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, The thermal decompositoon of calcium carbonate mixed with calcium fluoride was examined 
by means of simultaneous TG, DTG and DTA. The temperature range of CaCO3 
decomposition shifted to higher temperatures as a result of CaCO3-CaF 2 eutectic formation. 
The temperature of melting of this eutectic was in the temperature range of CaCO3 
decomposition, and therefore all factors which increase the partial pressure of CO2 (such as the 
thickness of the sample layer, the shape of the crucible, the heating rate, etc.) influence the 
amount of the liquid phase. The DTA curves can be regarded as the sum o(thrce endothermic 
effects occurring almost simultaneously: decomposition of CaCO3 in the solid phase, melting of 
the eutectic, and decomposition of CaCO3 present in the liquid phase. 

The synthesis of  calcium fluorochloroapatite f rom C a H P O , ,  CaCOa,  CaC12 and 
CaF 2 has been the subject o f  significant research interest over the past few decades. 
However,  relatively few contributions have dealt with the influence o f  the liquid 
phase formed during the reaction on the formation of  the product  [1]. In particular, 
the eutectic melting associated with the CaCI2-CaCO 3 system (620 ~ and the 

CaCI2-CaF 2 system (650 ~ results in higher reaction rates of  calcium flu- 
orochloroapati te  and chloroapafite formation as compared to the rate of  formation 
of  calcium fluoroapatite. In the latter case, it has been established [1] that no liquid 
phase is formed in the course of  the reaction. It  must  be noted however, that the 
authors did not take into consideration the possibility of  the existence of  a simple 
eutectic mixture in the CaCOa~CaF2 system (64 wt% CaCO 3, 36 wt% CaF  2 [2]), 
which melts at 880 ~ In previous work [3], we demonstrated tha t  his phenomenon 
can significantly affect the rate of  calcium fluoroapati te synthesis in the 
C a 2 P 2 0 7 - C a C O a - C a F  2 system. 

During thermal analysis in air at 101.3 kPa, calcium carbonate decomposes in the 
temperature range 630-920 ~ (Fig. 1). Since melting of  the C a C O 3 - C a F  2 eutectic 
occurs within this range, it seemed interesting to verify the influence of  the presence 
of  CaF  2 on the thermal decomposit ion of  CaCO a. 
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Fig. 1 TG, DTG and DTA curves recorded for pure CaCO 3 (air, open crucible) m = 1000 mg in air 

atmosphere 

Experimental 

The calcium carbonate used in all experiments was purchased from Riedel-De 
Haen (West Germany). Calcium fluoride (Hitadhi, Japan) was heated at 1000 ~ for 
5 h before being mixed with calcium carbonate. 

Simultaneous TG, DTG and DTA experiments were carried out on a Q-1500 D 
derivatograph (MOM, Hungary), within the temperature range 20-1050 ~ at a 
heating rate of 10 deg min-1. Typical samples varied from 500 mg to 1000 mg. 
High-purity alumina was used as the standard reference material. The experiments 
were performed either in air or in a CO2 flow, using open or covered crucibles. 

Results 

Representative thermal analysis curves obtained for a mixture of 80 wt% C a C O  3 

and 20 wt% CaF 2, heated in air in an open crucible, are presented in Fig, 2. In the 
temperature range 635-940 ~ a significant mass loss, associated with calcium 
carbonate decomposition, is observed. In the DTA curve, the corresponding 
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Fig. 2 TG, D T G  and DT A curves recorded for the mixture o f  80 wt% CaCO3 with 20 wt% CaF  2 (air, 
open crucible) m =  1000 mg in air a tmosphere 

endothermic peak at 870 ~ as for pure CaCO 3, can be seen. The shape of  the D T G  
peak, however, is slightly different since at 900 ~ a small maximum appears. In order 
to verify whether the observed changes in the D T G  shape are due to the dilution of  

CaCO a with CaF  v an experiment was carried out in which an 80 wt% CaCO 3 with 
20 wt% AI203 mixture was decomposed under the same conditions. The resulting 
D T G  curve was essentially identical to the one observed for pure calcium 
carbonate. It may therefore be concluded that the additional maximum, clearly 
observed in the D T G  curve, is not associated with the dilution. 

