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ABSTRACT 

The l imestone-So2 r e a c t i v i t y  a s  determined on a thermogravimet r ic  a n a l y z e r  was 
used t o  e s t i m a t e  t h e  q u a n t i t y  of l imes tone  r e q u i r e d  t o  meet t h e  SD2 emis s ion  s t a n d a r d  
i n  atmospheric  f l u i d i z e d - b e d  c o a l  combustors.  Comparison of  l a b o r a t o r y  TGA ca l c ium 

. u t i l i z a t i o n  w i t h  p i l o t  p l a n t  exper imenta l  r e s u l t s  v e r e  made. Estimates o f  SO2 r e t e n -  
t i o n  i n  a  carbon burnup c e l l  were made f o r  v a r i o u s  l imes tone  f e e d  o p t i o n s .  . F r o a  t h i s  
in format ion ,  e s t i m a t e s  of  l imes tone  requi rements  f o r  an AFBC-CBC system were made f o r  

'Tymochtee dolomite and f o r  Greer and Cermany Val ley  l imes tones .  The r e s u l t s  i n d i c a t e .  
. t h a t  do lomi t e smay  r e q u l r e  sma l l e r  q u a n t i t i e s  t o  meet t h e  SO2 s t a n d a r d  t h a n  l imes tones .  

INTRODUCTION . . 

Atmospheric-pressure f l u i d i z e d - b e d  combu.stio~l (AFEC) i s  one o f  t h e  new methods 
be ing  cons:'.dered f o r  producing poiqer wliile meeting E?A SO2 e s i s s i o n  s t a n d a r d s  w i t h  
h i g h - s u l f u r  c o a l .  I n  t h i s  p r o c e s s ,  c o a l  i s  burned a t  850-950°C i n  a  f l u i d i z e d  bed 
c o n s i s t i n g  of p a r t i a l l y  s u l f a t e d  s o l i d  p a r t i c l e s  (SO2-sorbent) .  Limestones ( o r  do lo-  
mi t e s )  a r e  u s u a l l y  t h e  bed m a t e r i a l  o f  cho ice  due t o  t h e i f h i g h  ca l c ium c o n t e n t ,  h i g h  
r e a c t i v i t y  w i th  SQ2 a t  850-95OoC, low c o s t ,  and wide a v a i l a b i l i t y .  

To reduce  t h e  s i z e  and c o s t  of  an AFBC, a  h igh  s u p e r f i c i z l  g a s  v e l o c i t y  
( 3 - 4 . 6  m/s) i s  r e q u i r e d .  However, h igh  gas  v e l o c i t i e s  cause h igh  d u s t  l o a d i ~ l g s  
( l imes tone  and unburned c o a l )  , i n ' t h e  e f f l u e n t  gas  s trea;n.  Mi.gh gas  v e l o c i t i . e s ,  t h e r e -  
f o r e ,  produce lot7 combustion effS.ciences.  Pope, Evaiis and Kobbins (PER) '  r epo rxed  
combustion d f f i c i e n c i c s  of -uS5% a t  3 f l u i d i z i n g  gas  v e l o c i t y  04 3 . 8  a / s  i n  a PDD 
combustor. To i n c r e a s e  o v e r a l l  combustion e f f i c i e n c y ,  PER i .ncorporaced i n t o  t h e i r  
p roces s  a carbon burnup c e l l  (CBC) y ~ l ~ i c h  o p e r a t e s  a t  a  h ighe r  ten1 e-rat.ure t h a n  t h e  
combustor and a t  a  lower f l u i d i z i n g - p a s  v e l o c i t y  (z110O0C, 1 . 8  ni/sy. Unburned c o a l  d u s t  
removed from t h e  combustor e f f l u e n t  s t r eam by cyc lones  i s  i n j e c t e d  i n t o  t h e  CBC. 
Pope, Evans and Robbins e s t i m a t e s  t h a t  t h e  o v e r a l l  combustion e f f i c i e n c y  can  be 
i nc reased  t o  approximately 99%. '  ... 

