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Using the cryometric analysis described in [1], we determined a mean value of the sum of 
number of moles of products X/1v(P,(M)), that were formed when a unit substance amount of 
"formula" admixture M was dissolved in solvent N under the condition of infinitely dilute solutions 
L(M in N), formed out of components of the system CS—C2AS—CAS2. The value X/1v(P/(M)), is 
independent of ions Ca2+ present in all investigated melts. For solutions L(CS in C2AS or in 
CAS2) the value of X/1v(P,(CS)), e (0.02; 0.06). Hence admixture CS contains polymeric ions of 
probable mean composition (Si03)„

n_ (n » 2). For solutions L( C2AS or CAS2 in CS) X/v(p/(M))* 
e (1.1; 1.5). When C2AS or CAS2 is added to the melt CS, a formal dissociation of one "formula" 
particle occurs and "foreign" particles are formed (n >1). Approximately we can assume that both 
types of particle may occur in the melts C2AS and CAS2: a) polymeric ions formed out of n (n is 
probably a small integer — 2, 3, 4) "formula" particles C2AS or CAS2; b) ions Al3+ that are re
leased from the "formula" particles at the formal polymerization reaction. For the mutual solutions 
C2AS and CAS2 it is apparent from the values Z/1v(P/(C2AS)), e (0.3; 0.4) and X/1v(P,(CAS2)), e 
(0.1; 0.3) that mutually different polymeric ions of effective molar mass Meii = 
(2.5—10)/lfform(M) (Mform(M) is the "formula" molar mass of M) occur in the melts C2AS and CAS2. 
Number of types of the polyanions in the melts C2AS and CAS2, respectively, can be > 1. Ions 
Al3+ occur in the melts C2AS and CAS2 as well. 

The aim of this work is application of the cryo
metric method on the pseudobinary systems 2CaO • 
Al203 • Si02 (C2AS) (in crystallic phase gehle-
nite)—CaO • Al203 • 2Si02 (CAS^ (in crystallic phase 
anorthite), 2CaO • Al203 • Si02—CaO • Si02 (CS) 
(in crystallic phase wollastonite), and CaO • Al203 • 
2Si02—CaO • Si02. As it follows from theoretical 
analysis [1], the method is applicable in the region 
of infinite dilution of one component (admixture M) 
in the other component (solvent N), hence in the 
region of existence of infinitely dilute solution L(M in 
N). The result of cryometric analysis is a relation 
determining a mean value of the sum of number of 
moles of products X/1v(P,(M)), which are formed 
when a unit amount of molten substance M is dis
solved in solvent N under the condition of infinitely 
dilute solution L(M in N). 

If in the system M—N no solid solutions are for
med, then for the relation a formula holds as fol
lows [1] 

£ V(P,(M)), = 
/ 

lim M(M) ^ — (7) 
^ ( М ) ^ о ^ dw(M)J Я(ГЮ5(еЧ(М))2 

where 

ль I N T M » A " ^ ( N , y e q ( N ) ) 
M(N) 

is the specific enthalpy of solvent N, M(X) is the 
molar mass of substance X, indices "fus" and "eq" 
denote the quantities which characterize melting and 
equilibrium state, respectively. 

The Data Used 

Values of the molar enthalpy of fusion AHfus(N, 
7"fuseq(N)) of pure substances of the investigated 
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Table 1. Values of the Molar Enthalpy of Fusion AHfus(N, ^ и 5 , в ч ( м )) of Pure Components of the Investigated Systems, Obtained 
by Various Ways 

7"fus, 

AHfuS)6q(N) 

kJ mol - 1 

27.4 
50.2 
56.1 

57.3 ± 2.9 
59.0 
62.8 
68.2 
82.8 

Wollastonite 
CaO • Si0 2 

i6q(N) = (1821 ± 2 ) 

Method 

с 
b 
e 
a 
с 
b 
d 
e 

K 

Ref. 

[2] 
[3] 
[4] 
[5] 
[6] 
[6] 
[6] 
[7] 

> 
CaO • 

7-,из,вя(М) 

AHfuSieq(N) 

kJ mol - 1 

74.1 
81.0 
93.5 

120.1 
122.2 
123.0 

133.0 ± 4.0 
135.6 ± 8.8 

162.3 
167.0 
389.5 

<\northite 
Al 2 0 3 • 2Si02 

= (1830 ± 

Method 

e 
c 
c 
b 
e 
e 
a 
a 
c 
a 
d 

2) K 

Ref. 

