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The paper is concerned with the calculation of mixing entropy,
Gibbs energy, activities and activity coefficients of components in
the melt region of the system akermanite (CaMgSi,0,) — diopside
(CaMgSi,06). T'he calculations are based on the determination of
partial molar mixing entropy of the components ASmix,i uUsing experi-
mentally determined relative enthalpies Hre1 tn the temperature range
of 1700 K to 1873 K (1] and the phase diagram [2] of the system in
question. The calculated concentration dependences of miving entropy
ASmnix andthose of additional entropy ASE, . are asymmetrical, thus exhibe-
ting positive values with solutions containing for the most part C:MS:
and negative values with solutions comprising mostly CMS,. The
additional Gibbs energy AGE,, ts positive at all x, showing a maximum
at © = 0.6. The activity coefficients y are larger than unity with the
exception of those of the pure components. T'he system therefore exhibits
a positive deviation from the properties of ideal solutions.

INTRODUCTION

The present study malkes use of the following symbols:

The system components, the composition of which is given by the formal
formulas CaO . MgO . 2 SiO, and 2 CaO . MgO . 2 SiO, are designated by the
respective symbols CMS, and C,MS,. The concentrations are specified by the
molar fraction of CMS, (z — molar fraction of CMS; in melt; y — molar
fraction of CMS; in solid phase).

The dependent quantities are given as functions of independent state
variables in the following order: 2, y and temperature 7'; all the data refer to
atmospheric pressure.

The indexcs 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 (cquilibrium state), eut (eutectic equilibrium),

m (state of system as measured).

2. A (C;.MS;), B (CMS,), i (both components).
3. 1 (liquid phase), s (solid phase).

Calculation of mixing entropy, Gibbs energy and other thermodynamic
functions within the melt region of the system C,MS,—CMS; is based on its
enthalpic analysis [1] 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 CMS,. The fu-
sion temperature of akermanite C,MS,; Teq (0,0) is 1727 K and that of
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diopside Teq (1,1) is 1665 K; eutectic melt has the composition aey =
= 0.638 at 1634 K. The solid solutions exist in equilibrium with the melt
within the concentration range 4 (T'eq = 16341665 K) = 0.931 -1.0.
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Irdg. 1. Phase diagram of the system C:MS; — CMS,.

The first part of the present study [1] dealt with the measurement of mixing
enthalpies AHmix of melts in the given system in the temperature interval
of 1723—1873 K. The determination of concentration dependences of the other
thermodynamic quantities within the same temperature limits, as described
below, is based on the calculation of mixing entropy ASmix of these phases
(another procedure is described in [3]). In this calculation use was made of
H,e1 values obtained by extrapolation of the respective temperature depen-
dences towards the equilibrium temperatures which are ordinates of points on
the liquidus lines in the phase diagram.

CALCULATION OF MIXING ENTROPY ASmix

General relations

Mixing entropy ASmix,1(, T'm) was determined by the procedure described
in [3]; the procedure is based on a mathematical description of equilibrium
between phases present in the system in question.

For the concentration range @ < @eyt in which the melt co-exists with almost
pure crystalline akermanite, the following equation holds for equilibrium
chemical potential of component C,MS, in melt and in solid phase:

tia1(®, Tea(w, 0)) = pa,s(0, Teq(®, 0)). (1)
After rearrangement equation (1) acquires the form
Hy (v, Teq(, 0)) — Teq(®, 0) . Sa,1(2, Teq(®, 0)) = Ha,s(0, Teq(x, 0)) —
— Teq(®, 0) . 84,50, Teal, 0)). (2)

Equation (2) allows to calculate partial molar entropy of C.MS, under
equilibrium conditions. When temperature is raised up to 7' the value of
partial molar entropy increases, with respect to Sa,i(x, Teq(2, 0)), by
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Trn
GA’I(% Lm) d7. Partial molar mixing entropy can then be described in

Teq (2,0)

the form -
ABmix, 4,1(2, Tm) = Sa,1(2, Tm) — Sa,1(0, Tm) =

T
- HA,I(Q’; Teq) — Ha,s(0, Teq) _UA,l((L‘, T)

