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ABSTRACT

The effect of compositiondl variation,  thermal treatment
and nucleation catalysts T?.'OZ and Zr02 on the nature, type and
stability of the crystallizing phases as well as the resulting
mrerostructures 18 described for some stoichiometric glass com-
poaitions within the systems Ligan'ziO4-LiA 2.5‘112,0 g and
LiZMgSw4-L1:AZS£206 to obiain glass—veranio materials. Differen—
tial thermal analysis, X-ray diffraction, dilatometry, polariz-
ing and electron-mioroscopy were used for estudying the orystal-

lization process and chavacterization of the resulting materials.

Fine—grained g lass~ceramic materials with favowrable them al
properties were resulted from glasses rich in ,.Z}‘L‘zZnSLOA or Lz'EMgS'LO4
componente, Irangsparent glass ceramics with ultrafine microstruc—
tures could also be obtained from glasses within the Lizan1'04-

Lz’AZSiZOB syasten .

The crystallization of én-containing glasses begins with
the formation of proto P-and/or ,BI'I—L'.-J'ZZnS'rJO g followed by, or
concomitant with, B-eucryptite ss, The proto B-phase was formed
over a narrow temperatwre rage (600-700°C) and rapidly transfor-
med into its Brymodification which shoved a wider stability
range upto 1040°C and then transformed into the stable g~

Ei22n3w4 mod< fication. The metastable B-eucryptite ss was
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first forned instead of P-spodumene and starts tte transforma-

tion into B-spodumene arowntd 8oo°c,

Xo—lithium magnesiun orthosilicate, P-eucryptite ss ,
B-spodumene, . Lithiun metasilicate and forsterite were encoutered
during ecrystallization of‘LizMyS£04-LiAZSi206 Qlasses.. The Uo-
L'zlegSiO4 phase showed a limited and narrow stability range and
dissociated rapidly around 800°C. The P-eucryptite 8g ———> B-
spodumene traneformation was delayed with tnereasing the lithiunm

magnesiun component in the glass,

Tioz exhibita a catalytic effect on t he formation of tha
proto p-Lizan£O4 phase, the transformation of B—eucryptite as
to B-spodumene and the decomposition of the Uo—LigMgSi04. zr0,

showed a retarding effect on the fomation of these phases.

The type, stability and compatibility relations of the
erystallized phases are discussed in relation to glass composition
and thermal treatnent applied. Glass-ceramic with favowrable pro-
perties could be obtained by controlled crystallization of glasses
in these investigated LiZZnS£O4-L£AlSi206 and LigMbSiO4~E£AIS£206

systems.

~o000000000-
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PART ONE

INTRODUCTION AND EXPERIMENTAL
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CHAPTER 1

SCIENTIFIC BACKGROUND AND LITERATURE REVIEW

1.17. INTRODUCTION :

When glasses are cooled from the liquid state, they
pass through a temperature range wherein devitrification
may coccur. This uncontrolled crystallization (devitrifi-
cation), which arises at interfacial glass boundaries or
from a small number of nucleation sites in the interior,
may result in coarse-grained microstructures that may be
accompanied by planes of wheakness and gross distortion
leading to low strength resultant materials. Glass for-
mation implies the avoidance of such uncontrolled crysta-

llization during cooling of the melt.

On the other hand, if the crystallization process could
be controlled by adopting special glass formulations, sui-
table nucleation catalysts and proper heat treatment schedu-
les, a new class of engineering materials ( glass-ceramics)
with desirable chemical, physical and mechanical properties
could be obtained. Glass-ceramics are characterized by
uniform fine-grained microstructures with randomly oriented

crystals and some residual interstitial glassy matrix with
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no veoids or microcracks. such structural characteristics
provide improved performance and reliability of the glass-

(1'5). As a result of

ceramics over traditional ceramics
this unique microstructure, glass—ceramics with properties
guch as translucency. high strength and very low and uni-

form thermal expansion can be routinely produced. Thus

controlled crystallization has a number of key advantages.

Glass-ceramics, therefore, are primarily silicate-based
materials formed by the usual glass—forming processes and
converted through controlled crystallization into polycrys-
talline ceramic—like products by the proper heat-treatment.
These glass-ceramics, which are also referred to in the tech-
nical literature as pyroceram, vitroceram, devitroceram,
sitall, and melt-cast ceramics, generally have 2 crystal con-

tent greater than 40-50%.

