
Silikáty XXII, s. 97-108 (1978) 

Původní práce 

THERM ODYNAMIC ANALY SIS OF THE SYSTEM 
2 CaO. MgO. 2 SiO2-CaO. MgO. 2 SiO2 

I. Enthalpic  Analys is  of  the System

l\'URTA ELIÁŠOVÁ, Ivo PROKS, lGoR ZLATOVSKÝ, 

Instititte oj Inorganic Ohemistry, Slovak Academy oj Sciences, 809 34 Bratislava 
Dúbravská cesta 5 

Receivecl 10.2.1977 

.Mixing enthalpy D.Hmix, i(x, T) oj the melts in the system 
2 CaO . MgO . 2 SiO2-CaO . MgO . 2 SiO2 and the temperature de­
pendence oj enthalpy oj the pii.re components were determinecl within the 
temperature range oj app1·ox. 1 700-1 873 K. Use was macle· oj the 
double calorimetry methocl by which the values oj relative enthalpy 
Hrel, i(x m , T,,, ) in the system are cleterminecl jrom the sum oj increases 
in enthalpy measurecl in the course oj cooling in the drop calorimeter 
(t.Hcooi) as well as cluring clissolving in a calorimete1· for the measure­
ment oj clissolittion heat ( t.H501). The states oj soliitions in a mixturn 
oj concentratecl hyclrojluoric ancl nitric acicls (2 : 1) at temperatiire 
'1\as = 298 K were chosen as the reference state. The valiies measurecl 
were iisecl for plotting the relationship oj Hrc l, i(x, T) Jor tempercitures 
T ,,, = 1 723,1 77 3 ancl 1 823 K; the Hrei, i(x, T) was clescribecl mathe­
matically by• cm exponential fimction. 

INTRODUCTION 

The present paper is concerned with an isobaric thermodynamic analysis oť 
the system 2 CaO . MgO . 2 SiO2-CaO . lVIgO _ 2 SiO2 carried out on the ba.sis 
of determining the mixing enthalpies of the melts, the rnelting enthalpies of 
the pure components, and by means of equilibrium values founcl in the phase 
diagram of the system [l]. 

The crystalline phases ofthe components comprising the given system belong 
to the following two structurally different types of silicate compounds: Diopside 
CaMg(SiO3)z is a metasilicate from the group of monoclinic pyroxenes. The 
structure of diopside contains continuous broken chains of metas.ilicate tetra­
hedra [SiO3J;.- 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 [SiO3J;.- closed chains. 

The crystals of akermanite Ca2lVIgSi2O7 exhibit a tetragonal symmetry. 
The structure is based on broken chains of [Si2O7J6- groups, [lVIgO4]6- tetra­
hedra and calcium ions co-ordinated by eight oxygen atoms. Akermanite melts 
likewise consist for the most pa,rt of [Si2O7J6- anions [3]. 

The thermodynamic study of the given system had the aim to determine 
the relationships between the entire cornplex of thermodynamic quantities 
and the composition ancl temperature of the system. Knowleclge 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 ofthe melts ancl 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 pr inc iple  of  i sobar ic  enthalpic  analys is  

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 lo�ses 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 evaluatecl by means of the equation 

·'lf) (H, composition, T) = O. (1) 

For this reason the airn of a complete enthalpic analysis is ascribing an 
unambiguous assignment of the enthalpy values (measured or calculatecl ones) 
to the inclividual figurative points in the phase diagram of the system in ques­
tion, i.e. determination of the function of 'lfJ· As the absolute value of internal
energy cannot be determined, the 'lfJ is establishecl merely for the increase in 
enthalpy from the basic value corresponding to a certain roference state of the 
system. This is for instance the enthalpy valné 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 !iH1 (Tbas = 298 K), the absolute enthalpy value of the 
system at an experimental temperature Tm is given by the equation 

'l..'m 

Habs(Tm) = L 'Villt(Tbas) + liH1(Tbas) + J Osyst(T)clT (2} 
7. bas 

where Ht(Tbas) are absolute enthalpies of particles constituting the system 
in its reference state; 

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

Osyst(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 sicle of equation 
(2) is always cancelled in the respective relations. When calculating the changes
in erithalpy iri the two ťypes· of processes one can thus operate with the relative
enthalpy value Hre1(Trn),

