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SYNOPSIS

This trealise consists of two volumes. In the first volume, main
attention is paid to the structure and properties of glass. The second
volume is devoted to review new systems, new sorls and innovatory
technological processes of glass. The materials quoted in this book
mainly come from the results obtaincd by the glass researchers in this
country. More than twenty glass scientists have contributed to each
special subject. Additionally, in order to follow the developing trend
of glass science and technclogy in the world, the papers and data
published in other countries are also referred to.

This book can be consulted by those who have a desire to know
the progress and frend in our country, as well as in the world, of
glass science and technology. It can also be used as the subsidiary
materials for the teaching of glass science in colleges and universities.
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PREFACE

For nearly half a century, great progress has been made for glass science
and technology in the world. Thanks fo the involvement of many physists and
chemists, and the introduction of various new methods of structure analysis,
the understanding to microstructure and even submicrostructure of vitreous
substances has gradually been deepened. The glass forming systems have become
wider and wider, and novel physical and chemical properties have been found
for these new glass systems. Hence, the application of glassy materials has been
expanded. New glass sorts and glass indusiries came into being because of the
adoption of innovatory technology and processes. Glassy substances are believed
to be the important materials of high-technology. In every sense, it can be said
that glass science is the front of the modern solid state physics and chemistry.
Every year, a good number of proceedings of international conferences on glass
come into public, d other books or series concerning glass subject are also
published.

Since the foundation of People’s Rcpublic of China in 1949, glass manufac-
turing industry in this country has been recovered and developed quickly. Glass
enterprises have been exftended or rebuilt all across China, and the sorts of glass
have been increased greatly. In the meantime, a lot of glass research Iinstitutes
were set up in Chinese Academy of Sciences, colleges and universities, industrial
departments, as well as at localities. A wealth of results are obtained. All of that
have stimulated the glass industry in 1his country. The glass cmmissions attached
to the Chinese Silicate Society have sponsored many academic conferences and
symposiums on glass science and technology. A plenty of papers appeared in Chinese
academic journals and magazines. Bul few have widely summarized these research
achievements, even the influencent treatises such as “Optical Glasses” (edited by
Gan Fuxi, the first edition in 1964, second edition, consisting of three voluines,
in 1982—1985, Science Press) was also limited to some special subjects The
proceedings of International Conferences on Glass held in Beiling respectively in
1981 and 1984 (J. Noncryst. Solids., Vol. 52, No. 1—3(1982), Vol. 80, No. 1—3
(1986)) are not the systemmatic reviews either.

In order 1o systemmatically summarize the research achievements on glass
in this country and to follow the modern developing trends of glass science and
technology in the world, inviting more than twenty glass scientists to contribute
0 each special subject, we edited this treatise which consists of two volumes. In
:the first volume, we focus our attenftion mainly on the structure and propertics
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of glass, while the second one is devoted to review new glass systems and sorts,
as well as innovatory technological processes of glass. It is not quite enough to
select those chapters in the book for discussing the two special subjects mentioned
above, this is due to the imbalance of development and research of glass science
and technology in this country. We lried our best to choose those subjects that
contain authors” own research achievements (ideas, data and results). It might
be possible to omit Some important subjects or contents due to the limit of
edilors” knowledge and incomplete access to foreign materials. In the meantime,
there might be some errors of data and ideas. We hope that readers, especially
glass experts, will give their valuable suggestions in order to be able to make
corrections and complements in the next edition.

In addition this treatise is mainly concerned with vitreous materials of
compounds (oxides and nonoxides). Little altention is paid to glassy metals and
semiconductor or alloy films. We are to discuss these to pics in the following
works.

This book is collectively written. The contributors of the chapter concerned
are listed in Contents. we wish to thank Miss Qian Zengyin (Shanghai Publi-
shing House of Science and Technology) and my colleague Mr. Gu Donghong
(Shanghai Institute of Optice and Fine Mechanics) for their cooperation during

edition and publishing. Without their help, this treatise would not come into
public,

Gan Fuzxi

Academic Member of Academia Sinica
Shanghai, June 1987 )
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Introduction

