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THE USES OF GLASS IN MODERN BUILDING 
PRACTICE. 

By G. Okell Simcock. 

In my previous papers relating to glass, I have dealt mostly 
with glass in the finished product, together with the origin and 
history. 

In this paper I intend to deal mostly with the glasses for 
structural work—that is, the latest developments in this con-
nection. These forms of glass we will divide into two parts—
one part being sheet glass with its illuminating qualities and 
colour schemes, and the other part being glass in the form of 
bricks, tiles, etc. 

Before proceeding it would be as well to give some idea of 
the chemical composition of glass, and also a brief outline of 
its molecular structure, etc. 

The word "glass" is a generic term under which nowadays 
are ranged quite a series of materials possessing certain special 
properties. Among these are a number of substances, chemi-
cally homogeneous, formed of a single or of several constituents, 
such as selenium, boric oxide, silica, phosphoric acid ; a number 
of organic substances, such as brucin, salicin, grape sugar, also 
mixtures of two or more components, such as the waxes and 
lacs, or lacquers, condensation and polymerisation products, 
such as Bakelite and Durez ; and finally, glasses with silica as 
their foundation. 

All these materials have certain peculiar properties, a know-
ledge of which may serve to forward their use in industry, 
create new outlets, and consequently produce new sources of 
wealth, and, finally, to introduce logic into the industry and 
liberate us from the yoke of empiricism. 

There is no industry that could serve this purpose better than 
the glass industry. Old as the world—for we find traces of it 
in the most ancient of civilisations—it has gone through all 
phases of evolution ; from the most complete empiricism up to 
the present state, where scientific knowledge is rapidly becom-
ing the dominating factor, after having been for a very long 
time the province of the alchemist, first in the stages of the 
rule of thumb, and then with such prestige as was conferred 
upon it by a collection of secret recipes, jealously guarded. 
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The industry takes hold of earthy products, and by the 
action of fire draws forth from them a material, often of 
surpassing beauty, always of use, which has lent itself to the 
most diverse employment, which permits us to discover new 
worlds, infinitely large and infinitely small—or rather shall we 
say, which permits us to discover our world anew every day; 
a material which has taken, in the general structure of society, 
a place of the greatest importance, but which is none the less 
still very imperfectly understood, and in the ultimate analysis 
still remains an undeciphered enigma ; a material furthermore, 
which opens to science unknown horizons, and which by its 
very peculiar properties has been elevated to the rank of the 
prototype of a special state of matter to which, for this reason, 
has been given the name of the glassy state. 

A course in the physical chemistry of glass could not funda-
mentally be other than a vigorously pursued study of the glassy 
state, in the first instance by itself, and then in its relation to 
the other states of matter ; finally, in its application, among 
which we shall encounter the important industries of glass and 
enamel making. If, in a course of pure science, we are some-
times led to make incursions into the domain of applied science, 
you will readily understand the reason by recognising that in 
our particular instance, if science has enabled industry to pro-
gress, the latter in its turn was the initiator of the researches, 
and the primary cause of the marvellous advance which has 
been made in recent years by the physical chemistry of glass. 

On the face of things, the manufacture of glass is a simple 
enough matter ; all that is necessary is to introduce into a pot 
a suitable mixture of certain materials—sand, lime and soda, 
for example—and raise it to a high temperature in order to 
obtain the transparent limpid products which all of you know. 
The mass, at the temperature of formation, is more or less 
fluid, and thickens constantly as it cools. When it has reached 
a suitable consistency, it can be gathered and worked. After 
cooling off completely, it is a rigid as stone, and has all the 
.appearance of a solid body. 

The products obtained by melting will evidently vary with 
the materials used in the first instance, and with their degree 
of purity. And if we wish to produce a glass possessing certain 
definite properties—for example, a beautifully white glass—
it is necessary to eliminate from the batch elements capable of 
colouring it. 

This relative ease of making glass explains in a great measure 
the antiquity of the industry, which goes back to the most 
ancient days. It explains also the degree of perfection attained 
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by the men of old in its working ; since, in the ultimate analysis, 
this perfection is based upon the skill of the operators; and 
every age has had its artists. It explains, moreover, the stag-
nation of the industry in the course of time ; the greater part 
of the manufacturing processes, blown and rolled glass for 
instance, were known long before the Christian era, and up to 
the middle of the nineteenth century men have generally been 
content to follow in the furrow traced before them. We do not 
deny that at all times efforts have been made to improve pro-
cesses. A good deal of effort has been expended also in 
describing, often quite minutely, the stages of manufacture, and 
to comment upon the phenomena observed; it is only necessary 
to read the old works on the subject to see that glass was one 
of the pre-occupations of certain alchemists, and the "secrets 
of manufacture" that the gentlemen glassmakers guarded so 
jealously are a proof that each of them was trying to discover 
something new and to do better than his neighbour. 

We shall simply say that up to the middle of the nineteenth 
century the nature of glass scarcely occupied the attention of 
those who worked it. It was by empirical gropings that men 
attempted to overcome the various accidents that occurred, and 
by similar gropings that they arrived at means for regulating 
and perfecting methods of manufacture. Chemistry and physics 
were in those days two completely distinct sciences ; and the 
bonds which now unite them so closely were still unknown. 
In those days there did not exist any science of glass. 	The 
fact that the glass industries walked so long in the beaten path 
should not astonish us very greatly. Nowadays when a science 
of glass has begun to become established, a few glass manufac-
turers still ignore it somewhat, and still retain their old-fashioned 
methods of operating. If, on the face of • things, matters are 
simple, in reality they are quite complex, and glass manufac-
turing is a difficult art; for glass, as I have already said, is an 
enigmatic substance, and the study of the glassy state is still 
in a rapid state of evolution. I will describe it very briefly. 

