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FOREWORD

During several decadeg scientists of muny countries have been
studying various properties of glass-forming melts and glusses.
Their results are scattered in various scientific journals, nume-
rous monographs, theses and proceedings published in various coun-
tries all over the world. Any scientist, engineer and information
science worker knows too well how time-consuming it is to extract
if only a part of the available information concerning eny parti-
cular problem of interest. The present reference book mekes it pos-
sible to find the complete enough information on the properties
of one-component, binary and ternary oxide glass-forming melts and
glasses with a minimum consumption of timec.

The well-knovn "Glastechnische Tabellen" edited by ii.wsitel and
published in 1932 wus the first comprehensive reference bhool on
the properties of gluss-forming melts and glasses. The book covered
the information on all so far investigated glaosses and this took
up 714 pages of close printing. Since then the aveliable information
in question has increased many-fold and to cover an adequate range
of the data on each particular problem we had to restrict the scope

~

of the problems of our reference book.

First of all we congidered it expedient to abandon the datu on
nulticomponent glasses and restrict ourselves only to the melts
end glasses with the number of components not exceeding three. Ve
proceeded from the assumption that, as a rule, the results on the
glass~-forming systems with a limited number of components are of
interest to a much greater part of investigators than the data on
the properties of multicomponent glasses. The latter data are mainly
of interest to the consumers of particular industrial glasses and
they are specifed in the publications of the corresponding firms.
These data are of little interest, as soon as the given glass is
not produced, while the systematic data on one-~-component, binary
and ternary glasses keep useful for a very long time for various
scientific, practical and educational purposes.

A rapid increase of the variety of glass-forming substanses has
been noted in the last few decades, nevertheless we thought it ex-
pedient to limit the compositions covered by our reference book
to purely oxide systems which are and probably will be of paramount
importance among the glass~forming substances both practically and
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theoretically.

Like most invegtigators of vitreous state, we hold to the idea
that glass is a solid amorphous substance obtained on cooling a
melt. Thus the reference book does not cover the data on non-crys-
talline sgolids obtained by any other means.

To have the optimal version of the reference book we have limited
the range of the presented materials, on the one hand, and have
tried to answer the needs of as many potential readers of the book
as posgsible, on the other hand. Bearing this in mind we have d1imi-
nated the following sections: the properties of partially crystal-~
lized glasses, the properties of glasses after their exposure to
any kinds ol radiation, all spectral characteristics of glasses
(the references are given to the publications containing the data
on optical absorption spectra of glasses in the region of their
optical transparency), electrode properties and magnetic properties
of glasses (references are also given for the latter properties).

It is well known that very often a particular property of a
particular glags-forming system has been studied independently by
many scientists. In such cases to keep our reference book within
the reasonable bounds we decided to present the data of only a Tew
best papers (preferring the ones where glasses were obtained under
the purest conditions, where they were analysed and their properties
were measured with the greatest accuracy, etc.). The other papers
have been only referred to, sometimes with the additinal informetion
on the character of the presented data. At the same time we believe
that in the majority of cases one paper 1s usually inadequate to
reliably characterize any dependency. In practice, the discrepancies
between similar studies made by different scientists very often
congiderably exceed the sum of errors reported by these scientists.
Obviously the unforseen effects of some peculiarities of glass
synthesis, preparation and storage of samples and measurement con-
ditions are responsible for this. Thus only the comparison of the
results of several independent high-quality studies makes it possible
Tor any reader to have a reliable information of any property-com-
pogition dependence.

Here are the principles of the data selection and presentation
which were applied in compiling this reference book.

1. The reference book covers information on the systems capable
of forming glasses by cooling melts and does not contain any infor-

mation on the properties of amorphous Tilms obtained by the deposi-
tion from a vapour phuse.
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2. The data on the melt properties are presented only for the
glass-forming systems. Nevertheless we present the data on the melt
properties over the whole investigated range of concentrations
irrespective of whether this range is limited by a glass-forming
region ~r not.

3. The notion of a "component" which is very important ror deter-
mining the number of components in each investigated glass was
defined by the authcrs in the following way:

a) An oxide entering into the composition of a glass is considered
as a component. At the same time we did not consider the contents
of several oxides of the same element but in a different valent
state as the reason to transfer a glass to the category of the
increased number of components. Such somewhat arbitrary approach
was adopted to make the seurch for the information of interest
easier. Actually, as a rule, specialists are interested in the
influence of all oxides of a given element on glass properties
regardless of the valence of the element. '

b) If an analytical composition of a glass is given with the
impurities which were not introduced deliberately during its syn=-
thesis, these impurities will not be take into consideration when
classifying glasses to the number of components, in case there is
no reason to believe that the given impurities considerably change
the corresponding property.

