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STUDY OF THE BINARY CaCO,-SiO, SYSTEM
BY QUANTATITATIVE DTA
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Solid-state reactions in the CaCQ;-Si0, system with different mass ratios
(CaCO;:Si0, = from 1:0.2 to 1: 10) were studied by means of thermogravimetry, quantitative
DTA and high-temperature X-ray diffraction up to 1500 °C.

It was found that not CaCO;, but CaO reacted with SiO,. The rate of decarboxylation
increased and the temperature of formation of silicate phases decreased significantly with
increasing silica content. Only mono- and dicalcium silicates could be detected as solid-state
reaction products. Above 1400 °C, an intensive melting process took place; the amount of silica
had no clear effect on its temperature range.

Quantitative DTA and X-ray diffraction data proved that, below 1000 °C, not only the
decarboxylation process, but also silicate formation must be taken into consideration.

There is a contradiction in the literature as to whether SiO, reacts with CaCO, as
such or after its decomposition to CaQ. Most of the data show that silicage
formation takes place only after decarboxylation [9-3]. Below 1000°, only CaO
formation need be taken into consideration. According to Kroger [4], there is
already an equilibrium between CaSiO;, Ca,SiO, and 3CaO-2Si0, below the
dissociation temperature of limestone (770-870°).

There are only a few data describing processes above 1000°. In the binary system,
Kautzet al. [5] found only CaO as a new phase up to 1100°. Tamman and Oelsen [6]
detected wollastonite formation at 1010°, while Wilburn and Thomasson (3, 7]
found meta- and orthosilicates, depending upon the composition. If SiO, was in
excess, metasilicate could be identified as the main product at 1200°. If CaCO; was
in excess, than the main product was the orthosilicate, which formed above 1400°.

The aim of this research was to study the CaCO;-SiO, system by means of
simultaneous TG-DTA up to 1500°, and by high-temperature X-ray diffraction
measurements for the identification of new phases formed during the
transformations.

John Wiley & Sons, Limited, Chichester
Akadémiai Kiado, Budapest
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Experimental

Thermoanalytical investigations were carried out with a Mettler Thermoanalyser
in the temperature range 25-1500°, in flowing synthetic air. The heating rate was
6 deg min !, and the crucible material was sintered Al1,0,.

The high-temperature X-ray diffraction measurements were performed with a
JEOL JDX-85 instrument (accelerating voltage 40 kV, 40 mA) in a platinum-
rhodium sample holder. The heating rate here too was 6 deg min™ 1.

The samples were CaCO, and SiO, of analytical purity. The particle size was less
than 53 and 71 um, respectively.

Results and discussion

In the first part of the investigations, the aim was to study the chemical reactions
between SiO, and CaCOj in the temperature range 25-1500°, and to learn how the
Si0,/CaCO, ratio influences this reaction. The results of thermoanalytical
investigations are summarized in Table 1. Table 2 gives the X-ray diffraction data
on these samples at 25--1500° ; the temperature ranges where a new phase appeared
or an existing one disappeared are specially mentioned. The X-ray data on
Si0,/CaCO; mixtures with mass ratios of 0.2 and 10 are missing, since they were
not identifiable. '

Table 1 shows that the firt endothermic DTA peak, between 560 and 575°, relates
to the a-f polymorphic transformation of SiQ,, and that the Si0,/CaCO; ratio has
no effect on this transformation. X-ray diffraction measurements indicate this
transformation between 500 and 550°.

The DTA peak in the temperature range 640-870° relates to the decarboxylation
of CaCO, (calcite), which is accompanied by a DTG peak in this temperature
range. The starting of decarboxylation (see the initial temperatures of the DTA and
DTG peaks: 580—600°) are not influenced by the quantitative composition of the
binary system. However, increase of the amount of SiO, significantly accelerates
the decarboxylation process, with decreases in the maximum and final temperatures
of the DTA and DTG peaks. Thus, the temperature range of decomposition is
reduced by 70-80 deg.

As concerns the X-ray data (Table 2) relating to the complete reaction of calcite
and the formation of silicate, these proved that SiQ, reacts not with CaCQ,, but
with CaO. New phases were detected only after the complete decarboxylation, but
already below 1000°, in contrast with observations published in the literature.

By means of X-ray diffraction, only dicalcium and monocalcium silicate could be
identified as new phases, independently of the ratio of SiO, to‘CaC03~in the sample.
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Fig. 1 High temperature X-ray diffraction patterns obtained for $i0,/CaCO, systems with différent
mass ratio

Dicalcium silicate was present in a more considerable quantity at every composition
(Table 1).

Figure 1 shows high-temperature X-ray diffraction-diagrams of samples with
different compositions at the temperatures where the intensities and quantities of
CaO and dicalcium silicate are approximately equal.

