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SECTION 1. TASK 2. SURMODE! DEVFIOPMENT AND EVALUATION

Objectives

The objectives of this task are to develop or adapt advanced physics and
chemistry submodels for the reactions of coal in an entrained-bed and a fixed-bed

reactor and to validate the submodels by comparison with laboratory scale
experiments.

Task Outline

The development of advanced submodels for the entrained-bed and fixed-bed
reactor models will be organized into the Tollowing categories: a) Caal
Chemistry (including coal pyrolysis chemistry, char formation, particle mass
transfer, particle tiermal properties, and particle physical behavior); b) Char
Reaction Chemistry at high pressure; c) Secondary Reactions of Pyrolysis Products
(including gas-phase cracking, soot formatien, ignition, char burnout, sulfur
capture, and tar/gas reactions); d) Ash Physics and Chemistry (including mineral
characterization, evolution of volatile, molten and dry particle components, and
ash fusion behavior); e) Large Coal Particle Effzcts (including temperature,
composition, and prassure gradients and secondary reactions within the particle,
and the physical effects of melting, agglomeration, bubble formation and bubhlas
transport; f) Large Char Particle Effects (including oxidatien); g) 350.-NO,
Submodel Development (including the evolution and oxidation of sulfur and
nitrogen species); and h) SO, and NO, Model Evaiuatioen.
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II1.A. SUBTASK 2.a. - CCAL TO CHAR CHEMISTRY SUBMODEL DEVELOPMENT AND EVALUATION

Senior Investigators - David G. Hamblen and Michael A. Serio
Advanced Fuel Research, Inc.
87 Church Street, East, Hartford, CT 06108
(203) 528-9806

Objective

The objective of this subtask is to develop and evaluate, by comparison
with Taboratory experiments, an integrated and compatible submodel to describe
the organic chemistry and physical changes occurring during the transformation
from coal to char in coal conversion processes.

Accomplishments

.

Work continued on the coal viscosity (fluidity) model. During the past
quarter, the effects of different maceral groups on viscosity were addressed.
The sensitivity of the model to the activation eneray for the temperature
dependence of the viscosity was also investigated. A value of about 80 kcal/mole
was being used. However, we recently became aware of data from the literature
on pitch carbonization where a value of 50 kcal/mole was used. We have also
obtained additional fluidity data on coals in the Exxon sample bank which will
be used to test the model.

In view of the importance of macromoiecular network models to the accurate
predictions of coal processing behavior, we have assessed the assumptions and
limitations of the proposed models. A comparison was made of the FG-DVC model
and two other network decomposition models, namely the DISARAY model of Niksa
and Kerstein and the CPD model of Grant and coworkers, both of which employ
percolation theory. We are considering using percolation theory instead of Monte
Carlo methods as the basis of our network decomposition model in order to reduce
the computation time for running the FG-DVC model.

An independent investigation was made of the rank dependence of the
‘pyro1ysis kinetics by doing experiments in a TG-FTIR reactor over a series of
heating rates (3, 30, 50, 100°C/min) with three coals (Pocahontas, Pittsburgh,
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No. 8, and Zap lignite; from the Argonnez set. A comparison was done of the rank
dependence of the rate constants for bridge breaking, tar evolution and CH,
evolution at 450°C, determined from analyzing the TG-FTIR data at several heating
rates and from fitting the FG-DVC model to fluidity, weight Toss and methane
evolution data at a single heating rate (3°C/min). The results indicated that
the rates for tar evolution or bridge breaking vzry by about a factor of 10 if
the Pocahontas coal is excluded, which is consistent with previous results for
coals from the same range of ranks. This correspands te a difference in T, for
tar evolution of - 40°C at a heating rate of 30¢°C/min. If the Pocahontas coal
is included, the rank variation for the tar evolution/bridge breaking rate is
about a factor of 50. This corresponds to a differeace in T for tar evolution
of - 65°C at a heating rate of 30°C/min. The rates for tar svolution are
consistent with those obtained by Burnham and coworkers at LLNL.

Work also began on adding the polymethylens species to the FG-DVC model.
These are long chain aliphatic species which are important components of the tar
in low rank coals. These will decompose by a free radical chain reaction rather

that the depolymerization/crosslinking reactions which are characteristic of the
primary coal network.

Viscosity Model

The previous modeling had been done by assuming that the coal was pure
vitrinite. However, the data reported by van Krevelen indicated a significantly
higher fluidity (lower viscosity) for exinite. The model was able to predict
the higher fluidity for exinite and its variation with rank by making two changes
in the coal composition file and one change in the model. The first change in
the coal composition files was to reduce the average monomer molecule weight in
the case of exinite. The second was to increase the hydrogen content from about
5.5% in the case of vitrinite to about 7% in the case of exinite. These changes
made the average molecular weight in the 1iquid phase smaller. A change in 2
model parameter was necessary in order to make it more sensitive to molecular
weight in order to match the available fluidity data.

We have also investigated the sensitivity of the model to the activation
energy for the temperature dependence of the viscosity. A value of about 20
kcal/mole was being used. However, we recently became aware of data from thz
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Titerature on pitch carbonization where a value of 50 kcal/mole was used. HWe
have also obtained additional fluidity data on coals in the Exxon sample bank

which will be used to test the model.

Percclation Theory

In view of the importance of macromolecular network models to the accurate
predictions of coal processing behavior, we have assessed the assumptions and
limitations of tha proposed models (Solomon et al., 1989a). A comparison was
made of the FG-DVC model and two other network decomposition models, namely the
DISARAY model of Niksa and Kerstein (1987) and the CPD model of Grant and
coworkers (1989), both of which employ percolation theory. It appears that the
way one performs the statistics {Monte Carlo, percolation theory, or other
statistical methods) makes 1ittle difference. For example, we have substituted
percolation theory methods for Monte Carlo calculations in the FG-DVC model and
obtained comparable predictions for appropriately restricted cases. The
important differences among models are in the assumptions for: 1) the network
geometry; 2) the chemistry of bond breaking; 3) the chemistry of crosslink
formation; 4) hydrogen utilization; and 5) mass transport. A paper was written
which compares the models and considers how the assumed network properties relate
to behavior observed for coal (Solomon et al., 198%a). This paper titled
"Network Models of Coal Thermal Decomposition™ is included as Appendix A.

Our current interest is in using percolation theory instead of Monte Carlo
methods as the basis of our network decomposition model in order to reduce the

computation time for running the FG-DVC model. This aspect of the work is
described below.

General Properties of Metworks - Figures II.A-1 and II.A-2 present the
networks employed in the FG-DVC Monte Carlo calculations and percolation theory,
respectively. For the FG-DVC Monte Carlo calculation, oligomers of ¢ clusters
of a molecular weight distribution defined by M,, and deviation (shown as the
horizontal chains of clusters) are linked by m, crosslinks per monomer (shown as
the vertical double lines) (Soiomon et al., 1987,1988). The crosslinks are the
branch points in the network where more than two bridges connect a cluster.
During thermal decomposition, bridges break, crosslinks are added and the
molecular weight of the oligomers is calculated by randomly distributing these
changes.