Teq(z, 0) + T ~AT 4 82,5(0, Teale, 0)) —
T eq (2,0) x
Teq (0,0)
| OA,S(O; T) AHfus,A(O, TeQ)
— [SA,S(O: Teq(w, 0)) + —p— AT+ TTeg(0,0) + @)

T'eq (2,0)

Twm

-+ —OA'lg)’ 4 dT] :

T'eq (0,0)

Partial molar mixing entropy of component CMS; for & < weyt Was calculated
from integrated Gibbs —Duhem equation

Agmlx. A 1%, T'm)
_ ~ l—ua
ASmix,B,l(-’v, Tm) = ASmix,B,l(xeut; Tm) — .

ASmix, 4, 1@eut, Tm)

dASmix,A,l(ma Tm) (4)

The value of partial molar entropy of CMS: ASmix,B,1(%eut, T'm) for the
eutectic composition was calculated from equation (8) below.

Within the concentration range & > eyt the equilibrium state of the system
is described by the relationship

¢8,1(%, Tea(®, y)) = us,s(¥> Tea(®, ¥))- (5)
Equation (5) can be written in the form

Hp (@, Teq(?, ¥)) — Tea(@, y) - SB,2(x, Tea(®, y)) = Hp,s(¥, Tea(®, y)) —
— Teq(x, y) . 88,5y, Tea(®, y)) = HB,s(1, Teq(®, y)) — Tea(®, ¥)-
- 8B,s(1, Teq(®, ¥)) + RTeq(x, y) . In &p,s(y, Teq(, ¥)). (6)
In view of the high concentration of CMS; in solid solutions the approximate

values of the CMS; activity coefficients can be considered as being equal to

unity, and the equilibrium activity of diopside in (6) can be substituted
from equation

ag,s(Teq(®, ¥)) = yB,s(Tea(®, ¥))- (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 procedure indicated in the deriving of equation (3), the following
expression for partial molar mixing entropy of CMS; in the melt of the system
in question can be obtained from formally rearranged equation (6):
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'H-Bs 1(.’L‘, TEQ("C’ y)) —HByS(I’ TGQ(:U: ?/))

AS 2, Tn) =
mix,B.l('L m) Teq(-’v, y) +

T Teq(1,1)

_|_ CB,I(w: T) d7r — OB,S(I, T) d7 — AHfus,B(Teq(l;l)) .
T T Tea(1,1)
Teq(@,¥) Teq(@,y)
Tr
Cs,1(1,7)

- =2 dT — Rin y(w, Teq(, y)) = AS'mix, 5,1(2, Tm) —
TEQ(I’]')
— B n y(z, Teo(, y)). (8)

The value of AS'nix,8,1(%, T'm) would pertain to partial molar mixing entropy
of CMS; if no solid solutions were formed.
Partial molar mixing entropy of component C,MS. was again calculated
from the integrated Gibbs — Duhem equation
AS miz, 5.2, T'm)

_ _ 2 _
A’Smix,A,l("v, Tm) == A‘Smix,A, l(fveut; Tm) — 1 p dAS,mix,B,l(x, Tm) =+

A mix, 8.1(Touts T'm)

Iny (@, Teq (2,¥))
x

+2 [ 2

In Yeur

- diny (Teg(w, y)). (9)

The value of ASnix,4,1(%eut, T'm) Was obtained with the use of equation (3).
The mixing entropy in the system was calculated from the equations

ASmixyl(:v, T) = (]. -_— .’L‘) Agmix,A, 1(w, T) + X ASmix,B,l(m, T) (10)
ASEi (@, T) = ASmix,1(®, T) —[—(1 —2)In (1 —a) —aIna]. (11)

The dependence of mixig entropy of the system C,MS,—CMS; on
composition and temperature

In the calculation of ASmix, o and ASmix, B, the values Hye1 and Hye; measured
by the ‘two-calorimeter method’ [1] were substituted into equations (3) and (8).
(In study [3] its author has suggested a procedure for calculating the mixing
entropy using the AHnix 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 AHgs, a(Teq(0, 0)) = 123.9 4+ 3.2 [kJ mol-1] [4].

