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Maving enthalpy AHmix,i(x, T) of the melts <n the system
2 CaO . MgO . 2 S10,—CaO . MgO . 2 SiO, and the temperature de-
pendence of enthalpy of the pure components were determined within the
temperature range of approx. 1 700—1 873 I{. Use was made of the
double calorimetry method by which the values of relative enthalpy
Heer, t(@um, Tw) tn the system are determined from the sum of increases
in enthalpy measured tn the course of cooling in the drop calorimeter
(AH coo1) as well as during dissolving in a calorimeter for the measure-
ment of dissolution heat (AHsor). The states of solutions in a mixture
(}f concentrated hydrofluoric and nitric acids (2 : 1) at temperature
Thvas = 298 K were chosen as the reference state. The values measured
were used for plotting the relationship of Hrer,i(x, T) for temperatures
Twm = 1723,1773and 1 823 I; the Hrer,1(x, T') was described mathe-
matically by en exponential function.

INTRODUCTION

The present paper is concerned with an isobaric thermodynamic analysis of
the system 2 CaO . MgO . 2 Si0O,—CaO . MgO . 2 SiO, carried out on the basis
of determining the mixing enthalpies of the melts, the melting enthalpies of
the pure components, and by means of equilibrium values found in the phase
diagram of the system [1].

The crystalline phases of the components comprising the given system belong
to the following two structurally different types of silicate compounds: Diopside
CaMg(SiOs), is a metasilicate from the group of monoclinic pyroxenes. The
structure of diopside contains continuous broken chains of metasilicate tetra-
hedra [SiO3)2- linked together by their apexes. The free oxygen ions in each
tetrahedron constitute a bond with calcium and magnesium cations [2].
Melting brings about destruction of the linearly linked anions and formation
of [SiO3]2~ closed chains.

The crystals of akermanite Ca,MgSi,O,; exhibit a tetragonal symmetry.
The structure is based on broken chains of [Si,04]5~ groups, [MgO4]°- tetra-
hedra and calcium ions co-ordinated by eight oxygen atoms. Akermanite melts
likewise consist for the most part of [Si,0,]¢~ anions [3].

The thermodynamic study of the given system had the aim to determine
the relationships between the entire complex of thermodynamic quantities
and the composition and temperature of the system. Knowledge of these
relationships allows to characterize the thermodynamic properties of the system
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as well as to form a certain idea of the structure of the melts and of the mecha-
nism of their formation.

In the present paper the authors present a description of the isobaric enthal-
-pic analysis of the system in question. The calculation of entropy and that of
the Gibbs energy of the melts will be dealt with in a separate paper.

The principle of isobaric enthalpic analysis

Direct measurements of the changes in enthalpy taking place in the course of
physico-chemical processes in some silicate systems are intrinsically inaccurate
for the following two main reasons:

a) The processes in question are frequently very slow.
b) The thermal losses due to dissipation into the calorimeter environment
taking place during high-temperature processes in silicate systems are difficult
to calculate of compensate.

However, ar enthalpic balance of significant processes in all systems can
be evaluated by means of the equation

w (H, composition, T') = 0. (1)

For this reason the aim of a complete enthalpic analysis is ascribing an
unambiguous assignment of the enthalpy values (measured or calculated ones)
to the individual figurative points in the phase diagram of the system in ques-
tion, i.e. determination of the function of . As the absolute value of internal
energy cannot be determined, the y is established merely for the increase in
enthalpy from the basic value corresponding to a certain reference state of the
system. This is for instance the enthalpy value of the elementary particles
the combination of which yields the respective system at 298 K. When designa-
ting the increase in enthalpy due to combination of the building blocks into
the given system AHj;(Thas = 298 K), the absolute enthalpy value of the
system at an experimental temperature 7%, is given by the equation

T
Haps(Tw) = Z’l’iﬂi(Tbas) + AH ¢(Thvas) + 'j Csyso(T)dT (2)
where H;(Tvas) are absolute enthalpies of particles constituting the system
in its reference state;

y; are the stoichiometric coefficients in the equation according
to which the system in question is formed from the elementary
particles;

Csyst(T) is the isobaric molar heat of the system.

