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Differential enthalpies of solution of components in binary systems 2 CaO . Al,03 . SiO,-CaO .
. ALO; . 2 Si0,, Ca0 . Si0;—Ca0 . AlO5 . 2 SiO, and CaO . $i0;-2 Ca0 . AlO; . SiO, as the
functions of composition and temperature were determined on the base of isothermal composition
dependences of enthalpies of mixing and temperature dependences of heats of fusion of their pure
components. From the values of the first differential heat of solution of CaO) . Al,O3 . 2 SiO, and
2 Ca0 . AlLO; . SiO, in CaO . Si0, over temperature range considered we can conclude that the
reactions where closed chains of SiO, tetrahedra in CaQ . SiO, melt break, are exothermic. On the
other hand positive values of this quantity for CaOQ . SiO, in CaO . Al,O3 . 2 SiO, and 2 CaO .
. Al,05 . Si0O5 led us to the conclusion that the progressive breaking originally closed chains in CaO .
. Si0, melt has endothermic character.

Gcehlenite, anorthite and wollastonite are the minerals belonging to the group of
aluminosilicates or silicates that are widely spread in nature and occur in many basic
types of rocks. Systems that contain these minerals are important subjccts of gcochemi-
cal and geophysical rescarch. They arc not only the part of many technically important
products, ¢.g., some types of ceramics and glass but also by-products of some large-
scale productions, c.g., slags. Knowledge of enthalpic balance of partial processes oc-
curring in these systems is of great importance to optimize the production or work up
these products and to study geological changes.

General composition and temperature dependence of relative enthalpy in the 2 CaO .
. Al,O; . SiO, (C,AS)-Ca0 . Al,O;. 2 SiO, (CAS,)-CaO . SiO, (CS) system! enabled
to calculate the enthalpies of mixing as a function of composition and tcmperature
AH . (x,7) in all thrce binary subsystems? ~ 4. In our previous paper! the experimental
methods of relative enthalpics determination are also described. Knowing AH,;, (x,T)
in all three binary subsystems and temperature dependences of heats of fusion AH, (T)
of CAS,, C,AS and CS obtained using relative enthalpies of pure component melts! and
crystalline phases® = ? we can determine heats of solution.
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The aim of this work is to dcterminc temperature and composition dependences of
differential enthalpics of solution for components in binary systems mentioned.

THEORETICAL

Differential enthalpy of solution of crystalline components M,cr and N,cr which we
denote as AH gi(M,cr,xy) and AH, giq(N,crxy), respectively, is by definition!® en-
thalpy accompanying isobaric-isothermal dissolution of 1 mole of crystalline compo-
nent M or N in infinite amount of homogencous liquid solution of both components at
composition xy. N is the component chosen to express composition of binary system
studicd (C,AS—-CAS, : N = CAS,; CS-CAS,: N = CAS,: CS-C,AS : N = C,AS). The
quantity defined in this manner is also cqual to molar increasc in enthalpy for the
reaction when from crystalline components M and N arises liquid homogencous solu-
tion, which we will call AH, 4, (xN), by the relations

IAH ., (xN)
AH g gidMierxy) = _"—“L )
dny g
and
JAH 'I(XN)
AH g Nerxy) (—am,;:_ o (2
where
AHmcll(XN) = H(LYN) - ”MHg\(M,‘:r) - nNHg,(N,C[) =
= nyHM,Lxy) + nGH(N,Lxy) - nyHOM,cr) — nyHO(Nyer) =
= nMAﬁmcll(M’rN) + nNAﬁmcll(N’rN) . (3)

In the latest relation H(l,xy) is the enthalpy of homogencous liquid solution at compo-
sition xy, HY(M,cr) and H),(N,cr) are the molar enthalpics of pure crystalline compo-
nents M and N, H(M,l,xy) and ﬁ(N,l,xN) arc the partial molar enthalpics of components
M and N in solution at composition xy, AH,(M,xy) and Aﬁmeh(N,xN) arc partial molar
enthalpics of fusion of componemts M and N, ny and ny are amounts of substance of
component M and N, respectively. The right sides of Eqs (1) and (2) arc thus partial
molar enthalpics of fusion for components M and N. Equation (3) may be then ex-
pressed in the form
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AH, mch(‘rN) -

Nv + N A]_Imell,m(xN) = XMAHmcIl(M'rN) + XNAHxxmcll(N7rN)‘ (4)
M N

Hence by Eq. (4) onc can obtain by the method of intercepts, AH, ge(M,crxy) and
AH ) gio(N,crxy). Equation (4) can be written as

AHqmXN) = XM{ﬁ(M’lny) - HY(M,cn} +

+ X {H(N,Lxy) - HO(N,cn)} . )

If we substitute into Eq. (5) from

i-lgm(M’Cr) = Hgl(M’l) - AHOus m( ) (6)
and
Hg,(N,CT) = m(N I) - AH?usm( ) (7)

where AHY, (M) and AHY,  (N) are the molar enthalpies of fusion of components M
and N, HO(M,1) and H%(N,]) arc the molar enthalpics of molten components M and N,

m m

respectively, Eq. (5) will be of the form

AIhlmclt,m(xN) = mlx m(l rN) + A fus, m(M N’xN) (8)
where
AH?us m(M’N’xN) = xM fus, m(M) + XNAH?us,m(N) . (O)

During calculations the functions AH ;. (1,xy) (refs? = %) and temperature depend-
ences AHD, (M, T) and AHY, ((N,T) obtained by above mentioned manner were sub-
stituted in Eq. (8). Enthalpics of mixing were calculated in the way used in ref.2 and
thus they are consistent with phase diagrams as well as Gibbs—Duhem equation for
AG

mix*
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RESULTS AND DISCUSSION

Plots of AH, i . (1,XN), AHY ((M,N,xy) and AH,, ., ,(xy) versus xy in the C;AS-CAS,
system at the temperatures 1 700 K and 1 800 K, in the CS-CAS; and CS-C,AS sys-
tems at the temperatures 1 600 K and 1 800 K are shown in Figs 1, 2 and 3.

