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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 advanced coal conversion devices. This technology is important to reduce the 
technical and economic risks inherent in ut i l iz ing coal, a feedstock whose variable 
and often unexpected behavior presents a significant challenge. This program will 
merge significant advances made at Advanced Fuel Research, Inc. (AFR) in measuring 
and quantitatively describing the mechanisms in coal conversion behavior, wish 
technology being developed at Brigham Young University (BYU) in comprehensive 
computer codes for mechanistic modeling of entrained-bed gasification. Additional 
capabi l i t ies in predicting pollutant formation wi l l  be implemented and the 
technology wi l l  be expanded to fixed-bed reactors. 

The foundation ~o describe coal-specific conversion behavior wi l l  be AFR's 
Functional Group (FG) and Devolatilization, Vaporization, and Crosslinking (DVC) 
models, developed under previous and on-going METC sponsored programs. These 
models have demonstrated the capability to describe zhe time dependenz evolution of 
individual gas species, and the amount and characteristics of tar and char. The 
FG/DVC models wi l l  be integrated with BYU's comprehensive two-dimensional reactor 
model, PCGC-2, which is currenzly the most widely used reactor simulation for 
combustion or gasification. The program includes: i) validation of zhe submoaels 
by comparison with laboratory data obtained in this program, i i )  extensive 
validation of the modified comprehensive code by comparison of predicted results 
with data from bench-scale and process scale investigations of gasification, mila 
gasificazion and combustion of coal or coal-derived products in heat engines, and 
i i i )  developmen~ of well documented user-fr iendly software applicable to a 
"worksta~.ion '' env i ronment. 

Success in this program will be a major step in improving the predictive 
capabilities for coal conversion processes including: demonstrated accuracy and 
r e l i a b i l i t y  and a generalized " f i r s t  principles" treatment of coals based on 
readily obtained composition data. 

During the seventh quarter of the program, progress was made in several areas, 
as su~ari zed below. 

For Subtask 2.a, additional improvements were made in the FG-DVC model. The 
FG-DVC model was also used to predict baseline pyrolysis data for the eight 
Argonne coals from three different reactors. In general, the model did a good job 
in predicting the data for gas, tar and char yields and for the tar molecular 
weight distributions. 

In order to refine the combined kinetic/mass transport submodel used in the 
FG-DVC model, a search was made of l i terature pyrolysis data for the Pittsburgh 
Seam coal, starting with heated grid experiments. When a comparison was made of 
data produced by heating at 1000 K/s to various peak temperatures, i t  was found 
that the results of different investigators did ~.at agree, even when obtained from 
the same laboratory. We begin an experimental and theoretical study into possible 
reasons for these variations. 

For Subtask 2.b, several char samples were prepared with the simple hot-tube 
reactor, and a char sample was collected from the BYU gasifier. These samples have 
been analyzed by a CH analyzer and SEM. Hydrogen content generally decreases as 
residence time increases. Some samples, however, showed the opposite effect, 
probably due to a buildup of tar on the walls of the reactor tube which effectively 
decreased the residence time. Particles with longer residence times were more 

- i i  - 
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porous. The gas i f i e r  char,  no~ever, was non-porous. Construe:ion of the higr~- 
pressure,  control I ed -p ro f i l  e reactor continued. 

For Subtask 2 . c ,  da ta  co l l ec t i on  was temporar i ly  suspended as the FT-I~ 
spectrometer was needed fo r  a d i f f e ren t  pro jec t .  

For Sub:ask 2.d,  in order to fu r ther  understand the role played by ion- 
exchanged cations on char r eac t i v i t y ,  samples of demineral ize~ 7ap coal  ~ere 
sub jec ted  to Con-exchange experiments w i th  Ca~ Na, and K. Ca exhi~icer~ 
sa tura t ion  e f fec t ,  ~h i le  Na and K exhibited a maximum in react iv izy wi th increased 

For Subtask 2 .e ,  the  c o n s t r u c t i o n  of  the f ixed-bed reactor was nearly 
c ~ p l e t e d .  Discussions were held with Dr. Ra~ulovic (from BYU) on the re la t i onsh ip  
between the fixed-bed reactor  model and t~e large p a r t i c l e  pyrolysis model. 

For Subtask 2.g, development of the combined znermal- and fuel-NO x su~cO£1 
has proceeded with two computer simulations being mate to evaluate ~he theory F~r~O 
code. The f i rs :  case was for an enzraine~-flo~ coal/oxygen gasifier. PreOiczion~ 
for  th is  case were favorable, showing improvement of the predicce~ i~O 
concentrations from inclusion of thermal NO. The second case was for a propar, e/~ir 
turbulent diffusion flame. This prediction was also favorable, snowing tnaz ~e 
Zeldovich mechanis~, assuming equilibrium of molecular and atomic oxygen, correcT.]y 
predicts NO concentrations in post-flame regions~ provided ~ne t~npera%ure and 
oxygen concentration are correctly predicted. 

For Sub:ask 2.h, the co ld- f low f a c i l i t y  was modif ied with a flow s~raighz~ner 
to el iminate rec i r cu la t i on  and repl icate the flo:~ pat terns in the a f t - reg ion  o;: t~e 
g a s i f i e r .  Tracer 9as and smoke visualize%ion tes ts  are in progress. The 9 ~ s i f i l r  
was recast and a f lash tank was i ns ta l l ed .  Several checkout teszs ~ere con~uct~d~ 
inc luding one with sorbenZ mixed wizh the coal.  A new gas-quenche~ sample sy~Z~ 
was developed. Improvements were made to the chemical analysis p rocedur~  ~a 
be t te r  analyze the s u l f u r  capture, and pulverized samples of coal and l imestone 
were prepared. 

For Sub:ask 3.a,  the FG-DVC model was in tegra ted into a more recent ver~,ion 
of PCGC-2 and the new version was t ransferred to AFR. The new code was tested Tot 
P i t t s b u r g h  seam coa l ,  and FG-DVC submodel p r e d i c t i o n s  were compared '~izn 
pred ic t ions obtained wi th the two-step d e v o l a t i l i z a t i o n  momel using the  ra te  
constants of Kobayashi et a l .  (1977). Development of a graphics i n te r face  using 
the UNIRAS software package was i n i t i a t ed .  A review of the FG-DVC submodal w~ 
i n i t i a t e d ,  and poten~.ial improvements v~ire i d e n t i f i e d .  The review of aQvance~J 
d e v o l a t i l i z a t i o n  models con t inued ,  and a l am ina r  code was i d e n t i f i e d  f o r  
i n v e s t i g a t i n g  the r e l a t i v e  e f fec ts  of various devo la t i l i za t i on  models if, ~ne 
absence of turbulence e f fec t s .  Plans were i n i t i a t e d  for  developing ~ ne~: ~pw,o~ 
zo chemis t ry / tu rbu lence modeling based on a Lagrangian descr ipt ion of ~.ne ,~&s 
phase. 

For 3ubtask 3.b, the computer code ~evel~pment for the improved fixed-bed 
gasif ier model was continued. The developmen~ oi: the advanced fixed-bed g~sifier 
model ~as init iated. The collection of fixed-b~d reactor design and test da%~ wa~ 
continued. A comprehensive review of fixed-bLd combustion and gasification was 
i n i t i  ated. 

For Sub:asks 4.a and 4.b~ no work was sc~edul~d. 

- i i i  - 
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