All of the materials which we meet in nature may be divided 
into two great categories : crystalline substances and amorphous 
substances. There exists between them a profound difference : 
In the former, the substance is perfectly organised; in the 
second category, it is not. Crystals are molecular structures, 
perfectly arranged; they are anisotropic—that is to say, their 
properties are not the same in different directions, and the 
passage from one state of aggregation to another—from the 
solid state to the liquid state, for example—always occurs in a 
discontinuous fashion. ,Amorphous bodies, on the other hand, 
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even in the smallest part, give no evidence of molecular arrange-
ment ; they are isotropic, that is to say, their properties are 
the same in all directions, and the passage from one state of 
aggregation to another is made without discontinuity. Crystals 
are the prototype of the solid body, they are the normal state 
of solid matter ; liquids and gases, whose molecules are endowed 
with movement, practically incompatible with molecular struc-
ture of any sort, are in the category of amorphous bodies. 

As our knowledge of the physical state of matter increases, 
however, it shows more and more that it is not possible to 
formulate for a particular state a very strict definition : The 
crystalline state used to appear, above all others, capable of 
such a definition. All its properties seemed to indicate a rigid 
structure formed by the regular superposition of its ultimate 
particles. 	The discovery of liquid crystals necessitated an 
extension of the idea of the crystalline state, and has involved 
degrees in the structure of crystalline substances. 

Glass, as its properties indicate, falls in the category of 
amorphous substances. It is normally isotropic, and it passes 
by imperceptible stages without any discontinuity, from the 
apparently solid state in which we know it, to a pasty condition, 
and finally to a relatively fluid condition, as we raise its temper-
ature. Inversely, it passes from the pasty condition to the 
rigid state without discontinuity when the temperature is 
lowered, without solidifying, in the physical sense of the word, 
since it does not possess a point of solidification ; it simply 
acquires, in proportion to the lowering of temperature, a greater 
and greater viscosity, and finishes by acting like a true solid 
without it being possible to lay one's finger on the moment when 
it ceases to be liquid. The cooling process has not modified 
in any way the molecular state of the mass. All that has 
happened is that the early agitation of the molecules has been 
progressively reduced with the reduction of temperatures they 
finish by being completely restricted in their movements, by 
being virtually immobilised, without becoming arranged in any 
regular manner. 

There exists therefore, between the substance thus obtained 
in an apparently solid condition, which is not at heart anything 
more than a super-cooled liquid, and a crystalline medium, a 
profound difference which is sufficient to range glass and other 
substances which behave like it, along with gases and liquids, 
in the category of amorphous substances. Furthermore, recent 
work has established the existence of anomalies in the properties 
of glasses whose sum total shows that there are discontinuities 
between the isotropic amorphous state characteristic of low 
temperatures, and the pasty or fluid condition characteristic of 
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high temperatures. These discontinuities have been established 
for such properties as density, refractive index, thermal expan- 
sion, specific heat, and electrical resistance, and are produced 
in a relatively restricted range of temperature—called the 
critical interval—whose upper limit marks the passage to the 
pasty or plastic condition. 	Below the interval where these 
anomalies are encountered we should have a true amorphous 
solid state whose rigidity arises from a high degree of viscosity 
with virtual immobilisation of the molecules, involving as a con-
sequence the mechanical properties of solids, the molecules 
being nevertheless arranged with respect to each other simply 
according to the law of probabilities, which would result in an 
isotropic ensemble. 	Above the critical interval the glass is 
plastic, and its viscosity varies rapidly with change of temper-
ature. The state of glass under these conditions has for this 
reason received the name of viscous state. It persists up to 
the temperature called the aggregation temperature, which 
varies with the nature of the glass; thereafter we encounter the 
passage to the liquid state. Glass, therefore, seems to be a 
special substance, existing under three states of aggregation; 
the rigid state, the viscous state, and the liquid state. The 
characteristics seem to justify the particular classification, that 
is, up to the present. 

Glass is—so far as industrial glasses in particular are con-
cerned—the object of numerous researches. No substance 
perhaps lends itself better to hypothetical interpretation; for 
the risks involved in its manufacture and the technique of its 
manipulation present the most varied circumstances ; and the 
theories confront each other, each one attempting to throw some 
light on the mystery of the glass 's ultimate constitution. 

The generally accepted theory up to date, more particularly 
as concerns glasses with silica for their foundation, is that of a 
solution which may be either simple or colloidal, presenting in 
one way or another all the particular cases of aqueous solution, 
but no one is able even yet to indicate with precision the nature 
of the molecular combinations in the glassy state. This hypo-
thesis is reasonably probable, but it does not simplify matters 
very much, for the dissolving of the component substance is 
produced at a very high temperature. The gradual cooling off 
results in an overcooled mass which is theoretically unstable and. 
subject to crystallisation, at any rate until a certain temperature 
is reached ; this instability, from a practical point of view, has 
consequences of the greatest importance. 

