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'l'he paper is concerned with the calculation oj mixing entropy, 
Gibbs energy, activities and activity coefficients oj components in 
the melt region oj the system akermanite (Ca2MgSi207 ) - diopside 
(CaMgSi,Oo). 'l'he calcitlations are based on the determination oj 
partial rnolar mixing entropy oj the components ť-.Sm1x,1 itsing expe1"i­
rnentally tleterminecl relative enthalpies Hrel in the temperature range 
oj 1700 K to 1873 K [l] antl the phase diagram [2] oj the system in 
qnestion. The calculatetl concentration dependences oj mixing entropy 
t-.S111 1x ancl those oj atlclitional entropy t-.S;,,, are asyrnrnetrical, thits exhibi­
t·ing posit-ive valu es with solutions containing j or the most part C2MS2 

ancl negative val·ttes with solutions comprising mostly CMS2 . The 
atltlitional Gibbs energy t-.G;,,. is, positive at all x, showing a maximum 
at x = O.u. The activity coefficients y are larger than unity with the 
exception oj those oj the pitre components. The system therejore e;()hibits 
a positive tleviation jrom the properties oj icleal solutions. 

INTRODUCTION 

'J.'lie present study makes use of the following symbols: 
The system cornponents, the composition of which is given by the formal • 

ťonnulas CaO . nigO . 2 SiO2 and 2 CaO . lVIgO . 2 SiO2 are designated by the 
respective symbols CMS2 and C2MS2 . The concentrations are specified by the 
molar fraction of CMS2 (x - molar fraction of CMS2 in melt; y - molar 
fra,ction of CMS2 in solid phase). 

The dependent quantities are given as functions of independent state 
variables in the ťollowing order: x, y and temperature T; all the _data refer to 
atmospheric pressure. 

The inde:xes designate processes, states, substances or phases to which the 
dependent quantities are related. They are ascribed in the following order: 

1. mix (mixing), fus (fusion), eq (equilibrium state), eut (eutectic equilibrium),
m (state of system as measured).

2. A (C2MS2), B (CMS2), i (both components).
3. 1 (liquid pha.se), s (solid phase).

Calculation of mixing entropy, Gibbs energy and other thermodynamic
functions within the melt region of the system C2MS2-CMS2 is based on its 
enthalpic a,nalysis [l] and application of the eutectic-type phase diagram 
(Fig. 1), [2]. In the system there arise solid solutions showing limited solubility 
of componeuts at the side of high concentrations of diopside CMS2. The fu­
sion tempera.ture of akermanite C2MS2 Teq (0,0) is 1727 K and that of 
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diopside Teq (1,1) is 1665 K; eutectic melt has the composi ion :reut = 
= 0.638 at 1634 K. The solid solutions exist in equilibrium with the melt 
within the concentration range y (Teq = 1634--;--1665 K)= 0.931--;--l.0. 

T[K} 

1713 

1673 

1633 --------�------<

1593 

40 60 
-mol1/.

Fig. 1. Phase diagram oj the system C2MS2 -- CMS2.

The first part of the present study [l] dealt with the rneasurement of rnixing 
enthalpies b..Hmix of melts in the given system in the temperature interval 
of 1723-1873 K. The cleterrnination of concentration dependences of the other 
thermoclynamic quantities within the same temperature limits, as described 
below, is based on the calculation of mixing entropy llSm ix of these phases 
(another proceclure is clescribed in [3]). In this calculation use was made of 
Hrel values obtained by extrapolation of the respective temperature depen­
dences towards the equilibrium ternperatures which are orclinates ofpoints on 
the liquidus lines in the phase diagram. 

CALCULATION OF MIXING ENTROPY D.Smix

General  re lat ions  

M:ixing entropy b..Sm;x, 1(x, Tm) was determined by the proceclure clescribed 
in [3]; the procedure is based on a mathematical description of equilibrium 
between phases present in the system in question. 

For the concentration range x � Xeut in which the melt co-exists with almost 
pure crystalline akermanite, the following equation holds for equilibrium 
chemical potential of component C2M:S2 in melt and in solid phase: 

/Í,A, 1(x, Teq(X, O)) = µA,s(0, Teq(X, O)). (1) 

After rearrangement equation (1) acquires the form 

HA,i(x, Teq(X, O)) - Teq(X, O) . SA,1(x, Teq(X, O)) = HA,s(0, Teq(X, O)) -

- Teq(X, O). SA,s(O, Teq(X, O)). (2) 

Equation (2) allows to calculate partial molar entropy of C2M:S2 under 
equilibrium conditions. When temperature is raised up to Trn the value. of 
partial molar enťropy increases, with respect to SA, i(x, Teq(x, O)), by 
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J
m 

