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1.0 Program Overview

Direct coal combustion must be a primary energy source for the
electric utility industry and for heavy manufacturing during the next
several decades because of the availability and economic advantage
of coal relative to other fuels and because of the time required to
produce major market penetration in the energy field. However, the
major obstacle to coal utilization is a set of ever-tightening
environmental regulations at both the federal and local levels. It is,
therefore, critical that fundamental research be conducted to support
the development of low-emission, high efficiency pulverized coal
power systems.
The University of Utah, Massachusetts Institute of Technology
(MIT), Reaction Engineering International (REI) and ABB/Combustion
Engineering have joined together in this research proposal to develop
fundamental understanding regarding the impact of fuel and
combustion changes on ignition stability and flame characteristics
because these critically affect: NOx emissions, carbon burnout, and
emissions of air toxics. Existing laboratory and bench scale facilities
are being used to generate critical missing data which will be used to
improve the NOx and carbon burnout submodels in comprehensive
combustion simulation tools currently being used by industrial boiler
manufacturers. To ensure effective and timely transfer of this
technolo y, a major manufacturer (ABB) and a combustion model
supplier REI) have been included as part of the team from the early
conception of the proposal.
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ABB/Combustion Engineering is providing needed fundamental
data on the extent of volatile evolution from commercial coals as well
as background information on current design needs in industrial
practice. Since they will ultimately be a recipient of the enhanced
design methodology, they are also providing ongoing review of the
practical applicability of the tools being developed. MIT is
responsible for the development of an improved char nitrogen
oxidation model which will ultimately be incorporated into an
enhanced NOx submodel. Reaction Engineering International is
providing the lead engineering staff for the experimental studies and
an overall industrial focus for the work based on their use of the
combustion simulation tools for a wide variety of industries. The
University of Utah is conducting bench scale experimentation to (1)
investigate alternative methods for enhancing flame stability to
reduce NOx emissions and (2) characterize air toxic emissions under
ultra-low NOx conditions because it is possible that such conditions
will alter the fate of volatile and semivolatile metal species and the
emission of heavy hydrocarbons. Finally the University of Utah is

responsible for the development of the improved NOx and carbon
burnout submodels.
2.0 Progress During Last Quarter

2.1 Overview
The experimental studies on char nitrogen oxidation (University
of Utah) have now been completed as have the modeling studies at
MIT. The results of both studies are currently being analyzed and
prepared for formal publication in appropriate journal and the final
report on this project. During the past quarter, the experimental work
at the University of Utah focused on the particle studies as described
in detail below.
2.2 Particle Burnout Experiments
The review and analysis was completed for the particle
experiments conducted last summer. These experiments showed
that the measured particle mass distribution was within the range of
literature values and there was good reproducibility between runs.
Having a heated enclosure for the impactor is important to avoid
distorting the particle mass by condensing water and sulfuric acid in
the impactor. Changing dilution ratio, sampling duration, or probe
orientation had little effect on the measured mass distribution of
particles smaller than 2.5 pm.
During the fourth quarter, the sampling procedures were
modified to increase the number of replicates that could be done in a
day. The particle sampling train was also upgraded to correct
deficiencies discovered during the summer sampling experiments.
Particle samples were analyzed by X-ray photoelectron
spectroscopy (XPS) and the results were compared to literature
values. Work is ongoing on XPS sample preparation and in selecting
the optimum instrument settings.
A metals analysis plan was developed for the particle samples.
Preliminary runs using a NET standard coal flyash were able to
reproduce the published values. This validated the sample handling,
digestion, and analytical procedures which will be used for the
impactor samples.
Particle samples were prepared and sent to Utah State
University for experiments which will evaluate the response of human
lung epithelial cells to different combustion particles. Three size
ranges ( d>10 pm, 1O>d>2.5 pm, and dc2.5 pm) of the fly ash from
three coals were used in the preliminary experiments.
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3.0 Plans for Next Quarter
The analysis of the previously obtained char nitrogen data will
be completed. Work will continue on the analysis of the experimental
results for the particle burnout studies. The char-N modeling will also
continue using the experimental results to guide the development of a
new submodel. It is now clear that the current Nox model will have to
be modified in order to accurately predict the results obtained in the
char-N experiments.