[8,9] 
[2, 10] 

[11] 
[3] 
[12, 13] 
[14] 
[15] 
[16] 
[6] 
[17] 
[6] 

Gehlenite 
2CaO • Al 2 0 3 • Si0 2 

7-fus,eq(N) = (1868±2) K 

A " f u s ^ } Method Ref. 
kJ mol"1 

142.3 b [6] 
156.2 e [18] 

172.9 ± 6 . 0 a [19] 

a) Calorimetric measurement; b) calculation using the course of boundary lines of phase diagram; c) calculation from the difference 
between entropies of glass and crystallic phase; d) calculation using the Clapeyron—Clausius equation; e) the way was not 
specified. 

system are presented in Table 1. The data were 
obtained by various ways. The authors consider as 
most reliable the values corresponding to the calori-
metrically measured difference of enthalpy of liquid 
and crystallic phases of a given substance N at the 
temperature of fusion rfuSleq(N)-

The equilibrium data of pure components of the 
investigated system were chosen from phase dia
grams [21—25] for the temperatures of fusion 
Tfus.eq(N) of pure components. The data were cor
rected according to the International Practical Tem
perature Scale 1968 (IPTS-68). The data practically 
do not differ from the data corrected according to 
the IPTS-90 [34]. 

To evaluate X,-1 v(P,(M))^, the following values were 
used in this work 

AHfus(CS, 1821 K) = (57.3 ± 2.9) kJ moľ1 [5] 

AHfus(CAS2, 1830 K) = (133.0 ± 4.0) kJ тоГ 1 [15] 

AHfus(C2AS, 1868 K) = (172.9 ± 6.0) kJ тоГ 1 [19] 

The quantity lim (-dT/dw(M),) is a limit value 
Weq(M),->0 

of derivation of regression function which describes 
the liquidus curve of phase diagram of the investi
gated binary system M—N at the temperature of 
fusion rfuSieq(N) of the pure solvent. Equilibrium com
position in the used phase diagrams is given in mass 
fractions weq(X) of components. 

Phase diagrams measured by Rankin and Wright 
[20], Osborn and Schairer [21], Osborn [22, 23] and 
revised Rankin's and Wright's phase diagram by 
Osborn and Muan [24] and by Gentile and Foster 
[25] were used as sources of phase diagrams for 
particular binary systems. 

The phase diagram of CaO—Al203—Si02 was 

measured by Rankin and Wright in 1915 [20]. The 
phase equilibria of binary subsystems, studied in our 
work, were also measured by the above authors. 
These three phase diagrams were later remeasured 
again. In 1941 Osborn and Schairer measured the 
phase diagram of the system CS—C2AS (Fig.1) [21], 
in 1942 Osborn measured the phase diagram of 
CS—CAS2 (Fig. 2) [22] and of C2AS—CAS2 

(Fig. 3); the latter phase diagram was presented by 
Goldsmith in [23]. 

The whole ternary phase diagram of CaO— 
Al203—Si02 by Rankin and Wright was revised by 
Osborn and Muan in 1960 [24] and then by Gentile 
and Foster in 1963 [25]. 

Phase diagrams of the pseudobinary subsystems 
of the system CS—C2AS—CAS2 are also presented 
in the monograph by Levin et al. [26]. In the case of 
the system C2AS—CAS2, liquidus curve on the side 
of primary crystallization of component C2AS is not 
consistent with the equilibrium data measured by 
Rankin and Wright presented in the original work 
[20] and cited in [26]. 

The temperature values that are presented in the 
studies of phase equilibria of the investigated sub
systems are based on the following international 
temperature scales: 

a) The temperature scale GL-12 determined in the 
Carnegie Institution of Washington. The scale was 
used in the Rankin—Wright phase diagram and in 
the binary diagrams by Osborn and Schairer and 
by Osborn alone. 

b) The International Practical Temperature Scale 
1948 (IPTS-48). Taking this scale into account, 
Osborn with Muan in 1960 and Foster with Gentile 
in 1963 corrected the temperature data in the phase 
diagram of CaO—Al203—Si02. 
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Fig. 1. Phase diagram of the system CaO • Si02—2CaO • Al 2 0 3 

• Si02. Experimental data according to Ref.: x [20], D 
[21], О [24], + [25], • [34]. 

c) The International Practical Temperature Scale 
1968 (IPTS-68). Considering the IPTS-68, the au
thors of this work corrected the temperature data in 
the binary phase diagrams by Osborn and 
Osborn—Schairer. 

d) Scale corrections determined after 1968 are 
substantially less than errors of temperature mea
surement in the presented diagrams. 

