CaMgSix07—CaSiQ System 837

ACTIVITIES OF COMPONENTS IN THE Ca ,MgSi,0—~CaSiO; MOLTEN
SYSTEM

Ladislav Kosal, lvan NeRAD?, Katarina ADAMKOVICOVA 3, Jozef SRECKO
and Ivo RRoKs

Institute of Inorganic Chemistry, Slovak Academy of Sciences, 842 36 Bratislava, Slovak Reput
e-mail: * uachkosa@savba.skpachnera@savba.skuachadam@savba.sk

Received October 6, 199¢
Accepted March 11, 1996

Activities of the components, the Gibbs energy of mixing, and the excess entropy of mixing
been calculated for the @MdgSi,O,—~CaSiQ system. The mole fractions of the components were «
culated assuming that in the point of the formal componepM@®i,0O;, the molar mass of the
guasi-real particle in the melt corresponds to its formula molar mass, whereas in the point
formal component CaSiahe molar mass of the quasi-real particle in the melt is 8.5 times hi
than as corresponds to its formula. The fact that the enthalpy of mixing is zero whereas the
entropy of mixing is non-zero suggests thayNIgSi,O,—CaSiQ melts behave as athermal solution
Keywords: Akermanite; Wollastonite; Thermodynamics of mixing.

Knowledge of the thermodynamic quantities of the CaO-MgO5-Bi€lt system is a
prerequisite for a quantitative characterization of the properties of this system, \
are of theoretical as well as practical interest, e.g. for thermodynamic analysi
geophysical considerations on the one hand, and for ceramic and metallurgical t
logies on the other hand. In this paper we deal with the akermanite—wollast
(Ca,MgSi,0,~CaSiQ) binary system.

In our previous paperdwe calculated the mean numbers of Si€rahedra in anions
present in CaMg$Dgz and CaSiQmelts based on the @¥dgSi,O; liquidus curves of
the CaMgSi,0,—CaMgSiOz and CaMgSi,O—CaSiQ phase diagrams, respectivel
The molar mass of the component anions has been determined as a multiple of
the formula unit using the cryometrical principle, whereas the molar mass of the ¢
real particle was calculated by employing the Le Chatelier—Shreder equation i
region of infinitesimally diluted solutiohd. The experimental basis for this calculatic
comprised the enthalpy of fusion of akermahissmd the phase diagrams of tt
CaMgSi,0,~CaMgSj0g and CaMgSi,0,~CaSiQ system$®,

Over the temperature range of 1 673-1 950 K, the enthalpy of mixing in
Ca,MgSi,0,—CaSiQ melt calculated based on the temperature and compositior
pendences of the relative enthalpy, determined from the relative enthalpies of se
melts in this system, is zero within the experimental &froFhe relative enthalpy of
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the phase at a given temperature is defined as the negative sum of the heat of
from that temperature to the temperature of dissolution and the heat of solution
cooled sample; both heats are determined calorimetrically

In this paper, the activities of the quasi-real components, the Gibbs energy of mixin
the excess entropy of mixing are calculated based on the use of,MgSL®,—CaSiQ
phase diagraftaking into account the above facts.

THEORETICAL

As in ref$° we assume that the melt of pure,KigSi,O; contains mostly disilicate
anions SjO¢ and C&*and Md* cations, as follows both from the infrared spectra
akermanite glagsand from the molar mass of $4gSi,O, (ref.?) calculated based or
the experimental liquidus curve of CaSi@ef.%) and the experimental value of th
enthalpy of fusion of wollastonit€ The liquidus curves of akermanite in phase d
grams of the two systems indicate that the mean number gtefi@hedra in the quasi
real anions in melts of the two monosnlcatesl\I(S:aSQ) = N(CaMgSj0Og) = 8.5.
Mean numbers of tetrahedra in the monosilicates and disilicate anions have beer
lished in their mutual ideal (infinitely diluted) solutions at temperatures close tc
melting points of the end-members. Consequently, the activities of the quasi-real :
of the solvents are identical with their mole fractions in those composition region:

The temperature dependence of activity of a component X in a solution hav
chosen compositior, can be written in general as

Amle (X XC’T)

e , @

In a(X,x,T,) = Ina(X,x, Ty - _[

T

whereA L H(X, X, T) is the temperature-dependent partial molar enthalpy of mixin
component X in the solution of compositiopn The activities of components il
CaMgSi,0~CaSiQ melts do not depend on temperature owing to the fact that |
A H andA,, H are zerb. This implies that the mole fractions of the prevailing co
ponents, and thus also the molar masses of the quasi-real particles constituting
are temperature independent in infinitely diluted solutions.

