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ABSTRACT

The overall objective of this program is the development of predictive
capability for the design, scale up, simulation, control and feedstock evaluation
in edvanced cos! conversion devices. Tnis technology is important to reduce the
technical and economic risks inherent in utilizing coal, a feedstock whose variable
and often unexpected benavior presents a sigaificant challenge. This program will
merge significant advances made at A<varcid Fuel Research, Inc. (AFR) in measuring
and quantitatively describing the mechanisms in coal conversion behavior, with
technology being developed at Brigham Young University (BYU) im comprehensive
computer ccdes for mechanistic modeling of entrained-bed gasification. Additional
capabilities in predicting poliutant formation will be implemented and the
technology will be expanded to fixed-bed reactors.

The foundation to describe coal-specific conversion behavior +ill be AFR's
Functional Group (FG) and Devolatiiization, Vaporization, and Crossiinking (DVC)
models, developed under previous and orn-going METC sponsored programs. These
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 model wiil be integrated with BYU's comprenensive two-dimensional reactor
model, PCGC-2, which is currently the most widely used reactor simulaticn for
combustion or gasification. The program includes: i) validation of the submode’s
by comparison with labaratory data obtained in tnis program, ii) extensive
validation of the modified comprenensive code by comparison of predicted results
with data from bench-scale and process scaie investigations of gasification, mild
gasification and combustion of coal or coal-derived products in heat engines, and
iii) development of well documented user friendly software applicable to a
“workstation" environment.

Success in this program wili be a major step in improving the predictive
capabilities for coal conversion processes inciuding: demonstrated accuracy and
reliability and a generalized “first principles" treatment of coals based on
readily obtained composition data.

During the second year of the program, progress was made on nearly all of the
tasks, as summarized below.

Unde~ Subtask 2.&, "Coal to Char Chemistry Submodel Develcpment and
Evaluation", additional charscterization of the coal samples for this program was
performed by pyrolysis experiments in a TG-FTIR, in a Field Ionization Mass
Spectrometry (FIMS) apparatus, and in an Entrainzd Flow Reactor (EFR). The FG-DVC
model was used tc predict baseline pyrolysis data For the eight Argonne coals from
these three reactors. In general, the model did a good job in predicting the data
for aas, tar and char yields and for the tar molecular weight distributions.
Additional improvements were made in the FG-DVC model. Work was also done on
comparing the FG-DVC model to the statistical model of Pugmire and Grant at the
University of Utah which is based on percolation theory. A review of internal pore
transport models was prepared by Professor Eric Suuberg of Brown University. In
order to refine the combined kinetic/mass transport submodel used in the FG-DVC
model, a search was made of literature pyrolysis data for the Pittsburgh Seam coal,
starting with heated grid experiments. To examine the effect of product evolution,
char viscosity, and transport on the swelling of char, drop tube experiments have
been done with a Pittsburgh coal at temperatures varying from 475-600°C in 25°C
intervals. Selected chars were potted and polished for analysis of their
morphology by SEM. Finally, preliminary measurements were made of the spectral
emissivity for coals of varying particle size and rank. The average emittance
increased with increasing rank and particie size.

- ii -



Under Subtask 2.0, "Fundamental High-Pressure Reaction Rate Data", the design
of the bhigh-pressure, controlled-profile (APCP) r2ac:to- was completed, and
fabrication of major reactor ~omponents was also finished. Assembly of zhe reactor
facility 1s in progress, with initicl cnar tests clanned for next Jznuary. Char
preparation wes continuad with the ohiec. :-: 7 understanding tone experimental
detzils associated witn char preparation at eievated prescures as we.) as at
atmospheric pressure and comparing the physical propertiss of chars prepared with
different rezctors in anticipation of tne availability of the HPCP reactor. Five
coels were seiected Tor detailed <har oxidat on measurements in the HPCP reactor.