When in the beginning of our discussion we called attention 
to the apparent simplicity of methods of manufacture, we also 
indicated that in reality matters are not so simple as they might 
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appear. Melting conditions are determined by the chemical 
composition of the batch, and the temperature of operation 
varies primarily therewith. And if fundamentally, glass is 
obtained by putting into a furnace in a suitable receptacle the 
substances . which go to make up this glass, and in the heating 
of the mass to the necessary temperature, it is nevertheless 
necessary to surround that operation with a great array of 
precautions, for glass melting is at heart an exceedingly complex 
matter ; there is implied in the first instance a careful choice 

... of constituents, and a very painstaking mixing thereof, because 
it is necessary to obtain a thoroughly homogeneous mass. 

However, these constituent materials are of a very different 
nature ; some are stable, some are volatile, some are decomposed 
by heat at varying temperatures, and finally the rates of 

lU reaction and the mutual solubilities of the elements or of the 
products of reaction are very different ; and it is essential by 

- a preliminary intimate mixing and by a meticulous regulation 
of the firing cycle thereafter, to cause a reaction to take place 
at the appropriate moment, so as to avoid a precipitous flight 
of certain components, their separation in the form of a scum 

Lf on the surface of the bath, or their settling down to the bottom 
Z. of the pot or container. 
4. Furthermore, the constituents are introduced in the form of 
0  powders into refractory containers which are capable of par-
).- tially dissolving at the contact face, and thereby introducing 

into the bath undesirable elements, a phenomenon which is 
Ll accentuated by the convection currents established in the 

containers under the influence of heat by the differences in 
W density of the mass at the various stages of fusion. 

The complexity of these matters, and the lack of precise 
knowledge of the melting process, have at all times had their 
influence on the results of the operation. It is only at the cost 
of long experience and innumerable gropings in the dark, and 
everlasting watchfulness, that we have succeeded up to date in 
marching in the path of progress. Until very recent years there 
was entirely lacking any scientific basis, and it would have, been 
quite impossible to estimate in advance the consequences of a 
change in the usual method of operation. Nowadays we are 
beginning to be a little better posted. A knowledge of the 
thermodynamics of the constituent oxides, a study of systems 
with two or more components, have proved capable of offering 
to glassmakers very valuable suggestions on modifications that 
may be introduced into their glasses for the purpose of render-
ing them more or less fluid at a particular temperature, or upon 
the temperatures that should not be exceeded during the cooling 
process if they wish to avoid devitrification, and so forth. 
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A study of the various systems is unfortunately extremely 
laborious; for, independently of the fact that the researches 
must be carried out at a high temperature the possible cases 
are extremely numerous; we meet in the silicates practically all 

	

the various cases which aqueous solutions offer us. 	In the 
case of commercial glasses, furthermore, the number of com-
ponents is usually great. Systems with three or four principal 
components are the rule and not the exception, and a study 
of their behaviour is all the more difficult. It is still more so 
in the first instance, for the further reason that only a few 
systems up to date have been studied in a reasonably complete 
fashion. These studies have permitted us—for window and 
plate glass more particularly—to estimate the practical boun-
daries of the existence of the glassy state, to map out the com-
positions giving homogeneous glasses, and the limits of 
temperature between which they may properly be worked. 
They have revealed also the composition of the crystalline phases 
which form under certain conditions, which give rise to the 
greatly feared phenomenon of the devitrification zones in 
glass. With the nature of a difficulty understood, one may 
proceed more readily to avoid it, and the advantage of scientific 
research is that it provides with but little delay a remedy for 
many accidents which long and costly blind experimenting 
could only clear up with difficulty. 

From a practical point of view it is still important to choose 
from among the possible mixes those which are fusible at a 
normal temperature of furnace operation, so as not to prolong 
beyond measure the duration of the melting process—an indis-
pensable condition for a high rate of production; but the 
melting process must not be too easy on the other hand, because 
this generally results in a glass composition of insufficient 
durability. Our difficulties do not end there, and a constant 
chemical control of the materials put into the furnace is 
essential; for the glassy substance is extremely sensitive to 
minor modifications. Differences of one or two per cent. in 
silica, the principal component, or of one per cent. in lime, or 
of one-half of one per cent. in alkalis, in glasses of the soda-lime 
family, and a very small fraction of one per cent. in the case of 
colouring matters can completely ruin the product. 

Furthermore, while certain glasses are melted in closed pots, 
others are melted in open pots or in tanks. As some of them 
may be exceedingly sensitive to the reducing or oxidising atmo-
sphere of the furnace, it is necessary to check up on the latter 
and to adjust it to the composition being melted, in order to 
obtain the desired result. The scientific control of the furnace 
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—gas analyses, and control of the temperatures and pressure 
in the furnace—are fundamental to a businesslike operation. 

Melting is only the first step in obtaining glass. It gives a 
rough product, which has to be refined and clarified to form a 
limpid mass. This operation must be closely followed. Accord_ 
ing to certain writers, it does not consist solely of *the physical 
process of eliminating gas bubbles set free by the fusion 
operation, but is a chemical process in the course of which the 
reactions are brought to completion. Some glasses are capable 
of holding large amounts of gas in a supersaturated condition. 
Recent researches have shown even that in the completely rigid 
state perfectly clear glass, perfectly homogeneous, may contain 
quantities of gas corresponding to several times the volume of 
glass, a fact of capital importance from the point of view of the 
internal structure of the mass, for the usual presence of a 
gaseous phase in glass must have an influence which it is essen-
tial to know with some precision, in comparison with the 
properties of glass which have been rendered gas-free by a 
treatment in vacuum. 