In the present study the enthalpic balance is related to the heating up of
the system and to the general reaction taking place in the system. In both cases
the initial and the final states of the system comprise the same number of
elementary particles so that the first term on the right-hand side of equation
(2) is always cancelled in the respective relations. When calculating the changes
in enthalpy in the two types of processes one can thus operate with the relative
enthalpy value Hye1(Tm),

T'w
Hrel(Tm) = Hf(Tbas) + j Csyst(T)dT- (3)

T'vas
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The state of the subsystems in solution in a 2 : 1 mixture of concentrated
hydrofluoric and nitric acids at Thas = 298 K was chosen as the basic state.
Relative enthalpy Hrei(T'm) was measured by the indirect method of double
calorimetry. This procedure permits to determine Hrei(7:) from a sum of
increases in enthalpy measured in the course of cooling the system down in
a drop calorimeter (AHco01), as well as during its dissolving in a calorimeter for
dissolution heat measurements (AHs01). Equation (3) can thus be written in the
form

Hye1 = —(AHeoo1 + AHsot) - (4)

The Hye1 values determined by double calorimetry are independent of the
values of the addends on the right-hand side of equation (4), the magnitudes
of which frequently vary when measuring repeatedly one and the same sample.
This is so because the value of AHgo1 (and thus also that of AHge) depends on
the poorly reproducible state of the sample after this has cooled down in the
drop calorimeter. With the system 2 CaO . MgO . 2 Si0,—CaO . MgO . 2 SiO:
the samples after concluded AHcoo1 measurement often consisted of a mixture
of glass and crystalline phases including not only the system components but
also the products of their decomposition (above all merwinite).

When a reaction takes place in a system, the respective reaction enthalpy
is given by the following relationship when using the method being described:

AHr = Z Achool, start ‘|‘ Z AIisol, start — ZAHcool,prod -_— ZAHsol,prod =
= ZAHrel,prod iy ZAHrel, start - (5)

Utilization of the dissolution enthalpies in equation (5) is justified when
the individual phases are adequately dilute in the solvent of the chosen mass.
Only then it is possible to neglect, with respect to the dissolution calorimetry
errors, the values of mixing enthalpies pertaining to the formation of the
common solution of all the initial (final) phases, as well as the values of
dilution enthalpy whichresults from diluting the common solution of the sum
of initial phases so that the solvent mass in the solution being formed be
identical with that of the common solution of all the final phases.

The results of enthalpic analysis are presented by means of isopletic relations
of Hrei(®@m, T) and isothermic relations of Hyej(x, Twm)-

EXPERIMENTAL

Sample preparation

Samples of glasses of the pure components and mixtures in the system
2 Ca0 . MgO . 2 Si0,—Ca0 . MgO . 2 SiO, were prepared from precursor com-
pounds MgO, SiO, and CaCO; [SPECPURE, JMC] the weights having been
corrected for water content. By slow heating of homogenized initial mixtures
up to 1 823 K for a period of 3 days the samples were relieved of the carbon
dioxide freed by decomposition of CaCOj;. The platinum crucible containing the
sample was sealed by welding on a PtRhlO lid and heated for 4 hours at 1 823 K ;
then it was quenched rapidly in water. The samples obtained in this way jvere
ground in an agate mortar to a grain size of < 40 pm. Before calorimetric
measurement the samples were once more homogenized by remelting.
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" Samples of crystalline akermanite and diopside were prepared by the pre-
cursor method according to [4].

The calorimetric methods employed

The increases in enthalpy AHcwo between the temperature chosen and
298 K in the 2 CaO . MgO . 2 Si0,—Ca0 . MgO . 2 SiO; mixtures were measured
in a drop calorimeter which has been described in [5].

The weights of powdered samples in the sealed crucibles of PtRh10 were
in the range of 1.0 to 1.1 g. After concluded measurement in the drop calori-
meter the crucible was opened by careful cutting off the lid at the weld; the
entire sample was removed from the crucible, ground and homogenized.
The sample was then subjected to X-ray and IR analyses and dissolution
heat measurements (in amounts of approx. 0.05 g). There were on the average
3 parallel Al valucs determined per one A o1 value.