Under Subtask 2.c, "Seconcdary Reaction of Pyrolysis Procucts and Zhar
Burnout”, studies of ignition and soot formation in flames were continued in the
transparent wall reactor (TWR) 1in experiments which include in-situ FT-IR
diagnostics. Attention is being focused on wnat controis ‘gnition (hetercgenecus
¢r homogeneous oxidation) anc scot formation. Seven additignal samples were
completed in addition to the four reported in tne First Anmnual Report. lame
proper-ties were compared witn characteristics of the samples to getermine the
factors which control flame behavior. 1In addition, in order to obtain in-citu data
from an actual gasifier, an FT-IR spectromete- was temporarily instalied at BYU on
their high pressure gasifier.

For Subtas< 2.d, "Ash Physics and Chemistry Supmodel" <wo sample collection
probes were constiructed that car be inse-~ted into the transparent wall reactor
(TWR} o allow for the coliection of char with its transforming mineral matter from
tne fleme at various stages of turnoff, and of fly ash from aoove the flame.
Sample collections were pe~formed using tnese probes from Zap lignite and Montzna
Rosebud coal flame experiments. SEM/dispersive x--ay amalysis was performed on
individual ash soneres that were recoverad from the preseparator and the eight
stages of the cescade impactor for an “in stac<" ash collection from 200 x 325 mesh
Zap Jignite, In order to further understand the role played by ion-exchanged
cations on char reactivity, samples of demineralized Zap coal were subjected to
ion-exchange experiments with Ca, Na, Mg, and XK. The reactivity of the resultant
chars was measured in air and COp.

For Subtasx 2.e, “Large Particle Submodels”, & critical evaluation was made cf
two models from the literature that have been used to describe coupled reaction and
t-ansport in large particles. The formuiation of our own single particle model was
begun. Discussions were also held with BYU on the interface between the single
particle model and the advanced fixed bed reactor model. The design and
construction of a smail scale fixed-bed reactor was completed. This reactor will
have on-iine analysis of evolved volatile products and on-line measurement of char
functional group composition and particle temperature.

Under Subtask 2.g, "SO0,/NOy Submodel Development", incorporation of the
Zeldovich thermal NO, mechanism into the existing NOy submodel has been completed.
The revised NOy, submodel can now predict tne joint contribution of fuel and thermal
NO. Evaluation of this submodel is in progress. A sorbent-particle reaction model
is currently being incorporated in PCGC-2, under independent funding. Prediction

of the gaseous sulfur species has also been studied and a reaction mechanism has
been icentified.

For Subtask 2.h, "NOy/SOx Submodel Evaluztion", modifications were completed
on the cold-flow facility designed to replicate the geometry of the entrained-flow
gasitier, and mixing data were obtained fcr the cross-flow injection of sorbent.
The coid-flow testing was completed, and anaiysis of the data is nearly comple:e.
Photographs of injected smoke illustrate the deflection of the jet plume as it was
entrained in the free stream. The jets can be made to penetrate to any desired
disteance by adjusting the diameter of the jet and the momentum flux ratio. Contour
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maps of normalized tracer gas concentration were obtained to quantify the mixing
_ patterns of the cross-flow jets. Based on tne results obtained in the <old-flow
study, modifications to allow sorbent injection in the entrained flow gasitier were
completed, and testing was initiated. Tests were conducted with four =oals of
varying stlfur content.

For Subtask 3.a, "Integration of Advanced Submgdels into Ertrained-fFlow Code,
with Evaluation and Documentation", work continued on incorporating the FG-DVC
devoiatilization submodel being developed under Subtask 2.a and the SO0y/NOy
submodel being developed under Subtask 2.g into PCGC-2, implementing the advanced
code on computars, and evaluating the comprehensive code. Modifications were made
in PCGC-2 to test the Multiple Solids Progress Variables (MSPV) method with two
solids progress variables independently tracking coal offgas, and converged
solutions were obtained for a swirling combustion case and a non-swirling
gasification case. The results clearly show the importance of accounting for
variability in coal offgas composition, enthalpy, or both. The FG-D¥{ submodel
was integrated into PCGC-2 assuming constant coal offgas composition and enthalpy,
and work is continuing to investigate the effects of variability in the offgas. A
laminar option in the code is being developed for submodel wvalidation in the
comprenensive code in the absence oF tuTbulence effects. A method for evaluating
the comprehensive code has been autlined.