'jlm 

Hre1(T11i) = H1(T1rns) + J Osyst(T)clT. (3) 
2'bas 
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The state of the subsystems in solution in a 2 : 1 mixture of concentrated 
hydrofluoric and nitric acids at Tbas = 298 K was chosen as the basic state. 
Relative enthalpy Hrei(Tm) was measured by the indirect method of double 
calorimetry. This procedure permits to determine Hrei(Tm) from a sum of 
increases in enthalpy measured in the course of cooling the system down in 
a drop calorimeter (6.Hcoo1), as well as during its dissolving in a calorimeter for 
dissolution heat m.easurements (6.Hso1). Equation (3) can thus he written in the 
form 

Hrel = -(6.Hcool + 6..Hsol) . (4) 

• The H rel values determined by double calorimetry ťtre 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 6..Hcool (and thus also that of ó.H801) 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 SiO2-CaO. MgO. 2 SiO2 

the samples after concluded 6..Hcool 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: 

D.Hr = í::6.Hcool,start + í::6..Hsol,start - í::6..Hcool,prod - í::6..Hsol,prod = 
= í::6.Hrel,prod - í::6.Hrel,start. (5) 

Utilization of the disso1ution enthalpies in equatioii ( 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 which results 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(xm , T) and isothermic relations of Hre1(x, Tm)-

EXPERIMENT AL 

Sample  preparat ion  

Samples of glasses of the pure components and mixtures in  the system 
2 CaO. MgO. 2 SiO2-CaO. MgO. 2 SiO2 were prepared from precursor com­
pounds MgO, SiO2 and CaCO3 [SPECPURE, JlVIC] 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 CaCO3 . The platinum crucible containing the 
sample was sealed by welding on a PtRhlO lid and heatedfor 4 hours at 1 82? K; 
then it was quenched rapidly in water .. The samples obtaíned in this wa;f}Vere 
ground in an agate mortar to a grain' size of < 40 µ,m. Before calorinietric 
measurement the samples were once more homogenized by remelting. 
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Samples of crystálline akeúnanite and diopside were prepared by the pre-
cuí·sor method according to [ 4]. 

The  ca lor imetric  methods  emplo yed 

The increases in enthalpy, AHcool between the temperature chosen and 
298 K in the 2 CaO . MgO . 2 SiO2-CaO . MgO . 2 SiO2 mixtures were measured 
in a dl'Op calorimeter which has been described in [5). 

The weights of powdered samples in the sealed crucibles of PtRhl0 were 
in the range of 1.0 to 1.1 g. After concluded m.easurement in the chop calori-. 
meter the crucible was opened by careful cutting off the lid at the weld; the 
entire sample was removed from the crucible, grouncl ancl homogenized. 
The sample was then subjected to X-ray and IR analyses ancl clissolution 
heat measurements (in amounts of approx. 0.05 g). There ,vere on the average 
3 parallel AHsol values cleterminecl per one AHcool value. 

THE RESULTS AND DISCUSSION 

The relative enthalpies Hre1, 1(x, T) of melt mixtures 2 CaO . MgO . 2 SiO2-
-CaO . MgO . 2 SiO2 were measured in the temperatme range of approx. 
1 700 to 1 873 Kat temperature intervals ofroughly 50 Kand at concentration 
interva,ls of 10 mole % including pure cornponents (x is the mole fraction of 
CaO . MgO . 2 SiO2). The experimenta.J values were arranged into quadratic 
relationships of Hrel, 1(x11i , T) (Fig. 1); in eight concentration cross sections 
including the pure compo11ents these isoplets are constructed from at least 
fotu experimental points; isoplets for x = O; 5 ancl 0.9 are based 011 three, 
those for x = O. I on two experimental points. The calculatio11 was basecl 011 
the assupmtion that the temperature course of all the isoplets was similar. 
The temperature dependences of Hrel, 1(0.1, T) of pure compone11ts are linear. 
The measuring results were also used for the calculation of the fusion enthalpy 
of akermanite at its melting temperature [6]. 

The values read from the graphic temperature depe11de11ces in Fig. 1 were 
used for plotting the graphic relations of Hrel, 1(x, Tm) for the respective tempe­
ratures T11i = I 723 , 1 773 and 1 823 K (rings in the diagrams in Fig. 2). 
The S-shapecl curves obtained exhibit their inflexion point at about x = 04 
and with respect to a connection line of the terminal points are characterized 
by a ''!·elative maximum peak" close to composition x = 0.2 and by a "relative 
minimum peak" at approx. x = 0.7. 