Glass is melted simply in order to be worked and elaborated 
in various objects. This phase of manufacture is, without the 
slightest doubt, from an industrial point of view, the most 
important. Until very recent years the working of glass was 
essentially a matter of manual skill. Glassmakers constituted a 
privileged caste where professional skill had created a complete 
hierarchy. 	They enjoyed a special consideration which had 
been conferred upon them by their talent in the face of 
difficulties which . every day presented to them to conquer. 
Nevertheless the working of glass had acquired a remarkable 
perfection. Manual skill and craftsmanship are flexible tools 
which lend themselves to the overcoming of the most difficult 
problems, and permit results to be obtained which no machine 
is able to give. Several branches of glass manufacturing— 
particularly the making of crystal and table glass, in which 
the purest art must often be combined with industrial demands 
—have left to craftsmanship all its prestige. In other branches 
on the other hand, the machine has supplanted men, and a 
thorough-going mechanisation of the equipment has permitted 
the desired results to be obtained. 

In window glass making, for example, the drawing machines 
are arranged along the working compartment of enormous tanks 
producing continuously sheets of glass of a quality which the 
older procedures could never have given. 

In the hollow ware business, mighty machines, marvels of 
modern mechanism, fashion at a pace which leaves one dizzy 
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pieces of the most varied form, from lumps of glass which they 
automatically gather for themselves from the tank, or which 
they receive from the tank through the intervening feeders 
which supply them with a mathematical regularity. 

Whatever may be the method of manufacture adopted, glass 
in order to be worked, must be carried to such a temperature 
that it possesses the desired viscosity which varies according to 
the character of the pieces to be fabricated and the working 
procedure adopted. The viscosity of glass for drawing by the 
Fourcault process is not the same, for example, as that of glass 
for making thin sheets by the Libbey-Owens process, or for 
pressed tableware made on automatic machines. The fact must 
not be lost sight of that work is done upon glass in a viscous 
condition, which means in an interval of temperature where 
viscosity varies very rapidly. It is this fact which complicates 
in a singular manner the working by hand of glassware which 
in the course of operation is cooling more or less rapidly, 
according to the shape of the piece, and which demands 
accordingly a succession of reheatings which greatly drags out 
the time of manufacture. 

Again, the study of viscosity is of capital importance, above 
all, in automatic manufacture, wherein the glass fed to the 
machine ought to have continuously the same consistency. 
However, this property varies with the temperature and with 
the composition, and it is important to be very well informed 
about the possibilities of variation. For this reason a good 
deal of attention has been given to the determination of viscosity, 
a difficult problem which up to the present time has not even 
yet received a final solution. 

We may add also that certain mechanical methods of operat-
ing have required a knowledge of another property, namely, 
surface tension. The results obtained to date on this subject 
are not very complete, and researches in this field are being 
pursued further. 

The problem of raising glass to the correct working tempera-
ture and holding it there would not present nearly the same 
difficulty if one did not run across another danger in this 
region which it is of the greatest importance to avoid ; this is 
the devitrification, or, in other words, the partial crystallisation 
of the mass. The rate of cooling here plays a role of vital 
consequence. 	Devitrification of the glass takes place in a 
variable interval of temperature, depending upon the composi-
tion of the glass and the extent to which it is supersaturated 
with certain elements. 	Since all crystallisation demands a 
certain molecular freedom, and in order to proceed requires 
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the maintenance of the medium at a favourable temperature, 
it is important, for the purpose of avoiding it, first to choose 
the composition judiciously, and then to go through the 
dangerous zone of temperature with sufficient speed to carry 
the glass down to a temperature where crystallisation is no 
longer possible. As we have already said, the study of ternery 
and higher systems may be of a certain help in avoiding this 
troublesome phenomenon. 

The last operation in the manufacturing sequence, properly 
so-called, is the annealing process. Its purpose is to eliminate 
from the manufactured articles those internal stresses which 
have arisen in the course of working, and would undermine the 
stability of the ware if they were not caused to disappear. We 
have already mentioned that the viscosity of glass, in a certain 
range of temperature, varies very rapidly; in the neighbourhood 
of the solidifying point, the co-efficient of viscosity doubles in 
value for a drop of temperature of ten to eleven degrees Centi-
grade. It follows that, whatever may be the ware that one is 
interested in making, the parts in immediate contact with the 
surrounding atmosphere become solidified more rapidly than 
the interior of the mass which cools more slowly. 	Internal 
stresses of considerable amount thereupon place the whole in a 
state of unstable equilibrium, which is the more accentuated in 
proportion as the internal stresses are greater, that is to say, 
according as the pieces are thicker or their form more 
complicated. 

