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Abstract

The phase separation and crystallization behavior in the system (80 � X)SiO2 Æ X(Al2O3 + P2O5) Æ 5B2O3 Æ 15Na2O (mol%) glasses
was investigated. Glasses with X = 20 and 30 phase separated into two phases, one of which is rich in Al2O3–P2O5–SiO2 and forms a
continuous phase. Glasses containing a larger amount of Al2O3–P2O5 (X = 40 and 50) readily crystallize and precipitates tridymite type
AlPO4 crystals. It is estimated that the phase separation occurs forming continuous Al2O3–P2O5–SiO2 phase at first, and then tridymite
type AlPO4 crystals precipitate and grow in this phase. Highly transparent glass–ceramics comparable to glass can be successfully
obtained by controlling heat treatment precisely. The crystal size and percent crystallinity of these transparent glass–ceramics are 20–
30 nm and about 50%, respectively.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Glass–ceramics can be defined as a two-phase system
comprising crystals that have been controllably grown
from a parent glass by precise heat treatment. Optical
properties of glass–ceramics have been impaired by the
scattering losses. However, the ability of some crystalline
phases to partition rare-earth or transition metal ions into
the crystal phase during crystallization has suggested that
these materials could provide efficient lasing hosts [1–5].
Such systems would be capable of properties that are
glass-like in most respects, except for the spectroscopy,
which can be crystal-like.

In early 1960s, transparency which was sufficiently
good, so that imaging through short pass length was possi-
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ble, was observed in certain glass–ceramics materials [6]
and this eventually led to a commercial cookware applica-
tion. This work was instrumental in the subsequent discov-
ery of many new transparent glass–ceramic systems [7–10].

From the structure of glass point of view, network
mixed glasses in the system SiO2–Al2O3–P2O5–B2O3

(–Na2O) are also of special interest because all these may
act as glass formers [11]. It is well known that AlPO4 crys-
tal readily precipitates from glasses containing relatively
large amount of Al2O3 and P2O5 [12,13]. AlPO4 crystal
has all the three normal silica structures and has a bulk
and surface acoustic wave function similar to a-quartz
[14–17].

In order to obtain transparent glass–ceramics based on
AlPO4 crystal, the phase separation and crystallization
behavior of glasses in the system SiO2–Al2O3–P2O5–B2O3–
Na2O was investigated, and highly transparent glass–
ceramics could be successfully obtained. These results are
reported.
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