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Using a precursor method the melt of eutectic composition in the system
2Ca0 - AL,O; SiO,— CaO - SiO, (45.6 mass % CaO; 13.4 mass % AlLO,;
41.0 mass % Si0O,) was prepared. The temperature dependence of the specific
relative enthalpy of the eutectic melt was determined using the experimental
data obtained in “drop” calorimeter and in the calorimeter for determina-
tion of heats of dissolution. Preparation of gehlenite (2CaO - AL,O; SiO,)
and wollastonite (CaO SiO,) which are the products of crystallization of
the eutectic melt and the temperature dependences of their specific relative
enthalpy were published in the previous papers. On the basis of the values
of the specific relative enthalpy of the eutectic melt, gehlenite, and wollas-
tonite at the equilibrium temperature of crystallization of the eutectic melt
1591 K and from the material balance of this crystallization the specific
enthalpy of crystallization of the eutectic melt was determined

Ah . (eut. melt; 1591 K) = (—286 + 18) kI kg™’

The error was determined on the level of significance equal to 95 %.

C Hcnonb30BaHHEM METOAA MpeKypcopa ObLI MOJIyYeH paciulaB 3BTEK-
THYecKoro coctana B cucteMe 2Ca0 - Al,O; SiO,—CaO - SiO, (45,6 macc.
% CaO; 13,4 macc. % AlLO; ; 41,0 macc. % SiO,). [TpuMenss 3kcepuMeH-
TaJIbHbIC JaHHbIE, MOJIyYeHHbIE HA «KaNeJIbHOM» KaJIOPUMETpE U Ha KaJo-
PHMETpE IS ONpeAesieHUs TEIUIOT PacTBOPEeHHUs, Obljla YCTAHOBJICHA TEM-
nepaTypHas 3aBHCHMOCTb YyIEJIbHOH OTHOCHTENILHOH 3HTAJIbNIMM 3BTEK-
TH4eckoro pacmiasa. Ilonyuyenue renenurta (2CaO - ALO; SiO,) u Bon-
nactoHuta (CaO Si0,), ABAAIOWIKXCA NPOAYKTAMH KPHUCTAJUIN3aLMHU 3B-
TEKTHYECKOTO pacIliaBa, a TaKke TeMIepaTypHble 3aBUCHMOCTH HX YJeNb-
HBIX OTHOCHTEJIbHBIX SHTAJIbMHA OBIJIM OMUCaHBI B MpeablayMx paboTax.
Ha ocHoBe BeJTMYHH yOe/IbHOH OTHOCUTENbHOM 3HTAJILIIUN IBTEKTHYECKOTO
pacIuiaBa, reJleHUTa U BOJJIACTOHMTA NPH PaBHOBECHOH TEMIIEPAType KPHC-
TaJUIH3allMK 3BTeKTHYeckoro paciuiasa 1591 K, a Takxke ucxons u3 mare-
puanbHOro 6anaHca 3TOH KPHCTAJLIM3ALMH, OTIPEAEIEHO 3HAYECHHE yaellb-
HO# SHTAJIBIIUU KPUCTAJUTH3ALMH 3BTEKTHYECKOTO pacijaBa

Ah yg(eut. melt; 1591 K) = (—286 + 18) x[Ix kr!

Benuunna omm6bku 6biy1a onpeneneHa Ha 95 % ypoBHe 3HAYMMOCTH.
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This work is the continuation of the enthalpic balance of the system
2Ca0 AlLO, Si0O,—Ca0O Al,O; 28i0,—CaO SiO, [1—3]. Its aim is to de-
termine the enthalpy and entropy of crystallization of gehlenite 2CaO Al,O,

Si0, (C,AS) and wollastonite CaO SiO, (CS) from the binary eutectic melt of
the composition 45.6 mass % CaO; 13.4 mass % AlLO;; 41.0 mass % SiO, at
the equilibrium temperature 1318 °C [4]. Further, heat of crystallization of this
melt at its cooling from the temperature of 1318 °C to 25 °C was determined. In
both cases the enthalpies were calculated using the values of the specific relative
enthalpy (4,,) determined in the way which has been described in papers [5, 6].