It has  been e s t ime ted  by Babcoclc and I.Jilc.ox2 t h a t  t h e  v e i g h t  r a t i o  o f  unburrled 
s u l f u r  t o  carbon i n  t h e  c o a l  d u s t  e l u t r i a t e d  from t h e  combustor i s  one-ha l f  t h a t  i n  t h e  
o r i g i n a l  c o a l .  Thus, a t  a  combustioil e f f i c i e n c y  of 85% in .  t h e  combustor ,  app rox i -  

i mately 93% of t h e  s u l f u r  i n  t h e  c o a l  i s  ox id i zed  t o  SO2 i n  t h e  combustor;  t h e  o t h e r  
7% i s  unburned and l eaves  t h e  conlbustor i n  t h e  c o a l  dus t  (along w i t h  t a r t i a l l y  s u l -  
f a t e d  l imes tone)  w i th  t h e  e f f l u e n t  g z s  s t ream.  C o n f l i c t i n g  r e s u l t s 3 -  , have  been 
found by i n v e s t i g a t o r s  a s  t o  t h e  f a t e  of t h e  e l u t r i a t e d  s u l f u r  which i s  r e l e a s e d  a s  
SO2 i n  t he  CBC. The Na t iona l  Coal Eonrd4 and Argonne National. Labora to ry3  found t h a t  
t h e  SO2 r e a c t i v i t y  of sevc-ral l imes t cnes  c i ramat ica l ly  t iecrezssd above 870°C. I n  
c o n t r a s t ,   PER^ found t h a t  t h e  a d d i t i o n  of  l l ines tone  1353 t o  t h e i r  CBC caused  a two- 
t h i r d s  r educ t ion  i n  SO2 e n i s s i o n s .  Dee t o  t h e  hi.gh o p e r a t i n g  t empera tu re  (1100°C) 
i n  t h e  CBC, t h e  SO2 might n o t  be capcured by e i t h e r  p a r t i a l l y  s u l f a t e d  l imes tone  
o r  f r e s h  l imes tone  i n j e c t e d  i n t o  t h e  CBC. A s  a  r e s u l t ,  .7X of  t h e  s u l f u r  ~ o u l d  bypass  
t h e  su l fur - removal  system of  t h e  con~bus tor  end be r e l e a s e d  a s  SO2 i n  t h e  CBC. Con- 
s equen t ly ,  a  g r e a t e r  percentage  of t h z  s u l f u r  (v~hich  i s  r e l e a s e d  a s  SO2) m e t  b e  
captured  i n  t h e  combustor t o  meet t h e  EPA SOz-emission s t anda rd  ( 1 . 2  l b  SOz/mi l lFonBt l :  
produced by t h e  e n t i r e  sys tem) .  Bec.?use of  t h i s  inrrease 'd r e q u i r e n e n t  f o r  s u l f u r  
r e t e n t i o n  i n  t h e  combustor,  a  g r e a t e r  o v e r a l l  Ca/S feed  r a t i o  would be  r e q u i r e d  ( a t  
h ighe r  s u l f u r  r e t e n t i o n ,  caiciurn u t i l i z a t i o n  i s  lower) .  Thus, i f  i t  is  assuned  t h a t  
no s u l f u r  i s  r e t a i n e d  i n  t h e  C B C ,  much l a r g e r  amounts of l imes tone  would b e  r e q u i r e d  
t o  meet t h e  EPA SO2-emission s t a n d a r d s .  . . . . .  - . . . . . . . . .  .- .... - ..... - . . . . . . . . . . . .  . - 
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, . i - -  - - . .  Presently available experimental results3-5 and analyses6 pf sulfur 'capture 
?.: :, ,> (:{::: in the CBC are ambiguous. It is the purpose of this paper to estimate the quantity 

i ,of limestone required for an AFBC-CBC coal combustion plant. Also, four limestone 
'feed configurations to the AFBC-CBC plant are-considered. 
I 