Osborn and Schairer's [21] or Osborn's [22, 23] 
measurements of phase equilibria of the studied 
pseudobinary subsystems contain relatively a large 
number of experimental data published in the form 
of tables or diagrams. Therefore these data were 
above all used in the cryometric analysis, which is 
the aim of this work. To optimize results, all avail
able phase diagrams of the studied subsystems were 
mathematically treated. 

Regression functions describing the course of 
liquidus curves, were found out employing two ways: 

a) By the "spline functions" method that determines 
a curve which goes through experimental data. This 
is the disadvantage of the method. 

b) By the least-squares method which gives a 
regression function in the form of a power polyno
mial. Such a curve does not go through experimen
tal data. Therefore limit values of lim f-dľ/ 

Weq(M),-*0V 

ow(M)f) determined through these two methods are 
not consistent. 

1600 -

1500 -
J » • • i . • • 

0.2 0.4 0.6 

x(CaO-Al203.2Si02) 

Fig. 2. Phase diagram of the system CaO • Si02—CaO • Al 2 0 3 

• 2Si02. Experimental data according to Ref.: D [22], 
О [24], + [25], • [34]. 
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Fig. 3. 

x(CaO.Al203.2Si02) 

Phase diagram of the system 2CaO • Al 2 0 3 • 
SiOjr—CaO • Al 2 0 3 • 2Si02. Experimental data accord
ing to Ref.: x [20], D [23], О [24], + [25], • [34]. 
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Table 2. Values of lim (- d7"/dw(M),) and X/ v(P,(M)), in Infinitely Dilute Solutions of L(M in N) in the Pseudobinary Subsys-
^ ( М ) , - » 0 

terns of the System CaO • Al 2 0 3 • 2Si02—2CaO • Al 2 0 3 • Si02—CaO • Si0 2 

Solvent 

N 

C2AS 

CS 

CAS2 

CS 

CAS2 

C2AS 

Admixture 

M 

CS 

C2AS 

CS 

CAS2 

C2AS 

CAS2 

lim 
" „ ( M ) , 

(- d7/dw(M)ř) 
->0 

- 2 3 . 8 
- 13.8 

- 220.8 
- 308.5 

- 11.5 
- 22.3 

- 273.4 
-291.9 

- 91.2 
- 6 4 . 6 
- 2 5 . 5 
- 6 0 . 8 

I/1v(P/(M)), 

0.06 
0.04* 
1.10 
1.50 
0.02 
0.05 
1.40 
1.50 
0.44 
0.32 
0.13 
0.30 

Calculation 

a 
b 
a 
b 
a 
b 
a 
b 
a 
b 
a 
с 

Authors of 

phase diagram 

Osborn 
Schairer [21] 
Osborn 
Schairer [21] 
Osborn [22] 

Osborn [22] 

Osborn [23] 

Osborn [23] 

a) Spline functions; b) 3rd deg. polynomial; c) 2nd deg. polynomial. 
* Because of complexity of the liquidus curve, eutectic was not included in the experimental data used for calculation of the 

regression function (2). The values of lim (- d7/dw(M),) and I/

1v(P/(M))/ are then less reliable. 
"„(М),-»0 

Experimental data were used in the calculation of regression functions. 

While Rankin and Wright presented individual 
equilibrium temperatures in their measurements, 
Osborn and Schairer carried out their measurements 
predominantly in 5 К intervals and presented upper 
and lower temperatures (in some cases only the 
lower ones) of melts that were quenched to form 
pure glass or a glass with an admixture of crystallic 
phase. In our work we considered mean values of 
the mentioned intervals as the temperatures of equi
librium. In case we did not have a value of upper 
limit of the interval, 3 К were added to the tempera
ture which corresponded to the formation of crystallic 
phase. 

A region of solid solutions of one component in 
the other was not found out in any of the given phase 
diagrams. 

From the power polynomial which describes the 
dependence of equilibrium temperature of primary 
crystallization of solvent N on composition in the 
shape 

7eq(N) = a+bweq(M)( + c(wQq(M)e)
2 

+ c/(weq(M),)3+... (2) 

we evaluated the limit value of derivation of this 
function at the temperature of fusion of pure com
ponent N according to the formula 

( 
lim 

Weq(M),->0 

d ľ 

div(M), 
\ = b (3) 

From eqn (3) and eqn (7) the values of E,1v(P,(M)), 
were figured out. The values are presented in Ta
ble 2. 