Unbreakable Bridge

[l «+—— Crosslink

Chain of . Monomers

Figure II.A-1. Macremolecular Network Used in Monte
Carlo Simulation.
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Figure I1.A-2. Bethe Lattice for a) Coordination Number 2.2
and b) Coordination Number 4.
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For the percolation theory, a Bethe lattice is employed (Niksa and
Kerstein, 1987; Grant et al., 1989; Fisher and Essam, 1861)}. Lattices zare
characterized by the coordination number (¢ + 1}, which is the number of possible
bridges per cluster. Figure 2 shows lattices for 0 + 1 = 2.2 and 00 + 1 = 4.
The Bethe lattice has no loops, but it has been demonstrated that this Tattice
is a good approximation to a Tattice of equivalent coordination number containing
loops (Fisher and Essam, 13961).

The ﬁoop free geometry of the Bethe lattice allows for the number of Tree
oligomers to be analytically expressed as z function of o and the probability
p of bonds being unbroken. This is the feature which makes the percolation
theory so attractive from the standpoint of computer efficiency and for
understanding the behavior of networks under conditions of varying bridoe
populations. In Fig. II.A-3, we present calculations using percolation theory
for three values of ¢ + 1 for the monomer, the sum of oligemers up to 3, up to
10, and the sum of all free oligomers as a +“unction of the number of unbrokzn
bonds per ring cluster ¢, where ¢ = 1/2 p (o + 1). If o remains constant during
pyrolysis, the molecular weight distribution is a single valued function of o.
For ring clusters of molecular weight 300 amu, the sum of 1 to 3 oligamers
corresponds roughly to the potential tar fraction (up to 900 amu), the sum of
1-10 corresponds to the extractable fraction (up to 3000 amu), and the zum of
all oligomers corresponds to the liquids fraction (all free oligomers). [t cen
be seen that with increasing o, more broksn bonds are required to achieve
equivalent fractions of free oligomers. Also the relative amounts of tar,
extracts, and liquids vary with o.

Comparisan of Monte Carlo Calculation with Percolation Theory - To further
illustrate some of the differences between the FG-DVC Monte Carlo model and
percolation theory calculztions, the extract yield calculated for a case with
tar evolution not permitted is plotted in Fig. I1.A-4 along with the pradiction:
of percolation theory for several values of o. The FG-DVC Monte Carlo
predictions are not a single valued function of @. As pyrolysis proceeds, thz

increase in extract yield follows ¢ + 1 = 2.2 while the decrease in extract yield
follows ¢ + 1 = 4.

It is important to know whether this result is an artifact of the Monie
Carlo calculaticn or a real feature of pyrolysis. Based on what is happening
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Figure II.A-3. Percolation Theory Predictions for Pyrolysis Products
(monomers, tar, extracts and total liquids) for Three Values of the
Coordination Number(c +1). 2)o+1=22,b)c+1=325andc)oc+1 =4.6.

a=p/2*(c+1)
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Figure IL.A-4. Extract Yield for a Lignite Predicted by the
FG-DVC Model. a) Extract Yield vs. ¢ and b) Variation in
¢« with Time Heating at 450°C/min to 936K.
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in pyrolysis, the result does make sense. For a bituminous coal, the initial
process occurring in pyrolysis is bond breaking. This occurs by breaking bridges
in the network described by ¢ + 1 between 2.1 and 2.5. No crosslinking is
occurring initially as the solvent swelling ratio is observed to increase during
this period (Deshpande et al., 1988). Eventually crosslinks start forming,
resulting in an increase in the coordination number and in a. The network thus
cannot adequately be described by a single coordination number. There is a
coordination number for 1labile bridges and a separate coordination for
crosslinks. This observation motivated the development of a more general
percolation network with two coordination numbers discussed below.

Two g Percolation Theory Method - In order to deal with a structure with
a time dependent coordination number, we consider a Bethe lattice with two types
of bonds, with coordination numbers and probabilities of occupation given by o,
+ 1, pand 0, + 1, q for the two types, respectively. Such a lattice for o, =
0, = 1 is illustrated in Fig. II.A-5. The analysis can be carried through using
the same procedures as Fisher and Essam (1961) or Grant et al. (1989), but with
extensions to deal with the extra variables as discussed in Solomon et al.
(1989a).

Figure I11.A-6 presents a comparison of the prediction for pyrolysis
assuming the FG-DVC chemistry using: a) the Monte Carlo calculazion, b) the two-
g percolation calculations (0, = 1, 0, = 1) and ¢ and d) two cases of the one-c
percolation calculation (0 = 2.2 and ¢ = 3.2). The calculations are made under
the assumption that no tar is evoived. The tar vaiues in Fig. II.A-6 are the
sum of 1-3 n-mers remaining in the char. The Monte Carlo calculation in Fig.
I1.A-6a is matched best by the two-o model if liquids are assumed to be the sum
of the first 100 n-mers (i.e., up to 300,000 amu). The two-o model has a
reasonable value for the initial extract yield but predicts slightly more initial
tar. Neither of the ons-o cases is a good match. Use of o= 2.2 is good at Tow
temperature but overpredicts the maximum values of extracts and liquids. Use
of o0 = 3.2 does a much better job on predicting the maximum values but the
initial ratio of tar to extract is not consistent with what is observed for coal
and the rate of increase of n-mers is too slow. It thus appears that the two-
o model can be used instead of the Monte Carlo calculations when no tar is
evolved, while one-og calculations are less accurate.
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Figure ILA-5. Bethe Lattice for Two-o Model with o7 = 1 (shown.
as single bonds) and ¢y = 1 (shown as double bonds). &) Fully
Linked Case (p= q = 1)1s Like One-o Model with ¢ = 3. b) With
Most Double Bands Representing the Crosslinks Not Yet Formed
to Represent the Starting Coal. The Lattice is Like a One-¢ Model
with ¢ =1, Linear Chains.
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Figure IL.A-6. Comparison of Distribution of n-mers for Pyrolysis
at 450°C/sec to 936K, a) Monte Carlo Calculation, b) Two-c Model
(61=1, 6g=1), ¢) One-G Model (¢ =1.2) and d) One-o Model, 6 = 2.2.
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The real test, however, is how well the models fit the data for coal. A
comparison of tar yield is not a sufficient test since o, and Aa can always be
selected in conjunction with the network geometry to fit the data. A critical
test requires a careful comparison of how @, and o(t) maich with measurement of
functional group changes in the char (e.g., the transformation of hydrogen
functional groups and bridges), solvent swelling behavior (i.e., crosslink
density), and the complete molecular weight distribution as reflected in the
amounts of tar, extracts, and fluidity. This work remains to be done.

Rank Dependent Kinetic Rates

A recent paper reported the development of a network model for coal
fluidity based con the FG-DVC model and its application to predict fluidity data
for a wide range of coals (Solomon, et al., 1983b). In order to it both the
fluidity data and species evolution data, the bridge breaking and methang Kinetic
rates were adjusted from those used in the original model which were rank
independent (Seric et al., 1987,1988; Solemon et al., 1988). An independent
investigation was made of the rank dependence of the pyrolysis kinetics by doing
experiments in a TG-FTIR reactor over a series of heating rates (3, 30, 30,
100°C/min) with three coals (Pocahontas, Pittsburgh, No. &, and Zap ligniiz)
which are at the extremes and midpoint of the rank range for the Argonne set.
A comparison of the rank dependence of the rate constants for bridge brezking,
tar evolution and CH, evolution at 450°C determined from analyzing the TG-FTIR
data at several heating rates and from fitting the FG-DVC model to fluidity,

weight loss and methane evolution data at a single heating rate (3°C/min) iz
shown in Fig. I1.A-7.