Three types of processes can be considered during mixMpSa0; and CaSi@melts:

1. No chemical reaction occurs. In this cdsg,H is zero within the limits of ex-
perimental error, and the numbers of Si€rahedra in anions of the two componer
are composition-independent.

2. Mutual equilibrium reactions of the two types of anions giving rise to linear c
anions according to schem#) (

[SIO]2% + SO = [[SiOy] 50126 A)
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which can contribute to the enthalpy of mixing of the,@gSi,O,—CaSiG melts. (In
this scheme N =N(CaSiQ) is the mean number of SjQetrahedra constituting the
quasi-real anion in the CaSj@nelt.) The numbers of bridging and terminal oxyg
atoms remain unchanged. The reaction enthalpy can be assumed to be zero or
zero. It is conceivable that the linear chain anions produced by reag)iamight
undergo further decomposition due to the additional effect of @ Sanions; actually,
however, this is rather improbable because there is no reasonable explanation wt
reaction should terminate at the relatively high valubl(@aSiQ)) = 8.5. Thus also in
this case, addition of 8.5 formal moles of Cagi®the CaMgSi,O, melt is equivalent to
the addition of one mole of the quasi-real component. The mole fraction of the qua:
component corresponds to (Cagig over the entire melt composition range.
3. Mutual reactions of the monosilicate anions described by the equations

[Siog]ﬁfl- + [Sio3]§§z- s 2[SigA" (B)
and
[SIOJR «— 2Isigd" . ©

Reaction B) cannot reach its equilibrium in infinitely diluted solution in whic
N(CaSiQ) = 8.5. This indicates that the melt of pure monosilicate itself consist
anions with N(CaSiG,) = 8.5. Again, it is improbable that the particles wi
N(CaSiQ) = 8.5 in infinitely dilute solutions of CaSidn the CaMgSi,O; melt are
products of reaction(), because if such dissociative decomposition took place
would hardly stop aN(CaSiQ) = 8.5. Hence, the particles in question are appare
present in the very melt of pure CagSiGince monosilicate anions consist of clos
strings irrespective of the number of gi€trahedra present in them (which implies tf
for both types of the reactions mentioned the number and kinds of bonds are cor
the reaction enthalpies of these processes and thus also the mixing enthalpies
system are virtually zero. .

The mean values df(Ca,MgSi,O;) = 2 andN(CaSiQ,) = 8.5 remain constant ove
the entire temperature and composition ranges. So, they can be used to the mo
tions of the quasi-real componeni§X,.,), corresponding to the particles actual
existing in the melt. The mole fractions of the quasi-real components in the melt
system investigated were calculated assuming that in the point of the formal comg
Ca,MgSi,0,, the molar mass of the quasi-real particle in the melt is equal to
corresponding to its formula, whereas in the point of the formal component Ca%C
molar mass of the quasi-real particle in the melt is 8.5 times larger than as corres
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to its formula. The mole fractions of the quasi-real components are more suital
express the composition of the melts than the formal ones.

Figure 1 shows the phase diagram of thgeMes5i,O,—CaSiQ system measured by
Schairer and Bowén expressed in terms of the mole fractions of both the for
(dotted line) and quasi-real (solid line) components.

RESULTS AND DISCUSSION

Activities of the Quasi-Real Components at Temperatgre T

The activity of a quasi-real component in the melt which is in equilibrium with
corresponding crystalline phase at temperafiyfgis obtained by using the LeChate
lier—Shreder equation

T
V(X A Xeorm
In a(xreallXCiTeq) :J-V( form) gf::( formT) dT ’ (2)
Tfus(x)

where X, and X, are the quasi-real and formal components in the melt, res
tively, V(Xorm) is the mean value of the quasi-real-to-formal component molar r
ratio in the melt \§{(X,rr) = M(XeadM(Xsorm); V(Ca,M@gSi,0;) = 1 andv(CasSiQ) = 8.5),
and Aq H(Xsorm 1) is the temperature dependence of the enthalpy of fusion of the
mal component, calculated from the equation

AfusH(XformiT) = Hrel(melt! XformiT) - Hrel(crySti XformiT) 1 ©)

1810
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Fe. 1
Phase diagram of the @A4gSi,0—~CaSiQ system.
The dotted line refers to the formal mole fractions, t
solid line refers to the quasi-real mole fractions
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X(CaSiO3), x((CaSiO3)s.5)
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whereH o (melt, X, T) andH, g (cryst,X.m T) are the temperature dependences of
relative enthalpies of the melt and of the crystalline component X, respectively.
relative enthalpy of the melt or crystalline component is defined as