The choice of glass composition, raw materials, and
processing methods of glass manufacture ard the final properties
are to some degree variable so as to suit particular appli-
cations. The choice of composition for a glass—ceramic must
depend not only on the easé with which the glass can be

prepared and nucleated, put also on the properties expected
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for the subsequent crystalline phases developed{3). A type
of these phases, with a very low thermal expansion, is that
based on the B-guartz structure. A variety of names has

been proposed to identify the family of phases based on the
P - quartz structure. The name " p-eucryptite ss"* is one

of them used to indicate that Li' ions are the main stuff-
ing ions present. Another type of the crystallization pro-
ducts which may yield useful glass-ceramics are the ortho-
silicate Li

0. (ZnO,Mgo0). Sio2 phases. These orthosilicate

2
phases are sensitive to the phase composition and can cry-
stallize readily from a wide range of compositions. Comple-
Xities usually arise from their extensive polymocrphism and

wide ranges of solid solutions. For instance, Li2ZnSi04

hibits ten polymorphs. Phase transformations could be aff-

ex-

ected in reasonable times at low temperatures, although the

transformations were often metastable.

Moreover, different varieties of metastable and stable
polymorphs such as B-eucryptite ss, 8-spodumene could alsc
be eounctered in the complex LiZO.A1203.(ZnO, MgO).SiO2 sys-

tem.

* ss = Solid solution(s).
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On the other hand, as the number of possible phases in
a system increases, the probability of production of fine-
grained textures increases as well, because the complex na-
ture of the chemical composition hinders the diffusion of
lons over large distances. Therefore, the formation of many
fine crystals is more favourable than the formation of few
coarse crystals of the same phase. 1In addition, composi-
tions crystallizing to give solid solutions are of import-
ance with regard to the physical properties of the resultant
materials. Crystallization of a glass to yield one or more
solid solution series leads to a reduction in the grain-
boundary energies and elimination of the stresses found at
these boundaries consequently .an iincrease in the strength of
the material would result(S). However, the more complex
the composition of the glass is, the greater will be the
diversity of the expected stable and metastable phases and
the higher is the probability of a successful combination of

(6)

properties in the resultant glass~ceramic

In order to increase the relevance of our studies to
the chemically more complex commercial glass ceramice, a

number of compositions within the systems spodumene (LiAlSizos)—

lithium zinc orthosilicate (LiZZnSiO4) and spodumene- lithium

magnesium orthosilicate (LizMgSiO4), were selected for study.
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Crystallization is the process by which the regular
lattice of the crystal is generated from the less ordered
liquid or glassy states(3d. It is generally considered as

consisting of more or less two independent processes:

i) Nucleation, or formation of crystal centres, and ii)

(7)

crystal growth on the formed centres .

i) Nucleation

For crystallization to begin, crystal nuclei must
be present. Nucleation involves the intiation of regions of
longer range atomic order, known as embroys, than are norma-
lly present in the molten state or in the supercooled 1iquids(81.
When these embroys attain a critical minimum size capable of
developing spontaneously into gross particles of the stable

phase they are known as nuclei.

Nucleation may take place either homogeneously,
i.e. freely in the volume of the original phase, or hetero-

geneously on the surfaces of the container, surfaces of
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foreign particles or on structural imperfecticns(g). In
homogeneous nucleatjon, the composition of the primary

nuclei does not differ from that of the main crystalline
phase, whereas in heterogeneous nucleation the crystall-
ization of the glass is induced by introducing foreign

nuclei. The nucleant, which is generally a metal, oxide
or fluoride, is incorporated in the batch and becomes an

integral part of the glass during melting.

However, despite considerable research, the
mechanisms by which nucleating agents induce crystalliza-
tien are not yet completely clear. A generalized picture
of the nucleating mechanism cannot be developed, since the
role of nucleating agents in catalyzing the formation of
nuclei and the major crystalline phases undoubtedly differs
from one nucleant to another. However, it is more safe to
say that, by a mean or another, the nucleant causes a dis-
proportionation of the binding forces(lo) which, in turn,
introduce sites of lower thermodynamic stability.

Stookey(l) listed some of the requirements of an

effective nucleating agent, viz. a) it should be readily
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