Silikdty 27, s. 209—309 (1983)

THE EFFECT OF PRESSURE AND TEMPERATURE
ON PHASE STABILITY OF TRICALCIUM SILICATE

JURAJ GTRACELSKY, FRANTISER HaNIc, IvAN KAPRALIR, FRANTISER KUPSIK*)

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dibravskd cesta 5,
842 36 Bratisleva

*) Research Institute of Powder Metallurgy, POB 10, 787 63 Sumperk 1
Received 13. 1. 1983

Using the condition for an equilibrium of the solid state reaction and by
means of Clausius—Clapeyron equation, an evaluation was made of the stability
limit of Ca,8i0s in the P—T diagram in the pressure region of up to 0.8 GPa.
The differential quotient AT /AP for the reaction Ca3SiOs — CaxSiQ4 + CaO
has a slope of 550 K|GPa. The metastability region of CasSiOs was verified
experimentally.

INTRODUCTION

Tricalcium silicate, Ca3SiOs (3 CaO . SiO, = C;S) is the essential component
of portland cement. At normal temperature and under normal pressure it is
a metastable phase. In the literature, the bottom limit of the temperature stability
region under normal pressure is given over a wide temperature interval from 1248.
to 1670 K [1—4] with the most probable limit value of 1525 K [1]. Below this
limit temperature, tricalcium silicate decomposes according to the equation

Ca;;SiOs = C&zSiO4 -+ CaO, (1)

The decomposition proceeds at a satisfactory rate at higher temperatures only.
‘The slow decomposition rate at lower temperatures renders possible the occurence
of a metastable form of C3S. The compound melts incongruently. An incongruent
decomposition to CaO -+ liquid phase takes place at about 2423 K [1].

Within the metastability temperature range, C;S occurs in seven polymorphous
modifications, which have been identified by X-ray analysis, microscopically
and by means of DTA in three triclinic (T), three monoclinic (M) and in one
rhombohedral (R) modifications [5, 6]:

T 8K T, 1193 K 7, 123K 0, 1263 K o, BE e BOE o

All the polymorphous transformations are reversible with a low enthalpy of the
transformation. The T, «» T, inversion exhibits hysteresis [5, 6]. Some of the
high-temperature forms can be stabilized by formation of solid solutions. The most
extensive studies on the formation of C3S solid solutions and on limit concentrations
of some oxide admixtures can be found in [6 —14]).

Crystal structure analysis of the triclinic form of Cs;S (7)) has proved that
tricalcium silicate is a defined compound [15] and not a solid solution of CaO in
Ca,Si0,4 [16]. The most significant structural data are as follows [15]: space group
Pl,a = 11.67,b = 14,24, ¢ = 13.72 X 1071 m, o = 105°30’, 8 = 94°20’, y = 90°,
Z =18, V =2190.3 x 10-30m3, Dy = 3.115 Mg/m3. The structural formula
can be written in the form: VIICagVICassIVSi;gV10,;5V06VOss, where the Roman
numecrals left to the element designation indicate the coordination number of
the respective atom. The CaOs and CaO; polyhedrons are irregular and joined
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into a massive three-dimensional skeleton first of all by means of common edges.
The SiO, tetrahedrons are situated in the gaps of this skeleton. Each tetrahedron
apex serves as common apex to further three or four CaOs or CaOy polyhedra.
Of the total number of 90 oxygen atoms, 72 atoms comprise a component of the
Si04 tetrahedra. Each of the 18 oxygen atoms belonging solely to calcium polyhedra,
forms an apex for six CaOy polyhedra.

The present study had the aim to study the effect of pressure and temperature
on phase stability of tricalcium silicate.

EXPERIMENTAL

The tricalcium silicate specimen employed in the high-pressure experiments
had the quality of a standard (FRG). The high-temperature experiments were
carried out with a specimen of C;S syntzetized from CaCO; of A. R. purity and
with Brazilian quartz at 1875 K [17]. The y-Ca;SiO4 used in the high-pressure
experiments was of A. R. purity. Neither microscopic nor X-ray phase analysis
succeeded in identifying the presence of other polymorphous modifications [41].