RESULTS AND DISCUSSION 

The mean value of the sum of number of moles of 
products £/1v(P/(M))„ which is the result of cryo-
metric analysis based on the thermodynamic account 
in [1], does not provide a detailed information on 
the composition and structure of individual particles 
of products (P,(M))f. Indeed, these results can serve 
as an additional information to the knowledge about 
the structure of melts and glasses of silicates that 
are published e.g. in the monograph [27]. 

As it follows from theoretical analysis in [1], the 

value of lim (-äT/dw(M)e) is influenced only by 

particles of admixture M in infinitely dilute solution 
L(M in N), structurally different from the particles of 
solvent N. Therefore cations Ca2+ present in all melts 
M in N of the studied binary systems have no influ
ence on the calculated limit values lim (-dГ/ 

"eq(M),->0 

dw(M)(). Since these values (Table 2) are nonzero 
for all types of infinitely dilute solutions L(M in N) of 
the investigated subsystems CS—C2AS—CAS2, 
some products formed when M is added to L(M in N) 
must be mutually different in all cases. 

The Probable Values of X/1v(P/(M))* in Particu
lar Binary Subsystems of the System 

CS—C2AS—CAS2 

The Systems CS—C2AS and CS—CAS2 

For solutions L(M in N) with admixture M—C2AS 
or CAS2 and solvent N—CS it holds: X/1v(P,(M)), 
e (1.1; 1.5). 
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So in the melts of pure components C2AS and 
CAS2, there must be reactions yielding larger num
ber of products than that of particles of reactant. 
The particles of products differ from those present 
in the melt CS. 

For solutions L(M in N) with M—CS and N—CAS2 

or C2AS I,1v(P,(M)), e (0.02; 0.06). If formation of 
disthetic point is excluded, as it is proved below, 
the low mean values of the quantity X/1 v(P,(M)), can 
be explained by a predominant formation of poly
meric anions (Si03)^" in both types of solution. The 
anions may be taken as the formal polymers of 'for
mula" particles CS. From the data in Table 2 the 
limit values of the degree of polymerization are n « 
17 and 50. Of course, the error of calculation of these 
values may be large, because determination of the 
quantity S/1v(P/(M)), requires a very precise 
measurement of the corresponding data for liquidus 
curves at low values of -dT/dw(M),. 

In accordance with the considerations in [1], in 
a very dilute solution L(M in N) particles formed when 
M is added to N cannot polymerize. Hence poly
meric ions (Si0 3 )^" are already present in the pure 
melt of CS. A similar result was found out in the 
systems CaSi03—2CaO • MgO • Si02 [28] and CaO • 
MgO • 2Si02—2CaO • MgO • 2Si02 [29]. 

The idea about a high content of polymeric an
ions (Si03)^n" in the melt CS is consistent with the 
data reported by Mysen eř a/. [30], according to which 
in the melt CS there occur predominantly (Si03)^" 
, while the content of polymeric ions (Si 2 0 5 )^" and 
monomers (SÍO4)4" is significantly lower. 

The System CAS2—C2AS 

a) For infinitely dilute solutions L(C2AS in CAS2) it 
holds: I,1v(P(C2AS)), e <0.3; 0.4), 

b) for infinitely dilute solutions L(CAS2 in C2AS) it 
holds: I,1v(P(CAS2)), e <0.1; 0.3). 

In the case of a) the mean degree of association 
77 is approximately in the interval (2.5; 3.3), in the 
case of b) r\ is in the interval (3.3; 10). So in the 
melts of pure components C2AS or CAS2, mutually 
different polymeric particles (or one mean polymeric 
particle) are formed out of several "formula" parti
cles. 

The value of E,1v(P,(M)), > 1 calculated for solu
tions L(C2AS in CS) and L(CAS2 in CS) must corre
late with the value of I;1v(P,(M)), e (0.1; 0.4) for 
solutions L(C2AS in CAS2) and L(CAS2 in C2AS). 
The condition leads to a conclusion that there are 
particles of two types in the melts CAS2 and C2AS: 
a) mutually different polymeric particles, b) identical 
particles which have no influence on the value of 
I/1v(P/(M)), at formation of solutions L(C2AS (or 
CAS2) in CAS2 (or C2AS)), however, they are active 

when molten components C2AS and CAS2 are added 
to the melt CS. 

From nonzero values of X/1v(P,(M)), for the solu
tions which contain as admixture C2AS or CAS2 it 
follows that in the studied binary systems the dis
thetic point of fusion of gehlenite and anorthite does 
not exist. 