The use of  a covered crucible resulted in a shift of  the thermal decomposition 
temperature range recorded for pure calcium carbonate towards higher temper- 

atures. This is due to the fact that under such conditions the diffusion of  CO 2 is 
severely slowed down. As in the former case, no differences were observed in the 
DTA and D T G  curves recorded for pure and A120:di lu ted  CaCO 3 . On the other 
hand, the addition o f C a F  2 to CaCO 3 caused a significant change in the shapes of  all 
three thermal analysis curves. 

In Figs 3-5 the TG,  D T G  and DTA curves corresponding to different CaF2 
contents (5, 10 and 20 wt%) are presented. In the D T G  curves, tyro clear maxima 
are observed for the samples with 5 and 10 wt% CaF 2 contents (878 ~ 915 ~ and 
865 ~ 920 ~ respectively), whereas in the case of  the 20 wt% CaF 2 sample three 
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Fig. 3 TG, DTG and DTA curves recorded for the mixture of 95 wt% CaCO3 with 5 wt% CaF 2 (air, 
covered crucible) m = 1000 mg in air atmosphere 
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Fig. 4 TO, DTG and DTA curves recorded for the mixture of 90 wt% CaCO3 with 10 wt% CaFz (air, 
covered crucible) m = 1000 mg in air atmosphere 
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Fig. 5 TO, DTG and DTA curves recorded for the mixture of8O wt% CaCO 3 with 20 wt% CaF 2 (air, 
covered crucible) m =  1000 mg in air atmosphere 

TO 
0 " 

DTO 

A m : 4 3 6  ~ 
80 

f CQCO 3 mQss 

8z.O o 
, 870 ~ 8~ 1050 ~ 

862oi ] 0 ( ~ 0 0  ~ 

1050 o 
,89s 

600 800 1000 
TemDerQtore~~ 

Fig. 6 TO, DTG and DTA curves recorded for the mixture of 80 wt% CaCOa with 20 wt% CaF z 
(CO2, open crucible) m =  1000 mg in air atmosphere 
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maxima are present (847 ~ 890 ~ and 1010~ The ends of  the mass losses occur at 
higher temperatures as compared to the A12Oa-diluted sample: 1010 ~ (5 wt% 
CaF2), 1030 ~ (10 wt% CaF2), 1040 ~ (20 wt% CaF2) and 960 ~ (20 wt% A1203). In 
the DTA curves, a strong endothermic effect can be observed in addition to the 
maximum at ca. 900 ~ The tempzrature at which the maximum of  this endothermic 
peak occurs decreases with increase of the CaF 2 content: 885 ~ (5 wt% CaF2), 865 ~ 
(10 wt% CaF2) and 855 ~ (20 wt% CaF2). At the highest CaF 2 content studied, a 
third peak of low intensity was recorded at 1010 ~ 

In order to shift the temperature of the beginning of  CaCO 3 decomposition 
towards even higher temperatures, the thermal analysis of the 80 wt% CaCO 3 and 
20 wt% CaF 2 mixture was carried out in a CO 2 atmosphere. Under these 
conditions, the dissociation of  calcium carbonate occurred in the temperature range 
840-1050 ~ (Fig. 6). Three maxima can be observed in the D T G  curve, at 862 ~ 895 ~ 
and 1000 ~ The first small maximum corresponds to the hardly observed inflection 
at 870 ~ in the T G  curve. The mass loss recorded up to this temperature was 10 mg, 
which constitutes only 5.6% of  the overall mass loss observed for the sample. The 
reaction occurring in the temperature range 840-870 ~ is manifested in the DTA 
curve by a strong endothermic effect with maximum at 860 ~ The area of  this peak is 
anomalously large as compared to the expected thermal effect associated with the 
decomposition of  such a small amount  of  calcium carbonate. This therefore 
indicates that the melting of  the CaCOa-CaF 2 eutectic contributes to this 
endothermic effect. Additional evidence in support of this conclusion comes from 
analysis of the cooling of the sample heated previously to 890 ~ An exothermic 
effect, due to the eutectic crystallization which starts at 848 ~ (Fig. 7), can be 
observed in the cooling DTA curve. 