THE RESULTS AND DISCUSSION

The relative enthalpies Hye1,1(x, T) of melt mixtures 2 CaO . MgO . 2 Si0,—
CaO . MgO . 2 SiO, were meas ared in the temperature range of approx.
1700 to 1 873 K at temperature intervals of roughly 50 K and at concentration
intervals of 10 mole 9 including pure components (v is the mole fraction of
CaO . MgO . 2 Si0;). The experimental values were arranged into quadratic
relationships of Hyey, ((@m, 7') (Fig. 1); in eight concentration cross sections
including the pure components these isoplets are constructed from at least
four experimental points; isoplets for & = 0; 5 and 0.9 are based on three,
those for @ = 0.1 on two experimental points. The calculation was based on
the assupmtion that the temperaturc course of all the isoplets was similar.
The temperature dependences of Hye1,,(0.1, 7') of pure components are linear.
The measuring results were also used for the calculation of the fusion enthalpy
of aker mamte at its melting temperature [6].

The values read from the graphic temperature dependences in Fig. 1 were
used for plotting the graphic relations of Hye1, ;(z, T'») for the respective tempe-
ratures 71, = 1723, 11773 and 1823 K (rings in the diagrams in Fig. 2).
The S-shaped curves obtained exhibit their inflexion point at about v = 04
and with respect to a connection line of the terminal points are characterized
by a “relative maximum peak’ close to composition x = 0. 2 and by a “‘relative
minimum peak” at approx. x = 0.7.

The following mathematical tleatments have been chosen for the description
of the [ rel,z(ﬁi, T) isotherms:

a) power polynomial of the 3rd degree in the form

y=A + Bx + Ca? + D23, (6)

where the coefficients A, B, C and D were linearly or quadratically dependent

on temperature. However, these polynomials were not sufficiently flexible to

comport with the shape of the relationships determined by measurement.
b) exponential function in the form

y =4 -+ BC* + DE=, (7)
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where the coefficients 4, B, C, D and E are generally temperature-dependent
[7]. However, within the temperature range in question the changes of coeffi-
cients €' and ¥ in terms of temperature were little significant; the most suitable
values of these coefficients were therefore determined by iteration. In the
function chosen (8) these values were considered as independent of concentra-
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IMg. 1. Graphic plots of relative enthalpies Hyer,i(xm» T') vs. temperature for chosen melt
concentrations x in the system 2 CaO . MgO . 2 Si0,—CaO . MgO . 2 SiO3;
o — experimental values of Hrey,i(xm, T) for un paired x
o — experimental values of Hyer, (%m, T') for paired x.

tion and temperature. The temperature dependence of coefficients 4, B and.
D was described by a quadratic function in the form y = p +¢7 ++72.
The final form of the the function is as follows:
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Hier (2, T) = {(—3.0639 x 10~1 4 1.0809 X 10-3T — 2.16 x 10-7T2) 4
+ (—7.730 83 ++9.1292 X 10-3T — 2.496 X 10-6T2) X
X (2.3802)r — (8.8023 + 9.9315 X 10-37T — 2.736 X 10-6T2) X
X (1.8316 X 10-2)7} x 103 [kJ mole]. (8)

From the values of function (8) and from 43 experimental values of Hyes, j(%m,
Tw) (rings in Fig. 1) an estimate of standard deviation was calculated (0 =
= 11.215 kJ mole-1) [this value varies in the range of about 1.1 to 0.8 9,

Hrel,1 (x,Tm)
[k.mot™]
1073

1,3

1,2

1,1
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Fig. 2. Graphic plots of relative enthalpies vs. composition Heer,1(2, T'm);
o — values of Hrer,i(®, T'm) read for 1723 K, 1773 K and 1823 K from the
curves tn Fig. 1.

