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Introduction. Glasses are models of deep-seated melts. Of special interest are glasses that along
with other oxides contain Al,O;. It is generally accepted that AI’" ions, like Si*" ions, are network
formers. In glasses containing sufficiently large amount of alkali (M") and alkaline-earth (M*")
cations, A’ have a tetrahedral coordination. Within this approach, aluminosilicate glasses containing
identical mole fractions of Al,O; and M(M,)O should have a totally polymerized structure, that is
maximal degree of polymerization.

The degree of polymerization is among the most critical variables that control the properties of sili-
cate glasses and melts, such as a viscosity and compressibility. In several works [1, 2] it was shown
that the viscosity of the M(M,)O Al,O; xSiO, melts decreases considerably with a decrease in the con-
tent of SiO,, suggesting different degrees of polymerization of this system melts [3]. The compressi-
bility of M(M,)O Al,O3 xSiO, glasses should be changeable with a decrease in x. The goal of this
work is to study the effect of silica content on the compressibility glasses with ratio CaO/Al,O5=1. In
this work a comparison between the data concerning to the pressure-dependent behavior of relative
densities for (a)CaO Al,O; 2Si0, [4], (b)CaO Al,O; 4Si0; [5] and (c)CaO Al,05-6S10, [6] glasses are
reported.

Experimental technique and results. The glasses of (a), (b) and (¢) compositions (d=2.69+0.02
g/em’, d=2.60+0.02 g/cm’ and d=2.45+0.02 g/cm’, correspondingly) have been obtained by melting of
high pure oxides in a platinum crucible during 1 hour at 1550 °C. Then the glass was rubbed in a har-
dalloy mortar and remelted with further quench in water. No annealing of the glass was performed.

The refractive index was measured at atmospheric and high hydrostatic pressures by the procedure
described in detail in [7, 8] with the use of polarization — interference microscope and apparatus with
diamond anvils (n,(a)=1.57520.003, n,(b)=1.529+£0.003 and ny(c)=1,504). Thin (15-30 mkm) flat-
parallel plates were used for measurements. Optical path difference @ and the refractive indices of the
object n, and the surrounding medium (methanol-ethanol mixture 4:1, in our case) are related by the
expression @=(n,-n)t. The method is based on the change of optical path difference @ under pressure,
caused by the sample. It can be seen from the expression that a decrease in the @ results from the
change in the ratio between s, and n (the refractive index of the liquid increases significantly faster
under pressure than the glass refractive index). Determinations of pressure and refractive index are in
error by oP=%0.05 GPa and on,=+0.003, correspondingly. Relative densities of glasses have been cal-
culated from the experimental values of the refractive indices with the use of Mueller photoelasticity
theory [9] according to the following equation: Ad/d = 6nAn/(n’-1)(n’+2)(1-A), where A = -
(AR/Ry)/(Ad/d) is Mueller strain —polarizability constant. The value of the strain—polarizability con-
stant for aluminosilicate glasses is obtained to be A=0.24 [10]. The Fig.1 demonstrates the values of
relative density of the studied glasses within the pressure range up to 6.0 GPa.

Discussion. Fig.1 shows the pressure-induced change in the relative density of (a)CaAl,Si,Og [4],
(b)CaAl,Si;,0; [5] and (c)CaAl,SisO46 [6] glasses. The pressure - induced behavior of the properties of
the (b) and (c) glasses somewhat differs from the behavior of the glass (a). Unlike (b) and (¢) glasses,
(a)CaAl,Si,04 glass has a crystal analog - anorthite. Experiment shows that the refractive index of
glass (@) at initial increase in pressure to 0.1 GPa drastically increases to n=1.596, which is close to
crystal anorthite. The value of relative change density increases dramatically to (d-dy)/d=0.0376 (fig.
1). This phenomenon was not observed for other glasses.