The following mathematical treatments have been chosen for the description 
of the Hrel, 1(x, Tm) isotherms: 

a) po,ver polynomial of the 3rd degree in the form

y = A + Bx + Ox2 + Dx3 
, (6) 

where the coefficients A, B, O 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 = A -1- BOx + DEx , (7) 
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where the coeffi.cients A, B, C, D and E are generally temperature-dependent 
[7]. However, within the temperature range in question the changes of coeffi­
cients C and E in terms of temperature were little significant; the most suitable 
values of these coefficients were therefore cletermined by iteration. In the 
function chosen (8) these values were considered as indepenclent of concentra-

Hrel,l ( Xm,T) 

Í kJ.mol-1) 
.10-3 

1, 30 

1,25 

1, 15 

1723 1713 

o, 1 

0,3 

0,4 

--
0,5 

1823 T [K] 

Fig. 1. Graphic plots oj relative enthalpies Hrei, 1(Xm, T) vs. temperature for chosen m_ele
concentrntions x in the system 2 CaO . MgO . 2 SiO,-CaO . MgO . 2 SiO,; 

• - experimental valiies oj Hrel, z(x,,. , T) Jor itn pairecl·x
o - experimental valites oj Í-Irel, z(x,,., T) for pairecl x.

tion and temperature. The temperature dependence of coefficients A, B and. 
D was described by a quaclratic function in the form y = p + qT + rT2

. 

The final form of the the function is as follows: 
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Hrel, i(x, T) = {(-3.0639 X 10-1 + 1.0809 X. l0-3T - 2.16 X l0-7T2) +
+ (-7.730 83 + 9.1292 X l0-3T - 2.496 X l0-6T2) X 

X (2.3802)X - (8.8023 + 9.9315 X 10-3T - 2.736 X l0-6T2) X
X (1.8316 X 10-2)x} X 103 [kJ mole-1]. (8)

From the values of fundion (8) and from 43 experimental values of Hre1, 1(xm ,
Tm) (rings in Fig. 1) an estimate of standard deviation was calculated (o =
= 11.215 kJ mole-1) [this value varies in the range of about 1.1 to 0.8 %

Hre_l,l ( x, T m> r---Y---r----r----.-..-�--.----.-��----. 
[ k ,/.mol-1] 

.10-3 

1,3 

1,2 

1, 1 

o 
A 

q4 qa qa 1,0 
8 

Fig. 2. Graphic plots oj relative enthalpies vs. composition Hre1, 1(x, Trn); 
o - values oj HreI, i(x, Trn) read Jor 1 723 K, 1 77 3 K and 1 823 K from the

curves in Fig. 1. 

with respect to the experimental values of HreI, 1(xm , T-m)J. Isotherms obtained
from the values calculated from equation (8) are plotted in full lines while the
rings represent the valůes of Hrel, z (x, Tm = 1 723, l 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 lmown integral
relative enthalpy Hrel, z(x, Tm) of the mixture: 

1. Partial molar relative enthalpy of 2 CaO . lVIgO . 2 SiO2 in melt
Brel, A, 1(x, Tm.) and that of CaO. lVIgO. 2 SiO2 in melt Brel, B, 1(x, Tm), according
to the relationships 

102

- . [ o(Hre1,1(x, Tm))
]Hrel,A, i(x, Tm) = Hrel, i(x, Tm) - X

O. • . X Tm 
(9) 
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Ff H [ o(H rel, 1(X, Tm)) 1hreI, B, 1(x, Tm) = rel, 1(x, Tm) + (1 - x) OX 
(10) 

Tm 

The concentration dependences of Rrel, A, 1(x, Tm) attain their maximum 
value, and the corresponding curves of Rrer, 8, 1(x, T11i) their minimum value at 
composition x == 0.4 (Figs. 3 and 4). 

Hrel, A,l ( Xm T) 

[kJmoi-1) 
,------··-·,---------�------, 

.10·3 

1, 35 

1,30 

1
1
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íFi]3 1723 

0,4 
0,5 

/ 0,6 

0,638 

0,7 

0,8 

0,9 

1,0 

1823 ,. '
I( 1 

Fig. 3. Graphic plots oj partial molar relative enthalpies oj 2 CaO . MgO . 2 Si02 in 
melt R,e1,1,A(Xm, 'J.')for concentrations x = 0.4 to 1.0. 

