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Applicability of cryometric analysis of phase diagrams of binary silicate systems (the systems
having peritectic melting are not included) for determination of structure of molten silicates is
discussed. The method is based on application of the Le Chatelier—Shreder equation in the
region of infinite dilution of one component (admixture A) in the second component (solvent
S). Knowledge of experimental values of enthalpy of fusion of pure components S and of
experimentally determined courses of liquidus (and solidus) curves in a binary system is
required. Result of the analysis is determination of the mean value of the sum of number of
moles of all products X, 'W{P{A)), which are formed when 1 mol of “formula’ admixture A is
dissolved in an infinite amount of solvent S and an infinitely diluted solution L(A in S) is
formed.

Main errors sources of this method are: error in determination of the enthalpy of fusion of S;
incorrect or not sufficiently precise determination of liquidus or solidus curves in the phase
diagram, which gives a wrong value of the limit d7/d(w(A)), and dT/d(w(A)), at infinite dilution;
the method is unable to distinguish among the products P{A) which a) form in the liquid and
solid phases solutions having similar composition, b) are identical with the products of

dissociation of solvent S.

In this paper the cryometric analysis of the
phase diagram of the ternary system CaO - SiO,
(CS, crystallic phase, pseudowollastonite)—
2 Ca0- Al,O, - SiO, (C,AS, crystallic phase,
gehlenite)—CaO0 - Al,O, - 2 Si0O, (CAS,, crystallic
phase, anorthite) was used for obtaining information
about the structure of melts of given composition
at the temperatures of melting of crystallic phases.
Application of the cryometry assumes knowledge
of enthalpies and temperatures of fusion of pure
components which are considered as solvents
and of data on the decrease of melting tempera-
ture of pure component (solvent S) when an in-
finitely small amount of investigated substance
(admixture A) is added. The experimental values
of enthalpies of fusion of pseudowollastonite,
gehlenite, and anorthite have been recently pub-
lished [1—3]. The value of the decrease of melting
temperature of solvent at infinite dilution of ad-
mixture can be determined from the experimental
courses of liquidus and solidus curves in all three
pseudobinary subsystems of the ternary system.

In the first part of this work theoretical analysis
of applicability of the cryometric method is pre-
sented. In the following considerations we as-
sume that properties of particles S in infinitely
diluted solutions of admixture A in solvent S (spec-
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ification of solution is L(A in S)) cannot be exper-
imentally distinguished by common methods from
the properties of the same particles in the pure
solvent S (the activity coefficient y(S, L(A in S))
= 1). Also the mutual interaction of particles P,(A)
formed in the solution from A can be neglected.
Interaction of solvent S with particles P (A) can
be taken into account by choosing an appropriate
standard state so that for activity coefficients it
holds y(P(A), L(A in S)) = 1.

Cryometric analysis of the phase diagram en-
ables us to determine time and space mean val-
ues of the sum of number of moles of products
P.(A) which are formed from one “formula’ mole
of admixture A in L(A in S) by the reaction ac-
cording to the scheme

1A +'(S) S=’ "V(R(A) R(A) )

Further changes of the products P,(A) cannot
be found by the used method. The following mass
balance corresponds to the equation (A)

1 mol M(A) +'n(S) M(S) =
= n(R(A) MF(A) 0



where M(X) is the molar mass of component X, 'v(X)
is the stoichiometric coefficient comresponding to
the unit amount of substance of ‘‘formula’’ particles
of admixture A, 'n(X) is the amount of substance of
compound X corresponding to the unit amount of
“formula” particles of admixture A. ““Formula’ particle
means a setofbasic particles (atoms, ions, molecules,
etc.) in which each of basic particles exists at least
once. The stoichiometric coefficient 'v(X) equals the
numerical value of the amount of substance 'n(X)

w(x) ={'x)} @

From the value of T, 'W(P(A)) obtained by cryomet-
ric analysis of the phase diagram one cannot
determine the composition and mass of the in-
dividual particles P(A) which are formed by the
reactions in infinitely diluted solution L(A in S) from
one ‘‘formula’” mole of admixture A. These reactions
between the particles of pure melt (X = A) can be of
two types, viz. dissociation or nondissociation (e.g.
polymerization). In the pure melt of substance X
(X = A) the reactants and products of dissociation
are present and their contents are determined by
the comresponding equilibrium constants. Ininfinitely
diluted solution L(A in S) the equilibria of dissociation
reactions are disturbed and these reactions are
shifted to complete dissociation. Thus only the
products of dissociation reactions are present. It
means that at infinite dilution of solution L(A in S)
there are not necessarily present the particles which
exist in important detectable concentrations in the
melt of pure admixture A.

When the nondissociation (e.g. polymerization)
reactions between particles take place in the pure
melt (X = A) the particles of reactants and proba-
bly also of products remain in L(A in S). This compli-
cated reaction mechanism of formation of L(A in
S) results in a non-integer value of I, 'V{P:(A)).

If 'WS) equals zero then the reaction according
to scheme (A) will proceed without participation
of solvent.

Even at the limitations discussed above the value
of Z,'(P(A)) obtained from cryometric mea-
surements can be considered as an important
characteristic of the system. Together with the
results of direct experimental methods (diffraction
and spectroscopic methods, electron microscopy,
molecular dynamics calculation, etc.) cryometry con-
tributes to the investigation of structure of melt A.