The X-ray phase analysis of the specimens from high-pressure and high-tempe-
rature experiments was carried out on the Philips PW 1060 apparatus using CuKa
radiation. The diffraction angles of the indexed X-ray patterns were used for
refinement the lattice parameters by means of the least squares method on the
CDC 3300 computer by means of the POWDER program [18]. The high-pressure
experiments were carried out in a ‘“belt”’ type high-pressure apparatus with an
internal resistance graphite heating. Following compression, the C3;S specimens
were heated within several minutes in one or several temperature cycles (thus pre-
venting the chamber from overheating) up to the required temperature. Following
each cycle, the specimen was rapidly cooled by switching off the resistance heating,
so that the specimen temperature fell from 1100 K down to 300 K within 10 seconds
(Table II). The temperature measurement was indirect. The current density,
calibrated at the known melting points of substances, allowed to determine the
temperature with an accuracy of 4+10—20 K according to the height of the tempe-
rature being measured. In all the high-pressure and temperature experiments,
the C;S specimens in the reaction space of the “belt’” were sealed in a platinum
tube provided with boron nitride stoppers (Table II).

The high-pressure experiments with y-Ca,SiOs were arranged similarly, but
with a slower heating and direct specimen temperature measurement under

Table 1
The effect of heating on stability of Cas;SiOs under normal
pressure
. Heating Time of
E:}I;;‘;l’ temperature | heating Decomposition
No. T T products
K h
|
1. 1270 0.5 traces of CaO
2. 1470 77.0 B-Caz8i04 + CaO
3. 1570 100.0 without decomposition
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pressure using a chromel-alumel thermocouple (Table III). In this instance, the
temperature measurement accuracy was -1-7 K. The deviations were affected by
temperature gradients and by the pressure dependence of the thermocouple EMF.
The pressure calibration of the ‘“belt” was carried out in a standard way by
measuring electrical conductivity of standards with an accuracy of +3 9. Com-
pression of the specimens at room temperature was performed between Bridgman’s
anvils from tungsten carbide and in the high.pressure XKB-100 X-ray cemera
produced by MRC (USA), using MoK« radiation. In order to assess the influence
of pressure on C;S decomposition kinetics, the specimens were heated rapidly to
the chosen temperature under normal pressure, and then rapidly quenched by
dropping into a copper block (Table I).

RESULTS AND DISCUSSION

The effect of high pressure on the direction of the solid phase
reaction (1)

The effect of high pressure on the direction of the reaction (1) can be elucidated
by means of the P-T diagram of C;S (Fig. 1). At temperatures exceeding the
lower stability limit of C;S (1525 K). the reaction (1) proceeds in the direction of
tricalcium silicate synthesis from the components CaQ and Ca,SiO, (Table I,
experiment No. 3). When these temperatures are combined with a satisfactory
high pressure, reaction (1) changes its direction and proceeds towards decomposi-
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Fig. 1. Stability limit of CasSiOs in the P-T diagram. Points + delimitate the stability field of

Ca3SiQs by means of the equilibrium condition (3). The slope of the dashed straight line passing

through points () is the differential quotient AT /AP, determined by means of equation (4). The full

line parallel with the slope dT|dP passes from point Teq = 1625 K, Peq = normal pressure establis-

hed experimentally. The hollow rings designate experiments during whi tion of Ca;SiOs

occurred, the full rings represent non- deoomposed Ca;S8i0s phase and the white- black rings indicate
Ca;3S10s in metastable state.
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tion of CsS, as proved by experiments Nos. 2, 3 and 4 (Table IT) where tricalcium
silicate was completely decomposed within several minutes.