Hrel(xformiT) = H(XformiT) - H(Xformi298 IQ - AsoIH(Xform1298 IQ ) (4)

whereA H(Xm:298 K) is the heat of solution of the cooled melt or crystalline c
ponent at 298 K. The values b (melt, X, T) for CaMgSi,O; and CaSiQ were
taken from ref. TheH,(cryst, X, T) values were obtained from the temperature
pendences of the heat capacittddand from the heats of solution of the crystallir
phase3$C

The equilibrium temperaturg,, corresponding to the chosen mole fractkgiX.,)
of the quasi-real component in the phase diagram in Fig. 1 was inserted iB).E
From Egs {) and @) whereT, = T,,andT, = T, it follows the calculated activity of the
quasi-real component %, at the equilibrium temperaturg,, and the selected mole
fractionX(Xea)s a(Xrear TeqgXc(Xrea)): IS also equal to its activity at any other tempe
ture T.. The activitiesa((CaSiQy)g s for x((CaSiQ)gs O M:x((CaSiQ)gUdand
a(CaMgSi,0,) for x((CaSiQ)g s O X [((CaSiOy)g 5);10were calculated using the
Gibbs—Duhem and Margules equatibhs

The activities of the two quasi-real components in dependengg©aSiO,)g 5) for
temperatures within the interval from the eutectic temperggioel 950 K are plotted in Fig. 2.

Excess Entropy of MixingmixSE

The Gibbs energies of mixingy,,;,G in dependence on the composition were cal
lated for the temperature of 1 800 K using the composition dependences of thi

1.0 T T T

0.6 +

0.2 + B

Fic. 2
Activities a(CaMgSiL,0;, Ty (1) anda((CaSiQ)gs T) 0.0 ‘ ‘

: ) 0.0 0.2 0.4 0.6 0.8 1.0
(2) in dependence ax((CaSiQ)g 5 at 1 673—1 950 K X(CaSiO3)s.5)
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vities. The values oTA,,S and TA,,,S" were obtained from the following equation:
which are derived based on the definition\gf, S and the fact thah,,,H = O:

TALS= DG 5

mix

TA S = A, G + RTIX(CaMgSi,0,) In x(CaMgSi,0O,) +

mix

+X((CaSiQ)g 5 INX((CaSiQ)g ] - (6)

The composition dependences/gf, G, TA,xS andTA,;, S at 1 800 K are plotted in
Fig. 3.

Discussion and Conclusions

Small or zero values of the reaction contributions to the enthalpy of mixing of the |
are consistent with the zero value/gfi,H. The zero enthalpies of reactio® énd C)
leading to the equilibrium distribution of anion sizes in the monosilicate melt imy
that the mean number of Sj@trahedra in the monosilicate anions is independen
temperature.

The non-ideality of the molten solutions of the system studied can be explaine
a) the difference between the real component activities calculated fron2)Eand
the mole fractions (Fig. 2) found using the liquidus curves in the phase diagram (Fig

b) the non-zero value of the excess entropy of mixing (Fig. 3);
¢) the asymmetrical shapes of the activity—composition curves and of the con
tion dependences &G, TAS andTA,SE. The maximum of th@A,,;,SF curve is

20 T T T T
1 T T T~
'/// \\\\\
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kJ mol ™t /
-10 L J
3
Fic. 3
_20 . s s ! Composition dependences di,,S (2),

0.6 0.8 1.0 . .
(Casaes) TALS (2) and A, G (3) at 1 800 K
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shifted towards the composition region of highepM@Si,O, contents implying a bet-
ter order in the melt in this region.

The largest contribution to the excess entropy of mixing is due to the differenc
the size and shape of anions of the two components. The activities of the qua
components in the composition regions close to the pure components (Fig. 2)
agree with their mole fractions owing to the application of the cryometrical methc
calculation ofN(Ca,MgSi,O;) andN(CaSiQ,) to the determination of the mole fractio
of the components. The differences in the slope of the tangent lines AQ,jeand
TAL,S curves at the initial and final points with respect to the theoretical value:
due to the large mole fraction increment step used in the calculation.

The considerable deviations from the ideal behaviour of activities of the two co
nents in the region of validity of Henry’'s law (Fig. 2), derived using the phase dia
with the quasi-real mole fractions, may be due either to the non-zero excess entr
mixing or to the occurrence of reactions expressed by sch&me (

The fact that the enthalpy of mixing is zero while the excess entropy of mixir
non-zero suggests that melts of the,M@Si,O0,—~CaSiQ system can be regarded ¢
athermal solutions.
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