The tempúatme dependence of partial molar enthalpy RreI, i, 1(x, T111) of 
the melt of 2 CaO. lVIgO . 2 SiO2 and CaO . lVIgO . 2 SiO2 was described by 
equation 

(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 xm ; 
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lmowledge of these quantities is indispensable for calculation of partial molar 
mixing entropies in the system. 

2. From equation (11), clifferentiation of Hrel,i,z(X1n , T) with respect to
temperature yields partial mola,r heat capacities of components CA, z(Xm, T) 
ancl CB,z(X1n , T). 

Hrel,B,l I Xm,T!,--------r----­
[ kJ.mol"·J J 

--------, 

.10-3 

1110 

1623 1673 1723 

1,0 
0,9 

-�;x_.,.,""0,8 
07 
0:638 

• ---r.-� �6 

1773 

0,5 
:::,.a-0,4 

1823 T[K] 

Fig. 4. Graphic plots oj partial molar relative enthalpies oj CaO . MgO . 2 Si02 
• Rrel,B,!(Xm, 1'). 

3. Partial mola.r mixing enthalpies of the two components were calculated
from the respect,ive equations 

ancl 
!),Jlmix,A,l(X, Trn)= Hrnl,A,l(X, Tm)--:-Hrel ,A,l(O, Tm) (12) 

!),Jl1nix,B,l(X, Tm) = Hrel, B,l(X, Tm)-Hrel,B,l(l, Tm)- (13) 

By substituting (12) and (13) into the equation 

Mimix, z(X, T1111= (1 - x) 6,,Hmix,A, z(x, Tm) + X 6,,Jlmix, B, z(x, Tm) (14) 

the mixing enthalpies dne to formation of melt mixtmes in the given system 
were calculated for temperatmes Trn = l 723, l 773 and 1 823 K. 

At compositions with prevailing 2 0aO . MgO . 2 SiO2 (in the range of 
x == O.I to 0.4) these quantities exhibit a region of positive values with a ma­
ximum from about 9.5 to 10.5 kJ mole-1 for x = O.I (1 723 K) and x = 0.2 
(1 773 K. ancl 1 823 K.). Within the concentration range of x == 0.4 to 1.0 the 
6,,H1ntx, 1(x, Tni) curves pass through a region of negative valu es with a minimum 
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from approx. -12.0 to -9.0 kJ mole-1 at x == 0.7 (1 723 K) and x = 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 endothermie process. 

1: fiHmix Al ( x,Tm) 
2 :fiHmix

1
Ji1 (x, Tm) 

3:fiH rnix,l (x,Tm) 

[ kJ. mol-1] 

120 

80 

40 

o 

··-,O 

-::o

1773K 

o 0,2 0,4 0,6 0,8 1,0 
A 8 

Fig. 5. Graphic plots oj partial molar mixing enthalpies oj the components, and mixing 
enthalpy vs. composition at 1 7 7 3 K; 

1 - partial molar mixing enthalpy oj 2 CaO . MgO . 2 Si02 11Hm;x, A, i(x, T,,.),
2 - partial molar mixing enthalpy oj CaO . MgO. 2 Si02 11Hmix,n,i(x, T,,.),

3 - mixing enthalpy 11Hm ix,(Xi, T.,,.).

The courses of mixing enthalpy curves and those of partial molar mixing 
enthalpies of the components indicate to a non-ideal character of 
2 OáO . MgO . 2 Si02 and OaO . MgO . 2 Si02 solutions within the temperature 
interval in question. However, this 11011-ideality is insigni-ficant 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 OaO . lVIgO . 2 Si02 , where the diopside melt is 
dissolved in the akermanite melt, the long pyroxene chains of [Si03J?,- are 
split into shorter ones in the stronger field of Oaz+ and lVIgz+ 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 cha.in.
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 Caz+ or the Mgz+ cations. 

4. Formation of a bond between the non-bridging oxygen of the procluct of
splitting and the Caz+ or the Mgz+ cation. 

The mechanism of splitting the lattice of the original pyroxene tedrnhedron 
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 a,re lower in the case of the shorter chains than in that 
of the longer ones [8]. Splitting up of this type is therefore a,n endothermie 
reaction. 