The temperature dependences of molar thermal capacities of fused and
crystalline akermanite are as follows:

Ca,1 = 0.3815 [kJ mol-1 K-1], measured in the temperature range of 1740
to 1870 K [4], and

Ca,s = 0.2014 4 8.84 x 105 7' [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 AHpys, B(Teq(l, 1)) = 128.5 kJ mol-1 [5].
The temperature dependences of molar thermal capacities of molten and
crystalline diopside, respectively, are given by the following equations [5]:

Cg,1 = 0.3558 [kJ mol-1 K-1], and
Cg,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 graphically.

ToSk (%)

[kJ.mo("J
16}

12F

_72 A i 1 1 1 1
0 o1 03 05  %u07 09 10
A —=X B
Fig. 2. Isothermic concentration dependences of the product —T ASE ., 1(x, Tm) (x s the

molar fraction of CMS,);
— T =1713K, ———— T = 1T"3 K, — — — Tm = 1823 K.
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The isothermic concentration dependences of excess entropy in the system,
ASE. . (x, Tw) have an-S-shaped course similarly to those of AHmnix,1(%, Tm).
The range of maximum values of ASE,  ,(z, T') curves at « = 0.1 amounts to
3.97 = 6.16 [J mol-1 K-1] 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 # = 0.7 the curves attain their minimum
values of —10.0 [J mol-1 K-1] (1723 K) down to —8.34 [J mole-t K-1]
(1823 K). Fig. 2 shows three curves of —7T' ASE. ,(z, T') for temperatures
Tm = 1723, 1773 and 1823 K (their course is thus ‘mirror-symmetrical’ as
compared to the relationships of ASE; \(z, T') described above).

10 OHp X Tm)
2:—TASm,-X,l(x,Tm) L
3 AC"mix,l(x'rm)

[kJ.mol"}

1

8 1

-12+

-16 . L : L :
0 01 03 05 X 07 09 10
A — X B

Fig. 3. Isothermic concentration dependences of:
1. mixzing enthalpy of the system AH mix,1(2, T'm) (curve 1),
2. the product — T ASmix, (&, Tm) (curve 2),
3. Gibbs energy of the system AGmix,1(%, T'm) (curve 3);
Tm = 1723 K, 0 — experimental points.
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The positive value of excess entropy in the high-concentration C.MS; 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 given system (similarly to organic polymers), [6], [7],

b) there are the changesinstructure due to mixing. In the analysis of the

AHmpix,\(z, T) isotherms in [1] it was assumed that at 2 < 0.3, pyroxene

1 O T [ ' e :
2:_TASmiX,l (X,Tm )
6 AGmix,l(XrTm)

kJ.mol”
Ll ]12
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0 o1 03 05  x,07 09 10
A — X B

Fig. 4. Isothermic concentration dependences of:
1. mizing enthalpy of the system AH mix,1(%, T'm) (curve 1),
2. the product — T' ASmix, 1(x¢, T'm) (curve 2),
3. Gibbs energy of the system AGmix,1(x, T'm) (curve 3);
Tm = 1773 K, 0 — experimental points.
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chains [SiO;3)?; split up and shorter chains are formed. The increase in melt
disarrangement due to creation of a larger number of new particlesresultsinan
increase in excess entropy ASE,,.

At higher concentrations of CMS, the shorter (pyrosilicate) chains tend to
associate forming longer chains with stronger bonds between bridging oxygens

1: AHmiX,l(x' 7;.") ’ " 4 S L
2:-TASm,'x’l(X, T;n) L
9 AGmiX,((X' 7,-.")
[kumot '] _,
12¢ 1 1
8} : ]
: 2
4
0 .'.
A _:'_ 4
_8 L+ 4
12k
-16+
0 01 03 05 x, 07 09 10
A — X B

Fig. 8. Isothermic concentration dependences of:
1. mixing enthalpy of the system AH mix,1(x, T'm) (curve 1),
2. the product — T' ASmix,1(x, T'm) (curve 2),
3. Gibbs energy of the system, AGmix,1(x, T'm) (curve 3);
m = 1823 K, 0 — experimental points.
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and silicon. The excess entropy ASE,, is negative (while, however, AGE
is positive).