I I 

EXPERIMENTAL 

A thermogravimetric analyzer (TGA) was used to study the reaction of various 
limestones with SO2 and 02. A 0.3% SO2-5% O2 in N2 synthetic combustion gas was used 
for all reactions. The limestone-SO2 reactions were performed at either 900 or 1100°C 
to represent the operating temperatures for the combustor and CBC, respectively. 
Before sulfation, fresh limestones were precalcined at 900°C in 20% C02 (balance N2). 
The TGA system has been described in det-ail else~here.~ 

Three limestones were studied: (1) Tymochtee dolomite, a highly reactive stone, 
which contains 52% CaC03 and 43% P.lgC03, (2) Greer limestone, which contains 80% CaC03, 

' 3.5% MgC03, 10% Si02, and a high sodium content (Na20, a0.23%), and is highly reactive 
compared with high-calcium limestones, and (3) Germany Valley limestone containi.ng 
98% CaC03 and 0.6% MgC03, which is a high-calcium limestone with low reactivity. 

RESULTS AND DISCUSSION 

Four design options for feeding limestone into the AFRC-CBC power plant were 
considered (Fig. 5). In option 1, virgin linestcne is fed only to the combustor. 
In option 2, virgin lir;~estone is fed to both the combustor and the CBC. Virgin 
limestone is fed only to the CBC in option 3; the partially sulfated bed material 
from the CBC is then fed to the combustor. In option 4, fresh limestone is fed to 
the combustor and a portion of the partially sulfated lirlestone from the co~nbustor 
is fed to the CBC. 

Limestnne.S07 Kinetics 

The limestone-SO2 kine'tic results and their conversion to a "SO2 retention 
vs. Ca/S ratio" plot are presented indetail for Greer limestone. Similar info-mation . . was obtained for Germany Valley and Tyaochtee. 

In order to determine the limestone reauirements fos the four feed o-otions, the 
reactivities of fresh and partially sulfated limestones with SO2 were detcriained, 
using a TGA (as described in the previous section). Results for Greer limestone 
are shown in Fig. 1. Virgin limestones were reacted with SO2 and O2 at both 900 and 
1100°C to determine the reactivity of fresh limestone at the conditions prevailing 
in a combustor and CBC (curves 2 and 3, respectively). These experiments provided 
the information necessary to determine limestone requirements for options 1 and 2 and 
parts of'options 3 and 4. Limestones which had been partially sulfated (5% conversion 
of CaO to CaS04 and h e a ~  treatment for 30 min at 1100°C) were reacted with SO2 at 
900°C to determine the combustor limestone rzquirements for option 3 (curve 4). A 
total heat-treating time of 30 min was chosen to simulate the estimated limestone 
CBC residence time. For option 4, fresh limestones were partially sulfated (reacted 
for 30 min with SO2) at 900°C. This material was,then tested for SO2 reactivity 
at 1100°C (curve 5). 

The,initial reactivity of Greer limestone at 900°C is higher than at llOO°C, 
as expected; however, the extent of conversion of CaO to CaS04 after three hours is 
the same. Partial sulfation (5% conversion) of Greer limestone at llOO°C, had a 

. ,. detrimental effect on its reactivity at 900°C (discussed later). Partially sulfated 
(at 900°C) Greer limestone at llOO°C had the'hiahest: reactivity (coriversion of calcixm 
oxide to CaS04 at llOO°C was 48%). These results show that Greer limestone does 
react with SO2 at 900and1100"C. However, this informetion is not in a useful forn 
to predict limestone requirements for AFBC-CBC plants. This information can'be con- 
verted to the. proper form, which is a plot of internal SO2 reduction (ratio of 
absorbed SO2 to that released in the reactor) vs: internal Ca/S ratio (S is the nuriiber 
of moles of sulfur released as. S Q 2  in the reactor), by usin? a fluid-bed desulfur' 
ization. equation developed by Westinghouse:. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... . . . . . . . . . . . . . . .  -. . . . .  . -.... .................. 
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2 -  900°C FRESH LIMESTONE 
3 -  1100°C FRESH LlidESTONE 
4 - 900°C USING PARTIALLY SULFATED LIMESTONE 
5 - 1100°C USING PARTIALLY SULFATED LIhIESTOXE 

Figure  1. Conversion of  CaO t o  CasOl, i n  f r e s l i  
o r  p a r t i a l l y  s u l f a t e d  Greer l imes tone  
a t  900 and 1100°C. 

