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Abstract

In this study the properties of metaluminous aluminosilicate glasses have been investi-
gated as well as changes upon the addition of phosphate. Glasses in the system SiO2-Al2O3-
Na2O-P2O5 were prepared with a variation of the P2O5 content (up to 7.5 mol%) and of
the SiO2 content (between 50 and 70 mol%). MAS NMR experiments confirmed that alu-
minium is present in four-fold coordination mostly as shown in Figure 1. Aluminium is thus
charge-balanced by sodium ions and incorporated into the silicate network. Glass density
was found to decrease with phosphate addition, possibly owing to reduced cross-linking of the
glass network upon phosphate incorporation. Another possibility is an interaction between
phosphate groups and [AlO4]- tetrahedra, which may lead to formation of non-bridging oxy-
gens by sodium ions, which are no longer needed for charge-compensation. Glass transition
temperature showed a trend similar to that of the density for phosphate addition; however,
it decreased in glasses with fixed 7.5 mol% phosphate when the silica content was increased.
This unexpected trend points towards a complex interplay between the three network form-
ers (Si, Al and P). The two different roles of sodium (network modifying or charge-balancing)
may also affect the glass properties. Raman spectra showed changes in band intensities which
are in agreement with an observed decrease in hardness with phosphate addition. For some
features of the Raman spectra, interestingly, the increase of phosphate content had a similar
effect as an increase in silica content. Thus the underlying changes in the glass network may
also be similar. In summary, the incorporation of phosphate as a third network former affects
the thermal and mechanical properties of aluminosilicate glasses in a way which points at
complex, non-linear structural changes.
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