The structure of the CaAl,Si,Og glass was studied by various methods. The experimental RDF's
(radial distribution functions) [11] showed that the structure of the CaAl,Si,Og glass is similar to that
of the crystalline analog and is built up of four-member rings of SiO, and AlO, tetrahedra that are
joined together in a more or less ordered manner. The similarity of the glass and crystal structures and
the tendency toward the attainment of an equilibrium state by the system, most likely, explain the ini-
tial increase in the refractive index to the value close to the refractive index of the crystalline anorthite.
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Fig.1 shows that ruling out the initial abrupt jump of relative density for anorthite glass, pressure
has a greater influence on the density of the CaAl,SisO14 glass. In other words, in the pressure range
2.0-6.0 GPa the compressibility of the CaO Al,O; 6SiO, glass is higher than that of CaO Al,Os 4SiO,
and CaO AlL,O5 2Si0, glasses. Webb S. and Courtiel P. [12] used ultrasonic interferometric method to
study the influence of composition on the compressibility of melts in the system CaO-Al,05-SiO, with
varying contents of SiO, and varying Al,O3/CaO ratios at normal pressure. It was shown that com-
pressibility of melts decreases on addition of modifier ions and increases on addition of net-forming
ions. These data suggest that in our case higher compressibility is evidence of a lesser number of non-
bridging oxygen atoms, hence, of a greater degree of polymerization of CaO Al,O; 6SiO, glass.

The degree of polymerization can be calculated from a formula (1) with regard to the formation of

triclasters [ 13] and highly coordinated aluminum [14]. The formula (1) was proposed in [15, 16].
NBO/T = [2(0 + 0.833-0) + 3(0.167-Op3) - 4(T - 0.1-T2) JAT - 0.1-T>) (1),

where O is the total number of gram-ions of oxygen in the composition of modifier oxides and net-
work forming oxides that do not form triclusters (all oxides except for Al,O3); O, is the number of
gram-ions of oxygen in the composition of oxides that form triclusters in whose oxygen tetrahedra the
charge is compensated by doubly charged cations, T is the total number of gram-ions of all network
formers in the oxides that form or do not form triclusters, 7> is the number of gram-ions of network
formers in the composition of oxides forming triclusters.

Results of calculations NBO/T are given in tab. 1 together with the values (d-dy)/d, which charac-
terize compressibility of glasses at pressures P=4.0, 5.0 and 6.0 GPa. Tab.1 shows that compressibility
of glasses under pressure is consistent with the degree of polymerization calculated at normal pressure.
With increasing relative number of nonbridging oxygen atoms, the rigidity of framework decreases.
Distortion of the framework, in turn, results in a more compact packing and, hence, in a lower com-
pressibility of glass under pressure.

Table 1
Relative changes in the density (d-dy)/d and degrees of polymerization NBO/T for CaAl,SisOy6 [6],
CaAl,Si;04, [5] and CaAl,Si,0g[4] glasses at pressures P=4.0, 5.0, 6.0 GPa

Glass NBO/T (d-dy)/d (d-dy)/d (d-dy)/d
composition

P=4.0 GPa P=5.0 GPa P=6.0 GPa
CaALSicOq6 0.167 0.118 0.140 0.156
CaAl,Si404;, 0.222 0.103 0.124 0.142

CaAl,Si,0s 0.342 0.084 0.094 0.112
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Most likely, the degree of polymerization of glasses under pressure will differ from the values re-
ported in Table. as the structure of glasses can change under pressure to form a more compact state, up
to a change in the coordination number of ions. Considerable pressure-induced changes in the coordi-
nation number of AI*" are related, mainly, to the compositions with a great excess of alkaline or alka-
line-earth elements with respect to Al,0;. S.K.Lee et al. [17] report that the greater degree of polym-
erization of structural network, the lesser the amount of pressure-induced highly coordinated alumi-
num. Since all studied glasses have a rather high degree of polymerization, it is unlikely to expect
sharp anomalies on the curves of pressure dependencies of refractive index and change in the relative
density of aluminosilicate glasses suggesting overall structural changes.The sharp anomalies on the
curves were not observed really. Unfortunately, our experimental data obtained for glasses of investi-
gated compositions do not give us a clear answer about the changes taking place in a structure and,
hence, about the change in the degree of polymerization of structural net in the studied range of pres-
sures. We can only say that, for glasses with a high degree of polymerization of structural net, the
NBOV/T values calculated for normal conditions reflect the ability of glasses to compress under pres-
sure.
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