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ABSTRACT

Tne overall objective of tnis program is the development of computer-aided
reactor engineering technoloyy for tne design, scale up, simulation, control and
feedstock evaluation in advanced coal conversion devices. This technoloyy, based
on a systematic database and reactor simulation software, is important to reduce
the technical and economic risks innerent in wutilizing coal, a teedstock whose
variable ang often unexpected benravior presents a significant challenge. Current
computer-aided reactor engineering techncloygy has shown significant potential, but
there is a need to bring the technology to a higher level of generality, accuracy
and acceptability. Tnis program will merge significant advances made at Advanced
Fuel Research, Inc. (AFR) 1in predicting coal conversion pehavior, with technclogy
being developed at Brigham Young University (BYU) 1n comprehensive computer codes
for mechanistic modeling of entrained-bed gasivication. Additional capabilities in
predicting pollutant formation will be implemented and the technology will bpe
expanded to fixed-bed reactors.

The foundation to describe coal-specific conversion behavior will be AFR's
Functiornal Group (FG) and Devolatilization, Vaporization, and Crosslinking (DVC)
models, developed under previous and on-going METC sponsored programs. Tnese
models have demonstrated the capability to describe the time dependent evolution of
individual gas species, and the amount and characteristics of tar and char. The
FG/DVC models wil!l be integyrated with BYU's comprehensive two-dimensional reactor
model, PCGC-2, which is currently the most widely used reactor simulation for
combustion or yasification. The program includes: i) validation ot the submodels
by comparison with laboratory data obtained in this program, ii) extensive
validation of tne modified comprehensive code by comparisor of predicted results
with data from bench-scale and process scale investigations of gasification, mild
gasification and combustion of coal or coal-derived products in heat engines, and

i1i) development of well documented user friendly software applicable to a
"workstation" environment.

Success in this program will be a major step in improving the predictive
capabilities for coal conversion processes 1ncludiny: demonstrated accuracy and

reliability and a generalized "first principles" treatment of coals based on
readily obtained composition data.

During the first year of the program, progress was made on all of the tasks.
Under Sudbtask 2.a, "Coal to Char Cnemistry Submodel Development and Evaluation®,
characterization by FT-IR, TGA and pyrolysis were carried out on most of the coal
samples to be used. Demineralized samples were also produced and characterized.
The literature search on transport properties during pyrolysis was completed and a
simple model of tar transport was developed and successfully tested. The combined
FG/DVC mode! has been 1improved and installed on a Sun workstation. Work was

initiated on computing the optical properties of particles during the coal to char
transformations.

Under Subtask 2.b, "Fundamental High-Pressure Reaction Rate Data“, the

interdisciplinary research team has been organized. Appropriate literature has
been reviewed and the high pressure reactor and support systems nave been designed.

Studies of ignition and soot formation were performed in the transparent wall
reactor (TWR) under Subtask 2.c, “Secondary Reaction of Pyrolysis Products and Char
Burnout". Attention is being focused on what controls ignition (heterogeneous or
nomogeneous oxidation) and what controls soot formation. Measurements for four
samples have been completed and analysis of the results is continuing.
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The literature search for Subtask 2.d, "Ash Physics and Chemistry Submodel”
was completed to identify the important effects of coal minerals in determining
coal behavior. Mineral characterization experiments were bagun on coal samples.
Work was also initiated to study ths mineral transformation during coal conversion.

For Subtask 2.e, "Large Particle Submodels", a literature review of heat and
mass transport effects in coal pyroiysis was completed. In addition, caiculations
were done to define regimes of internal and external heat and mass transport
control for conditions of interest. Tnis was done to define the boundary regions
where such considerations become important.

. Under Subtask 2.g, "S0,-NCy Submodel Development", the existing NOy, submodel
In PCGC-2 was evaluated by comparing model predictions with experimental data
obtained at high pressure and under fuel-rich conditions. The model gave accurate
predictions for bituminous coals but not for lignite. A kinetic model for
predicting formation of thermal NO was developed from the literature and codiny
changes were initiated to incorporate this model into PCGC-2. A literature search
of sulfur chemistry in combustion flames was initiated.

For Subtask 2.h, “NOyx/SUy Submodel Evaluation", graduate research assistants
nave been hired, the experimental program defined, and fabrication of the moditied
test facility initiated. A cold-flow facility has been designed to simulate the
gasifier, providing optical access for laser measurements and flow visualization.
A device has been designed to produce smoke so that the flow can be visually
observed. A method of extracting gas samples from the flow, with on-line sampling
and minimal flow disturbance, has been designed so that mixing rate data can be
collected.

For Subtask 3.a, "Integration of Advanced Submodels into Entrained-Flow Code),
with Evaluation and Documentation", a doctoral student was recruited and began
work on this project. Three alternatives are being considered concurrently to
integrate the Functional Group (FG) devolatilization model into the comprehensive
entrained-bed code. Code modifications have been made to test all three.

A literature review of existing fixed-bed coal gasification codes and
experimental data was conducted for Subtask 3.b, "Comprehensive Fixed-Bed Modeling
Review, Development, Evaluation, and Implementation”. Three available 2-D codes
were installed and tested. Potential improvements over existing models were
identified, and an outline of an improved fixed bed model was developed. A review
meeting with external consultants was held to evaluate the proposed model.
Several sets of experimental data were obtained for model evaluation.

Under Subtask 4.a, “Application of Generalized Pulverized Coal Comprehensive
Code", installation of PCGC-2 on the AFR Apollo DN 580/T computer was completed to
allow testing of performance. The test code took approximately 4 times longer than
expected based on the Apollc specifications. The Apollo was returned and Sun
Workstations were purchased. PCGC-2 was instalied on the Sun Workstation. The
reference case for PCGC-2 takes 3.25 hours to run on a SUN 3/260, this compares to
7 hours on the Apollo DN 580 T.
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