Structural role of aluminum cation in alkaline-earth
aluminosilicate glasses
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Abstract

One of the most important goal of physical chemistry for molten materials (and their
glasses) are to deeply understand how each components are mixed together in their non-
crystalline structure, impacting on physical and chemical properties of the disordered ma-
terials. Alumina is a common component of silicate melts and glasses, which are important
system for earth-science and high-temperature-industries (e.g. metallurgy, glass making).
Therefore, the detailed chemical state, i.e. short-range structure, in the neighborhood of
aluminum cations in silicate glasses has been studied for a long time. It is well known that
the coordination number of aluminum cations varies from 4 to 6 in the melts and glasses
where the structural role of 5- and 6-coordinated aluminum cations are still not sufficiently
understood while the 4-coordinated aluminum cations acts as a network former. In the
present study, the kinds of non-framework cations in aluminosilicate glasses are changed from
calcium (Ca) to magnesium (Mg), giving a variation in coordination number of aluminum
cations; aluminum-27 magic angle spinning nuclear magnetic resonance (MAS NMR) spectra
shows that 5-coordinated aluminum cations ([5]Al) increase with replacing Ca by Mg cations
in (30-x)Ca0O-xMgO-15A1203-55S102 glasses (x = 0, 7.5, 15, 22.5 or 30 mol%). Silicon-29
MAS NMR spectra of these glasses shows that the amount of non-bridging oxygens decreased
with increasing the Mg/Ca ratio, indicating non-framework cations are consumed in-part to
compensate the negative charge of oxygen between 4-coordinated silicon ([4]Si) and [5]Al
cations ([4]Si-O-[5]Al), which has a larger negative charge than that of [4]Si-O-[4]Al. These
phenomena indicated that [5]Al cations should behave as a network former. It is also found
that the atomic packing density, which is derived from the density of the glasses, increases
with increasing the amount of [5]Al cations. These structural change by increasing [5]Al will
impact the thermal conductivity of these glasses.
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