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Thermogravimetric studies on the influence of sodium chloride on the kinetics of limestone 
sulphation were supported by scanning electron microscopy and energy dispersive X-ray micro- 
analysis. 

On the basis of morphological observations on calcined and sulphated limestone and elemen- 
tal microanalysis in an electron microprobe it was found that NaCI affects the sintering, favouring 
the formation of more compact structures of rounded crystallites during sulphation. Chlorine is 
largely lost during sulphation. Capacity of the sorbents under both TG and FBC conditions de- 
pends strongly on when and how the NaC1 is introduced, 

The SO: generated during the combustion of  coal in fluidized beds can 
react with limestone to give sulphur-containing compounds. Sulphur can be 
thus retained in the combustor in a solid form [1 ]. Most investigations con- 
cerned with the SO2/SOa capture by limestone sorbents aim at finding 
methods for reducing limestone requirements to achieve a given level of  flue 
gas desulphurization and thus also reduce the amount  o f  solid wastes pro- 
duced. 

Numerous studies have been conducted on the influence of  foreign 
substances like sodium chloride upon lime/limestone sulphation. Although 
the literature does not give a consistent picture, most authors agree that 
sodium chloride promotes the calcination of  rimestone [2]. Recent work on 
the effect of  NaC1 on calcination and SOz capture by limestone during 
fluidized bed combustion of  coal is summarized by Shearer et al. [3]. It is 
important  to bear in mind that the effect of  NaC1 on sulphation depends on 
the manner in which the salt is introduced into the system. 

In this paper, thermogravimetric studies on limestone sulphation are 
presented, supported by EDS X-ray analysis and morphological observations 
on calcined and sulphated limestone with and without sodium chloride. 
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E x p e r i m e n t a l  

Materials 

Natural limestone, quarried in Zabierzow near Cracow (Poland) was 
used. It had been studied before, during fluidized bed coal combustion ex- 
periments [4] and using TG [5-6t .  The weight loss on calcination was 
43,70% (from TG curves). X-ray fluorescence analysis using Philips PW 
1410 equipment gave: CaO - 57,4%, MgO - 0,4%, SiO2 - 0,5%, A1203 - 

- 0 , 1 % .  

Preparation of limestone samples with NaCI. 
A solution of the proper amount of salt in deionized water was added 

to dried granular limestone and the resultant slurry was mixed. The sample 
was then dried in an oven at ca. 420 K. This was a convinient method for 
obtaining a uniform additive distribution on the surface of the particles and 
within the accessible pores. 

Methods and procedures 

Calcination and sulphation of limestone was carried out using a Mettler 
Thermoanalyzer TA 3000 with a Mettler TC 10 A Processor. Experiments 
were planned and recorded in the processor using the so-called "method" 
facility. A method defines the sequence of instructions to be executed auto- 
matically during the run.. From among several methods available the basic 
SCREEN and/or STEP methods were adapted for the purposes of the present 
work. This consists of arranging a sequence of instructions suitable for the 
given purpose e.g. entering the operational parameters of the TG system, 
controlling the furnace, printing out the experimental parameters, plotting 
the experimental and calculated curves and setting out the results. 

The Thermoanalyzer was equipped with a corrosive gas atmosphere 
accessory, designed by the authors and described in detail previously [6]. 

Approximately 20 mg sample (particle size 0,5-0,6 mm) were used. 
They were .weighed in a standard alumina crucible (70 gl) using the thermo- 
balance. In order to have reactions to occur without mass transport limi- 
tation, the particles were always in a single layer, without touching one 
another, on the bottom of the sample holder. 

The limestone samples with (2%) and without NaC1 were calcined at 
1i00 K and after ca. 10 rain sulphated for ca. 60 min at the same tem- 
perature in a flow (86,5 +2,6 ml/min) of air containing SO2 (4%). Sulphation 
was taken into account until the rate of SOz/SO3 gas sorption feI1 below 
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0,001 mg per sec. (i.e. ca. 0,3% Ca sulphating per minute). Although the 
rate criterion was used to evaluate sorbent utilization (Fig. 1), the TG data 
collected could be utilized for any chosen rate or time criteria. In some 
experiments traces of solid NaC1 were injected into the system (TG/DTG) 
during sample sulphation, so as to act on the partially sulphated product. 