The accelerating influence of pressure on the decomposition kinetics of C;S at
temperatures lower than 1525 K (lower thermal stability limit of C;S) follows
from the comparison of the high-pressure experiments (Table I, experiments Nos 5,
6) with the heating experiments carried out at normal pressure (Table I, experi-
ments Nos. 1, 2). Whereas in the high-temperature experiments at normal pressure
the first traces of decomposition phases appeared first after 30 minutes of heating,
under combined effects of pressure the decomposition of tricalecium silicate occurred

Table 11
The effect of pressure on stablity of Ca;8i0s at high temperatures

Degree
of
No. Prax TPnax | Heating Trax T max g:f)‘rgs Decomposition
GPa min cyeles 74 min | position products
a/miole
%
1.0 20 1 770 1 0
1.0 20 1 1770 1 100 B-Ca28i04 + Ca O
3.5 50 1 1620 15 100 B-Ca38i04 + CaO
2 1620 5 !
4 4.5 50 1 1670 15 100 | B-CasSiO4 + Cal
2 1670 5 |
[
5 6.0 60 1 1170 10 100 | B-CaiSiO, + CaO
2 1170 10 ‘
3 1170 5 l
6. 6.5 50 1 1270 20 100 l B-Ca,8i0¢ + CaO
7.3 20 — 293 —
8.3 60 days — 293 — ' _—

Ppax = maximum pressure; *Pmax = time of effect of maximum pressure;
T'max = maximum temperature; "T'pax = time of effect of maximum temperature.

within several minutes. At the temperatures close to the lower limit of thermal
stability of CsS, the first traces of decomposition phases at ncrmal pressure appea-
red only after several tens of hours (Table I, experiment No. 2). At lower tempera-
tures, even the effect of high pressure did not succeed in decomposing C;S (e.g. at
770 K and 1 GPa, Table II, experiment No. 1) as a result of the slow rate of the
decomposing reaction in the lower temperature interval, which may also serve for
fixing the metastable state of the compound.

The effect of pressure on the direction of reaction (1) is controlled by the condi-
tion of increasing density of reaction products under pressure compared to the
density of phases entering the reaction.

At room temperature and under normal pressure, the density of CsiS, pc.s,
calculated from the relative molar weight (M = 228.323) and from the weighed
mean of experimentally determined volumes of the unit cells of type Tt tricalcium
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silicate (triclinic form with reduced unit cell volume V/Z = 121.05 x 103 m%
(6, 15, 19]) has the value p3?% = 3.1314 Mg/m3. The density of CaO (M = 56.0784,
V/Z = 27.83 x 1030 m3 [20]) is 022} = 8.3454 Mg/m>. The density of Ca,SiO,
depends on the respective modification. For the y-form, the density value 92934 =
= 2.9865 Mg/m® (M = 172.2436, V/Z = 96.75 X 10-0m3 [21—25]), 0Z03;,q —
= 3.3116 Mg/m3 (V/Z = 86.35 X 10-30m3 [24—31]), o233t — 3.3418 Mg/m?
(V/Z = 85.57 x 10-30 m2 [21, 32, 33]). At the lower limit of the thermal stability
of C8 (1525 K) and under normal pressure, ol2% = 2.9980 Mg/m3 (V/Z =
= 12643 X 100 m3 [19]) Y92 . —3.0941 (V/Z = 92.42 X 10-% m3 [34]),
ol8% = 3.1872 Mg/m3 (V/Z = 29.21 X 1030 m3 [35]). At higher temperatures, the
densities of C;8 and of &'-Ca,Si0,4 tend to become equal as a result of the higher
thermoexpansion coefficient of the o' -form [34]. Formation of the y-form of dical-
cium silicate during decomposition of C;S at high temperatures and under high
pressures is improbable owing to the lower density of ¥-Ca,Si0, compared to that
of C38. This conclusion is also confirmed by the pressure experiments with
y-CaySi04. The experimental results are summarized in Table III. These imply
that under high pressures and at high temperatures the y-form was always trans.
formed to the f-form. The proportions of phases y and f changed in dependence
on the values P, T' and ¢n the time of the effect of pressure and temperature.

