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Mixtures of CaCO~ and varying amounts of Na~CO~, K2CO3 and NaC1 were sub- 
jected separately to thermal analysis. DTG, DTA, TG analyses indicate that the pre- 
sence of alkali salts in CaCO3 influences its decomposition behaviour. A minimum 
DTA peak temperature of CaCO~ decomposition is noticed at low concentrations of 
alkali salts (K2CO3 and Na~CO.3); an increase in concentration increases the DTA 
peak temperature. However, in the case of NaCl no appreciable lowering of the DTA 
peak temperature of CaCOa decomposition is observed. Similarly, the minimum 
temperature at which decomposition completes is found to correspond to the con- 
centration of 1 per cent salt (K2CO~ and Na2CO3) in CaCO3. 

Lime is manufactured by the decomposition of limestone at about  1000 ~ . Al- 
though the decomposition of CaCO3 to CaO and CO S seems to be simple, compli- 
cations arise due to the presence of other materials. Various lime manufacturers 
throughout  the world examined the effect of  alkali salts on limestone decom- 
position. Some procedures claimed improved lime quality and better fuel econ- 
omy [1 ]. Thus, though alkali salts usually occur in natural calcium carbonate in 
very low percentages, it is interesting to study the decomposition behaviour of  
calcium carbonate in the presence of alkali salts like Na2CO3, K2CO 3 and NaC1. 

Earlier work [ 2 - 4 ]  carried out on this aspect indicated possible improvements 
in the calcination of limestone. In the present investigation an attempt has been 
made to study in detail the effect of alkali salts on the decomposition of calcium 
carbonate with the help of  a thermal analysis apparatus. 

Experimental procedure 

The instrument used for this study is Derivatograph, manufactured by Hungarian 
Optical Works (Budapest). This records simultaneously the change in weight (TG), 
the rate of  change in weight (DTG), the differential enthalpy change (DTA) of the 
test specimens together with the temperature (T) of  either the test sample or the 
reference material. 

The chemicals used in this investigation were all of analytical grade. I t  would be 
difficult to analyze the results if the chemicals were of low degree of purity. The 
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chemicals were dried for 2 hours at 100 ~ ground and sieved through 200 mesh 
BSS sieve. A number of  samples were prepared by thoroughly mixing powdered 
CaCOo, with suitable proportions of alkali salts in such a way that in each case 
the quantity of  CaCOz was taken constant at 800 rag, Each of the samples so 
prepared was transferred quantitatively to the platinum crucible and was thermally 
analyzed under air atmosphere at a heating rate of  8 ~ per min. AlzO 3 previously 
burnt at 1500 ~ was taken as reference material. In every analysis, the temperature 
wa~ recorded in the reference material. All the operations were per%treed undo-; 
identical experimental conditions as fat as practicable, 

From the thermal curves the following data were computed: 
1. DTA peak temperature (from DTA and T curves). 
2. Starting and finishing temperature of  decomposition and also decomposition 

range (from D T G  curve and T curve). 
3. Quantity of CaCO~ decomposed at DTA peak temperature (from TG,  

DTA and T curves). 
4. Shape index of the decomposition curves (from DTA curves). 

Results and discussion 

The endothermic peaks observed at about  120 ~ in some of the curves are due to 
the removal of  adsorbed moisture from the samples. This endothermic change 
has no bearing on the decomposition of CaCOa. 

The data computed from the thermal curves of  CaCOa at the decomposition 
peaks in the presence of  varying amounts of  N%CO3, K2CO~ and NaCt are 
presented in Tables 1, 2 and 3, respectively. 

The results indicate that the effect of NazCO~ and KzCOa on the DTA peak 
temperature (which indicates the minimum temperature at which the reaction rate 

Table [ 

Differential thermal data of CaCO~ and its mixtures with Na2CO 3 

5arnple 

CaCO,~ 
CaCO3 + 1% Na~CO8 
CaCQ + 2% NazCO 3 
CaCQ + 5 % Na2CO 3 
CaCO~ 4- 10% NazCO ~ 
CaCO~ + 20 % NazCO ~ 

D T A  
peak 

temper-  

950 
930 
930 
945 
945 
940 

Tempera tu re  of  decom 

Starting Comple-  
tion 

700 975 
695 950 
700 955 
695 975 
680 985 
675 1010 

[ 
~osition, ~ i Quant i ty  ] 

decomposed , 
Range  of  up to 

decompo-  peak 
~ition tempera-  

ture, ) ;  

275 87.0 
255 88.8 
255 87.4 
275 85.9 
305 83 3 
335 73.1 

Shape 
index 

0.111 
0.115 
0.167 
0~200 
0,269 
0,380 
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Table 2 