, - . . - -  . - .  . .. : .  . : . .  . A -.. 

u = -- I 1,. - 2; (1 - e - 
c a n .  

L 
where U = calcium u t i l i z a t i o n ,  f r a c t i o r ~  

Ca/S = calcium t o  s u l f u r  mole r a t i o  
V = s u p e r f i c i a l  gas v e l o c i t y ,  m/s 
H = f lu id i zed -bed  h e i g h t ,  m 
E = bed voidage,  assumed t o . b e  0 . 5  
k .=  average p a r t i c l e  r e a c t i o n  r a t e  c o n s t a n t ,  

Th i s  f l u id -bed  d e s u l f u r i z a t i o n  equat ion  g i v e s  t h e  calcium u t i l i z a t i o n  a s  a  f u n c t i o n  
o f  t h e  "average" r e a c t i o n  r a t e  cons t an t  of  t h e  p a r t i c 1 . e ~  i n  t h e  bed (proyided  t h e  
s u p e r f i c i a l  gas  v e l o c i t y  and bed he igh t  a r e  known). Thus, i n  o r d e r  t o  determine U ,  
t h e  "average" r a t e  cons t an t ,  k ,  must be known and i s  obta'ined u s i n g  t h e  k i n e t i c  
info]--mation shovn i n  F ig .  1 .  (See r e f e r e n c e s  7 and 8 f o r  c a l c u l a t i o n  d e t a i l s . )  

The r e s u l t s  of  conver t ing  t h e  k i . ne t i c  d a t a  t o  SO2 r e d u c t i o n  VS.  Ca/S r a t i o  f o r  
Greer  l imestone a r e  shoc:n i n  F ig .  2 .  (PER exper imenta l  r e s u l t s  a r e  a l s o  i n c l u d e d . )  
The i n t e r n a l  SO2 reduc t ion  should be dFs t inquished  from SO2 reduct ior i  normal ly  
r e p o r t e d  by FBC workers ,  which i s  t h e  percentage  o f  t h e  t o t a l  s u l f u r  t h a t  does n o t  
l e a v e  t h e  combust-.or a s  SO2. That is, i t  inc ludes  both s u l f u r  c3pture.d by, t h e  l ime-  

i s t o n e  and unburned s u l f u r  and i s  not  u s e f u l  f o r  t h e  p rocess  a n a l y s i s  p re sen ted  below. 
I. \ 

Curve 1 i n  Fj.g. 2 r e p r e s e n t s  t h e  c o r r e c t e d  ( i n t e r n a l )  expe r imen ta l  r e s u l t s  
ob ta ined  by  PER^ us ing  Grecr 1in:estone i n  t h e  combustor, assuming t h a t .  7% of t h e  
to t a l .  s u l f u r  remains i n  t h e  cnburned c o a l  d u s t .  
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F i g u r e  2 .  Pred ic t ed  SO2 Retent ion  v s .  Ca/S . 
.Rat io.  f o r  Greer Limes tone  

i Curve 2 i.s t h e  p r e d i c t e d  r e s u l t s  f o r  G r e e r , i n  t h e  combustor, based  on t h e  
l abo ra to ry  (TGA) expcrimenta'l d a t a .  The l abo ra to ry  experiniental  r e s u l t s  p r e d i c t  a  .... 
somewhat h ighe r  Ca/S requirement (Curve 2)  f o r  z given SO2 r e d v c t i o n  than  has  been 
found i n  PER'S p i l o t  p l a n t  (Curve 1 ) .  Since t h e  o v e r a l l  Ca/S r a t i o  f o r  t h e  AFBC-CBC 
p l a n t  i s  s e n s i t i v e  on ly  t o  t he  calcium requirements  of  t h e  combustor., PER's 'exper-  
imenta l  r e s u l t s  (Curve 1)  were used  i n s t e a d  of  t h e  .ANL TGA d a t a  (Gurve 2) t o  p rov ide  