ČA,i(; Trn) dT. Partial molar mixing entropy can then be described in
T,0 (x,0) 

the form 

Tm 
BA, 1(x, Teq) - I-h,s(O, Teq) 

+ J ČA, 1(x, T) dT + S (O T (x O))_-
Teq(X, O) T 

A, s ' eq ' 

Te0 (x,0) 

T00 (0,0) 

- [sA,s(O, Teq(X, O)) + J
Teq (x,0) 

OA,s(0, T) dT 
+ !iHrus,A(0, Teq) 

+
T Teq(0, O) (3) 

Partial molar mixing entropy of component ClVIS2 for x � Xeut was calculated 
from integrated Gibbs -Duhem equation

ÁSmtx, A, 1(X, Tm) 

/1,Sm ix,B,I(X, Trn)= !1Srn1x,B,I(Xeut, Trn� - J l
X 

X d/1Srn1x,A,I(X, Trn), (4)
.6.Sm1x, A, 1(Xcut, T m) 

The value of partial molar entropy of ClVIS2 !1Sm1x,n,i (Xeut, Trn) for the 
eutectic composition was calculated from equation (8) below. 

·within the concentration range x � Xeut the equilibrium statf o� the system
is clescribecl by the relationship 

µn, 1(x, Teq(X, y)) = µn,s(Y, Teq(X, y)). (5) 
Equation (5) can be written in the form 

Rn,1(x, Teq(x, y)) -Teq(x, y). Sn,1(x, Teq(X, y)) = Rn,s(Y, Teq(X, y))�

- Teq(X, y) . Sn,sÍY, Teq(X, y)) = Hn,s(l, Teq(x, y)) - Teq(X, y) .

. Sn,s(l, Teq(X, y)) + RTeq(x, y). ln an,s(Y, Teq(X, y)). (6) 

In view of the high concentration of CMS2 in solid solutions the approximate 
values of the C MS2 activity coefficients can be considered as being equal to 
unity, and the equilibrium activity of diopside in (6) can be substituted 
from equation 

(7) 

(Application of equation (7) is likewise permissible with respect to the relatively 
low value of the last term of the right-hand side of equation (6).) 

By the pro cedure indicated in the deriving of equation (3), the following 
expression for pa.rtial molar mixing entropy of CMS2 in the melt of the system 
in question can be obtained from formally rea.rranged equation (6): 
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A 1'i (, T ) _ .HB,1(X, Teq(X, y))-HB,s(l, Teq(X, y))
+ L.\Omix,B,l X, m -

T (, ) . eq X, y 

Teo(l,l) 

I 
OB,s(l, T) dT - �Hrus, B(Teq(l,l)) _

T Teq(l,l) 
7'e0(x,y) 

Tm 

I 
OB, i(l, T) dT R 1 ( · T ( · " -, · TT 

- n Y X, eq X, y)) = uS mlx,B, 1(X, m) -
Tcq(l,l) 

- R ln y(x, Teq(x, y)). (8) 

The value of �S'mix,B,1(x, Trn) would pertain to partial molar mixing entropy 
of CMS2 if no solid solutions were formed. 

Partial molar mixing entropy of component C2MS2 was again calculated 
from the integrated Gibbs - Duhem equation 

Mm;., A, ,(x, T m) � Mm;., A, ,(x'"'' T m) ::--"')"·'''• :•� X dM' m<,, B, ,(x, T m) +
D.S'mlx,B,l(Xout, Trn) 

lny (x,

I

T•• (x,y�
+ R

l _ x 
dln y (Teg(x, y)).

lUYeut 

The value of �Smix,A , 1(Xeut, Trn) was obtained with the use of equation 
The mixing entropy in the system was calculated from the equations 

�Sm1x,1(x, T) = (1 -x) �Sm1x,A,1(x, T) + X �Sm1x,B,1(x, T)
�S:fiix, 1(x, T) = �Sm1x, 1(x, T) -[-(1 - x) ln {l - x) ....:.__ x ln x]. 

(9) 

(3). 

(10) 
(11) 

The dependence of  m ix'.ig entropy of  the  system C2MS2-CMS2 on 
composit ion and temperature  

In the calculation of �Smix,A and �Sm1x, B, the values Hrel and Hrel measured 
by the 'two-calorimeter methoď [l] were substituted into equations (3) and (8). 
(In study [3] its author has suggested a procedure for calculating the mixing 
entropy using'the �Hm1x values, also based on equations (1) and (5). However, 
the method is advantageous only when the mixing enthalpies can be determin­
ed directly.) 