There exist glassy substances, which used to be called “amorphous substances”,
In nature, e.g. in voleanic rocks and minerals.!! Artificial glasses have been
produced for a long time. As far as thousands of years ago people mastered the
tectinique of melting glass. In the fombs of late western Zhou Dynasty (about
1030 B. C. ) glasses were found 10 have been used as ornaments.?! Later glasses
go: use in house utensils. Up to now, bottle and utensil manufacturing has
been developed to be a glass industry with the widest application, the most
sorts and the largest output. Since the begining of this century, plate glasses
represented by window glasses, and electric vacuum tube glasses developed from
electric lamp glasses have come into wide use, and the glass industry was
established. All the three kinds of glass, plus the glasses used in chemistry,
medicine and metrology, as well as primitive optical glasses are silicate glasses
made mainly from quartz sand. They contain in general 55—85% silicon dioxido
and are obtained principally by cooling from melts. They are often referred as
“common-used” or “common” glasses. For mncarly half a century, new sorts of
optical or technical glasses have been developed which contain more than 85% or
less than B5% silicon dioxide, meanwhile other oxide (such as borate, phosphate.
germanate, tellurite, aluminate, et al.) glasses have been widely used. Recently,
special glasses are extended to nonoxides (e, g. halides, chalcogenides, oxynitrides,
oxvhalides, et al. ) By the method of cpalt cooling, it is now able to produce
meral -alloy glasses which also come into use. It could be said that all elements
in the periodic table except inert gases, and radiative elements are able +o take
part in the composition of viireous substances. Thanks to their mnovel physical
properties, new glass systems have got some new application areas and are believed
to be the necessary materials for high technology.

In this two-volume treatise, we are to systematically summarize the research
achievements of glass science and technology during the past decade in this
couniry, ab ihe same time, tho papers and data published in other counlrics are
alse consulted in order to follow the modern trends of glass science and technology.
Glass structure, properties, systems, sorts. as well as technological processes are
revicwed here in dotail.

1. Structure of Glass
Up t> dato, we can obtain noncrystalline, i. e. long-range disorder, substances
not only by cooling from melts, but also by other methods such as chemical or
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electrical vapor deposition, liquid decomposition and deposition, vacuum evaporation
and sputtering, ion implaniation as well as laser radiaiion et al. The composition,
properties and application of the non-crystalline substances obtained by the later
methods are a little different from those of iraditional glassy substances, therefore,
in academic circle, they are somelimes distinguished to be two research areas.
We will try to generally discuss the structure of two kinds (glassy and noncry-
stalline) substances in view of characteristics, forming laws and classification of
vitreous subslances. We introduce the new results of short and middle 1ange
structure analysis for viireous (noncrystalline) by different modern spectroscopic
and diffraction methods. We also discuss the structural order and disorder of
glass in detail, and put forward the structural modecls for various glass Sysicms
(chapter 1). Homogenous or inhomogenous of glass structure iz another important
aspoct of glass science. Specially, nano-structure (also known as sub-microstruc-
ture) has much to do with the primary steps of crystallization and phase
eparalion. KElectron microscepy has been successfully applied to study the sub-
microstructure of glass. We have obtained clear images of nano-structure using
high resolution eleciron microscope and micro-probe analysis. In chapter 2 we
pay more atlention to the achjevements in this field, and the effects of glass nano-
structure on their macro-properiies are also discussed.

Thermodynamic instability of glass intends to result in crystallization and
phase separation in it. In chapter 8 and 4, We systemmatically discuss the
dynamic processes of crystallization in glass. And the quantitative calculation of
composition and range of phase separation by thermodynamics which have suc-
cessfully been applied to various inorganic glass systems.

Thermodynamically, glass is in metastable siate. Therefore, there are relaxa—
tions for glass structure, namely, there are structural changes according to time,
temperature and other evironmental conditions. 'The structural relaxation of glass
is able to be reflected by the relaxation of macro-properties, especially electric or
mechanical properties. These are discussed in chapter 5. It is also reviewed to
study relaxation processes In glass or glass ceramics by the method of measuring
interfriction.

In recent years, we paid much attention to examining short-range coordination
of the atom or ion and the chemical bonding in glass by optical scatlering, ESR,
NMR and EXAFS et al . The physical fundamenials and measuring apparatuses
of these methods are introduced from chapter 6 through chapter 9. With discussing
the light scattering, we are more concerned with latest research achiovements of
Raman specirum for containing several glass-forming oxides glasses, halide and
chalcogenide glasses. The stimulated Raman scattering and stimulated Brillouin
scattering in glass are also touched upon. NMR is an effective tool for deter-
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mining the coordinations of nuclear magnetic ions. In this book we systematically
discuss the Jeoordinations of boron and the structure of boron-oxy groups in
borate, borosilicate, borophosphate glasses. The structural analysis results of
Li-coniaining super ionic conductor and fluoride glasses are also reported. 'The
structure of paramagnetic centers in glass can be determined by ESR. Here we
review the ESR specira of transition or rare-earth ions in glass, main attention
are paid to both the effects of glass hosts on the ESR spectra of some transition
metal ions and the research results for site struclure of transition metal ions iIn
glass by laser-induced narrowing of ESR spectra. We also present the structural
analysis results for single silicate, phosphate and germanate glasses by EXAFS,
which were obtained by the authors during the past few years.