In Tigs. 3, 4 and 5 (marked 2) are plotted the relationships of —7T'
ASmix, (2, T'm) for temperatures of 1723, 1773 and 1823 K. The positions of the
‘minima’ are shifted towards @ = 0.2; zero values are attained by this quantity
within the range of @ = 0.4 to 0.6. The position of the ‘maxima’ is in the
range of © = 0.7 to 0.8.

Calculation of mixing and excess Gibbs energy in the system
C,MS,—CMS, '

The wmixing Gibbs energy AGmix,1(x, T7) and the excess Gibbs energy
AGE (x, T) in the given system were calculated with the use of the definition
equations

AGmix, e, T) = AIJmix,l(m, T) — TASmix, Wz, T) (12)
and
AGI‘;’,;X’](Q;, T) = AHmix (v, T') — TASEix,l(-'U: T) (13)
‘Gr%ix,l(xl Tm) l
[kJmol'?
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IMg. 6. Isothermic concentration dependences of excess @Qibbs emergy AGE;, 1z, Tm) in
the system (& — molar fraction of CMS.);
————— Tw=1128K, ———— Ty = 1718 K, ——— T, = 1823 K.
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where the values of AHnix,1(z, T') were obtained by calculations from equation
(14) of study [1]and the values of ASmix,1(2, T') and ASE; (@, 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:

A@m)‘(,l l(’), T) - AI{Iﬂlx i, 1(’2, T) TAISII,“‘,l 1(.’1;, T). (14&, b)
The following equations hold for the activity coefficients of both components,
ya,i(z, T') and yg, 1 (z, T):
AGRi, i@, T)

vi1(@, T') = exp ik . (15a, b)
The activities of C;MS. and CMS, are given by the equations
an(@, T) = (I — &) yaa(, T) (16)
and
aB,l(a;, T) e .’L‘yB,l(.’L‘, T) (17)
hal, (T, w'
alCAl
7'0 ?"'»"e‘;.',_ DLy
08¢ 1
06¢
04t -
02f A
0 o1 03 05 %07 09 10
A —=x B

Fig. 7. Isothermic concentration dependences of activities of the components.
1. aa, (2, T'w) — activity of C:MS,,
2. agp,i(z, T'm) — activity of CMS,;

T =1728K, ———— T = 1T K, — —-— Tn = 1823 K.
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Fig. 6 shows a plot of isothermic concentration dependences for excess
‘Gibbs energy AGE,, (¢, Tw) for the temperatures of 1723, 1773 and 1823 K.
The curves are mildly asymmetrical and within the entire concentration range
pass through the region of positive values, exhibiting a maximum at ¥m = 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 AG (¥, Tm) is
in the range of negative values, showing a minimum at « = 0.5 (1723 and
1823 K) and at » = 0.4 (1773 K); the range of extreme values is from —4.19
‘to —4.36 [kJ mol-1].

1 :a'All(x,InJ
2: g (% Trn)

Iig. 8. Isothermic concentration dependences of activity coefficients of the components:
1. ya,i(z, T'm) — activity coefficient of C2MS2,
2. yB,1(z, T'm) — activity coefficient of CMS»;
— T =172, ———— T =173 K, — —— Tm = 1823 K.

Isothermic concentration dependences of activities aa,1(2, T'm) and
#8,1(, T'n) are plotted in Fig. 7 for Ty = 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 expressing 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 « (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 + < 0;0.1 > and 2 < 0.9;
1.0> is represented by the dotted line.