with respect to the experimental values of Hyep, y(®m, T'm)]- Isotherms obtained
from the values calculated from equation (8) are plotted in full lines while the
rings represent the values of Hrer,; (¥, Tm = 1 723, 1 773 and 1 823 K) read for
the given temperatures from the curves in Fig. 1.
The following quantities were calculated on the basis of known integral
relative enthalpy Hrey, (@, Tn) of the mixture:
1. Partial molar relative enthalpy of 2CaO .MgO .2 SiO; in melt
Hrel, 4,1(%, T'n) and that of CaO . MgO . 2 SiO; in melt Hyel, ,1(%, T'm) , according

to the relationships
o(H x, T
Hreer,l(m: Tw) = Hrer, (@, T') —fL[ ( rel’;:: m)) ]T

9)
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and
o(H x, T
Hrel. B, @, T'w) = [{rel, (@, Tm) + (1 — x) [—( ._@l;éil___ - m_))_] . (10)
* T
The concentration dependences of Hyey, 4,1(x, Th) attain their maximum
value, and the corresponding curves of Hyei, 5, (2, 1) their minimum value at
composition & = 0.4 (Figs. 3 and 4).
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Fig. 3. Graphic plots of partial molar relative enthalpies of 2 CaO .MgO .2 8i0: in
melt Hrer, 1, A(Xm, 1') for concentrations x = 0.4 to 1.0.

The temperature dependence of partial molar enthalpy Hrel,s, (2, Tm) of
the melt of 2 CaO .MgO .2 Si0, and CaO .MgO . 2 Si0, was described by
equation

Hrel,z',l(wﬂi,; T) = O3 +sz +CiT2 : (11)

Equation (11) was employed for calculating the values of partial molar
relative enthalpies of mixtures of akermanite and diopside melts at equilibrium
temperatures along the liquidus lines corresponding to composition xu;
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knowledge of these quantities is indispensable for calculation of partial molar
mixing entropies in the system.

2. From equation (11), differentiation of Hiyey,s,1(zm, T') with respect to
temperature yields partial molar heat capacities of components Cy, (2m, 1)
and Cp, (xm, T).

Hf&’l,ﬂ,l {Xm,i) 1 SIS

r K
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I ! | |
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Ig. 4. Graphic plots of partial molar relative enthalpies of CaO . MgO . 2 SiO,
Hie1, B, U (@m, T).

3. Partial molar mixing enthalpies of the two components were calculated
from the respective equations

Af71m':1:,/1, l(-'U; Tm) = Hrel,A, l(-'U; Tm) — Hrel A, Z(O; Tm) (12)
and

AHmi:c,B,I(-'U, Tm) = ﬁrel,B, I(-’U, Tm) — I{rel,B, 1(1, Tm)- (13)
By substituting (12) and (13) into the equation

AII?IH'I, l(-’v, ij = (1 - 'L) Aﬁmia;,/l, l(-’v, Tm) + Aﬁmifc, B, l(-’v; Tm) (14)
the mixing enthalpies due to formation of melt mixtures in the given system
were calculated for temperatures 7, = 1723, 1 773 and 1 823 K.

At compositions with prevailing 2 CaO . MgO . 2 SiO, (in the range of
& = 0.1 to 0.4) these quantities exhibit a region of positive values with a ma-
ximum from about 9.5 to 10.5 kJ mole-! for & = 0.1 (1 723 K) and & = 0.2
(1773 K and 1 823 K). Within the concentration range of @ = 0.4 to 1.0 the
AH iz, (2, T'm) curves pass through a region of negative values with a minimum
104
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from approx. —12.0 to —9.0 kJ mole~! at x = 0.7 (1723 K) and 2 == 0.8
at 1 773 K and 1 823 K. Dissolution of akermanite melt in diopside melt is
therefore an exothermic process, and vice versa, dissolution of diopside melt
in akermanite melt is an endothermic process.

75AHmiX,A,[(X’Tm) T | T T
2:8Hmix,8 (x,Tm) 1773K 1
3:4H mix,l (x,Tm)

[kJ.mot™"]

120

80

o 02 04 06 G8 10
A B8
Fig. 5. Qraphic plots of partial molar mixing enthalpies of the components, and mixing
enthalpy vs. composition at 1 773 K, _
1 — partial molar mizing enthalpy of 2 CaO . MgO . 2 SiOs A Hmix, 4,1(x, Ty),
2 — partial molar mixing enthalpy of CaO . MgO . 2 8i02 AHnix, 5, 1(x, Tn),
3 — maxing enthalpy AH mix, (@1, Tw).