Detection of monocalcium silicate became uncertain at 900-1200°, its degree of
crystallization is poor when it is present in small quantity.

The reason for the predominance of orthosilicate in the diffractograms
(independently of the mixture compaosition) is that there is notenough time for
equilibration at the heating rate of 6 deg min~* (This holds for industrial
conditions too!) Kinetic control is more effective. Yung and Fateeva [8] found that,
in the event of quick heating, the most probable process is the formation of
orthosilicates, since the reaction rate of orthosilicate is the lowest of all.

The X-ray diffraction data (Table 2) and X-ray diagrams (Fig. 1) show that under
these conditions the complete reaction of Ca0 and SiO, is achieved very slowly.

J. Thermal Anal. 33, 1988
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CaO disappears from the system only far above 1300°, and quartz disappears at
about 1400° (if it is not in excess), forming a molten phase.

This low reaction rate and the non-quantitative reaction is the reason why silicate
formation is not indicated by a DTA peak.

The formation of silicate is promoted considerably by increase of the amount of
SiO, in the mixture: the temperature range of appearance of calcium silicates
(shown by X-ray diffraction measurements) then decreases by 150-200 deg.

In most cases, wollastonite is transformed to cyclowollastonite at about 1300°
(Table 2). This is proven by the fact that, as cyclowollastonite appears in the system,
wollastonite disappears from it at about 1300-1350°. The SiO,/CaCOj ratio of the
mixture has no effect on the temperature of this transformation. According to
Wilburn and Thomasson [3], the endothermic peak near 1270-1280° relates to this
polymorphic transformation of wollastonite. However, according to other thermal
data on wollastonite. this transformation takes place at about 1125-1190°.

Our thermoanalytical investigations show an endothermic effect above 1400°,
with a peak maximum at 1435°, independently of the quantitative composition of
the sample. Wilburn et al. [3, 7] found that the endothermic peak between
1410-1420° relates to the formation of orthosilicate, and the endothermic peak at
about 1430° to the polymorphic transformation of orthosilicate.

Our X-ray measurement data are inconsistent with Wilburn’s observations.
Orthosilicate is already detectable below 1000°. The polymorphic transformation
of dicalcium silicate could be observed only in the sample with 1:1 mole ratio
(0.6 : 1 mass ratio), and only at low intensity. This transformation could not cause
such a considerable and sharp endothermic change in the DTA curve.

High-temperature X-ray measurements show the disappearance of different
crystalline phases: calcium silicates, CaO, quartz if SiO, is not in excess, and
cristobalite. From all these results, the conclusion can be drawn that sharp and
intensive melting occurs. :

This conclusion was supported by the findings on samples heated above 1400°
and then cooled down. Samples heated up to 1400° were still in the powder state,
and there was no molten phase. Samples heated up to 1420-30° suddenly melted or
(depending on the composition) just started to melt. The only exceptions were the
samples with extreme (5/1 and 1/5) mass ratios. They were still in the powder state at
1460° or sintered to a minimal degree.

X-ray diffractograms of samples heat-treated between 1400 and 1460° and then
cooled down to room temperature (although they are quite different from the high-
temperature X-ray data in Fig. 2) did not prove either the formation of new phases
or the polymorphic transformation. Samples heat-treated between 1400 and 1430°
contained cyclowollastonite or y-dicalcium silicate as main component at room
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Fig. 2 X-ray diffraction patterns obtained for 8i0,/CaCO, system with | : 1 mass ratio. 1. at 1375 °C,
2. at 1400 °C, 3. as 2. but cooled down to room temperature

temperature, together with (depending on the composition) various amounts of
Ca0x quartz or cristobalite.

In these samples, the nature of the calcium silicate already depends upon the
composition. At a mole ratio of 1:1 or in a SiO, excess, cyclowollastonite was
found as main component, with only a small amount of wollastonite. If CaCO; was
in excess, y-dicalcium silicate was the main component. In this case, the more
effective rules were the thermodynamic, and not the kinetic ones.

If SiO, was not in excess, cristobalite and dicalcium silicate disappeared from the
mixture heat-treated in the temperature range 1430-1460°, but if SiO, was in excess,
only a change in intensity could be observed.

Heat treatment was performed in a sintered Al,O, crucible, similarly as
in thermodynamic investigations. The X-ray measurements detected small
amounts of gehlenite, 2Ca0 - Al,O, - SiO,, which proved the reaction between the
samples and the crucible. According to the X-ray measurements, gehlenite could be
formed only after the formation of a molten phase. ‘

Since there is a difference between the X-ray diagrams of samples heated up to high

J. Thermal Anal. 33, 1988
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temperature and then cooled down to room temperature and the high-temperature
X-ray diagrams (Fig. 2), it is important to follow the high-temperature processes at
the temperatures of transformations. Conclusions drawn from the cooled samples
can be accepted only with certain restrictions.