On the basis of the results presented we can derive 
for the processes in the melts of pure C2AS or CAS2 

the following simplified reaction scheme 

n(X)£ p. 1(polymer)+£/c,.(P(X)), (4) 

n(X) is the number of particles of reactant X, /c,(P(X)), 
is the number of particles of the Mh product P(X), 
formed out of n particles of X, X is C2AS and CAS2, 
respectively. 

From eqn (4) it follows 

1 + 2>(P(X)), 
'-— = £ v(P(X)), G (1.1; 1.5) 

Initially we may take into account that n = 2 (3), 
S/1 v(P/(X)), = 1.5 and / = 1. Then Z//f/(P(X)), - 2 (3.5). 
The following formal model reaction schemes fulfil 
these conditions 

2Ca2AI2Si07 -4r~ (Ca4AI2Si2014)
6" + 2AI3+ (A) 

and 
2CaAI2Si208 -<r (Ca2AI2Si4016)

1c^ + 2AI3+ (S) 

respectively 

3Ca2AI2Si07 -*r (Ca6AI2(5Si3O21)10^+ 3.5AI3+(C) 

and 

3CaAI2Si208 - ^ (Ca3AI25Si6O24)10^+ 3.5AI3+(D) 

Polymeric ions in schemes (A—D) are formal. In 
real situation they may be a mean of more than one 
particle. From radial distribution function Scamehorn 
and Angell [30] came to the assumption that there 
are AI and Si atoms with coordination number higher 
than 4 and AI polyhedrons with edge sharing of 
bridge oxygen in anorthite glass at 300 K. If the 
assumption is true, application of the proposed model 
schemes is acceptable. 

Daněk [31] and Liška [32] used a similar model 
as (A), (S) calculating equations of the boundary 
region of the phase diagram of CaO—Al203—Si02 

and achieved results well consistent with experimen
tal data. 

The obtained interval of values X/1v(P/(M)), 
e (1.1; 1.5) for solutions L(C2AS or CAS2 in CS) 

allows us to design a set of reaction schemes dif
ferent from (A—D). All these schemes, however, are 
based on the assumption of low-polymerized struc
ture of the melts of C2AS and CAS2. 

There is a lot of works on correlation between the 

Chem. Papers 47 (3) 169-174 (1993) 173 



M. ELIÁŠOVÁ, O. ZIGO, I. PROKS 

properties and structure of anorthite glass and melt. 
Navrotsky eř a/. [27] assume on the basis of the 
course of the curves of enthalpies of dissolution and 
of mixing, AHsom and AHmix, and the curves describ
ing the dependence of molar volume vs. ratio n(AI)/ 
(n(AI) + n(Si)) on the connecting line Si0 2 — 
Cao.5AI02 [27] that there is a high degree of arrange
ment and polymerization with a maximum number 
of Si—O—AI bindings for anorthite glass. Taylor and 
Brown [27] considering the similarity of X-ray radial 
distribution functions for crystallic anorthite and CaO • 
Al 2 0 3 • 2Si0 2 glass draw a conclusion that both 
phases probably had a very similar structure. Tak
ing this assumption into account, the structure of 
glass and melt of CAS2 is a three-dimensional net 
consisting of mutually bound 4-link "circles" of tetra
hedrons (AI2Si208)2". On the basis of the Raman 
spectra, Seifert et al. [33] came to an idea that the 
quenched melts of the composition from the con
necting line Si02—Cao.5AI02 consist of three-dimen
sional coupled chains of 4-link "circles" of anions 
(AI2Si208)2", 6-link "circles" of Si 6 0 1 2 and 6-link "cir
cles" of anions (AlßO^)6". According to their results 
cited in [28], CAS2 glass consists of approximately 
62 mole % (AI2Si208)2", 35 mole % Si0 2 and 3 mole 
% (АЮ2)~. This composition would support the idea 
that all atoms of Ať" do not contribute to the forma
tion of Si0 4 and AI0 4 tetrahedral net. From the 
analysis of the dependence of viscosity of 
aluminosilicates on temperature in [30], it follows that 
the melt of an anorthite composition shows a very 
low viscosity when compared to the melt of Si0 2 

exhibiting strictly the Arrhenius temperature depen
dence of viscosity. Hence the data about viscosity 
support the assumptions following from this work that 
at transition of CAS2 glass into the state of melt, 
the tetrahedral net breaks up and a certain amount 
of Al3 + cations escape from the net and do not take 
part in netting of present polymeric anions. The same 
assumption on the basis of the results achieved in 
this work may be expressed for the melt C2AS as 
well. 
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