The courses of mixing enthalpy curves and those of partial molar mixing
enthalpies of the components indicate to a non-ideal character of
2 Ca0O . MgO . 2 8i0; and CaO . MgO . 2 SiO; solutions within the temperature
interval in question. However, this non-ideality is insignificant when compared
with the values of relative enthalpies of the components and their thermody-
namic mixtures.

The results of mixing enthalpy measurements in the melt region of the given
system can be interpreted qualitatively as follows:

At high concentrations of 2 CaO . MgO . 2 Si0,, where the diopside melt is
dissolved in the akermanite melt, the long pyroxene chains of [SiO3)2- are
split into shorter ones in the stronger field of Ca2+ and Mg2+ cations (the con-
centration of cations being higher in the akermanite melt than in the diopside
one). This complex reaction comprises at least four simultaneous partial
processes:

1. The actual splitting of the pyroxene chain.
2. Linking of the pyrosilicate, orthosilicate or oxygen anion to the “freed”
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silicon atom at the end of one of the two products of splitting. The anions
may be formed in the course of fusion of akermanite as a result of partial
association of pyrosilicate anions.

3. Dissociation of the bond between the non-bridging oxygen of the
pyrosilicate anion, and by the Ca2* or the Mg2?* cations.

4. Formation of a bond between the non-bridging oxygen of the product of
splitting and the Ca2* or the Mg2* cation.

The mechanism of splitting the lattice of the original pyroxene tedrahedron
chains therefore yields shorter formations in which the bonds formed by bridg-
ing oxygens are less strong than the “long’ chains. The frequencies correspond-
ing to these bonds are lower in the case of the shorter chains than in that
of the longer ones [8]. Splitting up of this type is therefore an endothermic
reaction.

On the other hand, when the akermanite melt is being dissolved in the
diopside melt the shorter (mostly pyrosilicate) chains become associated.
Stronger bonds between bridging oxygens and silicon are formed so that the
total reaction is exothermic.
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TERMODYNAMICKY ROZBOR SUSTAVY
2 CaO . MgO . 2 Si0,—CaO . MgO . 2 SiO;

I. Entalpicky rozbor sustavy

Mséria ElidSovd, Ivo Proks, Igor Zlatovsky

Ustav anorganickej chémie SAV, Bratislava

Prvd ¢ast prdce o izobarickom termodynamickom rozbore systému
2 CaO . MgO . 2 810,—CaO . MgO . 2 SiO, obsahuje opis entalpického rozboru sledo-
vanej sustavy. Cielom entalpického rozboru je priradit kazdému figurativnemu bodu
fézového diagramu sustavy v uvazovanej teplotnej oblasti a v celom koncentraénom
rozmedzi hodnotu tzv. ,,relativnej entalpie* Hre . Je to prirastok entalpie, poéitany
od zédkladnej hodnoty, odpovedajucej uréitému referenénému stavu sustavy. Za re-
ferenény stav bol zvoleny stav roztoku Studovanych subsystémov v zmesi koncentro-
vanych kyselin fluorovodikovej a dusiénej (2 : 1) pri teplote Thys = 298 K. Relativne
entalpie sa merali metédou dvojakej kalorimetrie, pomocou ktorej sa ich hodnoty
stanovili ako zdporne vzaty sucéet entalpickych prirastkov, nameranych jednak pri
ochladeni systému vo vhadzovacom kalorimetri (AHcoo1), jednak pri jeho rozpustani
v kalorimetri na uréovanie rozpustacich tepiel (AHgo) podla rovnice

Hrer = — (AHcool ‘l" AIisol) 0
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Relativne entalpie Hre,(2,T) taveninovych zmesi 2 CaO . MgO . 2 SiO,—
CaO . MgO . 2 8iO; sa merali v rozmedz{ tepl6t priblizne 1 700—1 873 K v teplotnych
intervaloch ca po 50 K a v koncentraénych intervaloch po 10 mél. 9% vrdtane éistych
zloziek. Z nameranych hodnét Hrep,i(®n, T'n) sa zostavili teplotné (kvadratické)
a koncentraéné grafické zdvislosti. Pre matematicky opis relativnej entalpie Hrer, 1(x, T
bola zvolend exponencidlna funkecia tvaru

