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Activity of CaSiO; in the CaO—FeO—SiO, and CaO—Fe,0,—SiO, melts
was calculated using the approach similar to that used by Haase in the
calculation of chemical potential of a component in an ionic solution. From the
activity values liquidus surfaces of CaSiO, were obtained by the
LeChatelier—Shreder equation. A structural analogy of the crystalline phase
and the melt was assumed in the calculation. Good agreement of the calculated
phase diagrams with the experimental ones was achieved provided that a half of
the trivalent iron, present in the melt, was tetrahedrally coordinated (and it
behaved as a network former), while the other half behaved as a network
modifier. Tetrahedral coordination of a little part of the bivalent iron in the
CaO—FeO—SiO, system cannot be excluded.

IIpoBenen pacyer aktuBHocTH CaSiO, B pacmnaBax cucteM CaO—FeO—
—Si0, u CaO—Fe,0,—Si0,, npuyeM GbLn HCNONHL30BaH METOJ, MOROOHbLIA
MeTtony Xaace pacyeTa XHMMYECKOTO NOTEHIMalla KOMIOHEHTa B PacTBODE.
O6nacty aukBuayca CaSiO,; 6bu1M HaWgeHbI UCXONS U3 BEIMYMH aKTUBHOCTH
¢ noMouysto ypaBHeHus Jlelllarense—Ilpenepa. IIpu pacyere nogpasymena-
J1ach aHaJIOTHS CTPYKTYp KpUCTaINYecKOH ¢a3nl M pacmiaBa. Buuto o6Hapy-
KEHO Xopolllee COBMajieHHe PACCYMTAHHOM U IKCIIEPUMEHTAILHO H3MEPEHHON
¢a30Boit gUarpaMmbl NpH MPEANONIOXEHNWH, YTO MOJIOBHHA TPEXBAIEHTHOTO
XKeJje3a, HaXOALIErocs B paciuiaBe, paclojiaraeTca B TeTpadApUiecKoi Koop-
OUHALMK M CIOCOOCTBYET CUIMBAHMIO MOJIMAHUOHHOM CETKM, B TO BpeMsl KakK
OCTalbHasg 4acTh HAaXOOUTCA B BHl€ KAaTHOHOB M KOMIIEHCHPYET 3apsiiHbIA
AeUIUT TeTpasApUYeCKM KOOPHMHHPOBaHHBLIX aTOMOB xene3a. OpHaxko,
HeJIb3S MOJHOCTBIO MCKIIOYHMTH TAKXKe M TETPadAPHUUECKYI0 KOOPHAHHAIMIO
Masioil yactu MoHoB Fe?* B cucreme CaO—FeO—SiO,.

In the research of structure and properties of the oxide melts a great attention
is paid to the coordination and behaviour of some trivalent cations, e.g. B**,
APP**, Fe®* Of the melts containing Fe** and Fe**, which are the basis of metallur-
gical slags, some are of great technological importance. In the melts of the
CaO—Fe,0,—SiO; system iron is present in two oxidation states, the amount
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of Fe’* being dependent on temperature, partial pressure of the oxygen and on
the melt composition. Phase equilibria in the four-component system CaO—
—FeO—Fe,0;—Si0; are described in [1]. Two phase diagrams corresponding
to two partial pressures of the oxygen are generally known [2]. They are the
CaO—*FeO”—Si0; system in equilibrium with metallic iron, and the
CaO—*“Fe,05"—Si0; system in equilibrium with air (partial pressure of the
oxygen being 21 kPa). Quotation marks at the iron oxides emphasize the fact that
at the given conditions the above systems are not really the three-component ones.
The diagrams in question are projections of the real liquidus surfaces in the
four-component system CaO—FeO—Fe,03;—Si0O, into boundary surfaces along
the oxygen reaction lines.

Larson and Chipman [3] established the content of trivalent iron in the
CaO—Fe,0,—Si0O; melts at 1550 °C and at different partial pressures of the
oxygen. They started from the phase equilibria in the iron—oxygen system at
different partial pressures of the oxygen which had been studied by Darken and
Gurry [4], and from other works [5, 6] dealing with the real composition of the
CaO—Fe,0,—SiO; melts. The strong increase in the Fe** content with the
increasing concentration of CaO was found [3], while the total concentration of the
iron oxides did not have a significant effect. The content of Fe’* depends on the
x./xs modulus. The temperature effect on the Fe®* content in the CaO—FeO—
—Fe,0,—Si0, melts was studied by Timucin and Morris [1]. These results are in
agreement with [4]. Of all the works cited it can be assumed that in the region of
relatively low concentrations of the iron oxides, the content of Fe** in the
CaO—*Fe,03"—Si0; system can be neglected with good approximation. For
example, in the whole region of primary crystallization of pseudowollastonite, the
content of FeO is less than 3 mole %.