Table I11

The effect of pressure on polymorphous transformation of -Caz8i04 at high temperatures.
The significance of symbols Pmax, T'max and 7 is the same as that in Table IT ’

' ( , | | Content of £-Ca1SiO,
. No. Pmsx | "Pmax | Heating | Tmax = "Tmax !
GPa | min | cycles K min ¢
| ‘ ! i mole %
1. 6.0 50 1 1170 10 50—60
2 1170 10
3 1170 10
2 5.8 60 1 640 0.17 85—95
i 2 739 0.5
3 777 1.0
4 987 0.5
5 939 0.17
3 4.5 70 — 203 — 40—50
l

The lowest content of the transformed f-form resulted from the high-pres-
sure experiment at room temperature (Table III, experiment No. 3). The
high-pressure experiments carried out at temperatures above 1000 K up to
pressures of 1 GPa yielded as the primary product the «’-form of dicalcium silicate
which, however, transformed reversibly to f-form on cooling down [36]. In view of
the fact that the cooling down was performed under high pressure, which exceeded
the value of the equilibrium pressure of the stability region of g-form, the decom-
pression probably did not lead to any transformation of the f-form to the stable
y-form. The proportion of y-form identified by X-ray powder diffraction analysis
in conclusion of the experiment probably represents the nontransformed portion
of the original y-form. In the products of decompostition of CsS under high pressure
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and high temperature (Table II) the X-ray diffraction analysis identified as the
main phases §-Ca,;8i04 and Ca0, whereas the y-form was present in traces only.
A stabilizing effect of CaO on §-Ca,8i0,; cannot likewise be ruled out.

An even more general view of the high-pressure transformation of C;8 is provided
by the structural field theory {37, 38] which relates the phase and modification
transformations under high pressures and at high temperatures with the so-called
coefficient of packing, @. This coefficient is given by the ratio of volume V,,
taken up by atoms in the unit cell, to the volume ¥ of the unit cell:

e
e m

On the assumption of a spherical symmetry of ions, equation (1) can be written
in the form

D =

4
-3— ™ z Tg
D=,
14
where r; are ionic radii of atoms in the unit cell, where the coordination number
of atoms and the overlap of the electron envelopes of oxygen atoms in tetrahedral
groups SiO,4 has also to be taken into account [38]. Table IV lists the compoeition,

2

Table IV

Structural data on the compounds Ca;8iOs, ¢/-Ca;8i04, §-Caz8i04, p-CasSi04, Ca: structural
type, coordination formula, symmetry, volume of atoms in the unit cell V,, reduced volume of
unit cell V/Z, coefficient of packing @D, calculated density oz

E Coumpound CasSiOs o’ -CarSiQ,
Structural type Ca38i0s . B-K:S0,
Coordination formula VIIcs, VIca IVsy, VIog, IX0aVIIcaIVy Vo,

VoeIVoss
Symmetry triclinic orthorhombie
Z“ J10-30 m3 1230.25 56.94
14 =
z /10-3° m3 2178.90/18 85.57
o 0.565 0.665
ox/Mg m—? 3.1314 3.3418
Compound B-Ca,Si0, p-CazSi0, CaO
Structural type deformed 8-K;80, olivine NaCl
Coordination formula | VIIIcaVIIcaIVsi Vo IV, VIca,IVsIVo, VieaVIo
Symmetry | monoclinic orthorhombic cubie
';“ /10-% m3 55.70 52.40 15.68
1 4
z J10—30 m3 86.35 96.75 27.83
(/] 0.645 0.542 0.564
ox/Mg m—3 3.3116 2.9865 3.3454
304 Silikaty &. 4, 1983



The Effect of Pressure and Temperature on Phase Stability of Tricalocium Silicate

structural type, values of volumes V,, reduced volumes of elementary cells V/Z
at room temperature and under normal pressure, and the respective coefficients of
packing @ for Cs8, y-, «’-, §-Ca,S8i04 and CaO. The values of ionie radii published
by Shannon were used in the ealculation [39]. Table IV indicates that whereas C;S
and CaO have comparable values of the coefficient of packing (Dcas = 0.565,
Dcap = 0.564), B-Ca,8i0,; and «'-Ca,Si04 have higher values of the @ coefficients
(Ds-casi0, = 0.645, D.-ca si0, = 0.665). As the @ for y-Ca,Si0, is significantly
lower than that for CsS (D,-cas10, = 0.542), any pressure transformation of CsS to
Ca0 + Ca,Si04 would be improbable, if the y-form of dicalcium silicate would
have to be formed.