The value of X, 'R (A)) can be calculated from
the general form of the Le Chatelier—Shreder
equation (p = const)

dina(S,T) - dina(S;,Toq) =

AHtus(s eq) dar (3)
RTZ
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aS,s, Ty is the activity of solvent S in liquid and
solid phase, respectively, at the equilibrium tem-
perature Tq.AH;(S, To) is the enthalpy of fusion
of solvent S at temperature T,

After introducing eqns (4—6) into eqn (3) it holds
for an arbitrary one from both phases

lim din a(S)=din x(S) =dx(S) =
x(S)>1

==Y dx(R(A)=- x(R(A)) “
dm(P(A))
. _x _MPA) _
Jim ‘E;‘X(P"(A» ',2- me
M(S)
dw(P(A))
-y MEA) M(P(A)) 2 dw(R(A)) (5)

M(F (A)
M(S)

where m(X) is the mass of substance X, x(P,(A)) and
w(P;(A)) are the mole and mass fraction of product P
(A)inL(AinS), respectively. According tothereaction
scheme (A) it holds

dm(P,(A)) _ dw(P(A))"_
—dm(A) ~ —-dw(A)
_nRAYMPMA) _
-1 mol M(A)
= vE@ e g

-M(A)

Then from the Le Chatelier—Shreder equation
applied to infinite dilution of admixture A in both
coexisting solutions of A in solvent S we obtain

x(S)—1

fim —Z (P (A) d(w(A)) +

+ 3, VIR (A)s dw(A); | =

AHjys (S, Trus, ea(S))

M(S) R(Tius, o(S)?

Ahfus. eq(S’Tfus,eq(S)) dT (7)
R(Tius, 0a(S)?

=M(A)

=M(A)
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PHASE DIAGRAMS OF PSEUDOBINARY SYSTEMS

Ahy,o(S, Ths, oq(S)) is the specific enthalpy of fu-
sion of substance S at the equilibrium melting
temperature T;(S). When no solid solutions are
formed in the system S—A eqn (7) gives after
rearrangement the relationship

PIRGICVE
- dT M(A) Ahfus (Svaus, eq(zs)) (8)
d(W(A))l R(Tfus. eq(S))

Thus it follows that for calculation of the value of
X, "(P(A)), we need to know the quantities T;,(S),

Ahys(S, T, ooS)), and lum (dT/d(w(A)),)

When solid solutions are formed in the system S—A
we need to know also the value of lum (d T/d(w(A)).)
and the relation between 2, v(P (A), and
T, "WP(A).. The values of lim _ (d7/d(w(A)),,) equal

to the limit values of derivation of the regression
equation describing the course of liquidus and
solidus curves in the system S—A, S being the
solvent. We can write

(Tak = X by (AN )

and

Too)s = 2. by (W (A))] (10)

The main reasons for differences between ex-
perimental and calculated value of X, 'WP(A)), are:

1. Error in determination of the specific enthalpy
of fusion of solvent S. High-temperature calorim-
etry yields values which can have a relative error
up to 10 %. Less accurate are the enthalpies of
fusion calculated from the liquidus curves of
phase diagrams. Lowest reliability can be expec-
ted when the enthalpies of fusion are estimated
using some empirical and semiempirical rules.

2. Incorrect or not sufficiently precise data on
the solid—liquid equilibria in the phase diagram
which give a wrong value of the limit dT/d(w(A)),
or dT/d(w(A)),.

Most of phase diagrams used in the field of
silicate technologies have been measured in the
first half of this century. These measurements are
experimentally difficult and time-consuming be-
cause of difficulties with investigations at high
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temperatures and establishment of equilibria be-
tween condensed phases. These phase diagrams
were rarely reinvestigated or revised (only recently
some of them were reinvestigated and more pre-
cise data were obtained [1, 2]). The main difficulty
is in reaching equilibrium coexistence of con-
densed phases because it takes a very long time
before the equilibrium is achieved.

3. The value of X,'P(A),, can be influenced
also by a chosen regression method used for de-
scription of the liquidus or solidus curves.

4. Missing or incorrect information about for-
mation of sqlid solution of A in S. Neglecting of
the existence of solid solution decreases the value
of Z'P(A).

When the products P(A) formed according to
scheme (A) form in liquid and solid phase solu-
tions having similar composition, limits of the
slopes of tangents to the liquidus and solidus
curves in the melting point of solvent S (see eqn
(3)) approach zero. Then also the change in tem-
perature dT approaches zero. This case can oc-
cur when the difference between properties of
particles A and S diminishes.

5. The value of the tangent to the liquidus curve
approaches zero at the melting point of S also in
the case when the molar mass of P(A), ie
M(P(A)), has an ‘‘experimentally infinite’’ high
value.

6. The slope of tangent to the liquidus curve at
the melting point of S is not influenced by the
products P,(A) the particles of which are identical
with the particles existing in the melt of substance
S. When particles of all products (P(A)), formed
according to scheme (A) are identical with prod-
ucts of dissociation of solvent S the melting point
is called a ‘‘distectic point'" For an arbitrary
nonzero degree of dissociation of melt S it holds

[4. 5] dr

=0 11
d(x(A)), )
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