CONCLURSION

The results given above indicate that the system C,MS,—CMS; 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 ASE, . The system exhibits a positive
deviation from the Raoult law. The thermodynamic properties of the solutions
of C,MS,—CMS, can be more advantageously described by ‘flexible’ mathe-
matical functions than by using inadequately substantiated and frequently
quite formal thermodynamic models. The unsuitability of application of such
models in the case of some, often much simpler systems, has been demonstrated
experimentally and evaluated critically by Holm [8], [9].
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TERMODYNAMICKY ROZBOR SUSTAVY
2 CaO . MgO . 2 8i0, — CaO . MgO . 2 Si0,

II. Izobaricky rozbor Gibbsovej energie

Maria ElidSovd, Katarina Adamkovi¢ové, Ivo Proks
Ustav anorganickej chémie SAV, Bratislava

Obsahom predloZenej prace si vypoéty zmieSavacej entropie, Gibbsovej energie,
aktivit a aktivitnych koeficientov zloZziek v taveninovej oblasti sustavy akermanit
(2 CaO . MgO . 2 Si0,) — diopsid (CaO . MgO . 2 8i0;). Tieto vypolty sa zakladaji:
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1. na pouziti experimentédlnych hodnét zmieSavacej entalpie v ststave v teplotnom
intervale 1700—1873 K [1],

2. na pouziti fdzového diagramu eutektického typu s oblastou existujacich tuhych
roztokov s obmedzenou rozpustnostou zloZiek na strane vysokych koncentrécii
CMS; [2].

ZmieSavacia entropia ASmix,1(%, T'm) sa stanovila postupom, ktory sa zakladd na
matematickom opise rovnovahy medzi fédzami, pritomnymi v Studovanej sastave [3].
Pre koncentraé¢né rozmedzie * £ %eut, v ktorom tavenina koexistuje s takmer &istym
krystalickym akermanitom, dé sa odvodit z rovnosti chemickych potencidlov C:MS:
pre parcidlnu mdlovi zmiesavaciu entropiu C:MS; vztah:

J

p— qm poy
Az, a,1(, Tg) 2 L2 Toa) — Ha8(0, Toa) il Sl g

Teq(x, 0)
Teq(2,0)
e s(0, T AHzus, A(0, Teq) ™ a0, T)
as(0,T) 0 tus, A(0, Teq) 4,1(0, 1)
— — 7 47 Teq(0, 0) —=p—— 7. (1)
Teq(, 0) Teq(0, 0)

Obdobny vyraz plati pre parcidlnu mdlova zmieSavaciu entropiu CMS; v tavenine
- koncentraénom rozmedzi * = Xeur:

”m
Ty

Hp (@, Teq(®, y) — Hp.s(1, Teq(, " Opa(1, T
ASmix, 3.1 Tm) = B,1(%, Teq(2 ;/1) . yl;.%( a(®, ¥)) + %)_ a7 —
eq\y
b Teq(,¥)
ekl (1, T AH s, 5(Tea(1, 1)) e, T
B,s\1, fus.B( ea(1, B,1\1, _
=3 7 7.y —7 47
Teq(, ¥) Teqf1,1)
— R Iny(x, Teq(x, ¥)). (2)

Hodnoty veli¢in Hre, resp. Hrer v rovniciach (1) a (2) sa prevzali z préce [1], hodnoty
‘tavnych entalpii 8istych zloziek a zdvislosti tepelnych kapacit jednotlivych féz distych
zloziek z préce [4] a [5].

Parcidlne moélové zmieSavacie entropie CMS; pre & = ¥eu a C:MS, v koncentraéne;j
.oblasti = @mix sa vypoéitali z integrovanych Gibbsovych—Duhemovych rovnie.

Vypoéitané koncentradné zdvislosti zmiesavacej entropie ASmix a dodatkovej en-
-tropie ASE,. st nesymetrické a pre zloZenia roztokov s prevahou C:MS. nadobudaji
kladné hodnoty, zatial ¢o pre zloZenia roztokov s prevahou CMS: nadobudaju zéporné
hodnoty.