Hrer,1(x, T') = {(—3,0639.10-1 + 1,0809.10-3 7 — 2,16.10-7 7'?) +
+ (—7,730 83 + 9,1292 . 1037 — 2,496 . 10-¢7"2) (2,3802)r —
— (8,8023 + 9,9315.10-3 7 — 2,736 . 10-° 7'2) (1,8316 . 10-2)*} .
. 103 [kJ mél-1].

Z hodn6t tejto funkcie a zo 43 experimentdlnych hodno6t Hye, 1(xm, T ») sa vypoéital
odhad smerodajnej odchylky funkecie § = 11,215 kJ.mol-!.
Na zédklade znalosti integrdlnej relativne] entalple zmesi Hrel 1(x, Ty) sa vypocéitali:
1. parcidlne mdélové relativne entalpie akermanitu a dlop51du v tavenine a parciilne
moélové tepelné kapacity zloziek Cg4,i(z, T') a Cp,i(z, T),
2. zmieSavacie entalpie a parcidlne mélové zmiesavacie entalpie obidvoch zlozick.
Hodnoty zmieSavacej entalpie a parcidlnych mélovych zmiesavacich entalpii zlo-
ziek svedéia o mierne neidedlnom charaktere roztokov 2 CaO .MgO . 2 SiO;
a Ca0 .MgO . 2 SiO; v pouzitom teplotnom intervale. Kladné hodnoty zmiesavacich
entalpil v koncentraénom rozmedzi £ = 0 — 0,4 mozno Vysvetlit endotermickym Stie-
pemm pyT oxenovyeh retazcov [8i0;]%~ na kratsie; zdporné hodnoty zmieSavacich ental-
pii je mozné naopak vysvetlit asocidciou pyr okr emicitanovych retazcov na dlhsie.

Obr. 1. Grafické zdvislosti relativnych entalpii od teploty Hrer,i(xm,» T') pre zvolené kon-
centracie x taveniny v sustave 2 CaO .MgO .2 Si0,—CaO . MgO . 2 SiO,;
o — experimentalne hodnoty Hyel,1(xm, T') pre nepdrne x,
o — experimentdlne hodnoty Hie1,1(@m, T') pre pdrne x.

Obr. 2. Grafické zdvislosti relativnych entalpit od zloZenia Hrel,t(x, T'm);
o — hodnoty H re1, (%, T'w) odéitané pre 1 723, 1 773 a 1 823 K z kriviek na obr. 1.

Obr. 3. Grafické zdvislosti parcidalnych molovych relativnych entalpii 2 CaO . MgO . 2 SiO;
v tavenine Hrei,1(@m, T') pre koncentrdcie v = 0,4 — 1,0.

Obr. 4. Grafické zdvislosti parcidlnych mdlovych relativnych entalpii CaO . MgO . 2 SiO,
Hrer, B, 1(®m, T).

Obr. &. Grafické zdvislosti parcidlnych mdlovych zmiesavacich entalpii zloZiek a zmiesavacej

entalpie od zloZenia pri teplote 1773 K;

1. parcidlna mdlovd zmiesavacia entalpia 2 CaO . MgO . 2 SiO,
AHIIIIX 4,1, Tn),

2. parcidlna mélovd zmiesavacia entalpia CaO . MgO . 2 SiO;
AHunix, g, 1(x, T'm),

3. zmiesavacia entalpia AHmix, 1z, T'nm).

