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Abstract 

Thermogravimetric analysis (TGA) is a technique usually employed for characteriza- 
tion of sorbents used in fluidized-bed coal combustors. Different sorbent characterization 
studies by T G A  display great differences depending on the experimental  conditions used. 
Mercury porosimetry and sulphation experiments made with calcined sorbents indicate 
that sorbent reactivity is strongly affected by the calcination conditions. In this paper, the 
effect of the experimental  technique (sample heating rate, time before sulphation, CO2 
concentration and sorbent particle size) on tile sulphation is analysed. Such effects were 
stronger i n  limestones with small pores due to the sinterization effect. In addition, 
limestones with large pores showed the greatest capacity to react with the SO2. A set of 
experimental conditions for the characterization of sorbents in order to obtain reliable 
results is proposed. 
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T h e  use of calcium-based sorbents,  such as limestone or dolomite, in 
fluidized-bed coal combustors (FBC) permits the reduction of the sulphur 
dioxide levels emitted into t h e  atmosphere.  The principal reactions that 
take place in the sorbent are 

CaCO3(s) ----> CaO(s) + CO2(g) 

c a o ( s )  + so2(g)  + 0.5O2(g)---> CaSO,(s) 

(1) 
(2) 

The sorbent calcination generates  a porous solid (lime), which reacts 
with the SO2 producing calcium sulphate. Because CaSO4 has a greater  
molar volume than CaO, po re  blockage takes place during the reaction and 
complete conversion of the sorbent  cannot  be achieved. Also ,  important  
differences between sulphur retent ions reached when working at boiler 
scale were obtained with different limestones. Consequently,  it is important  
to be able to predict adequately the sorbent behaviour  before using it in the 
boiler. 

The principal properties used for the sorbent characterization [1] are 
chemical composition, density, pore size distribution, porosity, surface 
area, attrition rate, and reactivity. Different techniques are used for the 
determinat ion of these properties. True  densities of limestones, pore size 
distributions and particle porosities of calcined limestone can be deter- 
mined by mercury porosimetry and the specific surface area can be 
determined by B.E.T. The batch attrition tests give information about the 
sorbent strength and its possible use in FBC. Thus, limestones with high 
porosity which perform well with respect to their sulphur retention capacity 
would not be employed in some cases in FBC because of their poor physical 
strength. 

By studying 23 limestones and dolomites, Dam-Johansen and Ostergard 
[2] showed that the sulphur dioxide retent ion capacity of the sorbents was 
correlated with the physical texture and, hence, w i th  geological age. 
However,  it was not possible to predict the performance of a given 
limestone from its chemical composition and physical propert ies •alone [3] 
although the initial porosity and pore size distribution of the calcined lime 
were used as indicators of the sulphur retent ion capacity [4]. 

The principal methods to determine the reactivity of the sorbents are the 
batch fluidized bed reactor (FBR) and thermogravimetr ic  analysis (TGA).  
The first allows sorbent  characterization in conditions similar to those 
p r e s e n t  in a fluidized bed combustor,  even though, due to the batch 
character,  the SO2 concentrdtion i s  not constant  during the  sulphation. 
T G A  is usually applied to measure  the sulphation of the sorbents because it 
is a rapid and easy method [5-14]. T G A  must reproduce,  as efficiently as 
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possible, the behaviour of the sorbent in a fluidized bed combustor [1] 
where the phenomena of  calcination and sulphation take place simul, 
taneously. In direct sulphation by T G A ,  it is necessary to carry out a 
chemical analysis after the experiment in order to determine the final 
sulphation conversion achieved. However ,  Mulligan et al. [13] found the 
same sulphation conversions at 850°C when using raw and calcined samples. 
Snow et al. [12] found that in atmospheric fluidized bed combustion 
(AFBC),  the temperature and concentrations are generally such that the 
reaction proceeds sequentially: first the calcination (reaction (1)) and then 
the sulphation (reaction (2)). As a result of this and due to working 
requirements, in T G A  sulphation is normally measured on the calcined 
lime. Calcination and sulphation sorbent reactivity is easily analysed by the 
solid weight change. In the calcination, this variation is negative; in the 
sulphation, it is positive. 