A piece of ware in this condition is destined to break, and 
fracture, often of a violent character, takes place a few moments 
after it has been made. In order to avoid this, and to ensure 
permanent strength, it is necessary by an annealing process 
to re-establish molecular equilibrium throughout the Ills ss. 
However, this annealing process must be carried out at a well-
defined temperature, which varies with every kind of glass, and 
must be sufficiently high to ensure the necessary freedom of 
the molecules, but sufficiently below the temperature of softening 
so that the pieces do not become deformed. When equilibrium 
has been established, and the internal stresses eliminated, it is 
necessary by a careful cooling off process to bring the whole 
object down to room temperature without reintroducing new 
stresses. The annealing process is therefore an extremely 
delicate operation which must be controlled with precision. It 
is carried out, in hollow ware at least, in special furnaces which 
are called Lehrs, whose temperature is regulated mathematically 
and controlled constantly by precision pyrometers. We have 
here travelled far from the primitive procedures, which con-
sisted in burying the ware in the hot embers immediately after 
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forming in order to prevent it from breaking. The theory of 
the annealing process is very complicated—we shall have 
occasion later on to explain it—but it has permitted us to 
obtain remarkable results, particularly in the case of optical 
glass, where the presence of strain would prohibit the use of 
even the most successful pieces. 

The internal pressures in the glass are revealed by examina-
tion in polarised light, where they give rise to colour patterns 
whose intensity and distribution indicate the character of the 
stress. The polariscope, which gives us this information, is as 
necessary to the glassmaker as the microscope is to the naturalist 
or bacteriologist ; and science in this particular as in many 
other phases of glass manufacturing had laid its hands upon 
the rudder. 

We shall be able to talk about methods of colouring glass, 
either direct or by flashing, whereby one may obtain an almost 
infinite gamut of tints with precision and safety, procedures 
such as decorating by acid, by sandblasting, by vitrifiable 
colours, whose mechanism we have been able to establish, and 
obtain thereby the maximum of results. 

Furthermore, our increasing needs have called for the manu-
facture of special glasses, chemical ware, optical glass, fused 
silica, glass transmitting or opaque to ultra-violet or infra-red 
radiation, to X-rays, and so forth, which must possess well- 
determined properties ; only scientific research has been sufficient 
in these matters to guide the glassmaker towards meeting these 
requirements. Scientific research alone can insure complete 
success, for it is necessary that the products obtained possess, 
in addition to those qualities on which one's attention is fixed, 
a mechanical strerigth and a permanence of durability without 
which no use is possible. 

I shall now outline the effect of composition on the properties 
of glass, and show the bearing that these properties have upon 
its uses. 

Silica, Si02, is the most important glass-forming substance. 
Soda, or sodium oxide Na20, takes second place ; and lime, or 
calcium oxide CaO, ranks third in importance. These three 
predominate in most common glasses. The oxides of which a 
glass is composed are at least partly combined with each other, 
forming typically simple and complex silicates. These, together 
with the excess of silica present, are brought into mutual 
solution in the process of melting. That is our general concept 
of glass. 	These three mentioned substances submitted to a 
melting process produce glass, which is first "liquid," and 
on cooling changes to a rigid substance which is amorphous 
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(devoid of crystallisation), clear, colourless or coloured light 
dispersing, light refracting, and in general very resistant to 
chemical influences. 

Certain liquids, when they cool, become more and more 
viscous, passing gradually into a rigid condition. When this 
rigid solid is again heated, it gradually softens and becomes a 
less and less viscous liquid. Such substances have no sharp 
melting or freezing points—they exhibit smooth cooling curves; 
that is, if the temperature of the cooling liquid is plotted 
against the time, there is no break in the curve, no flattening, 
such as indicates the freezing point of a liquid that crystallises 
as it cools. 

Such a liquid, which upon cooling solidifies without crystal-
lising, is physically glass, regardless of its chemical composition. 
Any attempt to reduce the composition of the glass to a chemical 
formula is futile, if the idea is to depict glass as a true chemical 
compound. However, it is often desirable to use a type, a 
formula, in which each oxide is written separately, and the 
formula merely furnishes a simple expression for its composi- 
tion. 	Formulae of this type are in favour for particular 
purposes among glass technologists and workers with glasses 
and enamels. Much more commonly, the compositions of 
glasses are expressed in oxides per cent., and thus simplifying 
calculation of raw materials for production. These formulas 
are really classifications of oxides into basic and acidic glass 
formers. The first systematic study of the problem was by the 
Jena school investigators—Schott and his collaborators—who 
first determined constants for density, coefficient of thermal 
expansion, etc. The values obtained, in spite of the fact that 
later determinations by others have called into question a 
number of the results, have been remarkably helpful in 
suggesting types of glass best fitted for certain purposes, and 
in enlarging the scope of uses to which glassware can be placed: 

A common soda-lime glass formula shows the following 
proportions :- 

In Molecules : 1 x Na20, 1 x Ca°, 6 Si02. 
In Percentage : 12.9% Na20, 11.6% CaO, 75.5% Si02. 
Equivalent glass batch : 22.1 soda, 20.7 lime, 75.5 sand. 
Per 100 parts sand : 29.4 soda, 27.6 lime, 100 sand. 

In the everyday practice of glass manufacture we find an 
endless variety of glasses which are composed of different glass-
f orming substances. This great variety of glasses has different 
chemical, mechanical, thermal, optical and magno-electrical 
properties. 
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Chemical.—As previously defined, glass considered as a 
general substance, has not a definite melting point. If a melting 
temperature is mentioned by a glass technologist, he naturally 
refers to the temperature which is required to form glass from 
the components of a particular glass to which he refers and 
rate of melting. 	For instance, soft lead glass melts at a 
temperature of 900 deg.-1100 deg. C., whilst hard soda-lime 
glass melts at 1200 deg.-1500 deg. C. On the contrary, the 
same glasses once made, when reheated again, soften at approxi-
mately 500 deg. C and 900 deg. C respectively. This phenomena. 
really belongs to the thermal properties of the glass. 