Differer~iaI therma~ data ef CaCO~ a~d its mixtares with KzCO ~ 

d5 

Sample 

CaCO8 
CaCO 3 + 1 9/o K 2 C O  8 
CaCO3 + 2% K 2 C O  8 
CaCO3 + 5% K~CO3 
CaCO3 + 10% K 2 C O  8 
CaCO~ + 18 ~ K~CO~ 

DTA 
peak 

tempera- 
ture, ~ 

950 
915 
925 
938 
938 
938 

Temperature of decomposition, ~ 

Starting 

700 
700 
700 
700 
710 
710 

Comple- 
tion 

975 
930 
945 
965 
985 
990 

Range of 
decompo- 

sition 

275 
230 
245 
265 
275 
280 

Quantity 
decomposed 
up to peak 

tempera- 
ture, % 

87.0 
88.5 
86.0 
85.9 
84.4 
80.0 

Table 3 

Differential thermal data of CaCO3 and its mixtures with NaC1 

Shape 
index 

0All  
0.125 
0.128 
0.135 
0.160 
0.260 

Sample 

CaCO a 
CaCO~+ t~NaC1  
CaCO~+ 3%NaC1 
CaCO~+ 5%NaC1 
CaCO3 + 10% NaC1 

DTA 
peak 

tempera- 
ture, ~ 

950 
945 
945 
940 
945 

Temperature of decom 

Starting Comple- 
tion 

700 975 
700 975 
690 970 
700 970 
700 975 

)o~.0.ocq ~C Quanti ty I 
decompQse~ l 

Range cK up to peak ] 
decompo- tempera- I 

sition ture, 
% 

275 87 
275 90 
280 89 
270 86 
275 85 

Shape 
index 

0.111 
0.117 
0.136 
0.158 
0.175 

Fig. 1. Shape index of decomposition peak 

is m a x i m u m ) i s  max imum when these alkali salts are present in low concen- 
trationz. The effect is more  p rominen t  in the case of the C a C O a -  K2CO 3 mixture, 
where the peak temperature  decreases by as much as 35 ~ (Table 2). The addi t ion  
o f  NaC1 to CaCOz has practically no effect on the D T A  peak temperature  (Table 3). 
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From the data of Tables 1 and 2 it is apparent that in all cases the temperature 
at which the decomposition starts is more or less the same, while the completion 
temperature, similar to the DTA peak temperature, has a minimum at 1 per cent 
concentration of the alkali salt and increases with further increase of the con- 
centration of the alkali salt. As a result the decomposition range increases with 
increase in the alkali salt content or in other words more time is required for 
complete decomposition of CaCO~. Variations of the quantity of  NaCI seem to 

laJ 

I 
t,T 

i 
T 
o 
,,=, 

200 400 600 800 I000 

Temperalure,~ 

Fig. 2. DTA curve of (1) CaCO:~, (2) CaCO~ + 1% Na2CO 3, (3) CaCO~ + 2 % NazCO3, 
(4) CaCO3 q-5% Na,,CO3~ (5) CaCO~ + 10% Na2CO 3, (6) CaCOa+ 20% NazCO z 
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Fig. 3. DTA curves of (1) CaCO3, (2) CaCO8 q- 1~ KzCO3, (3) CaCO~ + 2~  K2CO3~ 
(4) CaCO3 + 5~ K~CO~, (5) CaCO~ + 10~ K2CO8, (6) CaCO8 + 18~ K2CO3 
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have no influence on the temperature of beginning and completion of decompo- 
sition which remains constant throughout (Table 3). 

The influence of alkah salts on the quantity decomposed up to the peak tem- 
perature has also been studied. When alkali salts are present to the extent of 1 per 
cent the quantity of CaCOa decomposed up to the peak temperature is maximum, 
but with higher alkali salt content this value is reduced (Tables 1, 2 and 3). Thus 
it is clear from the data that more heat is required to complete the decomposition 
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Fig 4, I3TA curves of(l) COCO3, (2) CoCOa + 1% NaCI, (3) COCO3 + 3 % NaC1, 
(4)CaCO~ + 5~ NaCJ, (5) CaCO~ + 10% NaC1 

of CaC03 after attaining the peak temperature when the alkali salt concentration 
is higher than 1 per cent. 

The shape index of the decomposition peak (calculated from an endothermic 
peak as shown in Fig. l) is a measure of peak s~mrnetry. According to Kissinger 
[5], the order of reaction increases with increasing shape index. As in this investi- 
gation the value of shape index increases with increasing alkali salt content 
(Tables 1, 2 and 3), it can be anticipated that the order of reaction also increases 
with the rise of alkali salt content. 

DTA curves in Figs 2, 3 and 4 show the effect of alkali salts on the nature 
of the DTA decomposition peaks of COCO3. in all decomposition curves of 
CaCO~ there is always an inflexion in the neighbourhood of 800 ~ These in- 
flexions increase with increasing content of alkali salts. This shows that these in- 
flexions can be attributed to the presence of alkali salts in CaCO~ and to the 
appearance of a liquid phase. 