However,  the suiphation reaction rate strongly depends On the calcina- 
tion conditions [5, 6, 15]. There are studies of sorbent reaetivities in T G A  
under very different working conditions. Table 1 shows the experimental 
conditions used by different authors. In this paper, the effect of the 
experimental and working conditions (temperature, CO2 concentration, 
heating rate, particle size and time before sulphation) used during 
calcination which act on the sulphur reaction in T G A ,  has been analysed. 

E X P E R I M E N T A L  

A thermogravimetric analyser, the Setaram TG-85,  was used for the 
sorbent reactivity studies (Fig. 1). The sample was placed in a basket and 
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suspended from one arm of the microbalance in a quartz reactor tube. The 
reactor tube was heated by a furnace which controlled the heating rate. A 
thermocouple placed under tht=~ basket monitored the •temperature in the 
reaction zone. Differences of under 10°C between sample and furnace were 
found in the dynamics experiments, both equalizing rapidly when t h e  
desired temperature was reached (under lmin ) .  

The desired reactant gas (15 N 1 h -I) was prepared by blending SO2, CO2' 
air and N2 streams, measured and controlled by specific m a s s  flow 
controllers. Also, a nitrogen purge gas that flowed through the micro- 
balance head kept it free of the corrosive reactant gas. The gas mixture was 
introduced at the bottom of the quartz reactor tube (15 mm i.d.), leaving it 
after the mixing point with the N2 downstream-purge from the head. The 
quartz reactor and the furnace can be moved down together, separating 
from the head. In this way, it was possible to carry- out experiments with a 
rapid introduction of the solid sample into the reaction tube, ensuring that 
both temperatureand gas composition in the reaction zone remain constant 
from the beginning (isothermal experiments). This signal, simultaneously 
with the sample weight and its variation with time, was collected and 
recorded in a microcomputer. 

The textural characterization of the sorbents was made in a Micro- 
meritics (Autopore II 9220) mercury, porosimeter. Table 2 shows the 
porosities and characteristic pore sizes of the three sorbents used, under 
different calcination conditions. The preparation of calcined samples for 
mercury porosimetry was carried out in a horizontal quartz reactor 

T A B L E  2 

Porosities and medium pore size of the sorbents depending on the calcination conditions 

Limestone T COa Time e dr-,,= P.0 
(*C) (%)  (rain) (%)  ( ~ m )  (gcm 3) 

1 Blanca 
2 Maria 
3 Sdstago 
4 Blanca 
5 Blanca 
6 Blanca 
7 Blanea 

8 Blanca 
9 Blanca 

10 Blanca 
11 Blanca 
12 Maria 

13 Sdstago 

Raw 
Raw 
Raw 
825 
850 
850 
850 
850 
850 
850 
900 
850 

850 

0 
0 
0 
0 
10 
20 
30 
0 
0 

0 

/¢al,min 
/cal,rnin 
30 
60 
teal,ruth 
/¢al,min 
/~l,mln 
tcal,rnin 
f~t,mtn 

/¢ttl.mln 

3.0 
21.3 
21.3 
49.0 
48.5 
47.5 
47.2 

47.7  
47.0 
46.1 
47.8 
55.7 

5i.o 

2.48 
1.99 
2.07 

0.046 1.48 
0.055 1.47 
0.062 1.45 
0.079 1.45 
0.061 1.49 
O.O66 1.50 
0.080 1.51 
0.068 1.50 
4.160 
0.053 1.20 
0.435 1.28 
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T A B L E  3 

Chemical analysis of the limestones 

( w t . % )  Blanca  Maria Sdstago 

C a O  54.40 53.60 54.88 
M g O  0.11 0.46 0.62 
N a 2 0  1.08 0.87 0.26 
K 2 0  0.00 0.15 0.05 
SiO:  0.00 2.85 0.20 
Al2Oa 0.00 0.47 0.19 
FezO.a 0.00 0.29 O. 15 

(9 m m  i.d.) p laced in a tubular furnace.  A 1.5 g sample  and a gas f low rate o f  
9 cm 3 min "t (STP)  were  used.  