Glass generally is very resistant to the attack of acids. It is, 
however, readily affected by hydrofluoric acid. Resistance to 
attack varies with the different types of glass, heavy lead glasses 
being most readily and hard potash glasses least readily attacked 
by hydrofluoric acid. The various glasses have various 
resistances to atmospheric conditions. 

Mechanical.—The specific gravity of glass varies according.. : 
to its components. The specific gravity of an alkali-lime glass is 
about 2.4-2.5, while that of alkali-lead glass is 3-5. The elasticity, 
tensile strength, crushing strength can be approximately calcu- T' 
lated from the components of the glass. Hardness of glass 
varies with the variation of chemical composition. However, 
no very satisfactory method of measuring hardness has been "" 
yet devised, although several leading glass technologists have 
attempted to find a quantitative value for the hardness. 
(Tensile strength about 10,000 lbs. per sq. in.) 

Thermal.—The coefficient of expansion of glass varies  
according to the components. The alkalies, lime, aluminium 
trioxide increase, while boric acid, silica and zinc oxide decrease 
the expansion of the glass. Glasses with smaller expansion are 
naturally much more resistant against sudden change of 
temperature. Such glasses are thermometer, pyrex, pasteurisa-
tion glasses, boiler glasses, etc. The table below will compare 
the coefficient of expansion of several glasses. 

Ordinary 	Glass 	.. 	.. 	.. 	.. 	.. 	.. 	.. 	.. 0.000,035,0 
Jena Normal Thermometer Glass 16,111. 0.000,024,4 
Jena Thermometer Glass 59,111 .. 	.. 	.. 0.000,017,7 
Jena Laboratory Glass .. 	.. 	.. 	.. 	.. 	.. 0.000,013,8 
Quartz 	Glass 	.. 	.. 	.. 	.. 	.. 	.. 	.. 0.000,001,5 

This shows that the expansion of ordinary glass is roughly 
twenty-three times that of quartz glass. 	The coefficient of 
expansion is very important in flashed and cased glasses. The 
batches of these glasses have to be worked out very carefully, 
and the glass has to be melted at the right temperature and for 
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the correct duration, otherwise different coefficients result, and 
in cased glass this will cause breakage. 	The duration of 
annealing has a great influence on the expansion. 

Optical Properties.—When light falls upon the surface of 
glass, part of it passes through and is refracted and dispersed, 
according to the angle at which it meets and leaves the glass 
and to the optical constants of the glass. A part is regularly 
reflected into the air. A part is diffused into its reflection. 
The remainder is broken up in its transmission through the 

C 
 glass and diffused in all directions. If the surface of the glass 

is perfectly polished, these last two phenomena do not occur, 
L. -suming, of course, that the glass itself does not contain 

© diffusing particles. 	There is an additional effect, that of 
. selective absorption, exercised by every glass upon light of all 

lU wave lengths. The absorption may be either fairly even 
throughout the spectrum, producing a glass which is practically 
colourless, when the absorption is small. The amount of light 
absorbed is in proportion to the thickness of the glass. Glasses 
produced of pure materials, such as the best optical glasses, 
absorb very little, not amounting to more than 1-2% of the 

Li incident light. 	Unpolished mirror glass 8 m/m thickness 
(appr. * in.) may absorb 13% of light, cathedral glass 8-10%, 

L+. mill rolled glass 24-33%. The selective absorption of coloured 
C:9 glass is important from the point of classification of different 
- coloured glasses. Not only is the knowledge of the transmission 

F- of the visible light waves important, but in many cases the 
Lj study of the transmission of rays beyond limits of the visible 
[ _ spectrum is necessary. 	The ultra-violet rays are extremely 
t E active in promoting chemical changes. Ordinary glasses are 

practically impervious to ultra-violet rays, and the microscopic 
• and telescopic systems made from special glasses, which transmit 
• light beyond the visible violet, are much more effective for 

photographic purposes than ordinary lens systems. There has 
been produced glass which is fairly transparent to ultra-violet 
rays, from which it has been possible to construct astro-photo-
graphic objectives -which increased the number of stars recorded 
in ratio of 3 aga'T1st 2. Transparency of glass to heat rays 
depends on composition of the glass. Glasses with high content 
of ferrous-oxide or ferroso-ferric-oxide (Fe304) are highly heat 
absorbent, in some cases 98% of heat rays is absorbed. 

The difference in the index of refraction of a particular glass 
for light of two different wave lengths is called its dispersion or 
dispersive power between these wave lengths. In general oxides, 
such as lead oxide, PbO, which promote a high index.of refrac-
tion, also promote high dispersion. Therefore lead crystal glass 



      

 

20 	VICTORIAN INSTITUTE OF ENGINEERS. 

 

has a high refraction of light, and its refractive index is 1.963 
compared with diamonds of 2.417, which is the highest. The 
dispersion of the light is important in manufacturing achromatic 
lens, made out of crown glass (a potash lime glass) and of flint 
glass (a potash lead glass). Lenses made of these two glasses 
produce a certain amount of so-called "secondary spectrum." 

