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Introduction: The chemical evolution of proto-
planet substances and the problems relating to the con-
densation and the cooling of substance in the solar
nebula have attracted considerable interest of scientists
for a long time [1, 2]. This interest derives from the
importance of the process of successive condensation
of incandescent gases at forming space objects as
physico-chemical systems. Firstly the condensation of
the hot gas of solar composition was investigated
quantitatively by Larimer [3] and then by him together
with Grossman [4]. It’s necessary to notice that the
results of further theoretical investigation didn’t give
rise to any substantial review of their important con-
clusions about the sequence of protoplanet substance
condensation [5]. At the same time the theoretical cal-
culations require of experimental confirmation.

The oxide system under study, CaO-MgO-AL,O5-
Si0, (CMAS) is a part of the system CaO-FeO-MgO-
Al,0O3-S10, (CFMAS) which is one of the most impor-
tant ones to understand the above-mentioned cosmo-
chemical problem. More than 30 compounds were
found to exist in the CMAS system [6]. However the
information about the evaporation processes and ther-
modynamic properties of CMAS compounds and their
melts at high temperatures (more than 1800 K) is poor
and contradictory in comparison with the one for ox-
ides [7].

The process of successive condensation of any
matter is assumed to be characterized by temperature
dependencies of the total pressure of the gas phase
over the compounds [3, 4]. However at the determina-
tion of the total pressure of the gas phase over the sub-
stance the researcher runs into a number of problems
rising at the proper experiment. These problems are
caused by both some peculiarity of physico-chemical
properties of the system under study and the necessity
to take into consideration the shift in the chemical
equilibrium brought on by the high temperature
chemical interaction of the melt with the container
material [8]. In this connection the information ob-
tained by the high-temperature Knudsen effusion
method [9] is of great interest. This method combines
the data about the equilibrium constants of the reac-
tions in the gas phase and the activity of oxides in
compounds. It should be pointed out that such data
haven’t been used earlier for the thermodynamic calcu-
lations.

Experimental: The study of the evaporation of
CMAS compounds from molybdenum effusion cells

was carried out using MI 1201 mass spectrometer with
the ion source modified for the high-temperature in-
vestigations [9]. One of the unique characteristics of
this source is the possibility of heating of the effusion
cell up to 3000 K at the background pressure less then
10" atm.

Calculations: In this investigation we took into
account all the equilibriums in the gas phase with the
participation of the following atoms and molecules:
Al, AlO, AlO,, AlSiO, Al,, ALO, ALO,, Al,Os, Ca,
CaO, CaSiOs;, Mg, MgO, MgAIO, O, O,, O3, Si, SiO,
SiOQ, Siz, SizOz, Si3, Si303 [7, 10-13] The activities of
oxides for CMAS compounds were obtained experi-
mentally. Their short resume is given in [6]. The tem-
perature dependence of the total vapour pressure over
CMAS compounds were calculated by summing over
the proper partial pressures of the vapour species taken
for the case of chemically neutral conditions within
1700-2200 K.

Results and Discussion: The obtained data are
summarized in the Table and Fig. 1 and 2.

As may be seen from the Fig. 1 the dependence of
the total vapour pressure over CMAS compounds are
not at variance with the condensation sequence of
compounds which was calculated by Larimer and
Grossman [4]. The values of the total vapour pressure
over corundum (AlLOs3), hibonite (CaAl;;09),
CaAl,0; and CaAl,O, are practically identical. The
values of the total vapour pressure over lime (CaO),
Ca;A1,0¢ and mayenite (Ca;pAlj40;3) are also close
each other. The maximum value of the total vapour
pressure belongs to the one of silica (SiO,).

On examination of the obtained temperature de-
pendences of partial pressures of vapour species over
CMAS compounds some regularities between partial
pressures of atomic and molecular oxygen and the total
vapour pressure have engaged our attention.

As one can see from Table and Fig. 2 the value of
the total vapour pressure over CMAS compounds de-
pends on the content of molecular (atomic) oxygen in
vapour: the more molecular oxygen in vapour, the
more other vapour species, and the higher the total
vapour pressure.

Fig. 2 shows the linear dependence of the loga-
rithm of the total vapour pressure over CMAS com-
pounds on the contents of molecular oxygen in vapour
(or the degree of its dissociation). It points to the fact
that there is a relationship between the red-ox reactions
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in the protoplanet gaseous substance and the processes
of condensation and formation of space objects.

The considered thermodynamic regularities of
evaporation of CMAS compounds are likely to be
obeyed for the other oxide compounds and to have
more general character. Our further work will be de-
voted to these questions.
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Table: The calculated total vapour pressures and va-
pour content over CMAS compounds for the case of
chemically neutral conditions at 2000 K.

Ne  Com- Provs x(0), x(Oy), Vapour x(i),
pound atm mole mole species mole
% % %

A 105107 476 53 AlO 183

CA¢ 1.06°107 473 53 A0 179
CA, 1.03°107 470 51 AlO 167
CA 1.14°107 435 438 Ca 36.1

CsA; 244°107 379 79 Ca 528
CpA; 2507107 377 8.0 Ca 53.0
C 3.19°107 360 93 Ca 544

CA 320107 359 93 Ca 54.1
CsS 3567107 351 99 Ca 314
C,S 460°107 329 112 SO 414
C,AS 7.16°107 292 137 SiO 49.7
CS, 2.55°10° 189 206 SiO 599
MA 269°10° 185 207 Mg 59.6
M 557°10° 137 236 Mg 608

CAS; 5.60°10° 13.8 240 SiO 614
CAS 6.79°10° 127 246 SiO 619
MA,S 7.02-10° 125 248 SiO 474
MAS 7.02°10° 125 248 SiO 474
CS 745°10° 122 249 Si0O 621

CMS, 7.89-10° 11.9 252 SiO 61.7
AsS, 1.13°10° 102 262 SiO 624
M,A,Ss 1.27°10° 9.7 266 SiO  59.7
23 M,S 135°10° 94 267 SiO 593
24 CAS, 142°10° 92 269 SiO 628
25 MS 1.77°10° 83 275 SiO 614
26 S 273°10° 68 283 SiO 63.1
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Figure 1: Temperature dependencies of the total va-
pour pressure over some CMAS compounds.
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Figure 2: The total vapour pressure over CMAS com-
pounds vs molecular oxygen content.
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