For this work,  representat ive  samples  o f  three different l imestone  
quarries from the Teruel  area (Spain)  were  se lected.  The  chemical  analyses  
o f  these  sorbents  are shown in Table  3, where  small  di f ferences  in 
c o m p o s i t i o n  are observed.  H o w e v e r ,  and as can be seen in Fig. 2, the 
sorbents  cons idered  in this work s h o w e d  strong dif ferences  in their pore  
size distribution as measured  by Hg  poros imetry .  In addit ion,  the shape  o f  
these  distributions is quite representat ive  o f  the typical pore  size distribu- 
tion e x p e c t e d  for this type of  sorbent .  The  calc ined l imes tone  Blanca  
s h o w e d  an internal pore  structure mainly  m a d e  up o f  small  pores  (un imoda l  
size distribution);  the calcined l imes tone  Maria had a clear b imodal  pore  

5 

4 

3 
i 
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0 
0 .0 !  0. I ! I0 

Pore Diameter ( tam ) 

Fig. 2. Incremental pore  volume a s  a function 
limestones (Blanca . . . .  , Mar ia  , S~stago 

of the pore diameter of the calcined 
) .  
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s i z e  distr ibut ion;  and the calcined l imes tone  S~istago showed  a widespread  
and con t inuous  pore  size dis t r ibut ion.  

T h e  effect of d i f ferent  opera t iona l  var iables  acting on the su lpha t ion  was 
s tudied.  Two types of exper iments ,  i so thermal  and dynamic ,  were  carr ied 
out.  In the i so thermal  exper iments ,  the re  was a rapid in t roduct ion  of t h e  
solid sample  into the reac t ion  tube;  in the dynamic  exper iments ,  a hea t ing  
ra te  was applied.  The  calcined samples  of the three  different l imestones  
were  ob ta ined  in d i f fe ren t  calcinat ion condi t ions  ( t e m p e r a t u r e ,  COz, t ime 
before  sulphat ion ,  part icle size, etc.);  af ter  this process  t hey  were  su lpha ted  
at 850°C w i t h  10% of COz and 2500 ppm by volume of SO~, using a l inear  
gas velocity of 9 cm s -1 in the quar tz  reactor .  In addi t ion,  na r row par t i c l e  
size intervals  be tween  100 and  2000/xm,  which are  usually used in fluidized 
bed combustors ,  were  used in this work.  

R E S U L T S  A N D  D I S C U S S I O N  

As men t ioned  above,  the react ivi ty of the selected sorbents  was s tudied 
by T G A ,  yielding t h e r m o g r a m s  as shown in F i g .  3. The  su lphat ion  
convers ion  and  so rben t  react ivi ty at any t ime can be ob ta ined  from 

14) Cao -- 142Ca0 
x~= w ~ -  = - 1 

c.o r. 1 o 
(3) 

dx~ 1 dw 
d-T = w t'c.o~tr.~ - 1 ) dt (4) 

In o rde r  to obta in  correct  results,  the t he rmoba l ance  must  behave  like a 
differential  reactor ,  i.e. gas convers ion must  be low ( < 5 % ) .  To  obta in ,  
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Fig.  3. T y p i c a l  t h e r m o g r a m  o b t a i n e d  in t h e  T G  s o r b e n t  c h a r a c t e r i z a t i o n .  
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effective d~fferential boundary  condit ions,  the p rob lems  of gas diffusion into 
the sample  must  be avoided.  The  shape of the basket ,  the gas f lowra te ,  the 
sample  weight  and size are all very impor tan t  aspects  in the expe r imen ta l  
t echnique  [5].  Some p re l imina ry  exper iments  were  made  using different 
sample  weights,  gas flow rates  and basket  geometr ies  in order  to find the 
condi t ions  tha t  minimized the effect of gas diffusion into the sample.  

Two different baske t  geometr ies  and sample weights  were  used to reduce  
a possible mass t ransfer  resistance a round  the sorbent  sample: a cylindrical 
plat ine plate  (5 mm diameter ,  2 mm height)  and 5 mg of sample  were  
employed  for the exper iments  with part icle size unde r  250/zm;  a wire mesh  
p la t inum baske t  (5 mm diameter  and 5 m m  height)  and 20 mg of sample  
were  used for the rest  of the exper iments .  