The rates for tar evolution are Tower than those used in the FG-DVC model
for bridge breaking. This makes sensz since the latter doss not include
transport. The rates for tar evolution or bridge breaking vary by about a factor
of 10 if the Pocahontas coal is excluded, which is consistent with previous
results for coals from the same range of ranks (Solomon and Hamblen, 1935). If
the Pocahontas is included, the rank variation for the tar evolution or bridge
breaking rates is about a factor of 50. The rates for tar evolution are
consistent with those obtained by Burnham et al. (198%) for total nydrocarbon

evolution from Rock Eval analysis of the same coxls. This data is also shown
in Fig. II.A-7.

- 21 -



Rate Constant at 450°C

0 5 10 15 20 25
Oxygen Content (%)(daf)

Figure IL.A-7. Comparison of Kinetic Rates at 450°C for Bridge Breaking (BB),
Tar Formation, and Methane-Loose (CHy4-L) Formation. (M) BB, (A) CHy-L from
FG-DVC Model Fits; (00) Tar, (@) CH4-L from TG-FTIR Data; (&) Tar from
Burnham et al. (1989). Dashed Lines are Rank Independent Parameters.
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The kinetic parameters determined by either method for methane (loose
evolution are similar and show a much lower rank dependence. Finally, the rank
independent parameters used in the original FE model are shown as horizontal
dashed lines. These are in better agreement with results from the lower rank
coals, which was expected since the set of coals used to obtain those parameters
did not inciude the higher rank coals (Serio et al., 1987).

Polymethylenes

There is present in coals varying amounts {typically 0-3%, but in some
cases as high as 18%) of leng-chain aliphatics {polymethylenes). These have
recently been reported in pyrolysis products by Nelson (1887) and by Calkins and
coworkers (1984a,b,c,1985) and references quoted therein. The chains appear
alone and attached to aromatic nuclei. During devolatilization, the smaller
molecules may be released without bond breaking and the heavier molecules with
bond breaking to contribute to the tar. The presence of these polymethylenes
makes the tar more aliphatic than the parent coal. Further cracking of this
material under more severe devolatilization conditions produces ethylene,
propylene, and butadiene from which the concentration of polymethylenes may be
determined (Calkins, 1985). Presently, the polymethylenes are included in the
FG model as part of the aliphatic functional groun pool, which is assumed to
decompose to produce gas products, not tar. This leads to an error in
determining the H/C ratio in the tar which can be important for low rank coals
{Freihaut et al., 1988). If the amount of heavy polymethylenss is determinad,
thase can be computed as a separate functional group pool with an appropriate
release rate and added to the tar. However, strictly speaking, the
polymethylenes should also be included as a type of oligomer so that the smaller
species can vaporize directly, without bondbreaking. This would also allow the
polymathylenes to be included in the extractable species.

The problem of vaporizing the small polymsthylenes and including them ir
the extract yield are related. For most coals, there is & Tow temperature far
peak which is polymethylene-rich but also inciudss aromatic tars. Currently,
the FG-DVC model uses an interactive procedurs at the beginning of a simulation
which adjusts the oligomer length to match the sxperimental pyridine extract
yield with the molecular configuration in the computer. The model considers
extract to be those molecules which are less than 3000 in molecular weight.

N
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However, this does not produce tar molecules which are Tight enough to vaporize
at low temperatures. A possible route to achieving the desired bimodal tar
molecular weight distribution is to start out with a large oligomer Tength and
allow the coal to undergo pre-pyrolysis using geological time-temperature
profile. A second possibility is to.use a distribution of oligomer sizes.

A Titerature review was done on the occurrence of polymethylenes in coals
in order to help formulate a strategy to address the problem. This is included
in Appendix B. This information can be summarized as follows:

1. Polymethylenes, (CH,),, are present in coals at a level of 0 - 18
wt.% depending on rank.

2. Very high rank coals (anthracites) contain very 1ittle (CH,), while
low rank coals {lignites) generally contain at Teast 10 wt.%. The
amounts for coals of intermediate rank are highly variable and depend
on geochemical factors.

3. Exinite macerals are high in polymethylenes, followed by vintrinite
and then inertinite.

4. A significant fraction of the (CH,), are attached to aromatic
structures in the coal and are not readily extractable.

5. The (CH,), are the precursors for the ethylene, propylene, and
butadiene produced from high temperature pyrolysis of coal. They
are not precursors for methane, benzene or other 1light aromatic
compounds.

6. The (CH,), appear to play an important role in donating hydrogen to
stabilize the reactive aromatic fragments.

~!
.

The (CH,), appear to decompose by a free radical chain reaction which
is different than that observed for pure (CH,), in the gas phase.
They also decompose differently than the main coal structure.
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8. Some of the (CH,), are 1ight enough to vaporize directly without bond
breaking. The low temperature tars which evolve prior to the main

decomposition peak and the low temperature extracts from coal are
enriched in (CH,),.

9. The vaporization laws which apply te (CH,), will be different than
those which apply to the aromatic tars. For a given molecular

weight, aliphatic compounds are more volatile than aromatic
compounds.

10.  The (CH,), will not participate in crasslinking reactions in the szme
way as the rest of the (aromatic) tar molecules.

A1l of these factors must be addressed to correctly deal with the

occurrence of polymethylenes. However, somz can be neglected in the firzt
generation model. ’

Plans

Complete work on viscosity model. Centinue work on refinement of rank
dependent kinetic parameters. Continue investigation of the use «f percolation
theory to increase the FG-DVC code efficiency. Complete work on additien of
polymethylenes to FG-DVC model. Complete work on pora transport wodel. Eegin
work on swelling model and on refinement of tar mass transport model.



II.B. SUBTASK 2.B. - FUNDAMENTAL HIGH-PRESSURE REACTION
RATE DATA

Senior Investigators - Geoffrey J. Germane and Angus U. Blackham
Brigham Young University
Provo, Utah 84602
(B0i) 378-2355 and 6536

Student Resesrch Assistants - Chuck Monson, Russell Daines,
and Gary Pehrson

Qbjectives

The overall objectives of this subtask are 1) to measure and correlate
reaction rete coefticients Tor pulverized-coal char particles as a function of
char burnput in oxygen &t hich teniperature and pressure and 2) tc provide
vinetic rgte measurements of sulfur species with sorbents for & range of
st¢cichiometries under laminar, high-pressu%e conditions.

Accomplishments
Worx continued duriag the last quarter on the testing of the nigh-
oressure, controlled-provile (HPCP) reactor., the preparation and

crneractarization of char, and the kinetics of char oxidation at high pressure.