4. The data on the crystallization rates of glasses are included
since this characteristic should be considered as one or the most
important glass properties.

5. In most cases the data on the so-called characteristic tempe-
ratures (deformation temperatures, upper and lower ennezaling points
and others) are not given. Littleton's softening temperatures and
glass transition temperutures are the only exceptions. According
to Littleton (1927) the softening temperature conforms to the vis-
cosity of 107'65 pocises, though it is posgible that drastic compo-
sition variations can lead to some changes of this value.

6. When the original papers reported viscosity and clectric
conduction logarithms eccurate to three or four decimal places
the authors of this reference book rounded the figures ofi to the
two decimal places, since with the present experimental technique
& minimum measurement error oif the indicated properties exceeds
+ 20, of the measured value even in the best investigations.

It is well known that the compositions of the investigated
gluasses are usually expressed either by moll or wtis or both. To make
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the comparison of the data of different authors easier we have

presented all the compositions in molé%. The compositions being

available in wt¢%, we included both the characteristics of glass
compositions, as well.

In the present relerence book all binery and ternary systems
arc united into large groups according to the valency of the elements
torming the corresponding oxides. Within euch group of the systems
the data are classified by properties. Their sequence is as follows:
glauss rormation,crystallization, density, thermal expansion and
other thermal properties, optical properties, viscosity, elastic
properties and internal friction, strength, surfuce tension, chemical
durability, électricul properties, ditfusion, permeation and solu-
bility of gases, lom diffusion, volatilization, magnetic properties.

The experimental data are given in a chronological order. Wherever
possible, we pretferred the date on glass properties in tabular form
believing that it is this form that permits the fastest and most
reliable use of the data with the highest possible zccuracy ot the
intformation conveyed.

ie have tried to give a comprehensive information on the experi~
mental technique used in the corresponding studies. llowever in meny
papers such information wus far from being sufficiently complete.

In some cases the authors oi the original papers were appecled to
convey the missing details or their experimental technigue. \hen
received, this additional iniormation was included in the reference
book.

Ags was round by experience, the reference book ol this kind is
of use mainly for three categories of readers: those for whom the
amount of the selected data presented by the book is adequute;
those who are willing to know the literature on a particular property
of & particular system as comprehensively as possible; and those
who want to be positive thut they are the Uirst to undertake a par-
ticular study of glass properties. As far as the two latter cate-
gories of readers are concerned, the couplete coverage of the
literature will be the mesin value or this book. Therefore it seems
expedient here to present the method of a search for the original
sources of informetion. all volumes of main journsls on glags and
silicates (Journal of the American Ceramic Society, Journal of
the Society of Glass Technology, Physics and Cheniistry of Glasses,
Glastechnische Berichte, Journsl of Hon-Crystalline Solids, Neor-
ganicheskiye iinterialy (Soviet Journal of lnorganic lieterials) and
Pizika i Khimiya Stekla (Soviet Journal of Physics and Chemistry
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of Glusses)) have been looked through beginning with their first
volumes. The information on papers from other journals and conference
proceedings, as well as on theses and so on has been obtained from
abstract journals. In doing this we of'ten encoutered with the fact
that none of the abstract jourpals presents an exhaustive survey

of the available literature on the subject of interest. Thus we

have looked through the corresponding sections of several abstract
journals where the ubstracts of the papers on glass properties could
be found. The necessary references to the publications which were
issued before 1932 was teken from "Glastechnische Tabellen". The
later information was obtained\by reviewing the following'abstract
journals: Ceramic Abstracts, Chemical Abstracts, Reference Journal
"Chemistry" {USSR), Reference Journal "Physics" (USSR) and the
sections of abstracts of the following journals: Physics and Chemis-—
try of Glasses, Verres at Réfractaires, Glastechnische Berichte.
Review papers, reviews in theses, reference card indices taken from
some glass specialists, etc. have been also widely used to supplencnt
the list of the papers obtained. All this does not meun, however,
that we have succeeded in collecting all the available information

on the chosen field of knowledge. Nevertheless we take the liberty of
stating that the amount of the sources of the corresponding infor-
mation included in the present reference book surely exceeds ninety
per cent of the available publications.

