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I n t r o d u c t i o n  

For  the l a s t  several years, B a t t e l l e  Columbus Labora to r ies  has been a c t i v e l y  
conducting research o n  the  development of a p r a c t i c a l ,  c o s t - e f f e c t i v e  process 
f o r  improving bo th  t h e  f ixed-bed g a s i f i c a t i o n ( 1 )  and t h e  b o i l e r  combustion(2) 
c h a r a c t e r i s t i c s  o f  h igh -su l fu r ,  agglomerating, l o w - r e a c t i v i t y  bituminous coal .  
The product  o f  t h i s  research i s  a calcium-impregnated coal  c a l l e d  B a t t e l l e  
Treated Coal (BTC), g i ven  the acronym BTC. The p r o p e r t i e s  o f  BTC are much 
d i f f e r e n t  from those o f  the raw coal f rom which i t  i s  processed(l.2). Spe- 
c i  f i c a l l  y, these d i f f e r e n c e s  are:  

0 Increased ASTM v o l a t i l e  ma t te r  content. 
0 Higher char  r e a c t i v i t y .  
0 Reduced t a r  f o rma t ion  tendency. 

Ho t te r  ash f u s i o n  temperatures. 
Diminished coa l  p a r t i c l e  agglomeration tendency. 
Enhanced s u l f u r  r e t e n t i o n  by the  ash. 

As near-term markets f o r  g a s i f i e r  and b o i l e r  coa l  d i m i n i s h  o r  s t a b i l i z e ,  respec- 
t i v e l y ,  B a t t e l l e  has expanded t h e  search f o r  o t h e r  o l d  o r  new a p p l i c a t i o n s  
f o r  bituminous coal  t h a t  would a l so  b e n e f i t  f rom the a l t e r a t i o n s  t h a t  could 
be given i t  by the  B a t t e l l e  ca lc ium impregnation process. Recent p lann ing  
s tud ies  by  the Un i ted  States Department o f  Energy (U.S.  DOE) have fo recas t  
a need f o r  c o a l - f i r e d  combustion tu rb ines  f o r  t he  repowering o f  e l e c t r i c  u t i l i t i e s  
when they  become c a p a c i t y - l i m i t e d  o r  d e f i c i e n t  i n  the  ea r l y - to -m id  1990s(3). 
The purpose o f  t h e  program repor ted here i s  t o  demonstrate the  promise o f  u t i l i z i n g  
BTC as a fuel i n  advanced, coal-capable combustion tu rb ines .  

This paper i s  t h e  second(4) i n  a se r ies  t o  present  t he  r e s u l t s  o f  a U.S. DOE- 
sponsored program designed t o  determine the i n t r a - p a r t i c l e  s u l f u r  capture e f f i c i e n c y  
o f  BTC under s imulated combustion t u r b i n e  condi t ions.  The BTC consis ted o f  
e i t h e r  of two h i g h - s u l f u r  (>4 percent  by weight )  I l l i n o i s  No. 6 coals  t h a t  
had been impregnated w i t h  ca lc ium-conta in ing c a t a l y s t s  us ing a p r o p r i e t a r y  
B a t t e l l e  process. 
super-atmospheric pressure, u l t r a - h i g h  excess a i r  l e v e l s ,  average f i r i n g  temperatures, 
and near-quanti  t a t i v e  carbon conversion. Combustion t e s t  r e s u l t s  repo r ted  
here w i l l  focus on t h e  parametr ic  and comparative e f f e c t s  o f  r a w  coal organic  
s u l f u r  content, ca l c ium source, and ca lc ium impregnation technique on s u l f u r  
Capture e f f i c i ency .  
e f f i c i ency ,  as w e l l  as on i g n i t i o n ,  burnout, and ash deposi t ion,  were the  subjects  
o f  t he  e a r l i e r  r e p o r t ( 4 ) .  

The s imulated t u r b i n e  combustion cond i t i ons  cons is ted  o f  

The e f f e c t s  o f  pressure and temperature on s u l f u r  capture 
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Experimental 

A c o a l - f i r e d  combustion t u r b i n e  s imu la to r  was const ructed a t  B a t t e l l e  by conver t ing 
a continuous high-pressure r e a c t o r  f rom a g a s i f i e r  t o  a combustor(4). 
of the combustion t u r b i n e  s imu la to r  i s  shown i n  F igu re  1. 
of simulat ing(3,4) the f o l l o w i n g  combustion t u r b i n e  cond i t i ons :  

0 Super-atmospheric pressure: 4 atmospheres. 
0 Maximum coal  f lame temperature: 2600 F. 
0 Maximum f i r i n g  temperature: 1900-2100 F. 
0 Maximum l i n e r  temperature: 1000-1500 F. 
0 Primary f u e l / a i r  r a t i o :  20 percent  excess a i r .  
0 Overa l l  residence t ime:  150-300 m i l l i seconds .  
0 Carbon conversion e f f i c i e n c y :  99+ percent .  