Caleculation of the stability region of C;S in the P-T diagram

The following equation was used in the calculation of the equilibrium pressure
and temperature at which the C;S, Ca,SiOs and CaO phases co-exist:
: P
AGoq — AG° = | AVAP. (3)
Pﬂ

Under equilibrium conditions, the change in Gibbs energy AGeq is equal to zero.
AGF is a standard change in Gibbs energy at temperature 7' under normal pressure
Py (Pn = 1.0133 x 105 Pa), Peq is the pressure of the equilibrium transformation
and AV is the volume change due to reaction (1). Table V lists the volume changes
of Ca0 and various modifications of C;S and Ca,SiO4 in terms of temperature.

»

Table V

Molar volumes Vy of phases Ca38i0s, Ca;8104 and CaO at tempera-
atures T' and under normal pressure

Temperature | Molar volume
Compound Modification T Vu/
X /107¢ m?3 mole~!
Ca3Si0s Tt 298 72.908
R 1315 75.378
R 1400 75.655
R 1500 76.035
R 1600 76.456
R 1693 76.640
Za2810, o’ -— stabilized 298 51.539
“L 1316 54.719
'L, 1400 55.101
«H 1500 55.333
“H 1600 55.498
“H 1693 55.652
Ca0 298 16.762
1315 17.473
1400 17.531
1500 17.599
1600 17.667
1693 17.731
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Table VI

Tharmodynamic data for the dscomposition reaction of CasSiQOs in solid state

Temperature Modlﬁ;atlon AH: AG: Peq
TT{— CasSiO, J mole-1 J mole—1 GPa
298 v —10 467 —7 972
300 v —10 450 —7 955
400 ¥ —10253 —7189
500 Vv —10 739 —6 368
600 v —11 313 —5 439
700 y —11719 —4 425
800 v —11 832 3375
900 Y —11 581 —2 324
1000 oL, —7 042 —1 562
1100 a’l, —17 298 —1 000
1200 a’L, —7 469 —415
1300 a’], —7 566 —176
1315 'L, —17 567 0 normal
1 400 a’L, —1T574 775 0.256
1 500 oH —7 503 1 365 0.440
1 600 Lg: ) —7 344 1951 0.593
1693 oH —7126 2 525 0.7756

Table VI summarizes the thermodynamical data for the decomposition of CiS,
evaluated by means of thermodynamic tables [40]. AHz; and AG} are standard
changes in enthalpy and Gibbs energy of reaction (1) respectively at temperature T,
and P.q i8 the equilibrium pressure at temperature T, for the evaluation of which
is possible to use equation (3). It was further assumed that in the region of pressures
of up to about 0.8 GPa, compressibility does not yet influence the volume change
AV, evaluated by means of the data in Table V for reaction (1), proceeding in
solid phase at temperature T and under normal pressure Py. In other words,
compressibility of phases C;S, Ca,;S104 and CaO was assumed to be approximately
identical up to pressures of about 0.8 GPa.

The value of equilibrium temperature 7q under normal pressure is 1315 K
(Table VI). This value is somewhat lower than the experimentally established
stability limit of C,;S (1525 K), but higher than the equilibrial temperature calcul-
ated by Berezhnoy (1248 K, [3]). It is impossible to assess to what extent the
difference between the equilibrium temperature suggested in the present study and
the experimentally established value is significant, because the thermodynamic
date [40] used in the calculation of data in Table VI were published without any
information on measuring errors. In Fig. 1, the stability limit of C58 is indicated by
points (Peq, T'), the parameters of which are specified in Table VI. The slope
of the limit was verified by means of Clausius-Clapeyron equation adjusted for eva-
Ination of reaction (1):