Original papers were found in the rich collections of scientific
literature in lioscow and Leningrad libraries; in some cases the
authors of the papers were appealed for reprints, Ve have also com-
municeted with the authors in case any explanation concerning both
their experimental results and the methods applied were needed. We
would like to express acknowledgement and appreciation to these
scientists for their most helpful cooperation. ’

Wle are most grateful to all the institutions and the authors
for the permission to use figures and tables which are compiled
in our reference book.

We wish also to expressg our gratitude to Profesgor C.T.loynihan,
of Rensselaer Polytechnic Institute, USA, for the helpful recomen-
dations on the best wording of the figure and table captions of
this book.

An idea of such reference book was suggested in 1967 independently
by the former Director of the Institute of 8ilicate Chemistry Pro-
fegsor N.A.Toropov and by Dr.J.O.Isard (Sheffild University). Since
then the authors of the present book worked on the reulization of
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this idea. The Tirst version of this book wus published in Russian
by the Le 1nL1ud bruneh ol the "Nauka" Publishing House under the
title "Properties or Glasses and Glass-Forming lielts". The edition
included the following issues: Vol.Il, Silica Glass and Binary
Silicute Systems, 1973, 443 pp.; Vol.II, One-Component wend Binary
Oxide ion-silicate Systems, 1975, 630 pp.; Vol.III, part 1, Ternary
Silicate Systems, 1977, 585 pp.; Vol.liI, part 2, Ternury Hon-$ili-
cute Lystens, 1979, 485 pp.; Vol.lV, part 1, One=Component and Binwsry
Unide Systems (supplement to vols I wnd IL), 1980, 462 pp.; Vol.IV,
part 2, Ternury Ozide Uystens (supplement to vol.1I1), 1981, 374 pp.
That edition served us the basis {or the present reference book.
It should be noted, however, that considerable changes huve been
introduced into this edition, which waounted to the following. The
corresponding sections oi' the wdditionul (the fourth) volume hus
been added to the f'irst three volumes. The datua of the pupers pub-
lished urter 197y huve been udded. 4 considerable wmnount of dupli-
cating duatu on similur properties ol similar systems hes been with-
drovm (gee vbove the principles or dute selection). Bach volume
of the present cdition will huve its ovm cuthor, subject and iFormula
indices. In the lwst part ol this edition the comulative indices
over ull the volumes will be clso published. Phe edition will com-
prige rive parcs: Purt A, Silica Gluss and Binury silicute Glusses;
Purt 5, Single-Component wnd Binary Hon-silicote Oxide Glusges;
Purt €, Pernary Silicute Glasges; Purt D, Ternary Non-Silicate
Uxide Glusses; Part i, Jupplenents.

The wuthors believe thuat the Iirst four puerts of the boolk will
be publivhed during the next lfour yeurs. supplements (Purt &) are
to follow which will involve the data on single-, two- and three-
component oxide glasses published alter the edition of the corres-
ponding purts of the book as well as additional dute taken from
earlicr publications. The authors appeal to all glass specialists
for the reprints of their new publications concerning the data
in question us well as the references to any eurlier publications
not covered in the present book. Any filling of the existing lucunus
in the book will increase the value of the book as & means of mutual
information o1 the scientists wbout their latest studies and thus
will contribute to further international coordination in the inves-
tigation or oxide gluss properties.

Tart A presents the results of the puapers published up to 1981.
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LIST OF SYRBOLS

temperature conductivity

thickness of a dissolved layer; in sections "Crystallization™
it is the thicknesg oi a crystulline layer

specific heuat (CP, CV)

longitudinal sound velocity

trunsverse sound velocity

diffusion coefficient

dengity

"energy of activation”, i.e. the characteristic of the tempera-
ture coefficient of any property p in the coordinates log p, 1/%
(¢ is calculated accordingly to the equations In p = 1n poi 5/
or In p = 1n pj + ®B/RT; the sign "+" is used for ¢ and n, the
sign "-" is used for x, D and Q—1; in the sections "uslastic
properties® it is Young's modulus

frequency

shear modulus

microhardness

enthalpy, heat of solution, heat ol crystaullizution

coerficient of gas permeation; in the gections "iklastic proper-
ties" it is the bulk modulus