Doda.ytkové Gibbsova energia AGE,, je pre vSetky x kladnd a mé mierne asymetricky
priebeh s maximom pri & = 0,6. Aktivitné koeficienty y obidvoch zloziek si s vy-
nimkou &istych zloziek véésie ako 1.

Asymetricky a mierne teplotne zdvisly priebeh vsSetkych dodatkovych velidin je
zrejme spOsobeny zna¢nym rozdielom medzi Struktirami zdkladnych 8astic zloziek
-a Strukturdlnymi zmenami pri zmieSani.

.0br. 1. FPazovy diagram sustavy C:MS; — CMS..
-Obr. 2. Izotermické koncentraéné zavislosti sudinu — T' ASE,,, i(x, T'm)
(x — molovy zlomok CMS,);
— Ty =17T23K, ———— T =173 K, — —-— Tm = 1823 K.
.Obr. 3. Izotermické koncentraéné zdavislost;
1. zmieSavacej entalpie sustavy AHmix, (%, Tm) (krivka 1),
2. subinuw — T ASnix,1(x, Tm) (krivka 2),
3. Gibbsovej energie sustavy AGmix,1(x, Tm) (krivka 3);
Tm = 1723 K, 0 — experimentdlne body.
. Obr. 4. Izotermické koncentraéné zdvislosts.
1. zmieSavacej entalpie sistavy AH mix, (¢, T'm) (krivka 1),
2. suéinu — T ASmix, (%, Tm) (krivka 2),
3. Gibbsovej energie sustavy AGmix,1(x, T'm) (krivka 3);
Tm = 1713 K, 0 — experimentdlne body.
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Obr. 5. Izotermické koncentraéné zdvislosti:
1. zmiesavacej entalpie sustavy AHmix, (2, T'm) (krivka 1),
2. subinwe — T ASmix,1(x, Tm) (krivka 2),
3. Gibbsovej energie sustavy AGmix,1(2, Tm) (krivka 3);
Tm = 1823 K, 0 — expertmentdlne body.
Obr. 6. Izotermické koncentraéné zdavislostt dodatkovej Gibbsovej energie AGE,., (%, T'm)
v sustave (x — mdlovy zlomok CMS,);
_____ m=17123K, ———— Ty = 1773 K, ———— T,
Obr. 7. Izotermické koncentraéné zavislosti aktivit zloziek:
1. aA,l(n:, Twm) — aktivita C:MS,,
2. am(x, Tm) — aktivita CMS;;
Twm =17T23K, ——— T = 1713 K, — —— Tm = 1823 K.
Obr. 8. Izotermické koncentraéné zavislosti aktivitnych Icoef icientov zloZiek:
1. ya (@, Tm) — aktivitny koeficient C;MS2,
2. v, 1(®, Tm) — aktivitny koeficient CMS2;
- Ta=17128K, —— — — T =11T13K, —.—. — T'm = 1823 K,

1823 K.

TEPMOMUHAMUIUYECKHH AHAJH3 CHCTEMBI
2Ca0 . MgO .2 SiO, — CaO . MgO . 2 SiO,

II. IzoGapnucceruil aHaju3 sHeprun 1'nddca
P P

Mapusr dunanmoBa, Rartapuna AjamxosiiuoBa, I1Bo Ilpore
Hucmumym wneopeanuuecroii xumuu CAH, Bpamucaasa

ITexpio 1peuaraeMoil padoTLI SIBISIIOTCSI PACUETHI OHTPOININ CMCHIIBAHIIA, JHEpIIy