I .more  r e a l i s t i c  e s t i m a t e s  o f  o v e r a l l  l imes tone  requi rements .  TGA d a t a  was used  t o  
I e s t i m a t e  CBC l imes tone  requi rements  s i n c e  p i l o t  p l a n t  d a t a  i s  u n a v a i l a b l e .  The 

I r e s u l t i n g  comparisons a r e  q u a l i t a t i v e i y  c o r r e c t ;  q u a n t i t a t i v e  comparison can be 
made a s  s u f f i c i e n t  FEC d a t a  becoll~es ava i lab le . .  

I 
Curve 3 shows a  h ighe r  SO2 reduc t ion  f o r  a  given Ca/S r a t i o  f o r  f r e s h  l imes tone  

I i n  t h e  CBC t h a n . i n  t h e  combustor even though , the  SO2 r e a c t i v i t y  i s  lower i n  t h e  CBC 
(Fig.  1 )  This  i s  because the  f l u i d i z i n g  v e l o c i t y  i s  lower i n  t h e  C B C ,  p roducing  a  I 

1 longer  SO2 re s idence  time i n  t h e  f l u i d  bed and a l lowing more SO2 t o  be cap tu red  by 
t h e  l imes tone .  

I 
I Curve 4 (TGA da t?  was used s i n c e  no experimental  r e s u l t s  e x i s t  f o r  t h i s  op t ion )  

p r o j e c t s  a lower SO2 r e t e n t i o n  i n  the  combustor by Greer l imes tone  t h a t  has  been 

1 . .  p a r t i a l l y  s u l f a t e d  i n  t h e  CBC. This  i s  due t o  i t s  low SO2 r e a c t i v i t y  (F ig .  1 ,  Curve 
4 ) .  It has  been t h a t  l imes tones  which conra in  smal l  q u a n t i t i e s  of  CaS04 

I 

s i n t e r  r a p i d l y  a t  h igh  temuera tures  ( l lOOO).  S i n t e r i n g  causes  sma l l  pores  t o  c o a l e s c e  
i n t o  l a r g e  p o r e s ,  and lowering of t o t a l  p o r o s i t y  r e s u l t s . 1 0  Th i s  s i n t e r e d  l imes tone  
now has  a  low SO2 r e a c t i v i t y  compared w i t h  f r e s h  1i:aestone a t  combustor c o n d i t i o n s  

I (900°C). The r e a c t i v i t y  l o s s  by che s i n t e r e d  1.inestone i s ,  however, exper ienced  on ly  
a t  t h e  love r  tempera ture  (900") .  Al.thocgh s i n t e r i n g  do?s occur a t  h igne r  t enpe ra -  
t u r e s ,  i t  i.s specu la t ed  t h a t  mobilLty o f  CaS04 v1ithj.n t h e  1i.mestone p a r t i c l e  a t  h i g h  I 

I temperature a l lows  1-ezct ion of f r e r h  calciu!n with SO2 t o  con t inue  and t h u s  t h e  l ime- 
' s tone  r e t a i n s  i t s  r e a c t i v i t y  a t  t h e  h igher  temperature ( see  Curve 3 ,  F i g s .  .1 and 2 ) .  , 

However, removing t h e  l imestone from t h e  CBC (%llOO°C) and i n j e c t i n g  i t  i n t o  t h e  . .  
8 .  . .  ........ . . . . . .  . - -. . . . . . . . .  -. ................ ...... - . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . .  .--. - 
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at the. lower temperature (.~9000~)' .causes a loss of. C~SO,, mobility in the 

. . 
sulfated and sintered,limestone. With the CaO less available (reduced 

and CaS04 mobility), the limestone is less reactive. . . .  

. :  . , Curve 5 (Figs.. 1 and 2) 'shows the highest limestone-SO2. retention for a given 
f CaO/S ratio. Curve 5 represents the reactivity of partially sulfated (900°C) 
1 Greer in the CBC for option 4. Calcination at the lower temperature (900°C) produces 
. a pore structure which is somewhat more favorable to the SO2 diffusion-reaction 
process. It is believed that removing the partially sulfated limestone from the 

' combustor and injecting it into the CBC causes the CaS04 to become more mobile. This . . 