A schematic 
This  dev ice i s  capable 

A premixed methane/air p i l o t  f lame was f i r s t  used t o  i g n i t e  the down-flowing 
pu lve r i zed  coal feed a t  atmospheric pressure. The coal  f i r i n g  r a t e  was then 
adjusted t o  about 40,000 Btu/hour. Primary a i r  amounted t o  20-30 percent  o f  
the t o t a l  a i r  requ i red  f o r  combustion a t  20 percent  excess a i r .  Secondary 
a i r  made up the remainder. Temperatures were cont inuously  monitored down the  
v e r t i c a l  a x i s  o f  t he  combustor a t  l o c a t i o n s  i n  the  pre- to-post  f lame zones 
us ing  Inconel-sheathed Chromel-Alumel thermocouples. F i r i n g  temperature was 
ad jus tab le  over a 200 F range by e i t h e r  va ry ing  the  amount o f  t e r t i a r y  d i l u t i o n  
a i r  in t roduced o r  by oxygen e n r i c h i n g  the secondary a i r  t o  va r ious  l e v e l s .  
A f t e r  combustion was completed w i t h i n  the 12- foot  long, 6- inch diameter combustion 
chamber, samples o f  gaseous and s o l i d  products  were c o l l e c t e d  us ing an uncooled 
s t a i n l e s s  s tee l  probe o r  a cyclone mounted i n  the exhaust, respec t i ve l y .  F lue 
gases were analyzed f o r  C o p ,  CO, 02, and SO2 us ing  convent ional  a n a l y t i c a l  
inst rumentat ion(4) .  Once the d iagnosis  o f  atmospheric-pressure combustion 
cond i t i ons  was completed, the system was pressur ized t o  65 pounds pe r  square 
i n c h  absolute ( p s i a )  and the gas /so l i d  sampling procedure repeated. 

The combustion t e s t  p lan  consis ted o f  experiments designed t o  determine the  
comparative i n  s i t u  s u l f u r  capture e f f i c i e n c y ,  under s imulated combustion t u r b i n e  
cond i t i ons  o f :  
from t h i s  raw coal ,  and ( c )  a phys i ca l  m ix tu re  o f  the raw pu lve r i zed  coal  and 
pu lve r i zed  l ime  w i t h  the same amount o f  ca lc ium added as f o r  the BTC. 

The two raw bituminous coals  used were both from the I l l i n o i s  No. 6 seam. 
As Table 1 shows, both had t o t a l  s u l f u r  contents  o f  g rea te r  than 4.50 weight  
percent. 
organic, whereas the o t h e r ' s  cons is ted o f  a near-equal s p l i t  between organic  
and ino rgan ic  s u l f u r .  

The raw coals  were f i r s t  d r i e d  t o  about 2 percent  mois ture,  pu l ve r i zed  t o  85-90 
percent  minus 200 mesh (75 microns) ,  and then f i r e d .  

To produce BTC, coarse raw coal ,  100 percent minus 20 mesh (850 microns), was 
f i r s t  t rea ted  v i a  the p r o p r i e t a r y  B a t t e l l e  ca lc ium impregnation process (1) 
t o  increase i t s  molar  Ca/S r a t i o  t o  the  l e v e l s  l i s t e d  i n  Table 1. E i t h e r  commercial 
grade o r  t echn ica l  grade l i m e  was used as t h e  source o f  the calcium. The d i f f e rence  
between these ca lc ium sources i s  p u r i t y  and cos t  w i t h  the  commercial grade 
being l e s s  pure and l e s s  expensive. The BTC was then d r i e d  t o  2-3 percent  
moisture, pu l ve r i zed  t o  85-90 minus 200 mesh, and then f i r e d .  

( a )  raw pu lve r i zed  bituminous coal ,  ( b )  pu l ve r i zed  BTC prepared 

The d i f f e r e n c e  between them was t h a t  one 's  t o t a l  s u l f u r  was predominately 
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For  the t h i r d  f u e l ,  f i n e l y - p u l v e r i z e d  (85-90 percent  minus 200 mesh) raw coal  
was p h y s i c a l l y  mixed w i t h  e i t h e r  the  commercial o r  the techn ica l  grade l ime, 
each having a p a r t i c l e  s i z e  o f  100 percent  minus 325 mesh (45 microns), and 
then  f i r e d .  The p h y s i c a l  m ix tu res '  molar  Ca/S r a t i o s  were adjusted t o  be as 
equ iva len t  as poss ib le  t o  t h a t  o f  the BTCs (see Table 1). 

Resul ts  

The f o l l o w i n g  are the  s i g n i f i c a n t  new r e s u l t s  regard ing s u l f u r  capture o f  these 
l a t e s t  combustion tes ts ,  t he  r e s u l t s  o f  which are documented i n  Table 1: 

0 Inhe ren t  s u l f u r  capture by  raw I l l i n o i s  No. 6 seam coal appears t o  

0 S u l f u r  capture by I l l i n o i s  No. 6 seam coal t r e a t e d  v i a  the  B a t t e l l e  

be independent o f  s u l f u r  form, i . e . ,  organic  E inorganic .  

ca lc ium impregnat ion process (BTC) apepars t o  be independent o f  s u l f u r  
form and grade o f  l i m e  a t  both l o w  and h igh  Ca/S r a t i o s .  

50 percent  more e f f i c i e n t  than t h a t  achievable upon p h y s i c a l l y  m ix ing  
raw coal and e i t h e r  grade o f  l ime.  

0 Sul fur  capture by BTC a t  l ow  l e v e l s  o f  ca lc ium impregnat ion e x h i b i t s  
a p o s i t i v e  pressure dependence ove r  the e n t i r e  range o f  pressures studied. 

0 S u l f u r  capture by BTC made from I l l i n o i s  No. 6 seam coal i s  a t  l e a s t  

0 A l l  o the r  p o s i t i v e  e f f e c t s  o f  B a t t e l l e  ca lc ium impregnation on raw 
coa l  combustion performance(4) -- h igher  ash f u s i o n  temperatures, lower  
f ree -swe l l i ng  i nd i ces ,  smal ler  f l y  ash, negat ive pressure dependence 
f o r  NOx -- a re  observed f o r  the organic  s u l f u r  enr iched I l l i n o i s  No. 
6 seam coal .  
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FIGURE 1. BATTELLE COMBUSTION TURBINE SIMULATOR 
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