On the other hand, when the ::1.kerrnanite melt is being dissolved in the 
diopside melt the shorter (mostly pyrosilicate) chains become associated. 
Stronger bonds between briclging oxygens and silicon are formed so that the 
total reaction is exothermic. 
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TERMODYNAMICKÝ ROZBOR SÚSTA VY 
2 CaO . MgO . 2 SiO2-CaO . MgO . 2 SiO2 

I. Entalpický rozbor sústavy

• Mária Eliášová, Ivo Proks, Igor Zlatovský

Ústav anoťganickej chémie SA V, Bratislava

Prvá časť práce o izobarickom termodynamickom rozbore systému 
2 CaO . MgO . 2 SiO2-CaO . MgO . 2 SiO2 obsahuje opis entalpického rozboru sledo­
vanej sústavy. Ciefom enta)pického rozboru je priradiť každému figuratívnemu bodu 
fázového diagramu sústavy v uvažovanej teplotnej oblasti a v celom koncentračnom 
rozmedzí hodnotu tzv. ,,relatívnej entalpie" H,01. Je to prírastok entalpie, počítaný 
od základnej hodnoty, odpovedajúcej určitému referenčnému stavu sústavy. Za re­
ferenčný stav bol zvolený stav roztoku študovaných subsystémov v zmesi koncentro­
vaných kyselín fluorovodíkovej a dusičnej (2 : 1) pri teplota Tbas = 298 K. Relatívne 
entalpie sa merali metódou dvojakej kalorimetrie, pomocou ktorej sa ich hodnoty 
stanovili ako záporne vzatý súčet entalpických prírastkov, nameraných jednak pri 
ochladení systému vo vhadzovacom kalorimetri (.ó.H0001), jednak pri jeho rozpúšťaní 
v kalorimetri na určovanie rozpúšťacích tepiel (.ó.H50i) podl'a rovnice 

Hrel = - (.ó.Hcool + .ó.Hsoi) , 
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Relatívne entalpie Hre1, i(x,T) taveninových zmesí 2 CaO . MgO . 2 SiO2-

CaO . MgO . 2 SiO2 sa merali v rozmedzí teplot približne 1 700-1 873 K v teplótných 
intervaloch ca po 50 K a v koncentračných intervaloch po 10 mól. % vrátane čistých 
zložiek. Z nameraných hodnot Hre1,1(x,,, , T,,,) sa zastavili teplotné (kvadratické) 
á koncentračné grafické závislosti. Pre matematický opis relatívnej entalpie Hrei, i(x, T) 
hola zvolená exponenciálna funkcia tvaru 

Hrel, z(x, T) = { (-3,0639. 10-1 + 1,0809 . 10-3 T - 2,16. 10-7 T2) +
+ (-7,730 83 + 9,12 92 . 10-3 T- 2 ,496. l0-6T2) (2,3802)X -
-(8,802 3 + 9,9315. 10-3 T- 2 ,736. 10-6 T2) (1,8316. 10-2)x} . 

. 103 [kJ móJ-1].

Z hodnot tejto funkcie a zo 43 experimentálnych hodn6ťHrel, i(x,,, ,T,,, ) sa vypočítal 
odhad smerodajnej odchylky funkcie /j = 11,2 15 kJ.móJ-1• 

Na základe znalosti integrálnej relatívnej entalpie zmesi Hrei,z(x, T111 ) sa vypočítali: 
1. parciálne mólové relatívne entalpie akermanitu a diopsidu v tavenine a parciálne

mólové tepelné kapacity zložiek ŮA, z(x , T) a Ůn, z(x, T), 
2. zmiešavacie entalpie a parciálne mólové zmiešavacie entalpie obidvoch zložiek.

Hodnoty zmiešavacej entalpie a parciálnych mólových zmiešavacích entalpií zlo­
žiek svedčia o mierne neideálnom charaktere roztokov 2 CaO . MgO . 2 SiO2 

a CaO . MgO . 2 SiO2 v póužitom teplotnom intervale. Kladné hodnoty zmiešavacích 
entalpií v koncentračnom rozmedzí x = O - 0,4 možno vysvetliť endotermickým štie­
pením pyroxénových reťazcov [SiO3]�- na kratšie; záporné hodnoty zrn.iešavacích ental­
pií je možné naopak vysvetliť asociáciou pyrokremičitarrových reťazcov na dlhšie. 