For the CaCO~-K2CO a system an additional, endothermic peak at 530 ~ is 
observed (Fig. 3). To show the comparable effect, DTG and DTA curves of 
CaCO3 + 4 ~  K2CO ~ and CaCO3 + 4 ~  Na2CO a recorded at higher sensitivity 
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are shown in Fig. 5. (sensitivity for DTG is increased from 1/20 to 1/10 and for 
DTA, from 1/20 to 1/2 of that of maximum) From this it is evident that there is no 
corresponding peak on the DTG curves in this region (530~ The areas of these 
endotherms increase with increasing K2CO a content (Fig. 3). X-ray investigations 
carried out on pure CaCO3 confirmed the presence of only calcite crystals and not 
aragonite. Therefore, this endothermic reaction in the CaCOa sample with KC20 a 

, . . . . . . . . . . . . . . .  p_r.G2_ . . . .  

DTA I 

100 200 300 400 500 600 

Temperature, ~ 

Fig. 5. DTG and DTA curves of CaCO3 admixed with (1) 4 ~ Na~CO3, (2) 4 ~ K,2CO~ 

at 530 ~ is not due to the transformation of aragonite to calcite. The DTA of pure 
K2CO 3 compound confirms that this endothermic effect is not due to changes in 
the KzCO3 structure. The X-ray data of the samples heated just up to the tem- 
perature where the peak is completed (nearly 550 ~ ) indicate that there is practically 
no change in the calcite system except some very weak lines comparable to 
those characteristic of K2Ca(CO3) 2, a solid solution product of K2CO3 and CaCO3. 
The possible formation of KzCa(COa) 2 at such a low temperature, however, 
should be studied further. 

Conclusions 

The blending of alkali salts (Na2COa, KzCOa and NaC1) with calcium carbonate 
to the extent of  1 per cent brings about the decomposition of the latter at com- 
paratively lower temperature. The quantity of CaCOa decomposed at this low 
temperature is also increased. Thus the blending results in a reduced fuel consump- 
tion and improves the economics of the lime production from limestone. 
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R~SUM~ -- On a examin6 des m61anges de CaCO~ avec diff6rentes quantit6s de Na2CO3, 
K2CO 3 et NaC1 par analyse thermique (ATD, TG, TGD), La pr6sence de sels alcalins dans le 
CaCO~ influence son comportement thermique. La temp6rature au sommet du pic d 'ATD 
d6pend de la concentration en carbonate alcalin: plus celle-ci est faible, plus la temp6rature au 
sommet d u p i c  basse et, inversement, plus la concentration en carbonate augmente plus la 
temp6rature au sommet du pie est 61ev6e. Cet effet ne s'observe pas avec le NaCI. L'abaisse- 
ment de la temp6rature au sommet du pic se produit pour les concentrations de l 'ordre de 
1 pour cent en carbonate alcalin dans le CaCOz. 

ZUSAMMENFASSUNG - -  Gemische yon CaCO3 mit verschiedenen Mengen von NazCO3, K oCOa 
und NaC1 wurden thermoanalytischen (DTA, TG, DTG) PriJfungen unterworfen. Man fand, 
dab die Anwesenheit yon Alkalisalzen die thermische Zersetzung yon Kalziumkarbonat beein- 
flul3t. Je geringer die Alkalisalzkonzentration (K2COs und Na.zCO3) war, um so niedriger lag 
die DTA Spitzentemperatur. Mit zunehmender Konzentration stiegen die entsprechenden 
Temperaturen. Mit NaC1 lieB sich keine Zersetzungstemperaturerniedrigung des CaCOa 
beobachten. Ebenfalls ein Minimum der Beendigungstemperatur der Zersetzung des CaCOa 
trat bei 1% K2COa und Na~COz auf. 

Pe3roMe. - -  TepMoanaJmrn~ecinMr~ MeTo~IaMn (~TF, ]ITA, TF) HccaeAoBan TepMopacna~/ 
CaCO 3 c pa3anum, IM~ xom~ecTBauH Na2COa, Is 3 n NaC1. IIoKa3a~o, ~TO npi4cyTcwBrIe 
mCJIOqHNX co~e~ oKa3~,IBaeT BO3)3,e!~CTBHe Ha yepMopacnaA CaCO~. MeHbme~ KoH~enTpar/rm 
itIe3Ioqtto~ coJIlt COOTBeTCTByeT 60nee nH3Ka~ TeMnepaTypa, nHKa Ha KpI,IBOfl )ITA. COOTBeT- 
CTByronlHe TeMr~epaTypbI Bo3pacTarOT C yBe~nqeH~eM KOntleHTpaIlHrL B npHcyTcTB~IrI NaCI 
CHI,ImeHH~ TeMr~epaTyp~i pacna)Ia CaCO 3 He r~a6n~o~ianocb. YCTaHOBJIeHO, "-ITO TeMnepaTypa, 
npr~ vx,mp~V~ 3araH~H~aerc~ pacna~, HanSonee HH3Ka B npHeyTcTB~rI 1 ~oo I(2CO3 ~I Na.oCQ. 
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