I'ud6ca, awxTnBHOCTEll 1 AKTHBHLIX KOI(QIUIIICHTOB KOMIIOICGHTOB B O0O0JIACTH pAaCH.IaBa
cueremsr axepmanuT (2 CaO . MgO . 2 SiOz) — juoneiyy (CaO . MgO . 2 SiO,). IIpuBojumMsIC.
)acUeTLl OCHOBLIBAIOTCS:
i HA IPHMCHCHII JKCIEPIMCHTANLHLIX BEJUINIH OHTAJLIMI CMCINIBAHIISL B CHCTCME B TCM-
IePATYPHOM ITHTCPBAJIC 1700—1873 K [1], 2. ma npuMeHeHHI juarpamMMpl (as 9BTEKTII-.
UECKOI'O THMNA ¢ 00JACTHIO CYINCCTBYIOWHX TBEP/LIX PACTBOPOB € OPIaHIYEHHON pacTBOpH-
MOCTBLIO KOMJTOHEHTOB OTHOCHTC;ILHO BLICOKIX Komuentpaiii CMS; [

OHTPOINIO ¢MEUMBAHIA ASmix,1(¥, T'm) YCTAHOBIUIN METO[OM, OCHOBLIBAIOI[IMCS Ha Ma-
TEMATI[UCCKOM OIMCAHMII PABHOBECHA MCMKIY (dasaMif, IPHCYTCTBYIOMUIMII B IHCCIEXYCMOit
cucreme [3]. JIiiA NpefesioB KOHUGHTPAIMH & = Teut, B KOTOPBHIX PACINIAB COCYHIECTBYET
¢ NOYTH YHCTBIM KPHCTAJUIHUYCCKIM aKEPMAHHTOM MOKHO BBLIBOJTL HA OCHOBAHMI PaBEICTBA
XuMuuecKIX noreHimazno CpMS, Junsl napmialibHON MOJISIPHOII 9HTPOMMN CMEIIHBAHIIS,
C:MS: orHoweHne:

T

Hi1 @ Tea) — Has (0, Tea) " Canle, T)
B ) -—44‘—2
ASml ,A,l(x,Tm _l‘eq(x 0) T ¢
Teq(2, 0)
e 0, 7) AH ty5, 4(0,Teq) ra o, T)
. A s o fus, A eq e Ay 1\Y, r
2T ar e f L (1)
Tealz, 0) Teq(0, 0)

ITonoGHoe oTHOuIEHIE JIeliCTBYET I IIAPIMAJILHOI MOJADHOIT BHTPOIIMY, CMENIMBaHII
CMS: B pacimiaBe B npejieliaX KOHICHTPAIUIH & = Xeut:

T
Hsg, (s y
ASmix, ,1(2, Tm) = —2 L Teq(‘Lng(z ;I)B ez, y)) f ——Cp' S;f n d7r —
Teq(2,y)
D o, ) Al s, 5(Teq(1, 1) " Ca(1, T)
B,s _ fus, B\ { eq( 1, _ B, 1\ 1, _ B .
— I dr —Teq(l, 1) — dT'— Rlny(z, Tealz, y))-.
TealZ, y) Toq(1,1) (2).
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Bliasova M., Adamkovidovd K., Proks I.:

Bemununt M re1 #1511 Hyer B ypaBueHHAX (1) 1 (2) B3s1THI H3 paloTLHI [1] BEIHTHHLI 3HTAJ BITHIT
JIIABACHHST YICTHIX KOMIIOHCHTOB M 3aBHCHMOCTEN! TCIIOEMKOCTeI OTHENbHBIX ()a3 THCTHIX
KOMIIOHCHTOB 13 padot [4] u [5].

Hapinanpupie Monsipunie sHtponun cMmeviuBanist CMS; st © < @ewt 3t C2MS2 B Kon--
JCHTPAINOHHOMA OOJIACTII @ = Zeut PACUMTANH M3 NHTCI'PHPOBAHHLIX YypaBHemuit I'mboca—
Jlioama.