High-Pressure Reactor Desi.in and Fabrication

During the reporting period, modiTications were pertormed on the feeder
gnd the prehegter. Plugging of the small, stainless-steel feed tubes with
perticlias Trom sticky cozl occurred during initial feeder tests. The tubes
were repleced with tubes of a larger inner diameter to eliminate the plugging.
Thne feed rete wes 2also reauced with a 2C:1 gear reducer. allowing slower feed
rztes without plugging.

itial testing alse l2d to changes in the preheater design. It was
tound thet the cast azlumi~a tube that surrounds the heating element was not
igrge engugh to ailow sufficient hezter movement. Because of thermal strasses
guring hegting, the lower portion of the element spread and bent to one side
s operating temperatures were reached. During testing. the heating element
ceme into contzct with the surrounding tube, resulting in breakage of beth the
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glement and the tube. The onreheater is curraniiy convigurad withou

u

fut)
fus
Y
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surrounding tube or the packed bed and provides sufricient hest o tne
]

sacencdary Tlcw &t low pressure. The packed pad and & lerger tupe will >z
¢dded, iT neesded, Tor hich-pressure, high-7iow operation.
Initial testing showed unaccepiably high temperatures in ihe hezzter

sho
DerT 07 the reactor.  This temperaturs musti remain Delow

2CCess
Centigride 0 prevent overneating oFf the heatsr ends. A& radiation snigld
consisting oF 2 ceramic blankei was added which substantially reduced tne nort
Temperegturs. During subsagueni testis the tfamperature nas not exceeded 150
cecraes

The gas 7iow syvstem that will control and measure the Tlows entering and
exiting the reacior is Deing assempled. Complation of tnis system will zllow
the rezcior to be operaied at Tull design pressure. Delays in delivery o7

regdes compeaents neéve prevented completion of the reactor Tlou
‘ ns .

instrumentasion/0ntics - A microcomputer was obtained Tor use with wn

instrumentation system. An eight-channel, 12-bit &nalog-to-digital convarier
{&/D) board, & multiplexer, and a six channel, 12-27% digital-to-anzloa

converter (D/A) bosrd have been ordered for the microcomputar. Tha
multipiexer has sixteen channels with cold-junction compensation for
thermoccunle temperature measurements. A1l thermocouples will be conrecszd
Tarougch the muitipiexer to one cnhnannel of the A/D board. The remaining input
chenneis will pe usad to record gas Tlows and pressure. Four channels oF the
D/4 boerd will provide control signels to the heater controllers. Tnz

output chénnels will be used in the future if tha Tlow meters are converiszd to
Tlcw controllers.

Tz

(=)

The possibility of using & video microscope system to obtain in-s5itu
particie size infermation 45 being exemined. Such oaystems hive Doen
successtully used in coembustion studies (Glass and Zygourakis, 1983; HMclollar
2t gl., 1987). Tne pzrticle-imaging system being assembled for this projzct
will provide particls temparature and velocity with redsonzple acouracy.
megsurement of the ocarticle heighi as it falls through the optical volume cin
¢1so e obtainec, but no inTormetion on the aspect ratio o7 the particie car
De extrgcied. 2 video sys:em which viszws the particle stream orthogonzlly o
1's visw would provide the hegight and widsh of thez perticls
1Termation on pirticle spacing.
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har/Tar aration - The cyclone separator was modified this quarter
under separate fTunding to more readily allow the removal of collected
perticlas when the reactor was operating at pressures above atmospheric. The
collection aree is connected to a porous metal Tfilter through an in-line

1

velve. A vaive wés also instalied to release the filter pressure aiter the
in-Tineg v@ive was closed. This system aliows & stream o7 gas to scavenge the
the cyclone just before the sample is collected to ensure that all
The particles move to the collection area.

ne cvclone and impactor were tested this gquarter with 10-pm-mgss-mean-
giemets~, powdered limestone. Using the results Trom the cyclone tests in
njunczion with & correlazion suggcested by Parker, et al. (1981) for cyclones
rzting &t high temperatures and/or pressures, it was found thet the 90-
t-cut dismeter (the particle diameter at which 90 percent o7 the
t25 that size will be collected) will be below 15 um Tor 211 runs,
indicszting tThet most oF the char particle mass will be coliected in the
2 The tar coiiected in initial coel devolatilization tests supports
this opservation. Using the SEM, only very fine char particles were found in
Tar. 4350, there wi3s virtually no recoverable tar on the cyclione
25, so it is likely :hat there is zimost no tar condensing on the char.
s on the impicior indicate that the observed 50-percent-cut diameter
roximetely the target design point of 5 um: almost all partiicles larger
C pum o into the impactor’s char collection probe. Overall efficiency
of the collection system, configured for either char oxidation or coal
Tizgtion, should be high.

Char Preparation at High Temperature and Pressure

Plan - The main objective of the char preparation aspect of this study
is tc prepere char by three different methods: 1) a simple, hot-tube reactor

gt atmosgheric and elevated pressure, 2) the BYU high-pressure, entrained-7low
gasitier., &nc 3) the high-pressure, cont}o11ed-profile (HPCP) reactor that has
oeer Tsbriceted vor this subtesk. Some char samples have been preparecd in the
EPC? 10 serve as refarence chars te which other char samples from the simple
hot-tubs resctor @n¢ the gasitier can be compared. The purpose oF this
comparison will be to determine how closely the properties of the chers
praagrad with the simple reactor and the gesifier compare to the properties of
trz chars prepered by the HPCP recctor. If the properties are sufficiently
close for similar temperaturas, pressures, heating rates and residence times,

- 28 -



then confidence will be established in the measured val

ues of the pszidizion
kinetics of the chars prepared with the simple not-tube reactor
it is plenned that chars will pe presared from Tive ¢ivTerent coelz: 1)
Utah bituminous. 2) WNorth Dzkotz lignite. 3) Wyoming subbituminousz, &)
17inois No. & bituminous, and 5) Piztsouron MNo. & bituminous., A Tew winglic
11 be made witn premium semples Trom the Argonne coal bank. Acditiongd
runs will De made with bulk sempies aveilable gzt the BYU Cembustion
Lzborsicry.

Literature Survey - A recent papar bv 0On., Petars end Howard
descripes the formztion of bubbles &and their

gtransport within ths oozl
perticie guring pyroiysis. It was 7ound tnai 3s the coal rezcnes & crivic:)
temperature (tne softening point), the Ditumzns melt and the coal becomes mors
plastic. AS the cozl becomes Tluid. viscous flow of material Dlochs porzs,
reducing the onen pore structure of the coal. VYolatiles divvusz either fo the
particie surf

T

ice or to the bubbles disperssd throughout the moizan coil.
g1

r fn
Evidence ©F such bubble Formation in Pittshurah No. & coal has been Tound with
ol

Char Pronerties for Kinetic Tests - Over the course of this study,

&
number of samples of small gquantities of char have Deen prepared n the
simple, hot-Tube rezctor &t various temperaturas, Dprassure:, residence time

1%

gn¢ heating rates from Utsh ditumincus coal and Pittshurgh No. & pitumingus
coal. Dztz for some of these chars ware given in the 10Mh Quertarly Rapor:
21., 1989). Eight chars wers produced from Pittsburan Ho. & <ol
530 ¥ and nearly 10 atm in the HPCP and hot-tube (KT} rzactors
n ne reporting period. The preparation femperaturss, Presiurs: and
residence times for these chars are summarized in Teble I[I.B-1.