TEPMOAUHAMMY ECK U I AHAJIH3 CHCTEM bl
2 Ca0 . MgO . 2 Si0, — CaO . MgO . 2 Si0,

1. SHTANLIMYECKIH aHAIH3 CICTEMEI

Mapua Snmamoga, I1so ITpokc, Hrop 3iaToBcku

Hucmumym neopearunecrois ausvuuw CAH, B pamucaasa

B nepByio wacth paGoTsl 0 11300apHYECKOM TEPMOJHMHAMIIYECKOM AaHAJHN3C CHCTCMLI
2Ca0 .MgO.28Si0O — CaO . MgO . 2 SiO, BXOMMT ONHCAHIIE SHTAJILIHYECKOI'O0 aHAMI3A
HccyreflyeMoit cicTeMel. 11eJbIo SHTANLINUECKOro aHAJM3a sIBJISIETCSI COOTHOIIEHNEe Kax/(oil
QArypaTHBHON TOUYKH (a30BOIf JHArPAMBL CHCTEMbLI B pacceMaTpiBaeMoii TeMnepary HOMH
0631aCTH 1 BO BCEM AlaHA30HE KOHIEHTPAUMIL C TAK HA3. ,,0THOCHTEALHOI SHTANLINEN' " [ rel.
3TO NPHPOCT 3HTAJBINH, PACCUNTHIBAEMEIIf OT OCHOBHOI BE:IUIHEL, COOTBETCTBYIOIIEIL OlIpe-
TIeJIEHHOMY COCTOSIHHIO cHcTeMbl. Hak pedepentHoe cocTosiHiie nonﬁupam[ COCTOSIHIIE pac-
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TBOPA HCCJEJLYeMBIX CYOCHCTEM B CMCCII KOHIICHTPIPOBAHHMX (DTOPICTOBOJIOPOHOI H a30T-
woit kieqior (2 : 1) npu remmeparype Tvas = 298 K. OTHocHTENLHBIE 9HTANBITI H3MEPSIII
METO/IOM /IBYKPATHOH KaJIOPHMETPIIL, ¢ 1I0MOIHLIO KOTOPOIT HX BeNUTHHB! YCTalaBIIBAMH Kak
OTPHIATENLIIO B3ATYIO CYMMY YHTALINIYECKHX IIPHPOCTOB, H3MEPHCMBIX € OJHOIl CTOPOHBI
I O XJIQKJ[CHII CHCTCMDI B OllycKaioneM KajxopuMerpe Afcoor), ¢ APYroit cTOPOHBI HpH e
PACTBOPEHI! B KAJOPIMETPC LISl ONIPECJIeHHsT TCINIOTL pacTBopenitsn (AHse) coraacio
VpaBHEHIIo

Hre = —(A/Icool + A[Jsol)~

Oruocurenpunie  sutamaniunt  reni(w, ) caeceii  pacmaasop 2 CaO . MgO . 2 SiO
— CaO . MgO . 2 Si0O; msMepsiann B mpejieiax reMieparypsl npuosusnresnno 1700—1873 K
B TEMIICPATYPHLIX HHTCPBaJAX 1PUGNIBNTeNnnno 1o 50 K 11 KOHHEHTPAIJIOHHBIX MHTepBaiaxX
1o 10 Mon. Y4 BRuiouast wiicTrie KoMionenTtnl. Iamepernnie Besmnanunt Hrer,1(xm, Tm) 0Gpado-
TANI B BIJIE TCMIIEPATYPHLIX (KBaPATINCCKIX) 11 KOHUEHTPAIOHHLIX I'PafHUCCKIIX 3aBHCH-
Mocrteri. J[i151 MATEMATIINEC KOO OIICAHIS OTHOCHTELHOM 9HTAALINI H rer,1(x, T') 1107100pan
HOKA3ATCHLHYIO (JYHKIUIO B BIIC

_ Hra{(x, ) = L(—3,0639 . 10-1 + 1,0809 . 10-3T — 2,16. 10-7 7'2) +
4 (—7,730 83 -+ 9,1292 . 10-3 T — 2,496 . 10-6 T2) (2,3802) — (8,8023 -+ 9,9315. 10-3 7' —
— 2,736 10-672) (1,8316 . 10-2)%}. 103 [1K. Moup~1)

V3 Bexarunil npHBOMMMOI (PYHKIMH 11 43 SRCHEPUMEHTAJILULIX Besn'ini e, iGem, T'n)
BBLIBOJUILIIL 1IPEJIIIosIaraeMoe cramlapryoe otwioneise gyuwiunr 6 = 11,215 wwx.Moua. -1,