Pacunranneie 3aBieMocT dUTpoOny cMeniBanns AS,,,, 1 JJodaBouHOIt OHTpOIIHIL ASE,
OT KONICHTPAIMH HIBISIOTCSH HCCHMMCTPMUHBIMIL H JIIs1 COCTABA PACTBOPOB € I1Pe001a1a101 1M
,ZM% HOJIYUAIOT 110JI07KITCI LIBIC BEJIUYHHLI, B TO BPeMsI KAk JUIS COCTaBa PACTBOPOB C IIpeC-
obusiajtatonyiM CMS; — OTpHIATCILHLIC BCIMUMHLL

JloGasoumas auerpus 'ndGea ASmix JUIs BeeX @ IONOMKIUTEILHA 1 HIMECT ' YMCPEHHO CHM-
MCTpIUHLLT X0 ¢ MakenMyMom npu @ = 0,6. Hoaduunentir arTuBuoCcTi 0601X KOMIOHCH-
TOB Oonnine 1, 34 MCIUIIOUEHMEM UMCTLIX KOMIIOHEHTOB.

ACHMMCTDIUHBIT M YMCPCHHO 3aBICHMUIIT OT TeMIIepaTyphi X0j{ BCCX f00ABOUYHLIX BEJIHYIIL
BCPOSITHO BLIALIBACTCSL 3HA'MTCHLILIM Pa3JIUHCM MEXKLY CTPYKTYDaMH OCHOBHBIX YACTHIL,
KOMIOHCHTOB M CTPYRTYPHBLIMII JI3MCHEHISIMI{ DI CMCIIMBAHIIL,

Puc. 1. J{uaepasmma ghaz cuemesnt CoMSz — CMS,.

Puc. 2. Hzomepawneckue  sagucusocmu  woryenmpayuw  npoussedenus —1T ASmixa(z, Tm)
(x — wtoaapras dous CMS3); ————— Ty = 1723 K, — — — — — — Tm =
=1773 K, - - - - - Ty = 1823 K.

Puc. 3. Haumepm,uuec;;uc gacucustocmu koryerunpayuns 1. a1masbnu c;MeWUCAHUL CUCIREbL
Al wixa(x, Tw) (kpusas 1), 2. npouscederius —T ASmix.a(z, T'm) (kpusas 2), 3. anep-
eun I'u66ea cucmestt AGnix. (@, T'wm) (rpueasa 3); Tm = 1723 K, 0 — arcnepusenmans-
Hole TOUEL.

Puc. 4. Haomepyuneckue zagucusocnue konyermpaywie: 1. 9HmMaabnuu cHewusanLs cucmestsl
A nixa(z, T'w) (kpucas 1), 2. npoussedenus —T ASmix.1(z, T'm) (kpusas 2), 3. anepeun
I'u66ea cucmestn, AGwix.i(x, Tm) (kpusaa 8) T'm = 17738 Ii; 0 — arcnepusernmanvive
mounu.

LPuc. 6. Haomepaiwecrkue sagucustocnut konyermpayui: 1. a31maavnui cMeuusanus cucmetst
A mix(z, T'm) (kpusas 1), 2. npoussedenus — T ASmix.1(x, T'm) (kpusan 2), 3. anep-
euw I'u66ca cucmesnr Al mixa(x, T'm) (kpusaa 3); T'm = 1823 K, o — arcnepustenmanv-
Hule MOouKU.

Puc. 6. Hsomeparuneckue  3asucusocmu  wonyerumpayun  dobagounor  awepeun  I'u66ea
AGPnix.a(z, T'm) 6 cucmene (x — woaspias doasn CMSa), - = = =~ - o= Ty = 1723 K,
—————— Twm = 1773 If, ——— Tw = 1823 K.

Puce. 7. HMaomepmuneckue sagucusocmu axmuerocmett komnorermog; 1. aa,y (x, Twm) — axmues-
rocmyv C.MS,, 2. ap,; (2, Tm) — awmuerocmy CMSy;; — — —  Th = 1723 K,
————— Tm = 1773 I{ ——e—.— Tm b 823 I{.

Puc. 8. Hzomepaunecrue sagucurmocmu hom;emnpaqu armueruE KoIPPuyuermos Kosnorer -
moe; 1. pa, (€, T'm) — axmuernvit hoef_[zu{uemn C.MS,, 2. yB,1 (€, Tm) — axmue-
MLl hae(j’_(/)uquemn CWS;, — Thm =17T23K, — — - - - Tw = 1773 K,

23 K

——— |
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