Obr. 1. Grafické závislosti relatívnych entalpií ocl teploty Hre1,z(x111 , T) pre zvolené kon­
centrácie x taveniny v sústave 2 CaO . MgO . 2 SiO,-CaO . MgO . 2 SiO,; 
• - experimentálne hodnoty Hre1,1(Xm, T) pre nepárne x,
o - experimentálne hodnoty Hrel, z(Xm, T) pre párne x.

Obr. 2. Grafické závislosti relatívnych entalpií ocl zloženia Hre1, i(x, Tm); 
o - hodnoty H rel, 1(x, T,,,) odčítané pre 1 723, 1 77 3 a 1 823 1{ z kriviek na obr. 1.

Obr. 3. Grafické závislosti parciálnych mólových relatívnych entalpií 2 CaO . MgO . 2 SiO2 

v tavenine Hre1,1(Xm, T) pre koncentrácie x = 0,4-1,0. 
Obr. 4. Grafické závislosti parciálnych mólových 1·elatívnych entalpií CaO . MgO . 2 SiO, 

Hrel, B, z(Xm, T).
Obr. 5. Grafické závislosti parciálnych mólových zmiešavacích entalpií zložiek a zmiešavacej 

entalpie od zloženia p1·i teplote 1 7 7 3 I{; 
1. parciálna mólová zmiešavacia entalpia 2 CaO . MgO . 2 SiO,

tl.Hmix,A,Z(X, Tm),
2. parciálna mólová zmiešavacia entalpia CaO . MgO . 2 SiO2

tl.Hmix,n,z(x, Tm),
3. zmiešavacia entalpia /J.Hmix, z(x, Tm),

TEPMO,IJ;l'IHAMffllECIOifi AHAJUI3 CHCTEMbl 
2 CaO . MgO. 2 Si02 - Ca O. MgO. 2 SiO, 

1. 8HTaJJLill1'IeCRl111 arrn,TUl3 CHCTeMJ,[

Mapiur 8mrnmoBa, J,fao IlpoHc, l!IťOp 3JiaTOBcrrn 

IfHcmumym 11,eopaa11,u11eci.ou xu,ir.irn CAH, B panu1cJtaea 

B rrepByro 'laCTL pa60TbI o 11so6ap11qecrwM TepMO.[\HHaMH'IeCI{OM aHaJII13e CHCTeMh[ 
2 Ca O. MgO. 2 Si O - Ca O. IVlgO. 2 Si O, BXOAHT ormcamie 3HTaJILITH'IecKoro airnm13a 
HCCJieAyeMOŘ CHCTeMLI. u;eJILIO 3HTaJILilli'IeCHOrO aHaJrn3a HBJIH0TCH COOTHOIII0HJ1e Hail(l(O�i 
qmrypaTHBHOH TO'!Im cpa30BOH .[\HarpaMU CHCT0Mhl B paccMaTp1rnaeMof1 TeMrrepaTyprrnf1 
o6JiaCTH li BO BC0M .[\HaHa30He KOHJJ;0HTpau;n11 C TaH Ha3. ,,OTHOCH'f0JlbHOl1 3HTaJiblll10li" JI rel . 
OTO rrpnpocT 3HTaJiblIHH, paCC'UITbIBaeMbIH OT OCHOBHOH B0,1Hl'IHHbl, COOTB0TCTBYI0lll0li orrpe­
.[\0JI0HHOMY COCTOHHHIO CHCT0MLI. RaH pecpepeHTHOe COCTOHHll0 JTOH611pam1 COCTOflHHe pac-
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111. Elicíšovcí, I. Proks, I. Zlatovský:

TBOpa HCCJJe.UY0MbIX cy6cHCT0M B CM0Cll HOHll0H1'pHponaum,IX tJJTop11cTOBO.UOpo.uuoi1 li aaoT­
rroií I{HCJIOT (2 : "l) rrpH TeMrrepaType Tbas = 2981<.. 0Tll0CHT0Jlbfill0 8HTaJibl11HI H3Meprrmr 
MeTOJ];OM .unyHpaTHOJ1 I<aJIOp11M0TJHlll, C nOMOLIU,IO IWTO]JOl1 HX nem1q11HJ,I ycTaHaB.TTHBaJIH Hal, 
0TpHIJ;aT0JlbHO B3J1Ty10 C)'MMY 3HTU.TI611ll'JeCJUIX Il]Jl1JJOCTOB, H3MepHeMI,IX C 0.UHOll CTOJJOHl,I 
rrpH OXJIUJI(/-WH1111 CHCTCMbl D onycHaIOJ_f(eM rrnJIOpHMeTpe t::,J{ coo1), C /.{pyro11 CTopom,I rrpH eč 
pacTnopemrn B J<aJIO]JHMeTpe /.(JIH onpcnc.rremrn T0ITJI0Tbl paCTBOJ)eHHll ( 6.H sol) COJ'.TlllCHO 
ypanHeHHIO 

