: CRD-11-447

CRADA Title: Development of Kinetics and Mathematical Models for High-Pressure
Gasification of Lignite-Switchgrass Blends

Joint Work Statement Funding Table Showing DOE Commitment:

Estimated Costs NREL Shared Resources
Mod 2 $ 1,629.00
TOTALS $ 1,629.00
Abstract of CRADA Work:

NREL will work with Participant as a subtier partner under DE-FOA-0000240 titled “Co-
Production of Power, Fuels, and Chemicals via Coal/Biomass Mixtures.” The goal of the project
is to determine the gasification characteristics of switchgrass and lignite mixtures and develop
kinetic models. NREL will utilize a pressurized thermogravimetric analyzer to measure the
reactivity of chars generated in a pressurized entrained-flow reactor at Participant’s facilities and
to determine the evolution of gaseous species during pyrolysis of switchgrass-lignite mixtures.
Mass spectrometry and Fourier-transform infrared analysis will be used to identify and quantify
the gaseous species. The results of the project will aid in defining key reactive properties of
mixed coal biomass fuels.

Summary of Research Results:

The devolatilization and gasification of switchgrass and coal under pressurized conditions was
investigated using a pressurized thermogravimetric analyzer (PTGA). Switchgrass and lignite
were devolatilized at heating rates of 5-20°C/min at pressures of 5-30 bar in inert gas
atmospheres. The major mass loss regions and gases evolved for each material were determined.
Devolatilization of 90:10, 70:30, and 50:50 blends of lignite and switchgrass showed the
devolatilization rates of the blends to be equal to the sums of the rates of the individual chars.
Thus, blends of coal and biomass devolatilized independently of each other.

Chars that have been prepared by pyrolysis at high heating rates (~1000°C/s) are typically much
more reactive than chars prepared at low heating rates such as chars prepared in a PTGA
(~10°C/min). Therefore, for gasification experiments, we utilized switchgrass and lignite chars
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that had been prepared in a pressurized entrained flow reactor at high heating rates and pressures
at Georgia Institute of Technology. First, conditions under which the rate was not limited by
mass transfer rates were established by varying the sample mass and the char particle size.
Lignite and switchgrass and their blends were then gasified under these conditions. The blend
gasified at a rate that was equal to the sum of the rates of the individual chars. This suggested no
interaction between the chars during gasification.

Biomass chars normally gasify faster than coal chars. However, in this case, the lignite coal char
gasified faster. For the rest of the experiments, a less reactive coal char — bituminous coal char
prepared in a fixed reactor at atmospheric pressure — was selected. General Langmuir-
Hinshelwood type kinetic models were developed for both the switchgrass and bituminous coal
char.

kco2pcoz + knzoPuz0
1+ Kco20co2 + KnzoPu20 + KcoPco + Kuz2Ph2

k =

The chosen model described the gasification rates well. The parameters for the models and the
activation energies were determined.

Experiments were conducted with blends of coal char and switchgrass char to test whether the
addition of switchgrass char impacted the gasification rate of the coal char. In general, the
gasification rates for blends were similar to the sum of the rates for the individual char
gasification rates as long as both chars contained gasifiable material. However, after switchgrass
char had become completely gasified and formed ash, the rate of bituminous char gasification
increased by a factor of more than three. This suggested that the presence of switchgrass ash
increased the rate of coal char gasification. A good contact between the switchgrass ash and coal
char may be required for this effect to occur.
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