Effect o f  the calcination conditions 

T h e r e  is real evidence that  the calcinat ion condi t ions  strongly affect the  
sorbent  suiphat ion.  Sulphur  re ten t ion  and so rben t  suiphat ion reactivity 
depend  on the pore  size distr ibution of the calcined lime [4] and the lat ter  
depends  on the calcination condit ions [5, 6, 16]. 

Accord ing  to S tan tan  et al. [15], the factors affecting the deve lopmen t  of 
the in ternal  porous  system of the so rben t  are calcination ra te  which 
depends  o n  sorbent  size, t empera tu re ,  CO2 part ial  pressure  and sorbent  
reactivity,  and the sinterizat ion rate ,  which basically depends  on tem- 
pe ra tu re .  

Table  1 indicates that  some authors  used ca lc ina t ion  condi t ions  in the 
sorben t  charac ter iza t ion  that  were  very different from those p resen t  in a 
f luidized-bed coal combustor .  In o rder  to test  the effect of the different 
variables on the porous• system deve lopmen t  dur ing  calcination,  calcined 
samples  of the three  different l imestones  were  obta ined in different 
condi t ions  in T G A ,  and were then  su lpha ted  in the same condit ions (850°C, 
10% CO2, 2 5 0 0 p p m  vol. SO2). In this work,  the ins t rumenta l  and 
exper imenta l  T G A  condit ions tha t  yield a rel iable sorbent  character iza t ion,  
avoiding the  inf luences  of the opera t ing  method ,  were  de te rmined .  

Heating• rate 

W h e n  a so rben t  particle is in t roduced into an A F B C ,  rapid hea t ing  takes  
p l ace  up to the working t empera tu re  (800-900°C).  T h e n  the so rben t  is 
ca l c ined  and su lphated  in different env i ronments  of CO2 ( 0 - 1 6 % )  and SO2 
(depend ing  on the molar  Ca /S  rat io used).  

To  study the effect of the heat ing  ra te  on the sorben t  behaviour ,  dynamic  
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Fig. 4. Effect  o f  hea t i ng  ra te  on  the  s u l p h a t i o n  c o n v e r s i o n  for  B lanca  l imes tone .  

exper iments  were carried o u t  in the T G A  with different heating rates, in 
which sulphation began just after the calcination finished. Figure 4 shows 
the effect of the heating rate on the sulphation conversion for the Blanca 
l imestone,  when calcined in an a tmosphere  containing 10% CO2. The  
instantaneous heating rate corresponded to the case when a sorbent  sample 
was introduced rapidly into the reaction tube at the desired tempera ture  
and concentrat ion.  

As  can be seen, the heat ing rate during calcination affects both the 
reaction rates and the sulphation conversion of the l imestone. With the 
three l imestones studied, higher sulphation conversions were obtained as 
the heat ing rate was increased during calcination. Due  to the different 
calcination react iv i ty  of the l imestones ( S ~ t a g o >  M a r i a >  Blanea),  the 
calcination conversion achieved when the reaction tempera ture  was 
reached (850°C) was different for the three limestones. Thus,  the t ime for 
which particles remained  at the reaction t empera tu re  until complete  
calcination, increased when the reactivity decreased (tatanca > tMarfa > ts~st.~go)- 
In addition,  sorbent  sinterization occurs s imultaneously during calcination, 
and produces pore enlargement .  The  sinterization increased when the total  
calcination t ime at 850°C increased and its effect was more  marked  with 
l imestone • Blanca which has a small pore size d i s t r ibu t ion ,  . . . .  

Because the heating rate affected t h e  sorbent  reactivity, a heat ing rate 
similar to that present  in A F B C  should be used for a sat isfactory T G A  
characterization [1]. Consequent ly ,  the instantaneous heating rate w a s  
applied in the following experiments .  

Time before sulphation 

The effect of the calcination t ime (t*), f rom the beginning of the 
calc inat ion to the beginning of the sulphation,  on the sulphation reactivity 

• " . . . . . . .  . i" i l  . i "  
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Fig. 5. Effect of  calcination time on the m a x i m u m  sulphation conversion for different 
s o r b e n t  particle sizes; Blanea, I":'1; Maf ia ,  hi; Sas tago ,  D. ( + 0 . 2 5 - 0 . 5 0 m m ,  . . . .  ; + 1 . 6 -  
2.0 ram,  ). 

and m a x i m u m  convers ion  of  the l imes tones  was studied.  Figure 5 s h o w s  the 
m a x i m u m  sulphat ion conversio,~s achieved  plotted against t* for the three 
l imes tones  and for different sorbent  particle sizes ( + 0 . 2 5 - 0 . 5  and + 1 . 6 -  
2.0 m m ) .  