[11]
ot
<
&)
o)
rt
ct o
=t

2

2 large guantity of sample P3-15 wes prepared from size-fracticnitac
(62-75 microns) Pittsburgr No. 8 cosl in tne simple hot-tube reactor “or chzre
oxidaticn kinetic tests in the HPCP? reactor. Because of tne swelling nature
o7 this c¢oz’. the reguirad Targe cuantitiss of cher Tor

wers prapared bv & two-pass procedure to avoid plugging of tne reactian Tudz.
The first pes:s wss throuch @ large-diamster, ceramic tube (22 mm “n
¢iamste~) at & short residence time tc separata some of the far ¥From Thz Ihir.
The intermedizte char wes then peszad theough 2 smaller car

inside ciemazer) at 1530 K. I atm.
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Cher semples PB8-16 anc PS-17 were preparac in the HPCP rezctor. Runs
vere made wi:ﬂ Pitisburgn No. 8 coal at 13B0 ¥ and &t 1 and 3

gtm. Thn® wazt
cooled injection probe was used tTo introcuce the coal into 2he reaction Tude.
The preneated sscondary tviow of nitrogen asnd tnhe hot reaction tubs wills
brought the szmole up to tsmparature. 4 cold nitrogen

@ro-

cusnen in Lna
zollection prokbe prevent further devolatilization. The cyclone was uszsag
collect the char. Sl1gh; plugging occurred at the tip of the water-roo
injecticn prche sfter zbout 6 grams of cogi were Ted, but no other problzms
W2rg encountarad.

e

Tabie II.B-1 zisc Tists TGA critical temperztures vor several ol thsz
Chars producec. The critical temperaturas Tor chérs prepared in the Twa
razciors under similer temperaztures and pressures zgree very well, tnoucn tha
rasigence timeg in the hot-tube reacior wes goout one-third of thet in tThs HPCP

regctor. The cdetzrminztion ¢F other properties Tor charactarizing thess chir
is in progress put has not yet been completed dug to probiems with
anilyzer,

SzM micrographs have been taken of the chzr samples, inclucing insz
cxidizec char szmples obtiined Trom the HPLP reactor. The detaileg analysis
of the microgrzphs is 21so in progress: howaver, preliminary observgtions zrz
given below.

Initial studies oFf the SEM's of the Pitisburgh No. B8 char
through P8-17 show zn gifect of residence timz on porosity. AS the residesnce

time {ncreases vrom 17 to 80 ms. the porosity oF the particles zpperenitly
increasss. tnough lsss tnan tTor the Utih Dbdituminous coal. The porous

pérticles in the Pittsburgn No. 3 cher could b2 due to the fact that volatile
evoiution comes about by bubbles. These bubdles seem to exit through ths
pariicie wall and lezve & large circular hole and somz smgll circular holes.
The porcesity found in the Utan bituminous char did not show many circular

hcles but razthsr & honeycomb-snzped pore struCture on the surface of Ire
perticises.

A7s0, chars for whicn C, ¥ and N anelyses zre avail
cecreasing hycrog
1

gblz show & trenc of
2n content in the chir witn incrazsing resfdencs
988). For chars prepared 3t 1330 K end 1

(Sciomon et &i..

atm., ths mass o7

sydrogen in tne Pittsburgh No. 8 char decreaszd Trom 2.4 to 1.3 percent 25 tha
- 31 -



residence time increzsed from 31 to 92 ms. This previousiy reportec trend wes
also shewn for the Utzh char.

Kineti T Char-0Oxvgen R tion High Pr r

Oxidation tests oF the Pittshburgh No. 8 bituminous coai char sampie P8-
5 were conducted in air &t atmospheric pressure in ithe HPCP reccicr. The
cooled injection probe was positioned to obtain particie residence tTimes of
zouz 50 anc 100 ms. Resceor wall temperature was varied from 1173 to 12581 K.
na test conditions are shown in Teble I1.B-2.

)--

Gzs temperatures wers measured before each test with & Type-S
q &s inserted through the injection probe and moved along tThe
zxis of tne reaction tube. The l-mm-diameter thermocouple bead wés nestec
c

ggzinst & 3-mm ceremic tube thet sheathed the thermocoupie leads. Temperziurs
measur & 1o radiation from the rezction tube wall were neglacted

he spall size and low emissivity (<0.1) of the thermocouple beac

Particle temperature was calculatad using an energy balance that has been
shown t6 ¢ive resuits consistent with pyrometry measursments (Ayiing and
Smith, 1G77:..

The brezkdown of the CHN eanalyzer has <temporarily delayed the
cecermination of rezctivities or kinetic parameters for samples collected Trom
The coxication tests. The analyses of unoxidized char titenium content will
glso be completed for independent determination of char burnout.

her Activiti

Centinued discussions on cher and tar preparation and analysis were held
with other researchers in the Acvanced Combustion Engineering Research (Canter.
Mestings were helcd to review the stetus of analytical and test equipment and

to discuss specific arrangements for sharing analytical capabiiities. A
member ¢f the reseaerch ieam attended the ACERC First Symposium on Advances in
Ccz1 Spectroscopy at Selt Lake City. Uteh in June, 1889.
Plans
Additiona’ kinetic t-sts with Pittsburgh No. 8 bituminous coal cher, and
getveiied CHN, TGA enc SIM anaivses will be completed durinc the next quarier.

1
Tests witn other coals will be initiated. The HPCP reacior instrumentation
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Sample

P8-15-

IChar

1

.1}

[ S|

Sizegl
Ji

64-75

size fraction,

Quant..

an.

2.0

TABLE 11.8-2.

PITTSBURGH NO. 8 CHAR OXIDATION COMDITIONS

Mall Temp. Gas_Temp.

K K

1173 880
1173 960
1277 955
1277 1031
1370 975
1461 1239

Res. Tim

ms.

62

0.21

0.21

0.0760
0.06%0
0.0665
0.0625
0.0631
0.0655



and control system will be completed, and assembly of the optical systiem will
continue. Signal concditioning and input/output boards will be instailed in
the micrccomputer., and the development of control aigorithms for heater &nd
flow control wilil continue. The installation of all necessary

insyrumentation, such as fiowmeters, pressure gauges, and thermocouples, will
b2 compistec.

(&%)

N BY
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II.C. SUBTASK 2.c. - SECONDARY REACTION OF PYROLYSIS PRODUCTS AND CHAR BURNOUT
SUBMODEL DEVELOPMENT AND EVALUATION

Senior Investigator - Michael A. Serio
Advanced Fuel Research, Inc.
87 Church Street, East Hartford, CT 06108
(203) 528-906

Objective

The objective of this subtask is to develon and svaluate by comparison with
laboratory experiments, an integrated and compatib1e submodel io describe tha
secondary reactions of volatile pyrolysis products and char burnout during coal
conversion processes. Experiments on tar cracking, soot formation, tar/gas

reaction, char burnout, and dignition will continue during Phase II to allow
validation of submodels in Phase II.

Accomplishments

Discussions continued with BYU on the modeling of the Transparent Wall
Reactor (TWR) experiments with the Montana Rosebud Coal. This work is being
reported under subtask 3.a.

Work was also done to modify the TWR experiment to do pyrolysis and
combustion experiments with FT-IR measurements of particle temperatures. During
the past quarter, a series of pyrolysis experiments was done with Zap ligniiz
and Pittsburgh seam bituminous coal. These experiments included FT-IR ga:z and
particle temperature measurements, thermocouple measurements of the gas
temperature and collection of char samples with a probe at six different haignts.
The particle temperzture measurements were used to reconstruct the particlz
temperature-time history. Thes pyrolysis yields were then simulated with the FG-
DVC model and the results wers consistent with tha kinetic ratzs mezsuced
previously at high heating rates at AFR and Sandiz for experiments whers pariicls
temperature measurements were made.