The following values and relations were employed in numerical solving of 
equations (10) and (11): 
Fusion heat of akermanite �Hrus,A(Teq(O, O)) = 123.9 ± 3.2 [kJ mol-1] [4]. 

The temperature dependences of molar thermal capacities of fused and 
crystalline akermanite are as follows: 
OA ,l = 0.3815 [kJ moI-1 K-1], measured in the temperature range of 1740 
to 1870 K [4], and 
OA,s = 0.2014 + 8.84 X 10-s T [kJ mol-1 K-1], measured in the temperature 
range of 1469 to 1690_ K [4]. 
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The heat of fusion of diopside �Hrus,B(Teq(l, 1)) = 128.5 kJ mol-1 [5]. 
The tempera.ture dependences of molar thermal capacities of molten and 
crystalline diopside, respectively, are given by the following equations [5]: 

OB, 1 = 0.3558 [kJ mol-1 K -1J, and 

OB ,s = 0.279 -1.781 X 104 T2 [kJ mol-1 K-1]. 

The dependences hold in the temperature interval of 298 to 1885 K. The 
values of the integrals on the right-hand sides of equations (4) and (9) were 
determined gra phically. 

- Tt,S�ix,t ( x, Tm )
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Fig. 2. Isothermic concentration dependences oj the product -T L\S;,1,, 1(x, Tm) (x is the 
molar jraction oj CMS2); 

---Tm = 1723 K, ----Trn = 1773 K, -·-·-Tm = 1823 K. 
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The isothermic concentration dependences of ex:cess entropy in the system, 
�S�

i
x, 1(x, Tm) have an-S-shaped course similarly to those of �Hmix, 1(x, Trn). 

The range of maximum values of �s:ix, 1(x, T) curves at x = 0.1 amounts to 
3.97 -;-- 6.16 [J mol-1 K.-1J for the temperature interval in question. The 
transition through zero values to the region of negative ones arises in the 
composition range of x = 0.3 to 0.4; at x = O. 7 the curves attain their minimum 
values of -10.0 [J mol-1 K.-1] (1723 K) down to -8.34 [J mole-1 K.-1] 
(1823 K). Fig. 2 shows three curves of -T �S�x.i(X, T) for temperatures 
Tm = 1723, 1773 and 1823 K (their course is thus 'mirror-symmetrical' as 
compared to the relationships of �s:ix, 1(x, T) described above). 

198 

1: t,f-lm;x,/x,Tm
)

2:-foSmix/x, T m) 
3: 6Gmix/x,Tm

)
[kJ.mor1) 
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Fig. 3. Isothermic concentration dependences oj: 
1. mixing enthalpy oj the system li.Hm1x,1(x, Tm) (curve 1),

2. the product-T li.Sm1x,1(x, Tm) (curve 2),
3. Gibbs energy oj the system li.Gm1x, 1(x, Tm) (curve 3);

Tm = 1723 K, o - experimental points. 
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The positive value of excess entropy in the high-concentration C:MS2 region 
results from at least the following two reasons: 

a) there is a considerable difference in the sizes of basic particles ( anions)
of the components in the giv�m system (similarly to organic polymers), [6], [7], 

b) there are the changes in structure due to mixing. In the analysis of the
f....Hmix,i(x, T) isotherms in [l] it was assumed that at x < 0.3, pyroxene 

1 ' 61-/mix}x, T m ) 
2:-Tt,.Smix) (x,Tm ) 
3' t.Gmix,l (x,Tm ) 

Silikáty č. 3, 1978 

[kJmoť1} 
12

8 

4: 

-8

-12

-16

o 

A 

0,1 0,3 0,5 Xeut 0,7 - X
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1. mix-i-ng enthalpy oj the system 6H mix, 1{x, Tm) (curve 1),
2. the product - T 6S mix. 1(x, Trn) (curve 2),

3. Gibbs energy o.f the system 6Gm1x,1(x, Tm) (curve 3);
Tm = 1773 K, o - experimental points. 
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chains [SiO3]2";; split up and shorter chains are formed. The increase in melt 
disarrangement due to creation of a larger number ofnew pa.rticles results inan 
increase in excess entropy tiSiiiix . 

At higher concentrations of CMS2 the shorter (pyrosilicate) chains tend to 
a.ssociate forming longer chains with stronger bonds between bridging oxygens 
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Fig. 5. I sothermic concentration clepenclences oj: 
1. mixing enthalpy oj the system tl.Hm1x,1(x, Trn) (curve J),

2. the procluct- T tl.Sm1x,1(x, Tm) (curve 2),
3. Gibbs energy oj the system, tl.Gm1x,1(x, Tm) (curve 3);

Trn = 1823 K, o - experimental points.
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and silicon. • The excess entropy 6.S:;,ix is negative (while, however, 6.G�ix

is positive). 
In Figs. 3, 4 and 5 (marked 2) are plotted the relationships of -T

6.Sm;x, 1(x, Trn) for temperatures of 1723, 1773 and 1823 K. The positions ofthe 
'minima' are shifted towards x = 0.2; zero values are attained by this quantity 
within the range of x = 0.4 to 0.6. The position of the 'max:ima' is in the 
range ·or x = O. 7 to 0.8. 