For Maria l imes tone ,  the differences were difficult to es t imate  in sizes 
under  1 m m ,  even  though  a small  increase in the convers ion  was achieved  
for greater sizes. For Sfistago l imes tone ,  there were no  d~fferences in any 
particle size. Blanca  l imes tone  s h o w e d  greater differences in the m a x i m u m  
sulphat ion  convers ions  w h e n  the t ime before  su lphat ion  (t*) increased.  
T h e s e  differences (Ax.0 were  higher w h e n  the l imes tone  particle size 
increased,  as can be seen  in Fig. 6. 

in  the gas /so l id  reaction,  whe the r  contro l led  by chemical  react ion or by 
diffusion,  the rate of  reaction is d e p e n d e n t  on the accessible surface area of  

20 

15 

0 

-5 
0 10 20 3 0  4 0 5 0  60 70 

1788 V.m 

353 /.~m 

I i I I I I 

Calcination Time (min) 

Fig. 6 .  Incremental  sulphation conversion versus the calcination t ime for Blanea l imestone.  
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the solid. A m a x i m u m  is achieved in the  surface a rea  w h e n  ca lc ina t ion  
convers ion  is close to 1 [16] and  •decreases later  by s inter ing,  A s m a l l e r  
reac t ion  ra te  is achieved for longer  calcinat ion times. • M o r e o v e r ,  the pore  
size of the calcined lime increases  with t ime,  as can be seen in Tab le  2 
( expe r imen t s  5, 6, 7), and according to results ob ta ined  by Rub ie ra  et al. 
[17]. These  decreases  in the react ion rate  in compar i son  with t h e  gas 
diffusion rate  and the pore  enlarging,  d iminished the diffusional effects in 
the part icle,  mak ing  a h igher  su lpha t ion  of the so rben t  possible. This 
explains why the greates t  effect was ob ta ined  with Blanca  l imestone ,  with 
less effect for the Other l imestones  With large pores• 

However ,  the effect of  the calcinat ion t ime ov the su lpha t ion  convers ion 
in l imes tones  principally m a d e  up of  small  pores ,  was g rea te r  as the particle 
size increased• The  longer  t ime necessary for the•calc inat ion  of the bigger  
part icles a l lowed the s imul taneous  s inter izat ion of the pores  of the calcined 
par t  and the calcinat ion of the i n n e r  par ts  of the particle.  The  fo rmat ion  of 
larger  pores  d iminished the pore  plugging,  which is a s sumed  to be the 
l imiting process  that  p reven t s  a total  su lphat ion  of the sorbent .  A higher  
su lpha t ion  convers ion  is ob ta ined  in this case. 

The  effect of  the calcinat ion t ime on the su lphat ion  convers ion  was also 
obse rved  at o the r  t empera tu re s .  Figure  7 shows the effect of the calcination 
t e m p e r a t u r e  on the so rben t  su lpha t ion  at different  calcination• t imes for 
Blanca  l imestone.  As above ,  the su lphat ion  convers ions  are h igher  as the 
calcinat ion t ime is increased• An  o p t i m u m  t e m p e r a t u r e  of  calcinat ion is 
obse rved  at 850°C at the same  calcinat ion t ime. F u r t h e r m o r e ,  an increase in 
the sorben t  pore  size (and as a result ,  a decrease  in the specific surface area)  
was achieved when  the  t e m p e r a t u r e  increased,  as can be seen in Table  2 
( expe r imen t s  4, 5 and 11), accord ing  to Mull igan et al [13], Rub i e r a  et al. 
[17] and Zarkan i t i s  and Sot i rchos [18]. 

