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Effect of aluminum on Ti-coordination in silicate glasses: A XANES study
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INTRODUCTION

The behavior of Ti in silicate melts is of considerable im-
portance both in the glass industry and igneous petrology. Very
low amounts of titanium significantly affect physical and chemi-
cal properties of glasses and melt including thermal expansion,
tensile strength, chemical durability, softening temperature,
color, compressibility, elastic constants, sound velocity, vis-
cosity, nucleation rate, density, partial molar volume, glass tran-
sition temperature, liquidus phase relations, and liquid
immiscibility (Higazy et al. 1987; Lange and Carmichael 1987;
Dingwell 1991; Dingwell 1992a, 1992b; Webb and Dingwell
1995; Bouhifd 1995; Gan et al. 1996; Lisˇka et al. 1996). The
strong effect of Ti on the physical and chemical properties of
silicate melts derives mainly from its ability to occupy differ-
ent coordination environments ([IV] Ti, [V]Ti, and [VI] Ti) in the
structure. In glass and liquid phases, therefore, Ti may act as
either network modifier, network former, or both depending
on composition, pressure and temperature, so explaining the
multiplicity and complexity of its interaction with the struc-
ture and properties of silicates.

Over the past several decades, intensive efforts have been
made to understand the structural role of Ti in glasses and melts,

ABSTRACT

The structure of glasses in the K2O-Al2O3-TiO2-SiO2 system was investigated using XANES
spectroscopy. Glass samples, synthesized by quenching in air from high temperature fusions, repre-
sent the addition of Al2O3 to a base of composition K2TiSi4O11 in amounts corresponding to 0.25,
0.50, 0.75, 1.00, 1.25, and 1.50 mol p.f.u. In the Ti-free system, this range of alkali/aluminum ratios
crosses the leucite stoichiometry at 1.0. Si K-edge and Al K-edge spectra indicate tetrahedral envi-
ronments for these elements, and show no variations related to coordination change as a function of
Al content. Changes in the relative intensities of peaks in the Al K-edge, however, suggest variation
in the intertetrahedral (T-O-T) angle. We associate the decrease of this angle for the glasses of
peraluminous composition with the presence of triclusters of tetrahedra. The pre-edge peak absorp-
tion features in the Ti K-edge XANES spectra indicate that the average Ti coordination decreases
with the addition of Al2O3. We infer depletion of fivefold-coordinated titanium (possibly as alkali
titanyl complexes), which are dominant in the Al-free glass, by the formation of fourfold coordi-
nated Ti and alkali aluminate complexes (up to a concentration of 40% in the most peraluminous
glass). Significant amounts of [V]Ti remain present, even at peraluminous compositions, in further
support of tricluster formation as a mechanism for Al incorporation.

and to correlate it to the complex variations observed on physi-
cal and chemical properties in both natural and synthetic sys-
tems. The local structural environment of Ti4+ in oxide glasses
at ambient conditions has been investigated by Raman spec-
troscopy (Ning et al. 1990; Huebert et al. 1991; Farrow and
Vogel 1992; Markgraf et al. 1992, 1993; Alberto et al. 1995;
Henderson and Fleet 1995; Mysen and Neuville 1995) neutron
scattering (Hidaka et al. 1985; Yarker et al. 1986; Cormier et
al. 1995, 1997), X-ray photoelectron spectroscopy (Hanada and
Soga 1980; Yamanaka et al. 1987) X-ray scattering (Marumo
et al. 1990), and X-ray absorption fine structure (XAFS) spec-
troscopy (Henderson et al. 1991; Zaldo et al. 1991; Dingwell
et al. 1994; Fargin et al. 1994; Paris et al. 1994; 1995; Cardinal
et al. 1995; Farges et al. 1996b, 1996c; Farges and Brown 1997;
Farges 1997a).

For the binary system TiO2-SiO2, most studies reported that
the principal coordination state for Ti4+ is fourfold. Sixfold-
coordinated Ti was observed only at very high (more than 7
wt%) Ti contents (Greegor et al. 1983). In ternary systems
MO(M2O)-TiO2-SiO2 the role of Ti is more complex. Several
factors, including Ti concentration, the overall composition of
the glass, particularly the nature and concentration of the al-
kali or alkaline earth cations, the degree of polymerization and
temperature may influence the coordination chemistry of Ti
(Dingwell 1992a; Mysen and Neuville 1995). Many studies
reported Ti in fourfold coordination, with varying degree of
distortion from tetrahedral symmetry (Furukawa and White
1979; Mysen et al. 1980; Mysen 1988; Sakka et al. 1989). A
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