Calculat ion  of  mix:ing and e:x:cess  Gibbs  energy i n  the  system 
C2MS2-CMS2 

The mixing Gibbs energy 6.Gmix, 1(x, T) ancl the excess Gibbs energy 
6.G�ix,1(x, T) in the given system were calculatecl with the use of the definition 
equations 

and 
6.Gmix, 1(x, T) = 6.H mix, 1(X, T) - Tó.Smix, 1(X, T) 

6.a:�ix,1(X, T) = 6.Hmix, 1(x, T) - T6.S!ix,1(X, T) 

6Ginix /x, Tm) 
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Fig. 6. lsothermic concentration dependences oj excess Gibbs energy ti.G;..1x , 1(x, Trn ) in
the system (x - molar jraction oj CMS,); 

-·-·-Tm = 1723 K, ----Trn = 1773 K, ---Tm = 1823 K.
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where the values of 6.H mix, 1(x, T) were obtained by calculations from equation
{14) ofstudy [l] and the values of 6.Smix, 1(x, T) and 6.S�x,i(X, T) were calculated
according to equations (10) and (11) as given in the present study. 

The activity coefficients of the two components were calculated on the basis
-of partial molar Gibbs energies of the components determined according to the
:following equations: 

6.G�ix,i,l(X, T) = 6.Hmix,i,l(X, T)-TD.S�,�lx ,i,i(X, T). (14a, b)
The following equations hold for the activity coefficients of both components,

YA,1(x, T) and yB,1(x, T): 

Y. (x T) = exp (6.G!Rix, i, i(x, T)
)1, l ' 

RT 
• (15a, b)

The activities of C2MS2 and CMS2 are given by the equations

.and

. 202 

aA,1(x, T) = (1-x) YA,1(x, T) (16)

1 aA.1(x,Tm)
2= a8,i<x.Tm)
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Fig. 7. Isothermic concentration dependences oj activities oj the components. 
1. aA,1(x, Tm) - activity oj C2MS2,
2. an,1(x, Tm) - activity oj CMS2;

----Tm = 1723K,----Tm = 1773K,-·-·-'L'm = 1823K .

(17) 
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Fig. 6 shows a plot of isothermic concentration dependences for excess 
·Gibbs energy �G�ix, 

1
(x, Tm) for the temperatures of 1723, 1773 and 1823 K.

The curves are mildly asymmetrical and within the entire concentration range
pass through the xegion of positive values, exhibiting a maximum at Xm = 0.6.
At the maximum the values attained by the quantity within the given tempera­
-ture interval amount to 5.7 to 6.6 [kJ mol-1].

'-.., The course of isothermic concentration dependences of �Gmix,1(x, Tm) is 
in the range of negative values, showing a minimum at x == 0.5 (1723 and 
1823 K) and at x = 0.4 (1773 K); the range of extreme values is from -4.19 
-to -4.36 [kJ mol-1].

1 : ÍYA/X, ½)) 
2=;r

8
/x, Tm) 
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JJ'ig. 8. Isothermic concentration clependences oj activity coefficients oj the components: 

1. YA,1(x, Tm) - activity coefficient oj C2MS2,

2. Yn, 1(x, Tm) - activity coefficient oj CMS2;
--- Tm = 1723K,----Tm = 1773K,-·-·-Tm = 1823K.

Isothermic concentration dependences of activities aA, 1(x, T m) and 
,aB, 1(x, Trn) are plotted in Fig. 7 for Trn = 1723, 1773 and 1823 K, respec­
tively. The activity curves of both components are higher within the entire 
concentration range than those of molar fractions and substantially deviated 
from the 'ideal' course (when eX'.pressing the molar fractions of the components 
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of the given system by means of formal molecular weights the Raoult law­
does not hold even at the limit concentrations). The activity values except 
for those of the pure components, are higher than the values of molar fractions,. 
i.e. the activity coefficients of the two components are higher than, or equal to•
unity at all the x (Fig. 8).

All the calculated excess quantities are mildly temperature-dependent. The 
probable course of the graphic relationships of all the thermodynamic quanti­
ties in question within the concentration intervals of x < O; 0.1 > and x < 0.9; 
1.0> is represented by the dotted line. 