Trivalent cations, e.g. AP*, Fe** can enter into polyanion network being in the
fourfold coordination (network former), or similarly to bivalent cations, be in
higher coordination and behave as the network modifier [7, 8]. From the conduc-
tance measurements in the CaO—FeO—Fe,0;—Si0, melts [9] it follows that at
least a part of the present Fe’* ions is tetrahedrally coordinated. However,
quantitative conclusions cannot be drawn from the conductance measurements
only. Partially tetrahedral coordination of Fe®* ions is also indicated by the X-ray
diffraction in the FeO—Fe,03;—SiO, melts [10]. The dependence of interatomic
distance Fe—O on the composition is similar to that of Si—Si, which corresponds
to the transition of Fe®* ions from the octahedral sites to the tetrahedral ones.

Relatively unambiguous situation is in the CaO—‘FeO”—SiO, system, where
Fe** ions are placed in the interstitial sites with the higher than fourfold
coordination. However, according to the results of density measurements [11],
these melts tend to microsegregation into regions richer in calcium oxide, and
regions richer in iron oxide.
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CALCULATION OF LIQUIDUS SURFACES

Comparison of liquidus curves or surfaces calculated using a suitable ther-
modynamic model with the experimental ones is one of the indirect methods of
melt structure study. In the previous papers [12, 13] the thermodynamic model of
silicate melts has been suggested, based on an analogy in the structure of the
crystalline phase and of the melt. The modeél was used for the calculation of liquidus
curves in the CaO—MgO—SiO; [12] and M,0—B,0; (M =Li, Na, K) [13]
systems. In the present work the calculation of liquidus surfaces of CaSiO; in the
Ca0O—FeO—Si0O; and Ca0O—Fe,0;—Si0, systems was carried out.

Calculations

Let us consider the three-component system CaO—FeO—SiO; consisting of a
moles of CaO, b moles of FeO, and ¢ moles of SiO,. The total amount of substance
of the oxygen in an arbitrary mixture is then a + b + 2¢ ; the amount of substance of
the Si—O bonds in the SiO, tetrahedrons is 4c. The amount of substance of
bridging oxygen is then equal to 4c — (a+ b +2¢) = 2¢ — a — b, and the amount of
substance of nonbridging oxygen is 2a +2b. According to Haase approach [14],
activity of the i-th component in solution is given by

k n.
a=T1 ()" (1)
i=1 \Yi.j
where y?; and y; are the mole fractions of the j-th particles (Ca®*, Fe?*, Si**,
bridging and nonbridging oxygen) in the pure i-th component and in the mixture

defined by the relations

n;
]
z ni;
i

xi=a, b, c, i.e. the mole fraction of the fundamental component (CaO, FeO, SiO,)
and n;; is the number of the j-th particles in the fundamental component. Activity
of CaSiO; (CS) is then given by the equation

a _( a )( c )(20—a-b) (2a~l—2b)2 (3)
“7\0.25,/ \0.25 0.2s; 0.4s;

where s5;=2a+2b + 3c.

In the three-component system CaO—Fe,05;—SiO, consisting of a moles of
CaO, b moles of Fe;O3, and ¢ moles of SiO; the total amount of substance of the
oxygen in an arbitrary mixture is equal to a +3b + 2¢. Provided that all present
Fe®* ions are tetrahedrally coordinated, the amount of substance of the M—O

Z (ni;- x:)
Z (x: E ni;)

]

(2)

y ?1 = Yi
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bonds in tetrahedrons MO, (M =Si, Fe) is equal to 8b+4c. The amount of
substance of bridging oxygen is then 2c—a+5b and of nonbridging oxygen
2a —2b. For the activity of CaSiOs; it holds

a =( a )( c >(2c—a+5b)(2a—2b)2 (4)
s O.ZS,' 0.28,' 0.251' 0.45,'

where s;=2a+5b+ 3c. It is evident that similar relation can be derived for the
case, when the whole iron will be present as the Fe** ions with higher coordination
number and will behave as the network modifier.