AT  AVelT
AP  AHeq )
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For pressures close to the normal pressure, the values of the slope dT'/dP are
obtained on substituting the following data: T = 1315 K, AHeq = —7567 J/mole,
AVeq = —3.19 X 10-6 m3/mole. The slope dT'/dP = 550 K/GPa, calculated by
means of equation (4), passes approximately through points Peq, 7 evaluated
by means of equation (3)., This implies that the assumptions used in the processing
of thermodynamic data [40] by means of equations (3) and (4) were correct.
If we were to accept the value on equilibrium temperature under normal pressure
(I' = 1525 K) obtained experimentally, as a more justified one, the stability
limit of C;S would then represent, in the lower pressure region, the line passing
from point T = 1525 K, Pq = 1.0133 X 105 Pa (normal pressure) with a slope of
550 K/GPa (full line in Fig. 2)..

The comparatively wide region of C;S metastability is further confirmed by
experiments Nos. 7 and 8 (Table II), where for instance the X-ray experiment
No 8 was carried out “in situ’’, and no decomposition of C3;S occurred during
2-months of compression under extreme pressure and atv room temperature (Fig. 1).

CONCLUSION

Using the condition for the equilibrium of solid phase reaction and by means
of Clausius - Clapeyron equation, the stability limit of C;S was investigated in the
P-T diagram in the region of pressures up to 0.8 GPa. Under the effect of pressure,
the equilibrium temperature of reaction Ca;SiOs = Ca,SiO4 + CaO is shifted to-
wards the higher temperature region at a slope AT/AP = 550 K GPa-1. This means
that a change in the direction of the reaction can be achieved in the temperature
range where synthesis of C;S takes place under normal pressure. Dicalcium silicate,
which results from the decomposition of CsS according to the pressure and tem-
perature values, is only capable of crystallizing in the form of f-Ca,SiOy, or
a’-Ca,Si0y4, which is converted to §-ferm on cooling down under pressure. In agree-
ment with the structure field theory as well as with experiments, formation of
p-Ca,Si0, is improbable. At lower temperatures and pressures, e.g. at 770 K and
1 GPa, and likewise under extreme pressures at room temperature, Cs;S is no
longer decomposcd owing to the slower kinetics of reaction (1), and the metastable
state of tricalcium silicate is retained.
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BJINAHUE OJABJEHHUA U TEMIIEPATVYPHI
HA ®A30BVYIO VCTONYUBOCTEL TPUKAJIBUUACUJIUKATA

10paii Crpamenbckn, OparTrmer 'armn, MBar Kanpanmnk (DparTnmex Kynymk*

Hremumym neopzanuveckoil zumuu I[fesmpa Tumuseckozo uccaedosarus C.AH,
842 36 Bpamucaasa
* Hayuno-uccaedosamenvcKuti uKCmMumym nopoutkosoll memasaypeuu,
787 63 Mlymnepx

C DOMOIEIO yCSI0BUA I PABHOBECHA peakuuu B TBepioi ¢ase n ypaBHeHna Hmayciyca—
Knspeilpona paccMoTpesan HusHuE npepmen ycrodumBoctd CasSiOs B P—T gmarpamme
B obnactn gamiennii mo 0,8 I'lla ¢ yxaoHOM AT/AP = 550 I'lla-1. VcroifumBocTL M MeTa-
ycroiuuBocTh CasSiOs SKCMepMMEeHTANBHEIM IIyTeM MccjlefoBajan npu gaBieHusx jo 8 I'lla
¥ Temnepatypax 10 1800 K. OxcunepuMeHTa/IbHBIM NyTeM OblIIO JOKA3aHO, 9TO AeHCTBHEM
JaBileHMA MOKHO JOCTMYb B 00J1acTH TeMmmepaTyp, KOrfia IPOMCXOAMT IIPR HOPMAaJLHOM
naBileHun cuBTre3 Ca;SiOs, n3MeHeHNnsT HaNpaBjeHMA ¥ KAHETHKH peaKUHH.