C ONCLUSION 

The results given above indicate that the system C2MS2-CMS2 is non-ideal 
in its melt region. The considerable difference between the structures of the 
basic particles of the components and the structural changes taking place 
in the course of mixing are obviously the cause of an asymmetrical and tempera­
ture-dependent course of all the excess quantities, in particular of mixing 
enthalpy and excess mixing entropy .6.S�ix. The system exhibits a positive 
deviation from the Raoult law. The thermodynamic properties of the solutions 
of C2MS2-OMS2 can be more advantageously described by 'flexible' mathe­
matical functions than by using inadequately substantiated and frequently 
quite forma! thermodynamic models. The unsuitability of application of such 
models in the oase of some, often much simpler systems, has been demonstrated 
experimentally and evaluated c1,itically by Holm [8], [9]. 
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TE RMODYNAMICKÝ ROZBOR SÚS TAVY 
2 C_aO . MgO . 2 SiO2 - CaO . MgO . 2 SiO2

II. Izobarický rozbor Gibbsovej energie

Mária Eliášová, Katarína Adamkovičová, Ivo Proks 
Ústav anorganickej chémie SA V, Bratislava 

Obsahom predloženej práce sú výpočty zmiešavacej entropie, Gibbsovej energie, 
aktivít a aktivitných koeficientov zložiek v taveninovej oblasti sústavy akermanit 
(2 CaO. MgO. 2 SiO2) - diopsid (CaO. MgO. 2 SiO2), Tieto výpočty sa zakladajú: 
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l. na použití experimentálnych hodnot zmiešavacej entalpie v sústave v teplotnom
intervale 1700-1873 K [l], 

·2. na použití fázového diagramu eutektického typu s oblasťou existujúcich tuhých
roztokov s obmedzenou rozpustnosťou zložiek na strane vysokých koncentrácií 
CMS2 [2]. Zmiešavacia entropia óSmix, 1(x, Trn) sa stanovila postupom, ktorý sa zakladá na

-matematickom opise rovnováhy medzi fázami, prítomnými v študovanej sústave [3].
Pre koncentračné rozmedzie x � Xeut, v ktorom tavenina koexistuje s takmer čistým 
kryštalickým akermanitom, dá sa odvodiť z rovnosti chemických potenciálov C2MS2 pre parciálnu mólovú zmiešavaciu entropiu C2MS2 vzťah:

Tm OA,s�, T) dT - óHrus,A(0, Teq) _ f OA,1�, T) dT.
Teq(0, O) 

T,q(O, O) 

(1) 

Obdobný výraz platí pre parciálnu mólovú zmiešavaciu entropiu CMS2 v tavenine 
-v koncentračnom rozmedzí x � Xeut:

'l'm 

"S ( T ) = Hn,1(x, Teq(X, y) -Hn,s(l, Teq(X, y)) + 
L\ mix, B, l a;, m 

Teq(X, y) f ůn, 1(1,T) dT ­
T 

Teq(l,l) 

f
T,

q
(X,y) 

1.'m On,s(l, T) dT- óHrus,n(Teq(l, 1)) _ J
T Teq(l, 1) 

'.L1

ea(x,y) 

On,1(1, T) dT _
T 

1',q(l, 1) 

-R ln y(x, Teq(x, y)), (2) 
Hodnoty veličín Hrel, resp. Hrel v rovniciach (1) a (2) sa prevzali z práce [l], hodnoty

-tavných entalpií čistých zložiek a závislostí tepelných kapacít jednotlivých fáz čistých
zložiek z práce [ 4] a [5]. 

Parciálne mólové zmiešavacie entropie CMS2 pre x � Xeut a C2MS2 v koncentračnej
.oblasti x � Xmix sa vypočítali z int�grovaných Gibbsových-Duhemových rovníc. 

Vypočítané koncentračné závislosti zmiešavacej entropie óSm1x a dodatkovej en-
- tropie !::,.S:u, sú nesymetrické a pre zloženia roztokov s prevahou C2MS2 nadobúdajú 
kladné hodnoty, zatiaf čo pre zloženia roztokov s prevahou CMS2 nadobúdajú záporné 

_hodnoty. Dodatková Gibbsova energia t::,.G:;,1 , je pre všetky x kladná a má mierne asymetrický
priebeh s maximom 'pri x = 0,6. Aktivitné koeficienty y obidvoch zložiek sú s vý­

: nimkou čistých zložiek vačšie ako 1. 
Asymetrický a mierne teplotne závislý priebeh všetkých dodatkových veličin je 