Hrcl = -(6.Hcool + 6.HsoJ). 

0THOCHTeJihm,re 8HTam,n1111 H.-e1,1(�c, T) CMeceií pac1rnanon 2 CaO. MgO . 2 Si O -
- CaO. MgO. 2 Si02 H3MepnJ111 B rrpe/\eJiax TeMnepaTypu rrpu6.rrna11TeJ1i:,uo 1700-'1873 H:

B TeMnepaTypm,rx llHT0j)BllJJaX npn6.Tlll311T0Jlhll0 ITO 50 H II HOHD;0!-!TJ)ll[{HOHIIT,!X IrnTepBaJiaX 
J]O '10 MOJI. % BHJIIO'JaH 'lllCTJ,re T,OMl10HeHTU. H3MepeHLibre B0J[J,[l!HHLI Hre1,1(x,,. , T,,,) o6pa6o­
THJJH B mrne TeMrrepaTypm,1x (HBll/.(J)llTH'JeCirnx) 1-1 lWHD;0HTJ)llD;IIOHHL!X rpacpwrec1rnx 3llDIICl!­
MOCTeJI. ,l];Jrn MaTeMaTH'JeCIWrO OrIIICHHHH OTHOCílTeJIJ,HOií ::JHTaJJl,nllll Hre!,1(x, 1') ITOJ.{06pa.n11 
noHa3aTeJ[hH)'IO <pynm.{HIO B Bll/(e 

H.-e1,{(x, 'I') = t(-3,0639. to- 1 + 1,0809. 10-3 T - 2,'16. 10-7 1'2) +

+ (-7,730 83 + 9, 1292 . 10-3 T - 2,496 . J 0-6 'I'2) (2,3802)x - (8,8023 + 9, 9315 . lQ-3 T -

- 2,73(3. 10-6 J'2) ('l,83.t(3. J0-2)x} .103 [ml<. MOJil,-1] 

];13 B0JIJ ,J'J11H rrpt1BO.UHM011 qiymn�J1]-[ li t\3 a1,r,nep11MeHTa.JJbHI,TX BeJIJl'IUH I1rel, t(Xm , Tm ) 
BLLBO.UEiJIH npe.unoJiaraeMoe CTarr].lapnrne OTHJIOHeime qiyrml{!IH o = H,2-J 5 m1<.Mo.11.-1. 

Ha OCHOBUHHH 11M0IOID;Cl1CH IIHTerpaJihl!Oň OTHOCIIT0Jll,UOl1 i'JHTaJihfJIIJI CMeCH Hrel, 1.(�c, 'I'm) 
pacc•u1TaJIH: 

t. napu;1rn.TihF1Lre MOJiflpHT,Ie OTHOCFIT0Jl[,fll,10 ::JHTll,TlhIJHll a1rn1nrar-111Ta 1:1 JJ.I-IOITCIIJ.l3 B pac­
JIJialle H rrap11HaJibH6Ie MOJHIJ)Hh[C TenJJOeMI{OCTll lWMTIOHeHTOB; ŮA, i(x, T) H ŮA. i(x, 'I'), 

2. CM0illHBaIOU(f10 ::JHTllJll,fl!IJI H rrap1�11aJibHT,Je MO,JIHpm,1e CM0Uil1Ba1om:He i'JHTllJihIJllH OÓOJIX 
HOMllOH011TOB. 