2. Glass Properties

General physical propertics of silicate glass have been reviewed in a lot of
monographs.B-61 The influent one, “Optical Glasses” (1 st volume) was devoted
to describe the measuring methods or apparatuses for different properties and the
changing rules of glass properties according to the composition, as well as the
calculation of glass properties.™ Those subjects for which there have been much
latest achivements are selected here. Inventing laser glasses, we have intensively
studied the absorption, emission, excitation and relaxation specira of transition
and rare-earth metal fons in inorganic glasses whose composition was changed in
a large scale. Recently, by new technique of Jlaser spectroscopy such as time-
resolved spectrum and laser-selected excitation we investigated the dynamics of
energy transfer processes and put forward new models for the processes. All the
results are summarized in the book. Meanwhile, the spectroscopic propeties of
semiconductor crystallites in glass are also reported (chapter 10). In chapter 11,
we give a systemmatic review of optical properties of nonoxide, mwainly halide
and chalcogenide glasses. They are now widely used as infrared glasses, but their
optical properties have not been reported much more before. The optical dispersion
of inorganic glasses are discussed in detail, and special attention is paid to the
relationship between the partial dispersion coefficients and [the infrared or ultra-
violet absorption edge. The critical parameter of nonlinear effect in glass which
is caused by intense light radiation is nonlinear refractive index. The mechanism
of nonlinear effect, and the methods of measuring or calculating nonlinear
refractive index are all discussed in detail here.

The mechanical properties of glass have been studied with the theory and
method of fracture mochanics. New ideas and the latest experimental results about
microstrength, micro-plastic-area, fracture forecasting, life estimation which were
put forward by the authors in recent years. While discussing their electic properties,
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‘we not only refer to glass as insulator as before, but also consider them to be
able 10 become semiconductor or super-ionic conductor. Special attention is paid
to the effect of phase separalion and crystallization in glass on their electric
properties.

A few of monographs concerning the surface properties of glass have been
published in other countries.®? Here in view of mechanism of surface errosion
in glass, we discuss the chemical durability of glass, and the ion exchange, ion
errosion of glass in different media (acid, base, salt, as well as water). More
attention was focused on the effect of glass composition on ils chemical durability,
-and the mechanism of “neutralization” or “constraint” effect are also analysed.

The first volume of the treatise is fconcerned with glass structure and
properties. As mentioned above, main contents come from the research achieve-
ments in this country, some of which have been published in the proceedings of

International conferences on Glass held in Beijing respectively in 1981 and
1984, 110-121

3. New Glass Systems

In Lhe second volume of “Optical Glasses” we have thoroughly described the
forming laws and the changes of physical properties for oxide such as silicate,
borate, phosphate glasses. as well as the effects of glass composition and structure
'on the properties.!*’ Here we focus our aliention on those of nonoxide glass
systems including halide (chapter 16). chalcogenide (chapter 15). oxynitride(chapter
18) as well as oxyhalide (chapter [17) glasses. As well known, it is nonoxide
glasses that are widely used as infrared lens, prism, window materials, particuarly
as infrared optical fibers which are developed recently. As for halide glasses, we
are mainly concerned with BeF,, ZrFy and AIF, based glass systems and their
spectroscopic or optical properties, devitrification, phase separation. Some new
halide glass systems are also touched upon. The formation, structure, as well as
eleciric or opto-electronic properties of chalcogenide glasses receive much attention.
The speciroscopic and optical properties have been discussed in the first volume.
We give an introduction to the defect model and energy band theory of chalco-
genide glasses which have much to do with their electric or opto-electronic
properties.

Up, to date. oxynitride glass is mainly composed of oxides. The crucial problem
is how to increase the content of nitrogen. In chapter 18 we pay much attention
to the solubility of nitrogen in glass, the effect of atmosphere, and the methods
of glass nitrogenization. The characteristics, structure, application, as well as
experimental results of some oxynitride glass systems and glass ceramics aro
reported. Oxyhalide glass is wainly referred to as oxyfluoride glass in which