Morphological observations on raw, calcined and sulphated samples 
were carried out using a scanning electron microscope, model JEOL JSM-35 
and elemental microanalysis employing an electroprobe (EPMA, model 
JEOL JSXA-733)  equipped with a modern energy dispersive X-ray analysis 
system (EDS, model Link AN10/85). For the latter measurements a few 
particles out of each sample investigated were positioned on a strip of  double 
sticky tape and transferred into carbon stubs for subsequent SEM -ED 
analysis. 

Results and discussion 

TG/DTG curves for the sulphation of  calcined limestone with (L,CI) 
and without NaC1 (L) under dry conditions are presented in Fig. 1. For 
the purpose of comparison, the degree of Ca sulphation was assumed to cor- 
respond to the formation of  calcium sulphate, CaSO4, only. Therefore, 
the weight increase (Am) indicated by the TG curve was equivalent to SO3 
absorbed, even it is not quite clear whether SO2 and/or SO3 actually reacts. 
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Fig. 1 TG/DTG curves of sulphation of limestone a) without NaC1 (L,CI) b) with NaC]; isothermally 
at 1 lO0 K 
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Fig. 2 Energy dispersive X-ray spectra representative of different particles: a) limestone (L) b) limestone 
with NaCI (L,CI) c) calcined L,C1 d) sulphated L,CI 

From the DTG curves it can be seen that 'the sulphation takes place 
in three stages. I - dm/dt increases up to a maximum over a period of  
time which is the same for both  cases (1,9 min), II - dm/dt decreases fairly 
rapidly, but  not at the same rate - L,C1 appears to be more active towards 
the sulphating agent, and III - dm/dt decreases slowly over an extended 
period of  time. The degree of  Ca utilization (o~) in spite o f  slightly higher 
value o f  din~dr for L,C1 [0,02232 rag/s, 0,02268 mg/s] is close to 42%, using 
the rate criterion mentioned above. Differences in kinetics of  SO2/SOa 
capture by L and L,C1 are confirmed by different times of  sulphation up to 
the value of  dm/dt -- 0,3% Ca/min (9.45 min, 12,87 min, respectively). Pre- 
viously used time criterion for the characterization o f  sorbent reactivity was 
unsatisfactory [5]. From detailed analysis o f  TG/DTG curves it can be 
concluded that samples of  limestone impregnated with NaC1 show dif- 
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ferences in the sulphation kinetics but have similar capacity for SO2/SO3 
capture. 

Energy dispersive X-ray spectra made it possible to ascertain the fate 
of the sodium and chlorine introduced into the limestone by NaC1 im- 
pregnation. The spectrum of Fig. 2a is typical of the majority of limestone 
particles investigated. All samples included particles in which silicon was 
present being presumably a form of quartz. The spectrum shown in Fig. 2b 
was obtained for L,C1 and, as expected, C1 and NaC1 are present. After 
calcination of L,C1 both Na and C1 are still present. - Fig. 2c, but after 
sulphation only Na appears to the present on the surface and the evidence 
for the presence of C1 is weak - Fig. 2d. What is the chemical fate of Na and 
C1 under the present conditions - is not an academic question [7]. 
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Fig. 3 Re-drawn from [9]. The effect o f  introducing NaCI to a FBC at various stages after ba tchsprbent  

addition. SO2 concentration in the flue gases as function of  time 
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Fig. 4 TG/DTG curves of sulphation of limestone - the effect of introducing (batchwise) NaCI to 
partially sulphated sorbent 

The morphologies of  L and L,CI after calcination and sulphation can 
be seen in Figs. 5 - 9 .  Calcine without  NaC1 (Fig. 6) shows a "brain - like" 
texture and is porous without  any evidence of  the presence o f  crystallites. 
It is a fact that the presence of  small amounts o f  NaC1 promotes  sintering 
o f  the calcine which enables larger pores to be formed (Fig. 7). In general, 
these results are consistent with the work o f  Shearer et al. [8]. 

