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ABSTRACT 

The overall object ive of th is program is the development of p r e d i c t i v e  
capab i l i t y  for ~he design, scale up, simulation, control and feedstock evaluation 
in advanced coal conversion devices. This technology is imporzant to reduce the 
technical and economic r isks inherent in u t i l i z i n g  coal, a feedstock whose variable 
and often unexpected behavior presents a s ign i f i can t  challenge. This program wi l l  
merge s ign i f icant  advances made az A'.~:c;.~ -~el Research, Inc. (AFR) in measuring 
and quant i ta t ive ly  describing the mechanisms in coal conversion behavior, w i th  
technology being developed at Brigham Young Universi ty (BYU) in comprehensive 
computer codes for mechanistic modeling of entrained-bed gas i f icat ion.  Additional 
c a p a b i l i t i e s  in p r e d i c t i n g  po l l u t an t  format ion w i l l  be implemented and the 
technology wi l l  be expanded to fixed-bed reactors. 

The foundation to describe coal-speci f ic  conversion behavior t i l l  be AFR's 
Functional Group (FG) and Devolat i ] izat ion,  Vaporization, and Crossl inking (DVC) 
models, developed under previous and on-going METC sponsored programs, These 
moOels have demonstrated the capabi l i ty  zo describe the time dependent evolut ion of 
individual gas species, and the amount and character is t ics  of ta r  and char. The 
FG-DVC model wi l l  be integrated wizn BYU's comprehensive two-dimensional reactor 
model, PCGC-2, which is current ly the mosZ widely used reactor simulation fo ~ 
combustion or gasification. The program incluJes: i) validation of the submodels 
by comparison wizh laboratory data obtained in tnis program, i i )  extensive 
validation of the modified comp,ehensive code by comparison 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 
i i i )  development of well documented user fr iendly software applicable to a 
"workstation" environment. 

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 rs t  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. 

Under Subzask 2.a, "Coal to Char Chemistry Submodel Development and 
Evaluation", additional characterization 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 Entrai',e~, Flow Reactor (EFR). The FG-DVC 
model was used to predict baseline pyrolysis data ..=or the eight Argonne coals from 
these three reactors. In general, the model did a good job in predicting the data 
fo  ~ gas, tar and char yields and for the tar molecular weight distributions. 
Additional improvements were made in the FC--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 sdbmodel used in the FG-DVC 
model, a sea~ch was made of literature pyrolysis data for ti;e 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 diars were potted and polished for analysis of their 
morphology by SEM. Finally, preliminary measu.~ements were made of the spectral 
emissivity for coals of varying particle size and rank. The average emittance 
increased with increasing rank and particle size. 



Under SuDtask 2.~,  "Fundamental High-Pressure React ion Rate Data", the design 
~f the  h i g h - p r e s s u r e ,  c o n t r o l l e d - p r o f i l e  ~HPCP) r e a c t o r  was comple ted ,  and 
f a b r i c a t i o n  of major reac tor  components was also f i n i s h e d .  Assembly of "he reaczor 
f a c i l i t y  i s  in progress,  wi~h i n i ~ i = l  cnar tests  ~]anned fo r  next January. Char 
p repara t ion  was continue~ wi~h the ~b je~. . - . - ;  :~,: ~nders tand ing the ex~erimen~_al 
de~a i l s  assoc ia ted wi~n char p repara t i on  at eieva~ed pres~_ures as we/~ as at  
atmospheric pressure and comparing the physical  p rope r t i e s  of  c~ars prepared w i t h  
d i f f e r e n t  reac to rs  in a n t i c i p a t i o n  of the .~va~ lab i l i t y  of the HPCP reac tor .  F ive 
coals were selected fo r  de ta i l ed  ~.ha; ox ida t ion  measurements im the HPCP reac to r .  