TeopeTHYecKA M 3KCIEPUMEHTAJbHBIM ITyTeM OBIIIO UOKAa3aHO, UTO AMKAJbOMICHJIMKAT,
obpasylomuiica npr paco age CasSiOs, B 3aBACAMOCTH OT BelnuuHbi MCIOJIL3YEeMHX JaBile-
HUA M TeMIepaTypPhl, MO’KeT KPICTaIM30BaTh TOJILKO B BHJie f — uin o'-CaaSiO,, KOHBEPTH-
pyomero npH OXJa:KJeHHH IO JaBjeHHeM B f-fopmy.

Puc. 1. ITpedeant ycmoiivueocmu CasSiOs ¢ P—T duazpamme. Touku (+) ozpanunusaiom

noae yemotinugocmu CasSiOs ¢ nomowvio pasrosecnozo ypasnenus (3). ¥ xaon wmpu-
Z060it npamoli, nporodawei wepea mosru (+) npedcmasasem coboii dupPepenyuars-
noe sacmuoe AT [dP, ycmarnosaennoe ¢ nomowsio ypasuenus (4). Cnaownas aunus,
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napasaeavias ¢ ykaonom AT (AP, ucrodum uz nynkma Teq = 1625 K, Peq = nop-
MaAbHOE Dasaerue, KOmopbilé Gbia YCMAHOBAEH IKCNEPUMEHMAIbanbim nymem. ITosnve
KPYHEU 06031a%aI0M SKCHEDP UMENRMbE, NPU KOMOPYIT nPouctodrao paaaoxerue CasSiOs,
noansle kpyxcku o6osravaiom nepaanroxcennyio gasy CasSiOs u beso-vweprvie xpyxcxu —
CasSiOs ¢ memacmabuabrom cocrmosHuu.

VPLYV TLAKU A TEPLOTY NA FAZOVU STABILITU
TRIKALCIUMSILIKATU

Juraj Stracelsky, FrantiSek Hanic, Ivan Kaprélik, Frantifek Kupéik®)

Ustav anorganickej chémie Centra chemického vyskumu SAV, 842 36 Bratislava
*)Vyskumny ustav pro prdskovow metalurgii, 787 63 Sumperk

Pomocou podmienky pre rovnovéhu reakcie v tuhej fdze a pomocou Clausius — Clapeyronovej
rovnice sa vyhodnotila dolnéd hranica stability Ca;SiOs v P-T diagrame v oblasti tlakov do
0.8 GPa s0 sklonom AT/AP = 550 GPa~!. Stabilita i metastabilita CaiSiOs sa experimentalne
vysetrovala pritlakoch do 0.8 GPa a teplotdch do 1800 K. Experimentélne sa dokézalo, Ze Gtinkom
tlaku je mozZno dosiahnuf v oblasti tepldt, kedy dochddza za normélneho tlaku k syntéze Ca,SiOy,
zmenu smeru a kinetiky reakcie.

Teoreticky i experimentdlne sa dokézalo, %e dikalciumsilikdt, ktory vznikd pri rozklade
Ca3Si0s, v zavislosti na hodnote pouzitého tlaku a teploty, moéze krystalizovat len vo forme
B- alebo a’-CazSi04, konvertujici pri ochladen{ za tlaku na §-formu.

Obr. 1. Hranica stability CasSiOsv P — T diagrame. Body (+) ohranifuji pole stability Ca;SiOs
pomacou rovnovdénej podmienky (3). Sklon &iarkovanej priamky, prechddzajicej bodms (4 ),
Jje diferencidlny kvocient dT[dP, urdenyj pomocou rovnice (4). Plnd iara, rovnobeind so
smernicou AT /dP, vychddza z bodu Ty = 1525 K, Peg = normdlny tlak, ktory bol zisteny
experimentdine. Prdzdne kritky oznaduju experimenty, pri ktorych nastal rozklad CasSiOs,
piné krifky reprezentuju nerozlofeni fdzu Ca3SiOs a bielo-Sierne krifky CasSiOy v metasta
tilnom stave.
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