Table 3 summarizes the data from quantitative DTA measurements. Data from
parallel measurements differ from the average value by only 5-10%.

The decarboxylation heat of CaCO, of analytical purity is 1776+170 J g™ 1, in
accordance with published values (e.g. 1778 J g7 1 [11, 12] and 1611 J g~ ! at 827°
[13].

Energy values relating to the DTA peaks near 565° could be identified as due to
the a-f transformation of SiO,, value of which is 12.1 J g™! [10]. Our
measurements were scattered around this value, but the average energy was also
121Jg .

The heat relating to the endothermic DTA peak between 640 and 870° is
naturally decreased on increase of the quantity of SiO,. If the data are referred to
the CaCO, content of the mixture (Table 3, column 7) one finds that AH’ passes
through a maximum at a 1: 1 mole ratio. At higher or lower ratios, AH’ approaches
the decarboxylation enthalpy of CaCQO;. From these data, it can be inferred that
not only the decarboxylation, but also other transformations, should be taken into
consideration in the above temperature range. If one of the components is in excess,
the possibility of formation of calcium silicates decreases. Comparison of the peak
intensities of the X-ray diagrams also confirms the thermoanalytical observation
that the formation of silicates is the greatest at a mole ratio and mass ratio of 1: 1.

The heat associated with the endothermic peak above 1460° changes in paraliel
with that of the DTA peak between 640 and 870°, referred to the CaCO, content.
Thus, there is a strong connection with the quantity of silicates formed in this
process, with their melting in this temperature range, and with the quantity and
melting of CaO.

The total AH values are decreased considerably by decrease of the CaCO,
content of the mixture, since the most significant change of heat content in the
thermoanalytical investigations is caused by decarboxylation.
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Zusammenfassang — Die Festkorperreaktionen im System CaCOQ,-8i0, in Mischungen mit
Masseverhélinissen 1:0,2.bis 1:10 wurden durch TG, quantitative DTA und Hochtemperatur-
Réntgenbeugung untersucht. Es wurde gefunden, dass CaCO, als CaO mit SiO, reagiert. Mit
zunehmendem Gehalt der Mischungen an SiO, nimmt die Geschwindigkeit der CO,-Abspaltung zu, die
Temperatur der Silicatbildung wird deutlich erniedrigt. Als Produkte der Festkorperreaktion wurden
nur Monocalcium- und Dicalciumsilicat nachgewiesen. Oberhalb 1400 °C erfolgt ein Schmelzprozess,
dessen Temperatur vom SiO,-Gehalt in komplizierter Weise beeinflusst wird. Quantitative DTA und
Rontgenbeugung zeigten, dass bereits unterhalb 1000 °C nicht nur die CO,-Abspaltung sondern auch
Silicatbildungsreaktionen in Betracht zu zichen sind.

Penome — MeTonoM TepMOrpaBHMeTpHH, xosdecTseHHoro JITA M BeCOXKOTEMIEpaTypHOro
$a3zosoro anamm3a u3ydeHs B obnactu Temnepatyp 25-1500° TBepAOTENbHBIE PEaKiiHH B CHCTEME
CaCO0,:Si0, ¢ pecoBrM cooTHOmeHHeM kommonenT o1 1:0,2 go 1:10. YcrasonneHo, YT0 B peaKnuio ¢
JBYOKHCBHIO KPEMHHS BCTYnacT He xapboHaT Kanbims, a o6pa3yloliascs U3 HEro OKHCH KaJIbIHA.,
CxopocTh peakiuy NeKapOOHHIIHPOBAHKS YBEIHYMBAETCA, 3 TEMIIEPATYpa OOPA30BAHHA CHIIMKa THRIX
a3 3HAYATEABLHO YMEHBLILACTCE ¢ YBE/IHYCHHEM COIEPXKaHHA [BYOKHCH KpeMHHA. B nmpoayxrax
TBEPIAOTCABHMX peakiuil ObUIR HaWIEHN TONBKO MOHO- B AMKaIbIMH crwmxarTi. Bruime 1400° ameer
MECTO WHTEHCHBHRIH Npolece IL1aBJIEHHA, OMHAKO BJMAHME HA €ro TEMIEPATYPHBIA HHTEpBa
JIBYOKHCH KpeMHHSN He coBceM scHo. Konmgecrpennniit [{TA u pentrenodasopnii aHams NOKa3aiH,
gro nuxe 1000° creqyer yHuTHIBATL HE TOJABKO HPONECC AEKApOOHMIHPOBAHHY, HO M ODpa3oBaHue
CWIHKATOB.

J. Thermal Anal. 33, 1988