In Figs 4 to 9 arc presented isothermal plots of AH 4i(M,cr,xn,T.) and
AH gy gig(N,cr,xy,T,) calculated from Eq. (4) by the method of intercepts (T is chosen
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temperature). Parts of curves plotted by solid linc refer to stable solutions region, those
plotted by dashed line refer to oversaturated solutions corresponding to component M
while those plotted by dashed and dotted linc go through an oversaturated solution
region of component N. The value of differential enthalpy of solution of components M

200 —r — —
.Y, ) 3
kJmot™ |
0 -
-150 [
I
-300} 1
0-0 05 ,icas) YO
FiG. 9

Composition dependences of AH y 4is(C2AS) in
the CS=C,AS system at the temperatures 1 600 K
(7) and 1 800 K (2)

0 — . — .
LRI
kd mot ™| 2
~200 ¢
1
=400
1550 1700 T K 1900
Fiag. 11

Plots of Allml.dm(('v/\s?_,cr,x(CS) = 1) (1) and
AH ) 4is{C,AS,crx(CS) = 1) (2) versus tem-
perature

1850 ————r—————1
T, K
1700
1600 -

0-0 — 0-5 l x;CASz) 10
FiG. 10

The phase diagram of the CS-CAS, system
with marked regions of oversaturated solutions
of CS (dashed line), stable solutions (solid line)
and oversaturated solutions of CAS, (dashed
and dotted line) at the temperature 1 700 K

180 v v T

Ale,am
kJ mot™ 2 ]
100
1
60
1550 1700 TK 1900
G, 12

Plots of Al 4i¢(CS,crx(C,AS) = 1) (1) and
AH q gi CS,crx(CASy) = 1 (2) versus tem-
perature

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



Differential Enthalpics in Binary Systems 1995

or N at xy(T,) = 0 is the heat of fusion of M or the first differential heat of solution of
N, respectively. Differential enthalpy of solution for the components M or N referred to
xneq(bMyer,T) s called differential heat of solution for the component M in saturated
solution of the same component, i.c., the last differential heat of solution for the com-
ponent M or differential heat of solution for the component N in saturated solution of
the component M, respectively. Differential enthalpy of solution for the components M
or N referred to xy o (LN,er,T,) is called diffcrential heat of solution for the component
M in saturated solution of the component N or differential heat of solution for the
component N in saturated solution of the same component, i.c., the last diffcrential heat
of solution for the component N, respectively. Differential enthalpy of solution for the
components M or N referred to xy(7,) = 1 is the first differential heat of solution for the
component M or heat of fusion of the component N, respectively.

An cxample of composition ranges of oversaturated solutions for CS, CAS,; and
stable solutions in the CS—-CAS, system at the temperature 1 700 K is shown in Fig. 10.

Temperature dependences of the first differential heat of solution for CAS, in the
CS-CAS, system and for C,AS in the CS-C,AS system are shown in Fig. 11. The same
dependences for CS in the CS-CAS, system and in the CS-C,AS system are shown in
Fig. 12.

Because the C,AS-CAS, system has within the limits of our experimental errors
athermic behavior?, all three types of diffcrential enthalpies of solution are cqual to the
heats of fusion of corresponding components (Figs 4 and 5). Their temperature depend-
ences can be obtained from refs™® = 7. As we can see from Figs 6 to 9, temperature
dependences of the last differential heats of solution for all components in the CS—
CAS, and CS-C,AS systems are incxpressive.

Composition dependences of AH () g for CS in the systems mentioned reach the
minima (Figs 6 and 8). These quantitics strongly decrease with increasing mole fraction
of CS whercas the first diffcrential heat of solution of this mincral has greater value
than its heat of fusion in both systems.

Figures 7 and 9 illustrate than for small mole fractions of CAS; and C,AS in the
CS—CAS, and CS-C,AS systems AH g of CAS;and C,AS are strongly dependent on
composition and increase from negative to positive values close to the centhalpies of
fusion of CAS, and C,AS. Near middle values of mole fractions arce these quantities
cven higher than this value.

The first differential heats of solution of CAS, and C,AS in CS over the whole tem-
perature range (Fig. 11) point out that the reactions where closed chains of SiOy tetrahe-
dra in the CS meclt break, arc exothermic. Although the differences of the first
differential heats of solution between CAS, and C,AS are greater than the differences
of heats of fusion between the same components at chosen temperature, similar tem-
perature dependences of both differential heats of solution (Fig. 11) show that the con-
figuration of both component particles is similar. Positive values of the first differential
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heats of solution of CS in CAS, and C,AS point out that the progressive breaking of
originally closed chains in the CS mclt is endothermic. Different sign of the first dif-
ferential heat of solution of CAS, or C,AS in CS and CS in CAS, or C,AS is probably
due to greater amount of encrgy in the closed SiO,4 chains in the melt structure of CS
than in the SiO,4 chains in the melt structure of C,AS or CAS,.
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