It is evident that sulphation reduces the porosity o f  the surface. For  
limestone, L ,  the surface is covered with a sponge - like network (Fig. 8). 
With NaC1 (L,C1) the reduction of  porosi ty is enhanced and the structure 
consists o f  rather closely packed rounded crystallites (Fig. 9). These results 
should be supplemented by comparative surface area and pore - volume - 
pore size distribution measurements [7]. 
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Fig. 5 Scanning electron micrograph of lime- 
stone, L 

Fig. 6 Scanning electron micrograph of calci- 
ned limestone 

Fig. 7 Scanning electron micrograph of calci ~ 

ned limestone with NaCI 

Fig. 8 Scanning electron micrograph of sulph- 

ated limestone 
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Fig, 9 Scanning electron micrograph of sulphated limestone with NaCI 

It would, however, be wrong to attach too much importance to surface 
sintering and the effect o f  the additive on it, because as has been shown 
above (Fig. I) the presence o f  NaC1 modifies the sulphation kinetics and 
not  the sorbent capacity. The presence of  NaC1 - together with limestone 
added to a FBC batchwise [9] should thus have little affect on sorbent 
utilization as observed - Fig. 3. 

As at tempt was made to reproduce the conditions when NaC1 was 
added to partially sulphated, but  already inactive sorbent [9, 10]. The 
results are shown in Figs. 3 and 4 - more SO2 is taken up. The presence of  
pores and the size of  the pores formed on calcination is important  - the 
sulphation of  calcined limestone is a strongly diffusion - limited reaction, 
but  chemical processes, taking place at the molecular level, and the pos- 
sibility of  the formation of  short - lived intermediates in the course of  
sorbent sulphation should not be overlooked. 

The authors wistl to thank Prof. E. M. Bulewicz of the.Technical University of Cracow for helpful 
discussions and Mr. S. Sivonen of the University of Oulu for making available the facilities the SEM and 
EDS - X-ray microanalysis at the Institute of Electron Optics, 
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Zusammenfassung - In Verbindung mit Scanning Elektronenmikroskopie und R6ntgenmikroanalyse 
wurden thermogravimetrische Untersuchungen des Einflusses yon Natriumchlorid auf die Kinetik 
der Sulfierung yon Kalkstein durchgefiihrt. 

Auf der Grundlage yon morphologischen Beobachtungen an kahiniertem und sulfiertem Kalkstein 
und dutch Elementarmikroanalyse in einem Elektronenstrahlmikroanalysator wurde festgestellt, dall 
NaCI das Sintern beeinflullt, lnfolgedessen wird bei der Sulfierung die Entstehung von abgerundeten 
Kristalliten begiinstigt. Chlor wird w~hrend der Sulfierung gr6gtenteils ahgegeben. Die Kapazit~t der 
Sorptionsmittel h~ngt sowohi bei TG ais auch bei FBC stark davon ab, warm trod wie das NaCI einge- 
bracht wurde. 

Pes~Me - TepMorpaB~MeTp~qecK~e ~syqeH~ a z ~ t m x a x a o l ~ A a  HaT- 

pH~ Ha KHHeTHKy o y ~ L ~ a T M p 0 B a H ~  ~ H e C T o H a  6H.IH n o ~ T B e p ~ R e , m  

MeToAoM oEaHHpyD~e~ S~eKTpOHH0~ M~Kp0cKOHH~ B peHTFeHOBCER~ 

M~poaHa~zso~ C pacce~ee ~Heprzz. Ha ocHose M o p ~ o ~ o r z q e c ~ x  

HS~&D~eHHH H 9MeMeHTHOF0 M~KpoaHa~Ksa KS~L~HHHp0BSHHOF0 H 

oy~b~aTKpOBaHH0r0 ~HMe0TOHa 6H~0 Ha~eH0, qT0 X~0pH~ HaTpH~ 

SaTpaFHBaeT cHeKaH~e~ c~or 00pas0BaHHD 5o~ee Eou- 

HS~THLLX 0KpyF~eHHblX EpHCTa~HT02 B npo~eoce 06pa30BaHHH 0y~L-- 

~aTa. X~op do~me~ qacT~m B~e~eTC~ B npo~ecce Cy~5~aTHpOBa-- 

HHHo C0p0~HOHHaH CHOC0~HOCTL ~HHe0TOH8 B 3HSqHTe~bH0~ Mepe 

38BHCHT 0T TOF0 t KoF~a H KaKHM 06~850M BB0~H~O~ X~0pH~ HST-- 

pH~o 

J. Thermal Anal. 35, 1989 