Material balance of crystallization of gehlenite and wollastonite from the
eutectic melt is given by the relationship

1 kg eut. melt — 0.360 kg C,AS + 0.640 kg CS (A4)

The specific enthalpy of crystallization of the eutectic melt at the equilibrium
temperature T,, = 1591 K (it is denoted as Ak (eut. melt; 1591 K)) was cal-
culated according to the Hess law

Ah, . (eut. melt; 1591 K) — 0.360 h.(C,AS; 1591 K) "
kJ kg™ kJ kg™!

he(CS; 1591 K) 1 h.(eut. melt; 1591 K)
kJ kg™ kJkg™!

+ 0.640 ()

The values of terms in the sum (/) were determined in the same way as in
paper [2].

Experimental
Preparation of samples

The eutectic melt of the system C,AS—CS was prepared by the precursor method
using a modified procedure described in [7]. The following reagents were used: CaCO,
(Specpure, JMC), metallic Al (w(Al) = 99.999 %, The Research Institute of Metals,
Panenské Bfezany), and sol of silicic acid which had been prepared from commercial
water glass using the ion exchanger DOWEX 50W x 8 [1]. By heating the dry rest of
aqueous solution prepared from organic substance and weighed-in amounts of salts
corresponding to the desired composition of the eutectic mixture at the temperature of
500—600 °C the precursor, i.e. the homogeneous mixture of oxides CaO, Al,O;, and SiO,
was obtained. This mixture was further heated for 4 h at 1000 °C and then after sealing
into a crucible made of the alloy PtRh 10 it was kept at 1500 °C for 4 h. The eutectic
mixture of the system C,AS—CS was then quenched in liquid nitrogen. No crystalliza-
tion of the melt was observed.
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Apparatus

The changes in enthalpy at cooling of the eutectic melt were measured by the “‘drop”
calorimeter which has been described in [8]. The heats of dissolution of the products of
cooling of the eutectic melt were measured in the calorimeter for determination of the
heats of dissolution which has been described in paper [9]. Composition of the dissolving
mixture was the same as that used in works [1—3].

Results and calculations

Determination of the temperature dependence of the specific
relative enthalpy of the eutectic melt (h. ,(eut. melt; T))

Determination of 4, (eut. melt; T) (¢ denotes the mean of experimental
values) is based on two sets of measured data: the values of Ah,,(eut. melt) and
Ahg(eut. melt). With the drop calorimeter the changes in enthalpy of five
samples of the eutectic melt at their cooling from the temperatures chosen from
the interval 1622 K—1823 K to the temperature of 298 K were measured. The
experimental data of Ah,,(eut. melt) are given in Table 1. The X-ray patterns
of the cooled samples of the eutectic melt gave no evidence of crystal phases. In
despite of that (and in order to avoid a possible difference in the structure of
glass) for each sample its heat of dissolution Ak, (eut. melt) was measured. This
measurement was repeated four times and the arithmetic mean of these values
is denoted as Ak, ,(eut. melt). The obtained data are presented in Table 1.

The experimental values of A, (eut. melt) were obtained as the sum of the
values of (— Ak, (eut. melt)) and (— Ak, (eut. melt)) at corresponding tem-
peratures. The results are summarized in Table 1. Treating the experimental
data of A, (eut. melt) by the least-squares method the temperature dependence
of the specific relative enthalpy A, (eut. melt; T) was obtained in the form of
the following regression function

rel, ¢

T

hrag(@ut- melt; ) _ 5 0146 x 10° + 1.5011 < @)

kJkg™'

The error was determined to be (/. 5(eut. melt)) = 11 kJ kg~' by the procedure
described in [2]. All errors of measurements reported in this paper were deter-
mined on the level of significance of 95 %. The values of A, (eut. melt) cal-
culated at chosen temperatures on the basis of the relationship (2) are presented
in Table 1.
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Table 1

Experimental data of (—Ah,y). (=Bl ). and iy for the cutectic melt and the calculated values of h, (cut. melt) at chosen temperatures
from the interval (1622 K; 1823 K)

T — Al o(cut. melt) — Al geut. melt) h,(eut. melt) g pleut. melt)
K kJkg ' kikg ' kJkg ' kJkg '
1622 1535 2911 4446 4449
1667 1604 2923 4527 4517
1724 1692 2901 4593 4602
1767 1746 2922 4668 4667
1823 1831 2922 4753 4751
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Calculation of the specific enthalpy of crystallization of gehlenite and wollastonite
from the eutectic melt of the system C,AS—CS