Unde- Subtask 2 .c ,  "Seconc lary  React ion  of  P y r o l y s ! s  Procucts  and Char 
Burnou t " ,  s tud ies  of i g n i t i o n  and soot format ion in f lames were continued in the 
t r a n s p a r e n t  wa l l  r e a c t o r  (T~R) in  expe r imen ts  wh ich  i n c l u d e  i n - s i t u  FT- IR 
d i a g n o s t i c s .  A t ten t i on  is  being focused on what c o n t r o l s  ~gn i t i on  {heterogeneous 
or homogeneous ox ida t i on )  anc soot format ion.  5even a d d i t i o n a l  samples were 
completed in add i t i on  to the f ou r  reported in the F i r s t  Amnual Report. Flame 
p rope r t i es  were compared wizn cha racze r i sZ i cs  of the samples to de te rmine  the  
f ac to r s  which cont ro l  flame behav io r .  In add i t i on ,  in order  to obtain i n - s i t u  data 
from an actual  g a s i f i e r ,  an FT-IR spectromete- was t e m p o r a r i l y  i n s t a l l e d  at BYU on 
t h e i r  n igh pressure g a s i f i e r .  

For Subtas< 2.d,  "Ash Physics and Chemistry SL~D,ncdeI" two sample c o l l e c t i o n  
probes were const ructed t ha t  can be inse- ted in to  the t ransparen t  wall reac to r  
(TWR~ ~o a l low fo r  the c o l l e c t i o n  of  char wi th i t s  t r ans fo rm ing  mineral matter  from 
the fl=me at var ious ~tages of ~ u r n o f f ,  and of f l y  ash from aoove the f lame. 
Sample c o l l e c t i o n s  were pe-formed using these probes from Zap l i g n i t e  and Montana 
RosebuG coal flame exper iments.  SEM/dispersive x - ray  ana l ys i s  was oerformed on 
i n d i v i o u a l  ash s~neres tha t  were recovered from the presepara tor  and the e i gh t  
szages of  the cascade impactor f o r  an " i n  stac<" ash c o l l e c t i o n  from 200 x 325 mesh 
Zap l i g n i ? e .  In order to f u r t h e r  understand the r o l e  played by ion-exchanged 
ca t i ons  on char r e a c t i v i t y ,  samples of demineral ized Zap coal were subjected to 
ion-exchange experiments w i th  Ca, Na, Mg, and K. The r e a c t i v i t y  of the r e s u l t a n t  
c~ars was measured in a i r  and CO 2. 

For SubtasK 2.e,  "Large P a r t i c l e  Suomodels", a c r i t i c a l  eva lua t ion  was made c f  
two models from the l i t e r a t u r e  t~az have been used to desc r ibe  coupled reac t ion  and 
t r a n s p o r t  in  la rge  p a r t i c l e s .  The fo rmu la t ion  of our own s i n g l e  p a r t i c l e  model was 
begun. Discuss ions were a lso held wi th  BYU on the i n t e r f a c e  between the s i n g l e  
p a r t i c l e  model and the  advanced f i x e d  bed r e a c t o r  mode l .  The design and 
c o n s t r u c t i o n  of a small scale f i xed -bed  reactor  was completed.  This reactar  w i l l  
~ave o n - l i n e  ana lys is  of evolved v o l a t i l e  products and o n - l i n e  measurement of char 
f u n c t i o n a l  group composit ion and p a r t i c l e  temperature. 

Under Subtask 2 . g ,  "SOx/NO x Submodel Development",  i nco rpora t ion  of the 
Ze ldov ich  t~erma] NO x mechanism i n t o  the e x i s t i n g  NO x submodel has been completed. 
The rev i sed  NO x submodel can now p r e d i c t  the j o i n t  c o n t r i b u t i o n  of fuel and thermal 
NO. Eva lua t i on  of t h i s  submodel i s  in progress. A s o r b e n t - p a r t i c l e  reac t ion  model 
i s  c u r r e n t l y  being incorpora ted  im PCGC-2, under independent fund ing.  P r e d i c t i o n  
of  the gaseous s u l f u r  species has a lso been studied and a reac t ion  mechanism has 
been i G e n t i f i e d .  