. ' exposes fresh calcium for reaction with SO2. 

The "SO2 retention vs. Ca/SH results for Germany Valley limestone and Tymochtee 
dolomite are shown in Figs. 3 and 4. Notice that for Germany Valley, higher Ca/S 
ratios are required to obtain the same SO2 retention as .for Greer limestone, while 
for Tymochtee dolomite smaller Ca/S ratios are required. This is simply due to 
high,Tymochtee-SO2 reactivity and very low Germany Valley-SO2 reactivity. 

! Evaluation of AFBC Limestone-Feed Options 
. . 

Greer Limestone. The S02.reduction results in Fig. 2 were used to determine 
'the overall Greer limestone requirements for the four process options. The require- 
ments for Greer limestone are given in Fig. 5. The required SO2 removal in these 
calculations was based on using Sewickley coal, which is a Pittsburgh seam coal 
(4.3% S) having a heating value of 12,200 Rtu/lb. This coal requires an overall 

. retention of 83% of the SO2 to meet EPA SO2 emission stzndards. 
. .  . . .  -. - . . . . .  . . . . . . . .  . 
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ratio for Tymochtec Dolomite 

It was assumed in option 1 that no SO2 was retained by limestone (fresh, 
elutriated, or otherwise) in the CBC. This assumption was used 'as a base case since 
it has been a prevailing assumption in FBC research. Since 7% of the total sulfur 
is assumed to be released frdm'the CBC as S02,2>3' 89.3"/,02 retention would be 
required in the combustor to give an overall SO2 retention of 83%. This would require 
that the Ca/S ratio in the combustor be 4.8 (Curve 1, Fig. 2) and that the overall 
Ca/S ratio be 4.5 (Fig. 5). 

The limestone requirements can be decreased by feeding fresh limestone to 
the CBC to remove SO2 released in the CBC (option 2). A Ca/S ratio of 3.4 is 
required to achieve 23% SO? retention in the CBC (Flg. 2 .  Curve 3). .A Ca/S ratio 
of 3.8 (for 83% SO2 retention) is required in the combustor (Fig. 2, Curve 1). The 
overall Ca/S ratio is then 3.8 vhich.is approximately 85% that for option 1. 

Option 3 was considered in the hope that the high temperature in the CBC would 
have a beneficial heat treatment effect and that the CBC would have two roles-- 
capture of SO2 released in the CBC and pretreatmentoflimestone for limestone-SO2 
reactivity enhancement. As shown in Figs. 1 and 2, reactivity enhancement was not 
realized due to the detrimental effect of the CaSO,, and high temTerature- (discussed 
above). Since in .option 3, virgin limestone is fed to the CBC, the Ca/S ratio is 
128 and a 95% SO2 rete~tion vould be obtained in the CBC. This would require an 
internal SO2 retention of 822 in the combustor. Since stones that have been par-' 
tially sulfated at high temperature (~1100°C in the CBC) are less reactive at the 
lower temperature (Fig. 2, Curve 4), a high internal CaO/S ratio (9.5) would be 
required in the con~bustor. The overall Ca/S feed ratio for option 3 is 8.9. 

. . . . . .  . . . .  . - . . 
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Option 4 provides a partially sulfated limestone feed stream from the combustor 
I to the CBC. A CaO/S ratio of only 3 is required to obtain 83% SO2 retention in the 

CBC, necessitating a Ca/S of '3.8 in the combustor. This option gives the lowest over- I 
I all Ca/S feed ratio--3.5. 
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I 
limestone requirements are fairly insensitive to the S02-lir~~estone reactivity in the 
CBC (Curves 3 and 5) since only 7% of the total sulfur is released as SO2 in the 

. CBC. Thus, if these SO2 retention curves are over-optimistic by a factor of 2, the 
error in the overall estimated Ca/S ratio would be low by only 4%. The overall Ca/S 
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. . . . . .  .!., : .  .$. ,  .,,., . .  ratio is sensitive to the limestone-SO2 reactivity in the combustor'~(~urve 2 ) ,  which ' .  
:.: ::::s I;:;! : is why fresh limestone-SO2 reactivity determined by PER was used as a base for 

comparing the various process options.' 