Conclusions 

To summarize, the results of  the present research unequivocally show that the 
presence of calcium fluoride causes a significant shift of  the end of  calcium 
carbonate decomposition towards higher temperatures. The appearance of a liquid 
phase, associated with the CaCO3-CaF2 eutectic, renders the elimination of  CO2 
from the system difficult. In addition, the presence of CaF2 causes a "stepwise" 
decomposition of  C a C O  3 . In the literature on calcium carbonate, such behaviour 
has no t  been reported previously. The shape of  the DTA curve recorded for the 
CaCOa-CaF 2 mixture is the resultant of  the overlapping of three endothermic 
effects: CaCO 3 decomposition in the solid phase, CaCO3-CaF 2 eutectic melting, 
and the decomposition of CaCO 3 present in the liquid eutectic phase. 

Since one of these effects is associated with a reversible phase transition, it is 
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possible to separate this effect from the two others by analysis of the cooling curve, 
which shows a strong exothermic peak due to the crystallization of the eutectic. Such 
an approach can constitute the basis for a method which allows the application of 
DTA and TG curves for study of the phase diagrams of systems in which the 
decomposition temperature of one of the components is close to the eutectic 
melting point [4]. 

It seems highly likely that the formation of the CaCO3--CaF 2 eutectic can 
significantly influence the synthesis of calcium fluorochloroapatite, which, when 
activated with antimony and manganese, is one of the most frequently fabricated 
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luminescent materials. If the amount of the reacting mixture is large, the 
temperature range of calcium carbonate decomposition is shifted towards higher 
temperatures. As a result, a significantly higher content of the liquid phase 
originating from the eutectic can be expected. 
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Z u s ~ a m e a f J t ~ R g  - -  Die thermische Zersetzung von Calciumcarbonat-Calciumfluorid-Mischungen 

wurde dutch simultane T G - D T G - D T A  untersucbt. Der Bereich der CaCO3-Zersetzung wird infolge 
der Bildung des CaCO3-CaF2-Eutek t ikums zu h6heren Temperaturen verschoben. Die Schmelztempe- 

ratur dieses Eutektikums. liegt im Temperaturbereich der CaCOa-Zersetzung , deshalb haben alle 

Faktoren,  die den Partialdruck des C O 2 beeinflussen (Schichtdicke der Probe, Tiegelgeometrie, 

Aufheizgeschwindigkeit usw.) auch Einfluss aufd ie  Menge der entstehenden fliJssigen Phase. Die DTA-  
Kurven entstehen durch I~berlagerung von 3 endothermen Effekten, die fast gleichzeitig ablaufen: 

Zersetzung von CaCO s in fester Phase, Schmelzen des Eutektikums, Zersetzung von C a C O  3 in fliissiger 

Phase. 

Pe31oMe - -  CoaMemeHnuM MeTO,/1OM TF, ] ITF n ~ T A  ncc~eaoBano xepMnqec~oe paB.aoxenne 
rap6oHaTa ra.al, tm~ B cMecri c ~TOpI4~IOM Ka~bIiI4Jl. TeMnepaTypnb~ rIHTepaaa pa3~oxenna  

tap6onaTa  I(a.JlbllkDI c~anraeTca r 6onee BmCOKnM TeMnepaTypaM, acae,~CTBml o6pa3onaHna 

3aTerTnrn CaCO3-C aF  2. TeMnepaTypa naaaaeHna aTOfi anTerTnrn nonaaax  a TeMnepaTypny~o 

o6aacTb nYiaaaeHna xap6oaaTa ranbtma,  B can3 c qeM dparxop~ yacnnanBa~omne naptmaabnoc  

/laB~eHne CO 2 (TOYIUlI4Ha cJIoa o6paalla, qbopMa Tnrna, cKopocTb HarpcBa nap . )  OKa3hlBalOT aJlltglille I4 

na ronnqccrrao x~n/lrofi qbaau. ] ITA rpnB~Je MOryT paccMaxpnBaTbca Kar CyMMa Tpex O}IHOBpeMeHHO 

npoxera~omnx 3H~OTepMHqeCKBX ~I~I~cKTOB: pa3yloxenI4e Kap6oHaxa ra~huna  a xBepJlofi qbaae, 
nnaBnemle 3aTerTnrn ~ paBaoxenne rap6onaxa  ra~I, mla, naxoamueroca  B ~r laro~ qba3e. 
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