_zrejme spósobený značným rozdielom medzi štruktúrami základných častíc zložiek 
. a štrukturálnymi zmenami pri zmiešaní . 
. Obr. 1. Fázový diagram sústavy C2MS2 -CMS2 . . Obr. 2. Izotermické koncentračné závislosti súčinit - T !::,.S!,,, ,(x, Trn)

(x -mólový zlomok CMS2); 
----Trn

= 1723K,---- Trn = 1773K,-·-·- Trn 
. Obr. 3. Izotermické koncentračné závislosti; 

1. zmiešavacej entalpie sústavy óHrn1x,1(x, Tm) (krivka 1),
2. súčinu - T óSm1x, 1(X, Trn) (krivka 2), 
3. Gibbsovej energie sústavy óGrnix, 1(x, Trn) (krivka 3);
Trn = 1723 K, o -experimentálne body. 

, Obr. 4. Izotermické koncentračné závislosti. 
1. zmiešavacej entalpie sústavy óHm1x,1(x, Trn) (krivka 1),
2. súčinit - T óSrn1x,1(x, Tm) (krivka 2), 
3. Gibbsovej energie sústavy óGrn1x,1(x, Trn) (krivka 3);
Trn = 1773 K, o - experimentálne body. 
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Obr. 5. Izotermické koncentračné závislosti: 
1. zmiešavacej entalpie sústavy ti.Hrnix,1(x, Trn) (krivka 1),
2. súčinu - T ti.Srn1x,1(x, Trn) (krivka 2),
3. Gibbsovej energie sústavy ti.Grn1x,1(x, Trn) (krivka 3);
Tm = 1823 K, o - experirnentálne bocly.

Obr. 6. Izoterrnické koncentračné závislosti cloclatkovej Gibbsovej energie ti.G!,x, 1 (x, Trn ) 
v sústave (x - mólový zlornok CMS,); 
-·-·-Tm 

= 1723 K, ----Trn = 1773 K, ----Tm = 1823 K.
Obr. 7. Izoterrnické koncentračné závislosti aktivit zložiek: 

1. aA,1(x, Tm) - aktivita C2MS2, 
2. am1(x, Tm) - aktivita CMS2; 
----Tm = 1723K,----T

m 
= 1773K,-·-·-Tm 1823K. 

Obr. 8. I zoterrnické koncentračné zá•;islosti aktivitných koeficientov zložiek: 
1. YA,1(x, Tm) - aktivitný koeficient C2MS2 , 
2. yn,1(x, Tm) - aktivitný koeficient CMS2; 
---- Tm = 1723 K, - - - - Trn = 1773 K, - . - . - Trn = 1823 K,

TEPMO,IJ:HHAMHLIECHHfI AHAJIH3 CHCTEMbl 

2 CaO. i\IgO. 2 Si02 - CaO. MgO. 2 Si02 

II. lfao6ap1Piecm1ií anamrn 3Hepnrn rn66ca 

i\1apnn 8Jrna111ona, HaTap1-rna AJ.i;aMHOBH•rona, Hna HpoHc 
J!bicmwnym 1-1,eopecuiu•iec1,oň xu,,mu GAJI, Bpamuc.11,aea 

�eJJbJO npe1waraeMOii pa60TL! llBJIIIIOTCll pac•IeTLI 3HTpomrn CM0111HBaHHfl, 3Heprim_ 
r1166ca, aHTIIBHOCTeli li aHTHBHb!X IW,Hpcpt1I_\H0HTOB HOMIIOH0HTOB B o6JJaCTH pacmrnna 
cucTeMLI a1rnpMam1T (2 CaO . MgO . 2 Si O,) - 1-111orrc11/.\ (CaO. MgO . 2 SiO,). l1pimo/.\HMhI0, 
pac•IeTL! OCHOBLIBaJOTCH: 
1. Ha llj)HM0H0HHH 3I<Crrep11MeI-ITaJJbl-IT,!X B0JUI'IHH 3HTaJJblll-IFI CM0IIIIIBaHJ1fl B CHCT0Me B T0M-.­
rrepaTyj)HOM JIHT0j)BaJl0 '1700-'1873 K ['1 ], 2. Ha llj)HM0H0HHJI wrnrpaMMbl cpa3 3B'f0l\Tll-.­
lJCCHOro nma C o6JJaCTLJO cytll0CTBYIOII.\HX TB0p/.\LIX pacTBOpOB C opraHH•IeHHOH pacTBOp11-
MOCTLJO HOMITOH0HTOB OTHOCHT0JJbHO BJ,ICOHl1X IWHI_\0HT])al_\HH Ci\1S2 [2]. 