BcJJJl'IIIHbl CMCl!IHB[l!OlU:eií ::JHTaJJhílHH ll napl(flaJil,1-ll,IX MOJWJHll,IX CMelTIIIBaIOJ.U:HX 8HTl1Jib­
lil1H HOMl10110HTOll HIJJI ll!OTCfl CBll/.(0T0JlbCTBOM yMepeHHO ueup;eaJibHO l'O xa pa1n-epa pacTBO­
J)OB 2 Ca O. MgO. 2 Si02 n Ca O . iVIgO. 2 Si02 n rrp1rnemreMo�r TeMnepaTypnoM HHTepnaJre. 
IloJJOtlmTeJILHJ,re ll0Jlll'JJIHbl CM0l!IUBaro1.1�11x ::JHTllJlbIIHŘ B npe).leJrax l{0Ifl{0HTJ)al(HH X =

= 0-0,4 MOt!0-10 o6'bf1CIH!Th i'JI-1}.(0TepM11•1ecmrM paCl.l(CITJieHJ10M II11J)OKC0HOBLIX u;cne11 [Si03]�-
11a 60J1ee !WJ)OTKJ,10; nao6opo-r, OTpi-ll�aTeJILHhTe B0JIJ1llHHbl CMel!I11BaIOl.l(I1X 31-ITllJJLllllrl 06-1.nc­
lOTCll ac01�11al{11eň n11pocJ1JIHTrnTI-11,1x 1wnei1 na 60J1ee _uJrnmu,1e. 

Puc. 1. I'pa.gju.•iec,.ue aaaucu.,iiocnui onu-iocumeJl.bHbtX a1-t11WJl.bnuii om nie.>1inepannipb1, 
H rel, i(x,,,, T) OJ1.ci nooo6 pa1-t1-1bix 1,;o1-!lfť1-11npa4uii x pacnJl.aaa a cucme,,ie 2 Ca O . Mg O .

2 Si02 - CaO. MgO. 2 SiO,; 
• - a1.c1iepu,11,e1-1,11wJ1b1-1.b!e OCJl.U.'I.U/t,bi 11.-ei, i(x,,,, T) OJl/1, 11e11ap1-tux x, o - Dh'cnepu.,11.en­
nWJl.bl-tbte aeJl.tl'Wl-tbl I1rel, i(xm , T) OJl,J/, nap1-tblX x. 

Puc. 2. I'pagju•iec,.ue aaa ucu,iiocmu om1-tocu11ieJl.b1-tbtX a1-t11WJl.bnuii om cocmaaa I1rcI, i(x, T,,,);
o - OCJl,U'lUl(,bi Hrcl, i(x, T,,,) llbl'/,U/JWC.A!bte QJl,,'t 1723, 1773 u. 1823 J{ ua HJJtlllblX, npu­
BOOU .>l!blX 1-w puc. 1. 

Puc. 3. I'pagju•1ec1,:ue aaeucu.,1iocmu napifuaabl-!blX ,11.0.11,RpHbtX om1-wcwneJl.bHblX a1-t11WJl.blllúi 
2 CaO. MgO. 2 Si02 e pacnJl.aee Hrei,u(xm , T) o.M 1;01-t1feHmpa111úí. x = 0,4-,0.

Pu.c. 4. I'pagju•1ec1<u.e aaeucu.11. ocmu nap11u.aJl.b1-tbtX ,1to.wp1-1bix om1-t oc wneJl.bl-lbtX anma.Jl.b/W.ií. 
CaO. MgO. 2 Si02 Hrel,B,1(x,,,, 'I').

Puc. 5. I'petgJU'leC1,:ue 8ClBU.CU.,\t0Clnl/. 11-llJJlfUClJibl-/blX ,,1/,0/l..<tjJNblX C.ltell/.l/.ll{l/OUfUX J/-1.1/U/.l/,bnU/Í. 
1,;o,1in o1-te1-tmoe u c,11elltuea.1ou„eii an11WJl.b1Utu oni cocmaaa npu me,1inepamy

pe 177 3 ff; 
1 napiftWJl.bl-taR ,1t0Jl.1ip1-irui c,1ieuwaa1ou1a,si a11111aab1ULR 2 Ca O . Mg O . 2 Si 02 
tl.Hmix,,l, t(X, Tm), 
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2 - 1wp1flut✓1,b1-1.aR ,1toJl.Rp1-w.,i c,1iellt uea1ou1aR a,-imaJl.blW.<i CaO . MgO . 2 Si02 
6.Hm1x,B, i(x, 'I'm), 
3 c.uelltU./l{llOU(,ClR DIU/WJl,b/WJ/, 6.11 mix, i(x, Tm). 
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