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Thermodynamic database development for
the Al-Mg-Ti-Si-O-(+C) system is essential for
modelling the interaction,,,,,,,
of active and reactive Al2O3-based ceramic
filter materials with molten aluminum alloys. Since inclusions, primarily
as Al2O3 or spinel MgAl2O4, arise from the oxidation of molten aluminum
combined with dopants such as Mg or from furnace refractory, the
thermodynamic description of the Al2O3-MgO system was primary
derived [1]. TiO2 coating deposited on corundum was supposed to filter
actively spinel MgAl2O4 from Al-based molten alloy, so that the Al2O3TiO2/Al2O3-TiO2-MgO systems were also considered [2]. For the Sicontaining Al alloys, the reduction of TiO2 can lead to the formation of
Al3Ti or (Al,Si)3Ti, which makes the Al-Ti-Si-O system also important. As
a sub-system, the oxide part of Al2O3-TiO2-SiO2 was studied [3]. Thus,
as significant and valuable inputs into the analysis of the aluminum
filtration process, the thermodynamic description of Al-based metal and
oxide systems should be used by merging them into a thermodynamic
database for the Al-Mg-Ti-Si-O system. Therefore, as an important subsystem, it is also necessary to study the phase relations in the MgOTiO2-SiO2 system and to develop its thermodynamic database. Phase
equilibria studies were performed using XRD, SEM/EDX, DTA.

Motivation

The binary TiO2–SiO2 system

Calculated phase diagram of the TiO2-SiO2 system [3].
Black is for p(O2)=0.21 bar, red marks are for He
Microstructures after DTA in air and after heat treatment at 2273 K in He
10TiO2-90SiO2




The ternary MgO–TiO2–SiO2 system
F. Masssazza and E. Sirchia, Chim. Ind. 40 (1958) 460-467

M. Kirschen and C. DeCapitani, J. Phase Equilib. 20 (1999) 593-611

Isothermal section at 1673 K and tentative partial liquidus
projection and microstructure images after DTA melting
(marked in red and labeled with (1)-(10) in the section.
MTS-1 was also heat-treated at 1869 K to confirm
transitional-type reaction U1.
Two immiscible liquids for MTS-10 at 1869 K.
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Eutectic L↔TiO2+SiO2 verified exp. (x(TiO2)=0.087, T=1818 K)
Monotectic reaction L1↔L2+TiO2 detected at 1962 K
in He (ca. p(O2)=10-2.5 bar )

Calculated isothermal sections at 1573 K and 1673 K and liquidus projection of the MgO-TiO2-SiO2
system. The Gibbs energy of the MgTi2O5 phase was deliberately adjusted to be more stable than
MgSiO3 to keep the solid-state reaction.
It is assumed that U2 and U3 are transitional-type reactions, further exp. study is necessary.

 No quaternary phases within the system
 No extension (or insignificant) of intermediate
compounds into the ternary system
 Solid-state reaction
MgSiO3+TiO2↔SiO2+MgTi2O5 at 1625 K by
stepwise heat treatment followed by XRD
 Eutectic maxima in the Mg2SiO4–MgTi2O5
(e2max) and MgSiO3–MgTi2O5 (e1max) sections
 E1 (L↔MgSiO3+SiO2+MgTi2O5) at 1690 K
 E2 (L↔MgSiO3+Mg2SiO4+MgTi2O5) at 1694 K
 E3 (L↔Mg2SiO4+MgTiO3+MgTi2O5) at 1818 K
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