J
(V]
01

i
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In-Situ FT-IR Diagnostics in TWR

Introduction - In the Tliterature, there are orders of magnitude
discrepancies in the reported rates for coal pyrolysis weight loss or tar loss.
The conflict in values and the reasons for the conflict have been discussed
previously (Solomon and Hamblen, 1985; Solomon and Serio, 1986). These studies
concluded that inaccurate knowledge of coal particle temperatures was the chief
cause of the variations.

To improve the knowledge of particle temperatures, a new method was
developed which employs a Fourier Transform Infrared (FT-IR) spectrometer to
measure the emission and transmission (E/T) in a reacting particle stream
(Solomon and Hamblen, 1985; Serio et al., 1987). This technique has been applied
to measure the temperature of ccal particles in an entrained flow reactor (EFR)
(Best et al., 1986; Solomon et al., 1987) and a heated tube reactor (HTR)
(Solomon et al., 1986a). The kinetic rates, determined from these experiments
for a number of coals and lignites (8.6 x 10" exp(-228,500/RT)sec” for tar Toss
or approximately half this value for weight loss) was the highest ever reported
at temperatures above 600°C. There were, however, some limitations to these
experiments. The EFR experiments only allowed optical access for temperature
measurement at one position and the HTR was limited to non-swelling coals.
Recent experiments by Fletcher (1989) in an apparatus which does not have these
limitations and which employs temperature measuremants by 2-color pyrometry have
confirmed these high rates within a factor of 2 for both Tow and high rank coals.

During the eleventh quarter, kinetic rato measurements were made on a Zap
North Dakota lignite and a Pittsburgh Seam bituminous coal in a transparent wall
reactor (TWF) which does not have the limitations of the HTR or EFR. The
temperature mzasuremenis were made with the FT-IR E/T technique. This reactor,
with the irn :itu FT-IR diagnostics, will be used under this subtask to make
spatizlly rziolvecd measurements on coal flames using a tomographic technique.
These measurzvents will provide fundamental data on the processes of ignition,
soot formati-n, and char burnout. The pyrolysis experiments allow a test of the
experimenta’ and optical systems for a simpler set of conditions.

Experi-ental - The measurement of particie temperatures from the particle’s
emitted radiczion is difficult if the pyrolysis reactor has hot walls. In this
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case, wail radiation scattered by the particles interferes with the emittad
radiation. To overcome this problem, the pyrolysis experiments in this study wers
performed in a reactor with relatively cold wzlls. The apparatus iz a
transparent wall reactor (TWR)} which has been previously described (Solomon =t
al., 1989). Nitrogen is passed through a heat exchanger and enters a reaction
section at approximately 850°C. Coal entrained in cold nitrogen carrier gas is
injected through a co-axial 7 mm diameter tube inito the preheated stream. An
octagonal glass enclosure shields the pyrolyzing stream from room air currents.
The glass enclosure has movable KBr windows to allow access to the flame for
radiation measurements. Particle velocities were maasured using a video camera

under slightly oxidizing conditions which allowad a small percentage of thes
particie to ignite.

To measure temperatures of pyrolyzing coal particlies, saveral other
problems had to be overcome. Because pyrolysis in this reactor occurs at
relatively low temperatures (600-800°C), the measurements are made in ths mid-
infrared where sufficient energy is emitted. In addition, coal is not a gray-
body and its emissivity changes during pyrolysis. To overcome this problem, the
temperature has been measured using the amplitudsz of the radiated energy in a
frequency range where the emissivity is close to one and independent of ths
extent of pyrolysis. The transmission is used to determine the emitting surface
area of the particles. Finally, soot radiation cen mzke the particle temperature
appear much higher than it really is. Mzasuremenis have been made with a gas
temperaturs of 850°C so soct formation did noi occur.

The coals studied in this work were a dried Zap North Dakota lignite and
a Pittsburgh Seam bituminous coal. The ultimate znalyses are approximately those
reported in Serio et al. (1987). Both samples were sized to 200 x 325 mesh.
Weight lToss was determined from captured char particles, by ash tracer analysis,
using a Perkin Elmar TGA.

Results and Discussion - The emission specirz for the pyrolyzing particles
at 15 cm above the injector are presented in Fig. 1I1.C-1. The spectra zre
normalized by the emitting surface area using thz mzasured attenuation at 3300
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cm’ assuming a total extinction efficiency of 1.2. The spectra are not gray-
body. They reveal the infrared absorption bands in the char. Notice the higher
hydroxy1 and carbonyl bands in the 1ignite and thz higher aliphatic and aromatic
C-H bands in the bituminous coal. Bands for pyrolysis water, €O, and CO zre
also apparent. Also shown are theoretical black-body curves. Particle
temperatures were determined by matching the theoretical curves to the radiance
at 1600 cm”, where the emissivity is approximately 1.0 (Best et al., 1986).

Spectra such as these ware obtained for both coals at positions between
5 and 40 cm. In addition, char samples were capiursd at a number of locations.
The results for the Zap lignite are summarized in Fig. II.C-2. Figure I1.C-2a
shows the temperature measurement in the reactor made using a thermocouple and
the FT-IR E/T technique to determine both particle and CO, temperatures (Solomon
et al., 1987,1989). The CO, and particle temperatures agvee to within 100°C.
The thermocouple temperature measurements averzgad across the estimated width
of the particle strezam are also in reasonable agreement except early in the
reaction when the particle are heating and late when the gas is cooling. The
particle’s heating rate is about 5000°C/sec.

Figure II.C-2b shows the weight loss determined by ash tracer analysis.
These are compared to predictions of the F&-DVC model (Solomon et al.. 1983).
The kinetic rates for bond breaking used in the FG-DVC model is
kg = 8.6 x 10™ exp(-228,500/RT) sec”’. The prediciions using 10 and 0.1 times
this rate are also shown. The agreement is best with the highes:i of the three
rates.

The results for the Pittsburgh Seam coal zre presented in Fig. II1.C-3.
Thesz results also agree best for k.x10. Conseguantly, the high heating rate
datz do noi show much of a rank variation. However, these measurzments are noi
as sensiiive to factors of 10 difference in rate.

Conclusions - The high kinetics rates for tar evolution or weight lo:zs
recently reported by Sclomon et al. (1985,19853), Serio et al. (1987) and
Fletcher (1988) have been confirmed. At high heating rates, significant

[
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pyrolysis occurs within 100 ms at temperatures between 700 and 1000 K for both
a lignite and a bituminous coal.

Plans

Modify TWR apparatus to make the flame more stable. Continue work with
BYU on simulation of the TWR data.
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I1.D. SUBTASK 2.d - ASH PHYSICS AND CHEMISTRY SUBMODEL

Senior Investigator - James Markham
Advanced Fuel Research, Inc.
87 Church Street, East Hariford, CT 06108
(203) 528-805

Objective

The objective of this task is to develep and validate, by comparison with
laboratory experiments, an integrated and compatible submodel fo describe tie
ash physics and chemistry during coal conversion processes. AFR will provide
the submodel to BYU together with assistance for its implementation into the BYU
PCGC-2 comprehensive code.