3HTJ)OITHJO CM0IJJHBaHH/l ti.Sm1x ,1(x, T m) ycTaHOBl1JIH M0TOJ.\OM, OCHOBLJBaJOil_\HMC/l Ha Ma­
TeMaTH'JeCJ{OM omrcamrn paBH0B0CH/l M0nl/.\Y cpaaa�m, nprrcyTCTBYIOII.\IIMH B HCCJJ0J.\Y0MOa 
CHCT0M0 (3]. ,IJ:JJfl np0/.\0JJOB HOHl_\0HTJ)a1_\HH x � Xeut, D I{OTOJ)LIX pacrIJJaD cocyll_\eCTByeT 
C TIO'l'fl-1 'JilCTLIM I<J)HCTaJIJJH•JeCIOIM aHepMaIUITOM MOmHO DLIDOJ.\HTL Ha OCHOBaHHH pa,neI;ICTBa 
XHMli'JeCHIIX llOT0HI_\JlaJJOD C2MS2 /.\Jlfl rrapl_\HaJJLHO}I MOJJfIJ)HOI1 3HTJ)OIHIH CMeq-11rnamrn:. 
C,MS2 OTHOllI0Hll0: 

Tm 

ti.S ( T )_RA,! (X, Teq)-HA, s (O, Teq)
+ f ŮA, !

T

(x, T)d�_
'=mJx, A , 1 x, m -

Teq(x, O) 

T,0(0,0) 

f CA, s:, T) dT _ 

T,q(X, 0) 

óHrus, A(O, Teq) 
Teq(O, O) 

'l'eq(X, O) 

( 1), 

HOA06noe OTHOW0HHe J.\0HCTDyeT /.\Jlfl IIapl_\HaJJLHOl1 MOJJIIPHOÍI 3IíTp0ll\i\� c�rnm1rnamrn 
CM S2 B pacrrJJane n rrpeAeJJax ·rWHl.\0HT])al_\HH x � xeut: 

óSrn1x, D, 1(x, Trn) 

T,q(l,l) 

f 
'I',.(x,y) 
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CB,s(l, T) 
d T _ 

Mf rus, n(Teq(l, 1) _ 
T Teq(l, 1) ď('-:- �:1.1).,y(x, T�q(x, y)) .. 

(2). 
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Beml'JHHl,1 Hrel }IJIH Hrel B ypanHemrnx (1) H (2) B3HTLI H3 pa60TLI [1], neJHI'IHHI,I 3HTUJ lhTIHlř 
JIJIUBJJeHHH 'lHCThlX J{OMTI0HeH'r0B H 3UBHCHMOCTeií TenJJOeMI{OCTeH 0TAeJJhHh!X cpa3 1lllCThlX 
H0MTI0HeHT0B H3 pa60T [4] H [5]. 

Hap111ram,m,w M0JH!pm,10 SHTpomm CMeumnaHHH CMS, .rvrn x � Xeut H C,MS, n H0H---
11e1-1TpaJ.\110HHOlÍ o6JrncTn :c � XeuL pac•mTaJJH 113 lll1Terp11ponaHHhlX ypanHeHHJ1 f1,166ca­
J�J03Ma. 

Pac1111TUHJ-11,JC 3UBHCHM0CTH 31-!Tpom-m CMClllHBUHHH 6.S mix H A06ano1mo11 EIHTponmr 6.S;,lx_ 
01' H0I-IL\eJiTpal\1111 HDJlfJI0TCH HeCHMMeTpH11HLIMH H ,Vlil C0CTUDa paCTD0pon C npeo6J1a/.(UIOl.l(J,JM 
C2MS2 IJ0JIY'JUIOT Il0JJO)[(J1'J'CJlbl-ILIC DCJIH•JHHI,l, B TO npeM/I J{aJ{ ,�.TI/I C0CTana paCTB0J)0B C npe-
06;1rn1w10Il(HM CMS, - 0Tp111wTcJ11Hue nem1<um11. 

)],06ano•1m1H anerpHH r1166cn 6.S mix /.(,TIH ncex X Il0JJ0HOITC.'lbHU li I-IMCCT y�rnpenH0 CHM-­
MCTPll'IHL111 X0I-( c MaHCHM)'M0M np11 x = 0,6. HoacDcin11�11e1-1Tu m,TJ!BH0CTH 06011x H0Mil0HeH--
T0D 6om,1.□e 1, :rn 11CHJII01Ie)HJCM 'IJICTLIX IWMil0HeHT0B. 

Acl·IMMCTpll'IHhll�l J1 yMepeHH0 aaBnCHMl,lfl 0T TCMnepaTyp1,1 X0/� ncex A06ano1JHLIX BCJJH'Jlllf 
ncpowrJIO BLJ:3h!BaCTCH 3HU'lll'l'CJJl,I -JLJM pa3JIH1JHCM MCil<JJ.Y CTj))'HTypaMJ-1 0CH0BHLIX lJUCTJ!l-l 
){()MrJ0HCJJT0D li CTpywrypm,IMJJ Jl3Me1-1eirnmrn np11 CMCWJIDamm. 