Using the relationship (2) and the equations describing the temperature
dependence of the specific relative enthalpy of gehlenite (eqn (3)) and wollas-
tonite (eqn (4)), the values of A, of each phase at the equilibrium temperature
of crystallization of the eutectic melt T, = 1591 K were obtained. The relation-
ships (3) and (4) were taken from papers [2] and [3], respectively.

hrel (CZASs T) 2

oA T) _ 5 2001 x 10° + 1.0053 L + 5.092 x 105 2 &
kI kg™ K K?

+ 2.854 x 1041— 3)
K—l

. 2
MaolCS 1) _ 5 2567 x 10° +9.317 x 10" L 4 7.100 x 10-5 L +
kikg™' K K?

+ 2.036 x 10* i “)
K-I
The calculated data and the errors in their determination are presented in
Table 2. By introducing these data into eqn (/) we obtain
Ah J(eut. melt; 1591 K) = (—286 + 18) ki kg™ ()]

The error in determination of the specific enthalpy of crystallization of the
eutectic melt was calculated in the same way as it has been described in [2].

Table 2

Values of the specific relative enthalpy A ,(X; 1591 K)
(X = eut. melt; C,AS; CS)

B o(X; 1591 K)

Ph TeloN Y 7 4
ase kJ kg™
Eut. melt 4403 + 11
C,AS 4446 + 22
CS 3932 + 18

The determination of the value of Ak (eut. melt) is illustrated in Fig. 1
where the following data and relationships are plotted:

— the experimental values of the specific relative enthalpy of the eutectic
melt, the temperature dependence of its specific relative enthalpy (curve I);
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— the temperature dependences of 4, of C,AS and CS multiplied by corre-
sponding mass fractions of these phases (see eqn (/)) (curves 2 and 3, respective-
ly);

— the value of the specific enthalpy of crystallization of the eutectic melt
which is given as the difference of ) w(X) A, ,(X; 1591 K) (X = C,AS; CS)

X

(point 4) and the value of A, ,(eut. melt; 1591 K) (point 5).
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Fig. 1. Temperature dependences of the term (w(X) /,.(X)).
1. Eut. melt (w(X) = 1); 2. C,AS (w(X) = 0.360); 3. CS (w(X) = 0.640).
The value of (—Ah,,,(eut. melt; 1591 K)) is given as the difference between the specific relative
enthalpy of the eutectic melt at T, = 1591 K (point 5) and the sum of specific relative enthalpies of
the products of crystallization of the eutectic melt (C,AS, CS) at the same temperature multiplied
by corresponding mass fractions of phases C,AS and CS (point 4).

The specific entropy of crystallization of the eutectic melt was obtained by
dividing the value of the specific enthalpy of crystallization by the equilibrium
temperature. It follows

Ah, . o(eut. melt; 1591 K)
1591 K

= (=180 + 1) Jkg"'K"! 6)

Asqye o(€ut. melt; 1591 K) =
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Determination of the “heat of total crystallization” of the eutectic melt
in the system C,AS—CS

Heat evolved at the crystallization of the eutectic melt at the equilibrium
temperature 7,, = 1591 K added to the heat evolved at cooling of gehlenite and
wollastonite to the temperature of 298 K is denoted in this paper as the “heat
of total crystallization” (Ahg ,(eut. melt; 1591 K — 298 K)). Its value was
determined in the same way as it has been described in paper [2] using the data
presented in this paper and in papers [1, 3]. It follows

Ahyryq o(eut. melt; 1591 K — 298 K) = (—1617 £+ 15) kT kg™' )

From comparison of the values Ak ,(eut. melt; 1591 K) and Ak, ,(eut.
melt; 1591 K — 298 K) (see eqns (5) and (7)) it follows that the heat formed at
the equilibrium crystallization of the eutectic melt of the system C,AS—CS at
1., = 1591 K presents less than 18 % of the heat of total crystallization of the
eutectic melt. Thus more than 4/5 of the heat of total crystallization of the
eutectic melt of the system C,AS—CS is evolved at cooling of gehlenite and
wollastonite from the temperature of 1591 K to 298 K.
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