To accomplish the overall objective, the following specific objectives zre:
1) to develop an understanding of the mineral matier phase transformation during
ashing and slagging in coal conversion; 2) To investigate the catalytic effect
of mineral matter on coal conversion processes. Data acquisition will be focused
on: 1) design and implementaztion of an asnh sample collection system; 2)
developing methods for minerzl characterization in ash particles; 3) daveloping
methods for studying the catalytic effect of minerals on coal gasification.

Accomplishments

Work continuad on imprcving the colleciion of ash from the entrained flow
reactor experiments with the eight Argonne coals. It appears that most of ths
problem for the Upper Freeport coal, where low collections ware obtainsd, wasz
due to particles and ash sticking in the collection probe. This appears to b=
solved by rinsing the probe with acetone.

SEM/X-ray znalysis was donze on the extracted material and comparad to that
collected in tha cyclone. It was found thai there was some differentiation.
The former materizl was higher in iron and sulfur, Tower in aluminum and silicon

and about the same in alkali content.

- 43 -
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Work on the effects of minerals on char reactivity continued. As discussed
in the previous quarterly, a particular area of interest is the investigation
of the effects of Na on the reactivity of demineralized Zap coal. It was
observed that a loading of 0.5 wt.% Na significantly increased the reactivity
of a char produced at 900°C in a TGA but that a Toading of 2.0 wt.% Na
significantly reduced the reactivity of a char produced under the same
conditions. In both cases, a comparison is being made ts char produced from the
demineralized Zap coal. Surface area analyses were done of the chars during the
past quarter. It appears that a significant reduction in the CO, surface area
can explain the Tow reactivity of the 2.0 wt.% Na char. The reason for this has
not yet been determined. SiM photographs do not reveal anything unusual about
he char morphology.

Ash Collection

The material balance problem in the entrained flow reactor appears to have
been solved. Material adhering to the interior of the extractor was not being
removed physically, but has been removed by additionally employing an acetone
rinse step. X-ray analysis of the extractor material has shown it to be enriched
in iron and sulfur and depleted in aluminum and silicon as compared to the
material deposited in the cyclone. The alkali contents of the material are
virtually identical. The SEM photomicrographs (Figures II.D-1 thru II.D-5) of
the materials show the extractor material to have a fused surface with adhering
particles, while the cyclone collected particles tend to be more individual.
The particles which appear to be adhering to the extractor material do not show
the wide range of morphologies of the cyclone collected particles.

Experiments have shown that the helium quenching tends to increase the
fouling of the extractor, as shown in Table II.D-1. It is unclear whether this
is due to forcing material against the cold extractor walls or some other effect.
X-ray eznalyses of extractor and cyclone collections with and without helium
guenching have shown no appreciable differences between the extractor collections
or between the cyclone collections, as shown in Table II1.D-2. However, the
extractor collection made with the helium quench off is higher in sulfur than
that made with the helium on. The SEM photomicrographs appear to show a greater
number of particles adhering to the fused framework with the helium quench off.
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TAULE I1.D-% - ASH DISTRIBUTION FOR UPPER FREERORT EHTRAINED FLOW REACTOR RUMS

vith lie Uithout lie 1 m/s Without He

(Lod Gas Velocity) (Lou Gos Velocity) Clligh Gns Velecity)
Cyclone 39.0% 78.4% 76.5%
Cas, 1mp, 3.7% 2.6% 2.2%
Extroctor 2.2% 0.0% 0.1%
£xt. Wash 50.1% ?.8% 12.9%
Cya. Hash 3.0% B.9% 6.8%
C.T. Hash 0.4% .35 1.4%
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TAHLE 11.D-2 -~ ELFHENTAL ANALYSIS OF UPPER FREEPORT ENTRAINED FLOW REACTOR ASHES

100X Surn-Out 100% Burn-Out
We-Quench OH He-Quench OFF —
Crucible

£ lement* Rau Coal Ash Cyclone** Cyclone Extractor Cyeclone Extractor
Na 0.58 0.00 0.14 0.00 0.00 0.00 0.00
Mg 0.34 0.00 0.27 0.00 0.00 0.00 0.00
Al 14.11 12.83 12.63 16.60 10.38 12.97 . 5.96
Si 21.23 18.33 20,49 24.50 17.01 27.99 10.56
K 1.76 2.16 1.43 2.16 1.80 2,54 1.22
Ca 3.08 2.83 6.62 3.08 3.03 J.16 4,38
ri 0.71 1.64 0.74 1.30 1.29 1.62 0.95
s¢o) 9.05 0.24 0,33 0.62 0.67 0.29 2.69
S(m) 4,64 0.58 0.94 1.07 1.42 0.31 7.35
fe 4.79 18.72 10.38 4.94 22.31 8,92 28.42
* All values are weight % with ash normatized to 100%.

Fe values ore weight % Fe in oxide form only.

LA Ho extract wash or mechanical cleaning of extractor.
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Figure II.D-1. Cyclene Collection. Upper Freeport 1007 Burn-out with
He-Quench On.
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Figure ILD-2. r Vashi j
oe Extractor Washings, Upper Freeport 100% Burn-out, He-Quench



Figure ILD-3. Cyclone Collection, Upper Freeport 100% Burn-out, He-Quench Off.
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giﬁgure IL.D-4. Extractor Washings, Upper Freeport 100% Burn-out, He-Quench
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Figure ILD-5. Cyclone Collection, Upper Freeport 100% Burn-out, He-Quench OfL.
No Extractor Clearing.
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Char Reactivity

Work on the effects of minerals on char reactivity continued. As discussed
in the previous quarterly, a particular area of interest is the investigation
of the effects of Na on the reactivity of demineralized Zap coal. It was
observed that a loading of 0.5 wt.% Na significantly increased the reactivity
of a char produced at 900°C in a TGA but that a loading of 2.0 wt.% Na
significantly reduced the reactivity of a char produced under the same
conditions. In both cases, a comparison is being made to char produced from the
demineralized Zap coal.

When surface area measurements were made on these chars, the results were
rather surprising. The CO, BET surface areas for the chars from demineralized
Zap, 0.5 wt.7% Na and 2.0 wt.% Na chars were 274, 259, and 0.5 m?/g, respectively.
The N, BET surfaces areas for the same set of chars were 287, 19.5, and 0.9 nt/qg,
respectively. The results would suggest that, at high Toadings, a complex is
formed which drastically reduces the surface area during pyrolysis of the ioaded
coal. It appears that the significant reduction in the C0, surface area can
explain the low reactivity of the 2.0 wt.% Na char. The reason for this has not

yet been determined. SEM photographs do not reveal anything unusual about the
char morphology.

Plans

Continue study of mineral effects on the reactivity of low and high rank
coals. Continue work on x-ray and SEM analyses of the separate ash collections,
continue ash collections in the entrained flow reactor and study the
possibilities of using the entrained flow reactor’s extractor to measure fouling
properties of coals.
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I1.E. SUBTASX 2.e. - LARGE PARTICLE SUBMODELS

Senior Investigator - Michzel A. Serio
Advanced Fuel Researchn, Inc.
87 Church Strect
East Hartford, CT 05108
(203) 528-3808

Objective

The objectives of this task are to develop or adapt advanced physics and
chemistry submodels for the reactions of "large” coal particles (i.e., particies
with significant heat and/or mass transpori limitations) and to validats the
submodels by comparison with laboratory scale experiments. The result will be
coal chemistry and physics submodels which can be integrated into the fixed-bed
(or moving-bed) gasifier code to be developed by BYU 1in Subtask 3.b.
Consequently, this task will be closely coordinated with Subtask 3.b.