The introduction of various oxides, particularly in borate 
flint glass and barytphospat-crown glass resulted in perfect 
optical glasses. 

Opal Glasses.—Opal and related glasses undoubtedly are of 
great interest to those dealing with illumination. Opal glass 
is produced to-day in great variety to meet varying demands 
and to satisfy numerous purposes. 

The term, opal glass, is often used to designate not only the 
true opal glasses, but also other similar ones, such as opalescent 
and alabaster glasses. 	This is usually done, because all of 
these glasses have internal structures, which cause light falling 
upon them to be scattered; it appears white, translucent but 
without transparence. Opal glass is well known from its use 
in such forms as lighting ware, ointment jars, wall tiles, table 
tops (vitrolite), etc. However, the name "opal glass" is more 
accurately applied exclusively to glasses of the light diffusing 
type. 

On looking at an electric lamp through this type of glass the 
filament will not show, but if we reduce the thickness of the 
glass the outline of the filament is seen in a reddish glow. Such 
glasses which show the filament in a reddish outline when used 
at normal thickness, and which also appear white in reflected 
light, are termed opalescent glasses. 

All of these types of glasses owe their light-scattering proper-
ties to the fact that they contain, embodied in themselves, very 
small inclusions which have different indices of refraction to 
the glasses themselves. Light on passing through such glasses 
is scattered by encountering these very small inclusions resulting 
in reflection, refraction or diffraction. These inclusions consti-
tute only a very small percentage of the glass mass. In an 
ordinary opal glass it would constitute no more than 4% of 
the glass mass itself. The size of these inclusions is very small, 
approximately 0.4 to 1.3 microns. The alabaster glasses contain 
inclusions of larger dimensions and of lower numbers per unit 
of volume. The character of these inclusions varies from gases 
to amorphous solids, or small crystals. 

The selection of different raw materials for forming these 
inclusions, or more correctly, to produce opal glass, is very 
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important, because these compositions not only require special 
quantitative relation to the glass oxides, but also the addition 
of such constituents as :- 

Cryolite, fluorides, bonash, cuano, sulphates, phosphates 
talcum, tin oxide, zirconium, etc., must be in accordance with the 
properties of the opal glass which we aim to obtain. Bonash or 
phosphate opal glass is produced by using bonash, cuano, or 
chemically-produced tricalcium phosphate, and has been known 
and produced for a very long time. The cause of opacity of phos-
phate glass is that at lower temperatures two liquid phases of 
different composition separate—the smaller one taking the form 
of fine globules of calcium phosphate suspended in the mass of 
molten glass. 

When stannic oxide, Sn02i is used in a lime glass, it proves 
insoluble, and scatters through the glass in very fine particles. 
resulting in an opal glass. 

Cryolite, or sodium aluminium fluoride, Na3A1F6, is used 
to-day in the composition of most of the opal glasses. It is 
itself an opalising agent, and in this case crystals of some 
fluorine compound are suspended throughout the glass, resulting 
in opacity. 

The density of opal glasses depends on the amount of inclu-
sions in the glass mass, and naturally this regulates the 
translucency and light absorption. Naturally the thickness of 
the glass has to be considered. Some types of opal glasses, 
possessing excellent lighting properties, can be used only very 
thinly, otherwise they would absorb too much light. Therefore 
such glasses are cased over on the outside with clear glass. The 
clear glass gives mechanical strength to the object produced, 
and the thin layer of opal gives the light-diffusing properties. 
These glasses we know as cased, or flashed opal glasses. As 
previously mentioned, it is very important that these two layers 
of glass possess the same coefficient of expansion, otherwise the 
application of heat or cold would cause breakage. The absorp-
tion of these glasses varies according to the density of the 
inclusions and the thickness of the opal layer, and it is also 
influenced to a small extent by the thickness of the clear layer. 
The average absorption of most commercial lighting units varies 
from 8% upwards. 

A very efficient and quite recent development in producing 
opal glasses is achieved by the so-called opalescent enamels. 
This is nothing else than an opal frit, powdered, applied to 
the clear glass by spraying or brushing, and then fused together 
with the clear glass just below the softening point of the clear 
glass. This creates great possibilities in the control of the 
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quantity of opal applied to the clear glass to obtain the required 
density, while with ordinary cased opal the whole result depends 
on the skill of the glass blower. 

Mechanically and Chemically Obscured Glasses.—Mechanic-
ally obscured glasses are sandblasted or mattground, whilst 
chemically obscured glasses are the acid finished ones. Both 
these methods possess great importance in lighting technique. 
Sandblasted glass is much rougher on the surface than acid 
finished glass, and therefore is more liable to hold dust and dirt, 
which is often objected to. Acid finished glass has a much 
smoother surface, and therefore dust and dirt does not hold as 
firmly in its minute cavities. From the point of view of the 
amount of light transmitted by these glasses, it is of utmost 
importance whether the smooth or obscured side of the glass 
faces the light source. The absorption is about one-third to 
one-half smaller if the light falls firstly upon the treated side. 
This is a most important point in the acid finishing of electric 
light bulbs, apart from the advantage that the bulb can be 
cleaned much more easily when the outside is clear. 

Smoothly finished glasses transmit more light than those 
roughly finished. The average absorption of sandblasted glass 
is about 8-9%, and the acid finished glass about 5-6%. 