Liquidus surfaces of CaSiO; in the CaO—‘FeO”—SiO, and CaO—
—“Fe,03"—Si0; systems were calculated for chosen values of a, b, ¢ according to
the modified and simplified LeChatelier—Shreder equation (AH;= const)

AH;- T
AHf" R Tf-ln dcs

T = (&)
where AH; and T; are the enthalpy and temperature of fusion of CaSiO;,
respectively and acs is the activity of CaSiOs. Boundary curves of liquidus surface
of CaSiO; were obtained by a similar calculation of liquidus surfaces of Ca,SiOs,,
and Fe,SiO, and Fe,0;, respectively. Boundary curve with liquidus surface of
tridymite could not be determined because of large immiscibility gap in the region
of high concentrations of SiO, ; the thermodynamic model used does not impty such
cases. The required thermodynamic data for the calculation of.liquidus tempera-
tures according to eqn (5) were adopted from [15, 16]. The calculated parts of

x/mole % FeO
Fig. 1. The calculated part of phase diagram of the CaO—*FeO”—SiO; system.
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Fig. 2. The part of phase diagram of the CaO—*FeO"”—SiO; system according to Muan and Osborn
(2.

x/mole % Fe,0,

Fig. 3. The calculated part of phase diagram of the CaO—“Fe;O;"—éiO: system.

phase diagrams are presented in Figs. 1 and 3 ; for the comparison the experimental
ones according to Muan and Osborn [2] are presented in Figs. 2 and 4.
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x/mole % Fe,0,

Fig. 4. The part of phase diagram of the CaO—*‘Fe,05""—SiO; system according to Muan and Osborn
[2].

Discussion

The comparison of the calculated and experimentally determined phase dia-
grams of the system CaO—‘FeO”—SiO, presented in Figs. 1 and 2 shows
a relatively good agreement, provided that all present Fe?* cations are in higher
coordination and behave as the network modifier. The dotted lines in Fig. 1
represent isotherms in liquidus surface of CaSiOj; calculated for the case, when all
Fe®* ions behave as the network former. It is evident that such assumption is not
correct. However, a little part of tetrahedrally coordinated Fe®* ions cannot be
excluded. In these calculations the presence of rankinite was neglected, because of
narrow region of its primary crystallization. The transition of pseudowollastonite to
wollastonite was neglected, too. These simplifications, however, have not essential
effect on the conclusions concerning: the behaviour of Fe** cations in the melts.

The calculations of liquidus surfaces in the CaO—*‘Fe,03"—SiO, system were
carried out for two cases:

a) The whole trivalent iron is coordinated tetrahedrally and together with the
SiO, tetrahedrons participates on creating polyanions.

b) The half of the trivalent iron is coordinated tetrahedrally and the other one
behaves as cations with higher coordination.

The third possibility, that the whole trivalent iron behaves as the network
modifier was, as unlikely, not considered. Dotted lines in Fig. 3 represent iso-
therms of liquidus surface of CaSiOs for the first case. Such assumption is obviously
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unsuitable. Very good agreement with the experimental phase diagram (Fig. 4) was
achieved in the second case. In Fig. 3 the corresponding isotherms are represented
by full lines. Therefore, it may be stated that in the ‘melts of the CaO—
—“Fe,0;”—Si0, system vith the x./x; modulus in the range 0.6—1.5 roughly
the half of the present trivalent iron is coordinated tetrahedrally and behaves as the
network former, while the other one contributes to the polyanion destruction and
behaves as the network modifier. Such arrangement does not exclude the possibili-
ty of formation of ferritic ions of the type Fe,O3™ and Fe,O3%", respectively, as it is
given in papers of Mori and Suzuki [17] and Engell and Vygen [9]. In the
calculations of the liquidus surface of CaSiO; in the CaO—*‘Fe,0;"—SiO, system
the region of primary crystallization of rankinite was also neglected. Because of the
lack of thermodynamic data, the calculation of boundary curve with hematite was
carried out using the experimentally determined coordinates of the cross section of
compatibility join CaSiO;—Fe,0; and boundary curve between the regions of
primary crystallization of hematite and magnetite (point P in Fig. 4).

It is to be concluded that in spite of simplifications made in the calculations,
valuable information on the structure of the oxide melts on the semiquantitative
level can be obtained by the method used. The conclusions concerning the
coordination of iron atoms in the silicate melts are obviously valid only in the
region with the modulus x./x,~1.
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