The results in Fig. 5 are for idealized limestone feed.options, which were 
chosen to elucidate the role of the CBC in minimizing limestone requirements: 
In actuality, unreacted and partially sulfated limestone will be elutriated with 
the unburned coal, removed from the gas by the cyclones, and injected into the 
CBC. Most likely, the elutriated limestone will provide a CaO/S ratio in the CBC 

;.<.. . . .  . in excess of that shown.in option 4 (CaO/S of 3), which is needed to obtain 83% 
.. . . . SO2 reduction. If this elutriated 1.irnestone has ,no SO2 reactivity, a higher Ca/S 

ratio may be needed in order to,meet EPA SO2 standards, requiring feeding of 
larger amounts of Greer limestone to the combustor. However, as shown in Fig. 1, 
this is not the case; the elutriated limestone will have sufficient reactivity 
that excessive limestone quantities will not be required. If pilot plant testing 
shows these projections to be low (due to high elutriation rates in the CBC or other , 
reasons), option 4 suggests that feedZnp of combustor bed material (larger particles) 
or fresh limestone (option 2) to the CEC would be beneficial. 

Finally these estimated Ca/S ratios are only for a 4.3% sulfur coal. Obviously, 
a 3% sulfur coal would require less SO2 retention and thus lower Ca/S ratios. 

-Germany Valley Limestz. The overall Ca/S ratio was determined for the 
various limestone feed options, using Germzny Valley limestone and Sewickley coal. 
Option 3 was not considered due to the high Ca/S ratio requirement for this option 
with Greer limestone. For option 1 assuming that no sulfur capture occurs in the 
CBC (see Fig. 6 ) .  the SO2 emission standard cannot be met, regardless of the. amount 
of linlestone fed to the combustor. This is due to the lov re~ctivity ,of Germany 
Valley limestone with SO2 and the high SO2 reduction 89.3% nezded in the combustor. 

I to'meet the 83% SO2 reduction requirements of an AFBC-CBC plant. 
I 

( 1 INTERNAL Co/S RATIO 

OVERALL 
CA/S > 10 

>1.4 Ib LIIXESTONE 
Ib COAU 

C- 

OVERALL 
CA/S =7.8 

3 

OVERALL 
CA/S  ~ 8 . 4  

""-1 , 1 LIMESTONE ------- 

Figure 6. Germany Valley Limestone Requirements for FBC .......... - . .............. . . . . 
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;..,.7'.... . . , . , I : ! . 8  :. . - . Feeding fresh limestone to the'CBC'(bptibn 2) -results in- 83% SO2 reduction 
, .:.;:.,,!:<: 

. ' 

t n  the CBC. A Ca/S ratio of 7 . 5  in the cobustor will PrO~Yce a 81% SO2 ieduction. . . . 

' , .meeting emission standards. The overall limestone requirements. is approximately i. 1.1 lb limestone per pound'of coal (Ca/S = 7 . 8 ) .  
1 .  ' .  
I If a portion of the combustor bed material is fed to the CBC (option 4), 

approximately 60% of the SO2 released in -the CBC'can be captured. Thus, 84.6% of 
the SO2 in the combustor must be captured, requiring a Ca/S of 9. This feed option 

1 .  requires feeding of more limestone than coal on a weight-basis (1.2 lb limestonel 
I lb coal). Regardless of the feed option considered, the high calcium limestone, 
j Germany Valley, is -a poor choice for AFBC-CBC plants. It would require more lime- 
I 'stone than coal. 