Ceramic Glass.—Another method of producing diffusing 
glasses is the treatment of them with vitrifiable colours. The 
colours are really very soft glasses applied to the surface of the 
clear glass, and then fused at temperatures ranging between 
950 deg.-1150 deg. F. Almost any density of colour effect and 
design can be obtained by this method. 

The pigmenting agents of these vitreous colours, or glazes as 
they can be termed, are identical with those which are used to 
colour the actual glass batch when fully coloured glasses are 
made. These are mostly metallic oxides. Gold, for example, 
will produce ruby; copper will produce green or blue and ruby; 
cobalt produces blue ; and uranium or silver, yellow, etc. Glass 
so treated is often referred to as ceramic glass owing to the close 
relationship it bears to ceramic glazes used in the pottery trade. 

The possibilities of application of this type of glass by the 
illuminating engineer are unlimited, for both domestic and 
commercial use in the form of illuminated wall panels, pillars, 
and ceiling, etc. Trough lighting with bent glass, so treated, 
offers a wonderful scope for the further exploitation of the semi-
indirect form of lighting. For restaurant, ballroom and 
similar requirements designs can be applied in keeping with 
the surroundings, no matter whether restrained or garish. From 
the point of view of efficiency its claims are unique, for, not 
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only do these colours fuse actually into the glass to which they 
are applied, and so guarantee absolute permanency and free-
dom from fading, etc., but, being in themselves true glasses, 
they are actually translucent. 

Structural Glass: Glass Masonry.—Great appreciation of 
glass in many new forms is found in the trend of modern 
architecture. Glass is used to-day to a greater extent than 
ever before, and yet we are only at the dawn of a period in 
which glass will play an unparalleled role in architecture. The 
illuminating engineer will have to depart from the stereotyped 
form of the usual suspension and wall bracket, and will have 
to design fixtures which will form an organic part of the whole 
building. The present extensive use of glass in building has 
already put new problems before the illuminating engineer. 
He has to study the effect of glass wall panelling, plain or 
coloured mirrors, large areas of window space, all of which 
present the problem of light reflections, and he must be able 
fully to collaborate with the architect. 

Translucent masonry is a turning point in architecture, and 
we will have it here, and we will have to face all its problems, 
recognise its advantages, and perceive its beauty. 

There are very few homes—more especially in crowded cities 
—that have even one view that is worth making a picture of 
with a transparent window, so that the new translucent masonry 
foreshadows the passing of the indiscriminate use of the trans-
parent window. With modern glass bricks we can have sufficient 
light transmitted with complete privacy, large windows that 
give us the light of the world by day, and that give out our 
light to the world by night, without our having to be any more 
conscious of the world, or the world of us, than we wish. 

On the Continent and in America large numbers of buildings 
are constructed of translucent glass blocks—or, as we call them, 
bricks. The craving for natural daylight and the exploitation 
of its advantages are the great motives of the development of 
this form of architecture; but, at the same time, the view at 
night may become very garish unless the lighting effects from 
inside are controlled. 

It is fairly safe to assume that outside flood-lighting is 
rapidly becoming a thing of the past, as, with the advent of 
glass walls, all flood-lighting will be done from inside. 

These glass blocks are designed in great variety, the majority, 
however, have prismatic patterns impressed upon the inside 
and outside faces of them, which provides high light transmis-
sion and diffusion efficiency without glare. These glass blocks 
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are translucent but not transparent, permitting the transmission 
of light while effectively obscuring images. Since transparency 
in a light-transmitting medium is only desirable when, and if, 
the image viewed through the medium is perfect, the prismatic 
figuration creates a pattern which serves as a screen, improves 
the quality of light transmitted, eliminates the glare, increases 
the decorative value of the product by giving it a definite 
texture when laid in the form of a glass masonry wall. 

The various designs have a wide range of light transmission 
coefficients, and where the intensity of light has to be considered. 
the selection of most suitable patterns must not be overlooked. 
The average window glass transmits 85-95% of light. 	The 
transmission coefficient of average glass masonry blocks is about 
85-88%. 

The exterior surface of the blocks is designed with flat and 
smooth, or with simple flutes to lessen the accumulation of dust, 
and makes its removal easy. 

The blocks are light in weight, and can be quickly and con-
veniently laid. The blocks, which are produced in two pieces, 
are fused together with a non-corrosive metallic alloy, applied 
while the glass is at high temperature, and therefore no moisture 
is included. 	Being hermetically sealed, and having partial 
vacuum, no condensation can take place on the inside walls. 
The glass blocks have high compressive, lateral, impact and bond 
strength. Heat conductivity is low, so they reduce the solar 
radiation. Other advantages of glass bricks are their sound- 
proofing properties. 	Being glass, they are resistant to fire, 
impervious to vermin, acids, and the elements generally. Being 
non-porous, they not only prevent the passage of the air and 
gases, but will not absorb odours or grease, and therefore offer 
many advantages when the problem of air-conditioning is 
considered. 

The study of glass makes its appeal to the emotions and 
imagination, independently of the practical results to which it 
may lead; for it brings us to grips with an enigmatic product 
whose properties are very imperfectly understood, a veritable 
Proteus whose transformations escape our grasp, a material 
fundamentally very ancient, which is revealed to us little by 
little, and brings to science a new and unexpected contribution 
towards the understanding of matter. 
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