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ABSTRACT: Binary alumina-rare-earth oxide glasses with high alumina content have been reported
recently to have excellent mechanical properties, especially hardness, which is comparable to that of
single crystal sapphire. The use of such glasses can be envisaged in transparent ballistic protection, or
other applications, which at the same time require good transparency, outstanding mechanical
properties, and high chemical durability. However, preparation of such glasses in bulk is difficult due
to hlgh crystalllsatlon rates characteristic for the system, which require high cooling rates at the level

- of 10 °C.s in order to preserve the matter in glassy state. To by-pass this obstacle, bulk glasses were
prepared by hot pressing of quenched glass microspheres at temperatures, which are sufficiently high
to facilitate densification by plastic flow, but still low enough to prevent crystallisation of glass. The
: equipment for flame synthesis of glass microspheres from oxide precursors has been built in-house.
Glass microspheres with dimensions < 10 um and with various compositions from the systems CaO-
Al203, pure silica, and Y203-Al1203 have been prepared and characterized. Hot pressing of the
microspheres yielded bulk non-transparent glasses of respective compositions.
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1. INTRODUCTION

Rare-earth and calcium-aluminate oxide glasses are of potential technological importance due to
their exceptional mechanical and optical properties, including high hardness and elastic modulus, as
well as transparency for radiation in mid infrared range. For many optical applications, it is therefore
desirable to obtain single-phase glasses with uniform optical properties. Preparation of these glasses in
bulk is difficult, because Al,O; is a reluctant glass former which necessitates the use of high
quenching rates, in some instances as high as 10" K.s™ . Special ways of preparation are therefore

. required.
Weber et al. used containerless melting techniques to prepare Y;Als0'? and Er;AlSO,, glasses.
Containerless melting techniques with the use of an aero-acoustic levitator (AAL) or a conical nozzle
levitator (CNL) were used to eliminate heterogeneous nucleation on melting container surfaces and
thus to suppress crystallisation on cooling [1]. McMillan et al. prepared CaO-AlL,O3 glasses,
containing 50 mol % Al,O; via splat quenching technique [2].
The recent work of Rosenflanz (3] et al. describes a novel process for preparing of high alumina
glasses and glass ceramics with aluminate glass matrix and dispersed nanosized crystals of rare earth
aluminates, with hardness between 14.4 and 18,3 GPa and the fracture toughness between 2,1 and 4,2
MPa.m'?. Fully dense bulk glasses were obtained by pressure-assisted sintering of glass microbeads.
Glass microspheres in the system Re,03A1,0; (Re = Y, La, Gd) composition were prepared by flame-
spraying technique in a hydrogen-oxygen burner.
Although a score of works describe preparation of alumina-rare-earth and calcium-aluminate oxide
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