Accompl ishments

The main modeling activity during the past quarter was to develop a revised
version of the FG-DVYC model which does not have a Tot of extranecus variables
which have accumulated over many years of development. This new version will
be used by BYU in the Fixed-Bed Reactor Model and will eventually replace the
version which is now in the Entrained Bed Modal (PCGC-2). During the pa:zt
quarter, discussions were held with BYU to reach an agreement on the features
of the new version of the model. These discussions were complatad and work on
the new versicn began late in the quarter.

Work continued on testing the AFR fixed-bed reactor system. Some
preliminary coal pyrolysis experiments were done with Zap lignite coal. The

system appears to function properly except for an air leak that needs o be
fixed.

- B3 ~
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Single Particle Model

The main modeling activity during the past quarter was to develop a revised
version of the FG-DVC model which does not have a lot of extraneous variables
which have accumulated over many years of development. This code will also be
better documented and will be better organized in terms of the input and output.
This new version will be used by BYU in the Fixed-Bed Reactor Model and wiil
eventually replace the version which is now in the Entrained Bed Model (PCGC-
2). Our goal is to have one version of the code which will be used in both
reactor models and is functional either as an integrated or standalone version.

This strategy will simplify the incorporation of additional improvements and
submodels.

During the past quarter, discussions were held with BYU to reach an
agreement on the features of the new version of the model. These discussions
were completed and work on the new version began late in the quarter, and it was
completed early in the twelfth quarter. This will be described in the Third
Annual Report.

AFR Fixed-Bed Reactor

Work continued on testing the AFR fixed-bed reactor system. Some
preliminary coal pyrolysis experiments were done with Zap lignite coal. The

system appears to function properly except for an air leak that needs to be
fixed.

Comparisons have been made between experiments with a single Tump of Zap
coal (10x10x4 mm) and the same amount of coal divided into 20 pieces of
approximately 5.0 mm in diameter. Some significant differences were observed
in the evolution profiles of the oxygenated species CO, and SO,, although this
was probably related to the different sensitivity of the samples to the air leak
in the system. For the hydrocarbon species, the evolution profiles were similar,
although the peaks were delayed to higher temperatures in the case of the large
Tump, as expected.

A comparison of the evolution profiles for the two particle sizes of Zap
lignite for CH, and Tar Plus Aliphatics is shown in Figure II.E-1. It appears
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Figure II-E-1. Comparison of Evolution Profiles for Large
and Small Pieces of Zap Lignite Coal Heated at 10°C/min

in the Fixed-Bed Reactor. (se: text). a) Tars plus Aliphatics;
b) Methane.
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that the reactor system will allow the evaluation of particle size effects on
pyrolvsis rates, as planned.

Plans

Continue development of single particle modei. Complete testing of
experimental apparatus and begin experiments. Begin work on tar repolymerization
mode] .
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LARGE CHAR PARTICLE OXIDATION AT HIGH PRESSURES
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I1.G. SUBTASK 2.G. — SOx/NOx SUBMODEL DEVELOPMENT

Senior investigator - L. Dougles Smoot
Brigham Young University
Provo, Utah 84602
(B01) 378-4326

Graduate Research Assistant - Richard D. Boardman
Objectives

The oblectives cof tnis subtask are 1) to extend an existing poilutant
submecal in PCGBC-2 Tor predicting N0y formation and destruction to include

thermel NO. 2) to extend the submodel to include SO, reactions and SO,-sorbent
reactions {effects of SO0; non-squilibrium in the gas phase will be
considar2d), and 3) to consider the efrtects of Tuel-rich conditions and high-
aressure on sulfur and nitrogen chemistry in pulverized-fuel systems.

Accomplishments

The key Tocus of work during the past quarter has been the acquisition
o7 thermal N0 detas to be used in evaluating the submodel. An experimental
Test progrem is being concucted at BYU with independent Tunding to obtain well-
cheracterized data in a laboratory-scale reactor. A Jaboratory representative
wes 2130 sent (under independent funding) to visit facilities in Karlsruhe and
Heidelberg, West Germany., and to identify and compile thermal NOx data. One

s2t of thermal NO, has been obtained from West Germany.

Cetails of the experimental work being conducted at BYU under
ingepsndent funding were discussec previously in the §th Quarterly Report
giomon et e&l., 16G8R8). Exit concentrations ang temperature are being

i {or natural gas tests with veriation in swirl number, stoichiometric
ratio, an¢ well temperature. Stoichiometric ratio is being varied from 1.0 to
1.i5. QOver this rangs. prompt N0 formation is minimal due to Tuel-Tean
speration, and NyD) formation is negligible. A full reactor mep will be

3%
wn
£
3
W
€
N

zd &t & spscified .toichiometric ratio and swirl number to provide
spatniz] resclution of thermal NO,.
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he date which were obtained szt Karlsruhe University
ok premising Tor evaiuzting the thermzl KO macnanism.
imize

¢ to etTluent NO, concentration and temperature.
species were reporisf End oe
during the excerimenzz

¢suse tThe naturz! gas composition varisd civarssl
arogream, the composition of the Tesd is not =x:ici'y

xnewn. In this stucdv., ‘uel hegting r

o

gte. stoichiometric ratic and swisd
number wers pargmetricaity varied. The

(2]

¢ datz will provide & guaiitative
raterencs Tor medel evaluztion and will complement the comgarisons Tass will
Z ‘ i ] Tected in the B8YU reactor

model precdiciion wis made using the joint thermsl and Tue’ U
machenizm of Mitchell zand Tarbe®l {(1882) as cdiscussed inm the &t Qusrter'y
4] 2s I1.G-1a and 1ib compare RO and HCN concentraticns for 1n°

chenism with previous predictions made using the ravissd NI,
1

suomocel and also experimental cata. For this Tirst case. the mechanizm o
Mitcheli and Tarbell (1982) predicts NOc concentraztions wail ebove botn ths

measurss veluss znd the profi1e predictad by the fuel NO mechanism of Smﬁzh &1

d 1t ions are closely nredicted by both mech:
tézicn of tnhsse DTGdTCLTOﬂS will be made. Alsc, a"citional
ions will be made Tor low-rank coals ang gesification conditians whers
& NHj; concentrztions are substantia31y higher and the oricinal N0, mcosl nas

20x-Sorbent Rezctions Submodel Development:

Plers to make equilibrium SO, predictions nave bpeen completsd far coz)

comjustion caseés and have been reported praeviously in the 9th Quarzerly

Aeport.  Predictions for gasification conditions are awaiting improvemsnts in

PCGL-2 to solve the fu?T gneragy eguztion for fuel-rich conditions, and to
"

v

e Tor sclid-particle flows in 211 inlet streams. Progress is being mide
unger Suotssk 3.2 to improve <the robustiness of the coge Tor convargir
siticetion simulations. Once tnis is comoW 12¢, an increzsed emphasis will
52 mezles in complieting the SO, -sorbent reactions submodel.
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