Ha ocuoBai HMCIONICHCS HIITEIPANLIION OTIOCHTEILHOIT anTanniit cMecH Hyer, (¢, 7'n)
PAaCCUIITAMIL:

1. mapnuajIbHLIe MOJSIPHBIE OTHOCHTEIILIINIE JHTAJILINII akepMariiTa i juiolcijia B pac-
IZIABE 11 11A PITHAIILHBIE MOJISI PHBIC TEIZI0eMKOCTI KOMIIOHeHToB, Ca, i(x, T') it Ca,i(x, T),

2. CMENIIBAION[IC SHTAILIIIL I APIUIAILHEIC MOJISIPHBIC CMENTIBAIONIIC IHTAILIIHI 00O0IIX
KOMIIOHEHTOB. )

Bearnun eMennBaomeii SHTAILINNL 1 HAPINAILIHIX MOJHPHLIX CMEIIIBAIOIIIX dHTA -
il KOMIIOIICHTOB SIBIISITOTCSI CBHIETCIILCTBOM YMEDEIIIO HEeHICAILIOI0 XaPARTCPA PAacTBO-
poB 2 CaO . MgO . 2 SiO; 1t CaO . MgO . 2 SiO; B 1pIMEHSIEMOM TEMIIePaTyPHOM IITepBallC.
1TonosuTeNBHLIC BEJHIMITNLL CMEIIBAIONIUIIX JHTAJLINIT B IIpejenaX KOHICHTPAINNI & =
= 0—0,4 MO4HO 0O'BSICHUTE IIOTEPMIYECKIM PACIICILICHIIEM ITHPOKCCHOBRIX 1tetieli [ Si0s]i~
a 0ojiee ROPOTKUE; HAODOPOT, OTPHIATEIBILIC BEJIH MLl CMEIIIBAIOIIX 9HTAJBIINNIT 00sic-
I0TCs1 acolylaileil MIPOCHIIKATILIX 1elleH 1a Ooliee JIIHHHLIC.

Puc. 1. I' pafunecrkue  3agucustocmie  omioCumMeabitols  JHIMAALLNWL  ONL  IMEMNePAMbLpbl
Hrer, i(@wm, T') das nodobparmvie koryerunpayuii x pacnaasa ¢ cucmese 2 CaO . MgO .
2 Si0; — CaO . MgO . 2 SiOy;

o — ancnepusterunanvrote geaununvt Hyel, i(xm, T') 0as nenaprwx x, o — axcnepuser-
maaviwie geawnwrvt el i(xm, 1) Oan naprux .

Puc. 2. I'pahuneckue sacucusocnmie omuocumeavin anmaavnuii om cocmaca Irer,i(x, T'n);
o — eeaununvt Hye1, ((x, T'n) svrtwmaesvie das 1723, 1773 u 1823 K us kpusviz, npu-
coduswix na puc. 1.

Puc. 3. I'pahunecrue zagucumocmic. RaPUUALLHLIE MOAIPHBIE  OMILOCUMEALHBIE IIUNAALNULIL
2 Ca0 . Mg® . 2Si0; ¢ pacnaase Hreria(wm, T') 0as rworyenmpayui v = 0,4—,0.

4. 'papunecrkue 3a6UCUMOCINU NAPYUAALHLIE SMOAAPHOLE OMHOCWINCALHBE IHINAALIULL
CaO . MgO . 2 Si02 Hrer,z, t@m, 1)

Puc. 3. I'paghuneckue  3acucumocmit. NAPYUALLHBIE  MOAIPHLIZ  CMEWUCLIOWUT  IHMNAALRULL
KOMIOHEILINOG U CAeUUBAION el FHMARLRIL om cocmaeca npw mesnepamype 1773 I,
1 — napyuasvraa soaspnas  caewusaowas amasvius 2 CaO . MgO . 2 SiO,
AHmix,A, l(.’CY Tm)y
2 — napyuaavias  woagpnas  csewusaiowyes  anmaavnus  CaO . MgO . 2 SiO;
AHmix,B, z(.?:, Tm),

3 catewusarowas anmaavnus A mix, (@, Tm).

Puc.
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