Tymochtee Dolomite. Tymochtee reactivity with SO2 is much higher than Germany 
Valley reactivity, and much lower Ca/S ratios are required to obtain 83% SO2 
reduction. Since there is no PER data for Tymochtee dolomite, all calculations are 
based on TGA kinetic results; sewickley coal was assumed for all the calculation 
of dolomite requirements for various feed options. In the absence of SO2 capture 
in the CBC (Fig. 7, option l), a Ca/S ratio of only 2 . 3  (0.6 lb limestone/lb coal) 
is needed in the combustor to obtain 90% SO2 reduction, which is necessary to meet 
plant emission standards. Feeding fresh limestone to the CBC (option 2) reduces 
the Ca/S ratio to 1.5 (0.4 lb limestone/lb coal). 

Feeding of "spent" combustor bed material to the CBC (option 4) can reduce .. ,':...:' . 

the Ca/S ratio slightly; however, this requires a high Ca/8 ratio of 10 in the CBC. 
since the Tymochtee doloniite leaving rhe combustor has low reactivity. Achieving 

. . this high C a / S  ratio requires that YO% of the combustor bed material be fed to 
the CBC. 
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. . - - . . - . . . -.. 
I:,,,++ ;., ;:! , If feeding of combustor bed material to the CBC is not considered', 10-20% . . !.!, >: 'of the'bed material could be elutriated and enter the CBC. It is estimated thac. . .  

this would produce a CaO/S ratio of 2.2 in the CBC, resulting in 62% SO'2 retention. 
Then, 84.6% SO2 reduction would be required in the combustor, requiring that Ca/S 
ratio be 1.8. An overall Ca/S ratio of 1.67, or 0.43 lb of Tymochtee per lb of coal, 
would be required. . 

Comparison of Greer, Germany Valley, Tymochtee. Greer, Germany Valley, and 
I Tymochtee are compared in Fig. 8 for option 4 since introduction of elutriated 

limestone into the CBC is the only feed system presently in operation.ll Tymochtee 
dolomite would require only 0.36 or 0.43 lb of limestoneflb of'coal, depending 
upon how much spent combustor bed material is fed to the CBC. Greer limestone 
would require 50% more material and three times as much Germany Valley would be 
required as Tymochtee. For a 635-Pll3 plant, a 70% capacity factor, and a limestone 
cost of $8/ton, the use of Tymochtee dolomite would result in a $2-3 million/yr 
savings in comparison to Greer'limestone and a $9-10 million/yr savings in comparison 
to Germany Valley. These are savings in the cost of the limestone only and do not 
include savings due to smaller size of equipment. 
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. . . . . . . .  . ... '. \ . I  ...... , . : ,*:  ,!.., ' . . The estimates are based on' laboratory experiments which indicate that 'the' , ;,.:.. o.,: * use of dolomites instead of limestone may produce a significant cost and environ- 
mental savings. It should be cautioned that estimated limestone requirements were 
based on laboratory TGA data and on only three calcium-based stones. Nevertheless, 
the testing of limestone dolomites in AFBC-CBC pilot plants should be performed 
to determind actual limestone and dolomite requirements. 

CONCLUSIONS 

The quantities of limestone required for AFBC-CBC plants to meet SO2 emission 
standards have been estimated. Four different limestone feed options were'considered. . . : . 
It was found that virgin limestones and partially sulfated (in the combustor) lime- 
stones do react with SO2 at the conditions being considered for operation of the CBC. 
Feeding virgin limestone or limestone that has been partially sulfated in the combus- 
tor to the CBC minimizes limestone requirements. The results indicate that highly 
reactive dolomite requires less limestone (on a weight basis) than does limestone 
to meet SO2 emission standards for an AFBC-CBC plant. 

It should be cautioned, that these estimates are made from experimental 
laboratory data and need confirmation in pilot plant operations. Also these data 
are vaild only for fluidized-bed combustor which,incorporates a carbon burnup cell 
and are not valid for a fluidized-bed system that recycles the elutriated bed 
material back to the main combustor. 

This work was performed under the auspices of the U.S. Energy Research.and 
Development Administration. We thank A. A. Jonke, 3. Webster, and L. Burris for 
their' support and guidance. Fle also thank John Stockbar for his laboratory assistance 
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