For Subtask 2.h,  "NOx/SO x Submodel Eva lua t i on " ,  m o d i f i c a t i o n s  were completed 
on the c o l d - f l o w  f, a c i l i z y  designed to r ep l i ca te  the geometry of the e n t r a i n e d - f l o w  
g a s i f i e r ,  and mixing data were obta ined for  the c r o s s - f l o w  i n j e c t i o n  of so rben t .  
The c o l d - f l o w  t es t i ng  was completed,  and ana lys is  of  the data is  near ly  compleZe. 
Photographs of  in jec ted  smoke i l l u s t r a t e  the d e f l e c t i o n  of  the j e t  plume as i t  was 
en t ra ined  in  the f ree stream. The j e t s  can be made to penetrate to any des i red  
d i s tance  by ad jus t i ng  the d iameter  of the j e t  and the momentum f l ux  r a t i o .  Contour 
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maps of normalized t racer gas concentrat ion were obtained to quant i fy  the mixing 
patterns of the cross- f low j e t s .  Based on the resul ts  obtained in the sold-f low 
study, modi f ica t ions to allow sorbent i n j e c t i o n  in the entrained f low gasi$ier were 
completed, and tes t ing  was i n i t i a t e d .  Tests were conduczed ~ i th  four ,:oals of 
varying su l fu r  content .  

For Subtask 3.a,  " In tegrat ion of Advanced Submodels in to Entrained-Flow Code, 
wi:h Evaluation and Documentation", work continued on incorporat ing the FG-DVC 
d e v o l a z i l i z a t i o n  submodel being developed under Subtask 2.a and the SOx/NO x 
submodel being developed under Subtask 2.g into PCGC-2, implementing the advanced 
code on computers, and evaluating the comprehensive code. Modi f icat ions were made 
in PCGC-2 to t es t  the Mult iple Solids Progress Variables (MSPV) method with two 
so l i ds  progress va r i ab les  i ndependen t l y  t rack ing  coal o f fgas,  and converged 
solut ions were obta ined fo r  a s w i r l i n g  combustion case and a n o n - s w i r l i n g  
gas i f i ca t i on  case. The resu l ts  c l e a r l y  show the importance of accounting for  
v a r i a b i l i t y  in coal offgas composition, enthalpy, or both. The FG-DVC submodel 
was integrated in to  PCGC-2 assuming constan: coal offgas composition and enthalpy, 
and work is  cont inuing to invest igate the e f fec ts  of v a r i a b i l i t y  in the offgas. A 
laminar op t ion  in the code is being developed for  submodel va l idat ion in the 
comprehensive code in ~ e  absence of . . . .  ~"~ ~ . . . .  . . . . . . . . .  ~ u , e n c e  = . . . . . . .  A ~ o ~  for  e,,a!,-ating 
the comprehensive code has been ou t l i ned .  

For Sub,ask 3 .b ,  "Comprehensive Fixed-Bed Modeling Review, Development, 
Evaluation, and implementation", a de ta i led  review ef ex i s t i ng  f ixed-bed coal 
gas i f i ca t ion  codes was accomplished prev ious ly  and described in the F i rs t  Annual 
Report. The proposed features of the advanced model were reviewed by external 
consultants and, based on the i r  w r i t t en  comments, an extensive plan for  developing 
~i~e model was formulated. Evaluation of ex is t ing models continued during the 
second year. Predict ions were compared with experimental values and a sens i t i v i t y  
analysis was performed. Prel iminary reviews of f low, mass, and heat t r a n s f e r  
processes in f i xed  beds as wel l  as f ixed-bed technology were completed. A 
comprehensive review of fixed-bed combustion and g a s i f i c a t i o n  was i n i t i a t e d .  
Development of the advanced f ixed-bed model was also i n i t i a t e d  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. Th is  work is 
summarized under Subtask 3.a. 

No work was scheduled for Subtask 4.b and Subtask 2.f was not initiated yet 
due to a reduced funding level. 
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