Puc. 1. }.{uaepa.11.1ta rflaa cucme.11bt C,MS2 - CMS2. 
Puc. 2. Haomep.11.u•tec1rne aalluc,.1.,11.ocmn 1,:01-1-11-e1-unpatfllll npoualleoenu.11, -T 6.S mix. 1(x, T m} 

(x - ,\tOJi.ltjJIWJl OOJlJl CMS,); --- - -- Tm = 1723 K, - - - - - -Trn= 
= 1773 K, - .- .- .- .- .- . T111 = 1823 K. 

PUC. 3. 11 aomep.lHl'teCl<lte iJ(l(lllCU.\WCtnU l,'.OHl/el-llnJHll(,llll.' 1. anma.JU,l!llll C,,\tťUlll(l(lHll.11, cucme.\tbl, 
6.Ii mix. 1(x, T m) (1epullaJt 1), 2. 11-poualleoe1-t1.t.1t -T 6.Sm1x. 1(x, Trn) (1,:pulla.1t 2), 3. anep­
iuu Tu66ca cucme.11,bt 6.Gm1x. 1(x, Trn) (1,:pulla.,fl 3); Tm = 17 2-1 J-f, o - ai;cnepu.1ienniaJLb-
1tb!e lnO't/W .. 

Puc. 4. Haomep.Atu•iec,.-ue aa.11ucu.,11oc11iu 1.-01t1(,e1-1.mpal(,11.u: 1. anm.a.11,bnuu c.1te·1uullanu.11, cucme.1tbi 
6.H mix. 1(:c, Tm) (1,:pUllClJt 1), 2. 11pot1-alleoe11.1.1.'I, -T 6.Sm1x. 1(x, T111) (1.puea.11, 2), 3. a1-tepeuu 
l'u.66ca cuc11w.11.u 6.Gm1x. 1(:c, T m) (h'ptwa.fl 3) Tm = 177 3 J-f; o - a1.cnepu.11eHl1UlJlbHb!e 
n1,01tJi,U. 

p UC. 5. I1aomep.1tit•iec1.ue i](l{lllCl.l.,\tOCl//1(, /iOlll/e11.mpa1(,Ull.' l. iJHIIWJlbllU,ll C.llťUll/.(/{l/-tl/../1, CllCtneAtbl 
6.H mix.1(x, Trn) (1;pulla..1t .l), 2. npoualleoenu.ft - T 6.Smix. 1(x, Tm) (1,,pt1-lla.1t 2), 3. anep­
euu Tu66ca cucme.1tbt 6.Gm1x. 1(x, T111) (1.-pullaJt 3); Trn = 1823 J-f, o - ai;cnepu.,1tenmaJLb­
llble 1no1ťlr.tt.

Puc. 6. Haomep.1tu1iec1w.e aallucu.,1ioc11w. 1,:om1-e1-impal(,llll oo6allo•u-wň anepeiw. Tu66ca 
6.GE

rnlx. 1(x, Trn) ll cuc,ne,1te (x - .,\t0Jl.fl]Jl-l-a..1t OOJl.lt CMS2), - .- .- .- .- .- .- . T m = 1723 J-f, 
- - - - - - Trn = 1773 ff, - ---- Trn = 1823 J-f.

1' UC, 7. ýf aomep.1tt1-•tec1me 8(1.(lllCll.ltOClnll (l!.l/lll{lllOCJneií IW,MIWl-lel-l/lWll,' 1. aA,I (x, Trn) - (l}i,Jnll6• 
1tocmb C2MS2, 2. an,1 (x, Tm) - a1mwllHOCmb CMS2; ------ Tm = 1723 K, 
- - - - - Trn = 1773 K,-.-.-.- Tm = 1823 K.

p UC. 8. f1 aomep.1tt1-•tec1;ue 8(l(lllCll.,\tOC/IUl /i0HtfťH111jJCll(,tl {ll.//lll(/1-lbLX 1,oagigiul(,UCHl1W(I /i,0.\tl!OHCl-l· 
moll; 1. ?'A,1 (x, Trn) - a1.nwmtbll'í 1wegigi1tl(,llenm C2MS2, 2. ?'B,1 (x, Trn) - a1.mull·• 
ltbtlt 1wegigjlll(,UťHtn CMS2; ----- - Tm = 1723 K, - - - - - Tm = 1773 K, 
-.-.-.- Tm = 1823 K. 
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