25 
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E 15 

x ~ lO 
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I I" ~ r ! • I • I • 

800 825 850 875 900 

Temperature (C) 

Fig. 7. Effect of ca lc inat ion t e m p e r a t u r e  on  the  sorbent  su lphat ion  at different  t~.~ for  Blanca  
l imestone.  : 
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For  these reasons,  it can be s ta ted  tha t  t h e  process  of  s in ter izat ion is not  
," asy t o  control .  In o rder  to r educe  as much  as possible the effect of  the 
Calcination timt. on the su lpha t ion  convers ion ,  a n d  to s i m u l a t e  the 
su lpha t ion  process  occurr ing  dur ing  fluidized bed  combus t ion ,  the sulpha-  
t i o n  in T G A  must  begin when  the  calcinat ion of  the so rben t  has just  
finished. 

Calcination and sinterization rates 

As m e n t i o n e d  above ,  the d e v e l o p m e n t  of the po re  sys tem d e p e n d s  on 
both  the  calcinat ion and  the  s in ter izat ion rates.  The  calcinat ion ra te  at one  
t e m p e r a t u r e  is smal ler  with h igher  CO2 pressures  and  with b igger  so rben t  
par t ic le  sizes, whereas  the s in ter izat ion ra te  increases  with t e m p e r a t u r e .  

In Tab le  2 ( exper imen t s  5, 8, 9 and  10) a d i sp lacement  in the pore  size 
d is t r ibut ion towards  b igger  pores  can be seen in expe r imen t s  with h igher  
CO2 concen t ra t ion ,  which implies smal le r  calcinat ion rates,  according to the  
s tudies  of  O 'Nei l l  et al. [5], Uler ich  et al. [6], Sp i t sbergen  et al. [16] and 
Bha t i a  and P e r l m u t t e r  [19]. 

• Fo r  Blanca  l imes tone  of different  part icle sizes; Fig. 8 shows the 
s u l p h a t i o n  convers ion  versus CO2 concen t ra t ion  in samples  calcined at 850 
and  900°C and su lpha ted  immedia t e ly  fol lowing comple t ion  of  calcinat ion.  
A t  850°C, the  s inter izat ion ra te  was no t  very high. T h u s  the ealcinat ion 
ra tes  for  part ic les  u n d e r  1 m m ,  even  with 20% CO2, were  m u c h  h igher  than  
the  s inter izat ion rates.  In this ease, the oppos i te  effects on porosi ty  and 
surface area  do not  great ly  affect the  final su lpha t ion  of the sorbent ,  
a l though  different  reactivit ies were  ob ta ined  in each ease. H o w e v e r ,  with 
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bigger  part icles  ( + 1 . 6 - 2  m m )  the calcinat ion rate  d iminished,  increasing 
the  t ime necessary  for the total  calcinat ion.  In this case, the degree  of 
s in ter izat ion was g rea te r  and higher  m a x i m u m  sulphat ion  convers ions  were  
obta ined .  

At  h igher  t e m p e r a t u r e s  (900°C), h igher  su iphat ion  was again ob ta ined  
with increasing COz concent ra t ions .  In this case, the effect on t h e  m a x i m u m  
su lpha t ion  convers ion  was cons iderab le  even in sizes of  1 m m  because  at 
this • t empera tu re ,  s inter izat ion rates  increased,  and the calcinat ion and 
s inter izat ion processes  took place s imul taneously .  

For  l imes tones  with large pores ,  the  effect of  the  relat ive ra tes  of  bo th  the 
calcinat ion and  s in ter iza t ion processes  on the m a x i m u m  su lpha t ion  
convers ion  is smal ler  than in l imestones  with small pores ,  such as Blanca  
l imestone.  

Sorbent particle size 

As the su lpha t ion  reac t ion  occurs,  the  pr incipal  res is tance on the 
react ion rate  eh. ~ .,es f rom pore  diffusion and  surface reac t ion  to  diffusion 
on the su lphate  layer [20-22].  Also,  pore  b lockage  preven ts  su lpha t ion  of  
the  inner  par ts  of  part icles  and  diminishes  the m a x i m u m  convers ion  of  the 
sorbent .  The re fo re ,  so rben t  part icle size is a very i m p o r t a n t  var iable  in the 
s tudy of the  so rben t  su lpha t ion  reactivity.  F u r t h e r m o r e ,  the po re  size 
d is t r ibut ion s t rongly affects the  so rben t  sulphat ion.  B o r g w a r d t  and  Harvey  
[23] showed  tha t  calcines with pore  sizes <0 .2  :~m only su lpha ted  on the 
part ic le  surface,  and consequent ly ,  they are very sensit ive to the  so rben t  
par t ic le  size. 