For Subtask 3.b, "Comprehernsive Fixed-Bed Modeling Review, Development,
Evaluation, and Implementation”, a dstailed revisw of existing fixed-bed coal
gasification codes was accomplished previcusly and described in the First Annual
Report. The proposed features of the advanced model were reviewed by external
consultants and, basad on their written comments, an extensive plan for developing
the model was formulated. Evaluation of existing models continued during the
second year. Predictions were compared with experimental values and a sensitivity
analysis was performed. Preliminary reviews of flow, mass, and heat transfer
aprocesses in fixed beds as well as fixed-bed technology were completed. A
comprehensive review of fixed-bed combustion and gasification was initiated.
Development of the advanced fixed-bed model was also initiated and the key model
assumptions were determined.

Under Subtask 4.a, "Application of Generalized Pulverized Coal Comprehensive
Code", the FG-DVC model was successfully integrated with PCGC-2. This work is
summarized under Subtask 3.a.

Mo work was scheduled for Subtask 4.b and Subtask 2.f was not initiated yet
due to & reduced funding level.




MEASURFMENT AND MODELInG OF COAL CONMVERSION PROCESSES
Contract Nc. DE-AC21-86MC23075

TABLE OF CONTENTS

Sectian Title Page
DISCLAIMER suivensvccsnacusnscosnannannnscossansa-rsnvesnannacsens i
ABSTRALT ssuvavusamusssnscnnsnencnonnnsasssnunssncsasanosonoses i3
I. INTRODUCTION vucuuevannssnncnsonsnnenonsansnonsscnnncununnneoss 1
[.A. Program Background and DeScriplion ceveevecmesvuases 1
I.B. ObJeCLiVesS tevevasusunmesnsncansenan-varssannensnaces 1
7 O Yo ¥ 1 o o - U 1 1
[.D0. Critical Technical ISSULS weveeccvecersunsnanosennsa 1
[.E. Fifth Quarterly Proaress .eeee.. ceresensanszarsanens 3
T1. TASK 2 - SUBMODEL DEVELOPMENT AND EVALUATION eacvsvcescassvnnne 7
IT.A. Subtask 2.2. - Coal to Char Chemistry Submodel ..... 3

[I.B. Subtask 2.b. - Fundamental High-Pressure Reaction

Rate Dala tn.evrcnncceacannanannancas 68
[T.C. Subtask Z.c. - Secondary Reaction of Pyrolysis

Products and Char Burnout Submodels . 88

I1.D. Subtask 2.d. - Ash Physics and Chemistry Submodel .. 102
I1.E, Subtask 2.e. - Large Particle SubmodelS ...c.eveecnn. 125
I1.F. Subtask 2.f. - Large Char Particle Oxidation at
High Pressures .c.oveesececnveassueaase 136
I1.G. Subtask 2.g. - SUx-NOy Submode! Development ........ 137
[T.H. Subtask 2.h. - NO,/SOx Submode! Evaluation ......... 145
I1I. TASK 3 - COMPREHENSIVE MODEL DEVELOPMENT AND EVALUATION ........ 163

I11.A. Subtask 3.a. - Integration of Advanced Submcdels into
Entrained-Flow Code, with Evaluation
end Documentation .eeececesnesessrene 164
ITI.B. Subtask 3.b. - Comprehensive Fixed-Bed Mode]1ng
Review, Development Evaluation and
Implementation siviecssessenscsscnces 189




V. TASK 4 - APPLICATION OF INTEGRATED CODES ....... eeescnmasscnsasa 218
IV.A. Subtask 4.a. - Application of Genmrgiizad  Tverized

Coal Comprehensive COdE seceevecveces eeresescnesns .. 219

IV.B. Subtask 4.b. - Application of Fixed-Bed Lodz ceaee 220

V. REFERENCES cevescecesccacesecssnssscssscssssoncnseccnv-vosas 221

APPENDIX A - "Fortran Variables in FG-DV{ Submodel™