rerractive index \

pressure

internal friction

solubility coefficient

temperature, K

temperature, °C

glass transition temperature

volune

velocity of a process

linear thermal expansion coeftficient; in the sections "llastic
properties" it is the absorption coefficient

volume thermal expansion coefficilent

error of measurements

dielectric loss angle

chunge in property p

permittivity

permittivity for f-—w or T -~ 0

loss coefficient, €= gigb

viscosity
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electrical conductivity

heat conductivity; in the sections "Internal friction" it is
the logarithmic damping coetficient; in the sections "Opticul
properties™ it is the wave length

Poisson's ratio

dispersion coefficient

electrical resistivity

surface tensgion

time

compressibility

The table of conversion ol t,°C to 1/7,K

t,°¢c (1/7)+10%, k7" [t,oc (1/m)-10%,k7 7 | 1,00 (1/1)-10%, k-]
-200 137.00 150 23.64 800 9.32
-100 57.80 200 21.14 900 8.53
-50 44.83 250 19.12 1000 7.86
0 36.63 300 17.45 1100 7.28
20 34.13 350 16.05 1200 6.79
40 31.95 400 14.86 1300 6.36
50 30.96 450 13.38 1400 5.98
60 30.03 500 12.94 | 1500 5.64
8c 28.33 600 11.45 1600 5.34
100 26.81 700 10.28

The table of conversion of 1/T,K_1 to t,°C

(1/m)-10%k71 ¢,00 [(1/m-10%, k7T ¢, 00 [(1/m)- 100,k 1,0
5.0 1727 12.0 560 26.0 111
5.5 1545 13.0 496 28.0 84
6.0 1393 14.0 441 30.0 60
6.5 1265 15.0 394 35.0 12
7.0 1156 16.0 352 40.0 -23
7.5 1060 17.0 315 45.0 -51
8.0 977 18.0 283 50.0 -73
9.0 838 20.0 227 60.0 -106

10.0 727 22.0 182 80.0 -148
11.0 636 24.0 144 100.0 -173
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CRYSTALLIZATION

Bezborodov, Kurlyankin, 1946.
Crystellization in a porcelain tube for 3 hr.

b, mm
t,°C
air CO2 H2 co st
1200 0.03 0.03 0.03 0.03 0.C3
1300 0.03 0.03 0.03 0.03 0.04
1400 0.07 0.08 0.12 0.14 0.16
1460 0.16 0.17 0.32 0.32 0.30

Brown, Kistler, 195G,

See the table on p. >4C.

Ainslie, Morelock, Turnbull, 1396Z.
G.E.204a silice gless. Specimens were made from tubing, althougn

in some cases solid rod was used.

Fig. 1. b is the cristcbalite layer thickness.
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Vagstaff, Brown, Cutler, 1964.

b is the cristobalite layer thickness. &b = # 20% b.

200 F 0 150890

%

b um

¢
7

{
J 4 3 12 16 20 24

(Time in minutes)1/2

Fig. 2. Tubes of G.E.204a silica glass (totel impurity 110 p.p.m.,

A12O3 - 52 p.p.m., Ca0 - 23 p.p.m.). Atmosphere, mm Hg: 1 - H,0,

567; 2 = Hy0, 2955 3 - H50, 1215 4 - 05, 647; 5 - 05, 4855 6 - 0
323; 7 = 0y, 167,

2’

36 - 14980c 3

28 o "

20 - /

L L i ! i !
0 8 16 24 32 40 48
Time in minutes

b, pm

Fig. 3. Corning 7943 silica glass (0.001 wt% OH). H,0 vapour atmos-
phere, mm Hg: 1 - 535; 2 - 289; 3 - 130; 4 - 63.
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Fig. 4. Stoichiometric silica glass (Corning 794C dewatered in vacuum)
Atmosphere: 1 - 100% N2; 2, 3 - 100% 02,.

In the publication some additional data on the growth rates of
various silica glasses are given.

Hlavac, Vagkova, 1965.
-”o .
Czechoslovakian reduced silica glass (impurity 107 °%). Specimens
in the form of tubes and rods are crystallized in air. at = % 3 K.
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Pig. 5. b is the cristobalite layer thickness. ab = % 10 um.

In the publication similar data on the crystallization of French
silica glass are given.