F igure  9 shows the m a x i m u m  sulphat ion  convers ion as a funct ion of  the  
part ic le  size for the  th ree  l imes tones  in the  T G A .  This  figure highlights the 
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g r e a t  differences i n  the su lphat ion  of  sorbents  depend ing  o n  their  pore  
s t ructure .  A grea te r  degree  of su lphat ion  was ob ta ined  with l imestones  of 
g rea te r  p o r e  size, due t o  the lower  difl'usional res is tance of the su lpha te  
layer. These  results agreed  with H a r t m a n  et al. [24] who found  tha t  pores  
with sizes g rea te r  than  0.398 txm were  the main  reason  for the degree  of 
SO2 re ten t ion  by the sorbent .  Shea re r  et al. [25] also found  that  the 
o p t i m u m  pore  size for the SO2 re ten t ion  was 0 . 2 - 0 . 3 / z m  for part icles of  
1 mm.  

As can be seen,  the part icle size of  the so rben t  is a very in ipor tan t  
process  variable affecting the su lpha t ion  convers ion.  For  this reason,  
part icle size intervals  r epresen ta t ive  of the  so rben t  size d is t r ibut ion used in 
the  combus to r  have to to be used in the  T G A  character iza t ion.  

Also,  in o rder  to  avoid the internal  diffusional resis tance of  the su lphate  
layer  enabl ing the  identif ication of intrinsic reaetivit ies,  small  par t ic le  sizes 
of s o r b e n t  are used in T G A .  In this case, a wire mesh  baske t  canno t  be 
employed  and a plate baske t  mus t  be used.  But  depend ing  or). the sample  
weight,  a pile in the baske t  may be made ,  resul t ing in diffusional res is tance 
inside the pile [26] and unrel iable  reactivi ty informat ion .  In this case, the  
sample  weight  mus t  be reduced  until values  are r eached  which do not  affect 
the  results  ob ta ined  ( < 5  mg,  in this work) .  

C O N C L U S I O N S  

In this pape r  it h a s b e e n  shown tha t  so rben t  su lphat ion  in T G A  depends  
strongly on the porous  system deve loped  in the calcinat ion and this, in turn,  
depends  on the equi l ib r ium be tween  the  calcinat ion and s inter izat ion rates. 
So, if the calcinat ion ra te  is rapid,  s inter izat ion begins af ter  calcination.  If  
the  s inter izat ion ra te  is fast enough,  the  processes  a r e  s imul taneous  and 
sorbents  do not  show differences in the sulphat ion.  

The  effect of s inter izat ion was m o r e  impor t an t  with l imestones  with small  
pores ,  which, in this work ,  co r responds  to Blanca  l imestone.  In this case, 
p rob lems  of r ep roduc ing  exper imen t s  tha t  d e p e n d  on the exper imen ta l  
m e t h o d  (heat ing  ra te  of the sample ,  calcinat ion t ime,  etc.) can occur.  Also,  
a h igher  capacity of su lphat ion  has been  found  in l imestones  with large 
pores.  

In o r d e r  to  avoid the influence of the exper imen ta l  m e t h o d  in T G A  and  
t o  obta in  r e p r o d u e a b l e  results,  a genera l  se t  of  expe r imen ta l  condi t ions  for 
sorbent  charac te r iza t ion  i n  T G A  is p roposed :  s a m p l e  hea t ing  rate,  in- 
s t a n t a n e o u s ;  su lphat ion  immedia te ly  af ter  calcirtation; calcinat ion a tmo-  
s p h e r e  r e p r e s e n t a t i v e  of  t h a t  p resen t  in a coal c o m b u s t o r  (~-10% C02) ;  
s a m p l e  weight ,  that  necessary  to achieve so rben t  representa t iv i ty  but  
assuring differential  condi t ions  in the  TG;  and so rben t  par t ic le  size intervals  
represen ta t ive  of  the sorben t  size dis t r ibut ion used in the  combus tor .  

. '  . " • . , .  
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