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PUBLISHERS’ STATEMENT.

Though much of a fragmentary nature has been written

of the making of glass and its history, no attempt has here-
tofore been made to bring under one cover information
which will be of practical worth to those engaged in the
manufacture of glass. The purpose of the present volume
is to present the essentials of the art in aform of the greatest
practical utility. The subject is much too large for the
scope of any one book, but it has been the aim to include in
this book the essential details, and to constitute a store of
authorative information from which the expert and the be-
ginner alike can draw with profit. The book is designed to
be eminently practical. Its author is a practical glassmaker,
and for years has been an active factory manager. Heis a
recognized writer on glass matters and has drawn from the
_practical experiences of a lifetime in the preparation of this
book. In preparing the hundreds of recipes contained
herein, the author has selected the best of the standard
formulas from all quarters, whose worth has been proven by
actual practice, and to these he has added his valuable
private collection.

That the work shall be an authority, all the chemical
portion of the manuscript and recipes have been carefully
revised by Dr. ]J. A. Koch, Dean of the College of
Pharmacy, of the Western University of Pennsylvania, and
the discoverer of several valuable formulas now in use in the
glass trade. Dr. Koch in the past few years has several
times been commissioned by the most prominent glass firms
in this country to go abroad and investigate certain phases
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of the Continental glass industry. Therefor, his chemical
knowledge of the glass making industry is unquestioned, and
his revision of the present book gives it the stamp of the
highest authority.

To keep the book within convenient compass, all details
as to estimates on factory construction, machinery, supplies,
materials, etc., have had to be eliminated, but all such in-
formation, not already in the possession of the reader, can be
secured at length by addressing the Commoner and Glass-
worker, of Pittsburg, Pa., the newspaper of the glass trade
in all its branches. o |

GLass AND PorTeRrY PuBLisHING Co.



PREFACE.

The principal portion of the matter contained in the fol-
lowing work represents the contents of a glassmaker’s
private note-book; and while the facts and figures therein
were collected for personal edification, it hardly seems nec-
essary to make any excuses for their publication, since not-
withstanding the multiplicity of books on the same 'subject,
there seems to be none exactly adapted to the wants of the
average practical glassmaker.

It has been the object to present the contents of this
volume in a series of plain, practical essays, arranged in
succession, as it appears to the writer, that to properly
understand the aggregation, and proportionate association,
of the elements of glass, it is necessary to first understand
its principles and characteristics. It is for this reason that
so much space has been devoted to the more important
characteristics of glass, as the principles of definite propor-
tion are dependent thereon. The various constituents of
glass have also been given considerable space to afford a
proper conception of their derivation, composition and
effects, including simple tests and analyses for determining
purity. An appendix has also been added, which contains
miscellaneous information pertaining to the subject.

All known works of authority have been consulted in
the preparation of this manuscript. Especial indebtedness
is due to Mr. James Reed, who so generously contributed a
large portion of the recipes contained in the work. In con-
clusion, the work is designed for the practical glassmaker;
and the author presents ELEMENTS OF GLass AND GLass-
MAKING for his consideration, with the hope that, in some
respect, it may contribute to the general fund of knowledge
in glassmaking.

BENjAMIN FRANKLIN BISER.
Cumberland, Md., Jan. 1, 1900,






INTRODUCTION.

As a people, we are prone to overlook the interest centering
in the commodities that alleviate the discomforts of life. By no
means the least of these commodities is glass. Surrounded by
articles representing it in almost every conceivable form, perhaps a
mosaic, a stained window, a piece of filigree work, a richly cut
bowl, a common tumbler, or a bottle, may excite our passing ad-
miration ; yet, nine times out of ten, the inquiry—if inquiry at
all—regarding its origin or production ceases with the simple def-
inition :—“a product of sand,” and the mind does not conceive
the depth of romance underlying its origin and propagation.
This fact does not only apply to those in the ordinary walks of
life, but penetrates to the vital depths of the industry, reaching
not only a large majority of those artisans who fashion it, but
quite a few of those who create it ; and while there always exists
a superabundance of traditional data, inherited from generation
to generation, father to son, so to speak, yet there is an almost
absolute dearth of practical—to say naught of theoretical—in-
formation in possession of the average glassworker regarding the
substance he daily gives form and figure.

Notwithstanding the universality of the present use of glass,
its discovery was extremely ancient, and its history is so resplen-
dent with achievements, queer facts, and characteristics, that it is
truly romantic. For many centuries the properties of glass have
caused it to be admired, and sought by all classes, and some writ-
ers believe that it was in use to a greater extent among the an-
cients—especially among the Romans during the imperial period
—than in comparatively modern times. Dr. Johnson so ably il-
lustrates a portion of its present uses in the following, that we
quote : “Who, when he first saw the sand and ashes by casual
intenseness of heat melted into a metalline form, rugged with
excrescences and clouded with impurities, would have imagined
that in this shapeless mass lay concealed so many conveniences
of life as would in time constitute a great part of the happiness
of the world ? Yet. by some such fortuitous liquefaction was
mankind taught to procure a body at once in a high degree solid
and transparent, which would admit the light of the sun, and ex-
clude the violence of the wind ; which might extend the sight of
the philosopher to new ranges of existence, and charm him at one
time with the unbounded extent of the material creation, and at
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another with the endless subordination of animal life ; and what
is yet of more importance might supply the decay of and succor
old age with subsidiary sight. Thus was the first artificer of glass
employed, though without his own knowledge or expectation.
He was facilitating and prolonging the enjoyments of light, en-
larging the avenues of science, and conferring the highest and
most lasting pleasures, and was enabling the student to contem-
plate nature and the beauty to behold herself.”

With all of its commendable qualities to adapt it to univer-
sal use, glass is still a peculiar substance—-unlike any other—and
its definition is rendered difficult by the subtleness of its nature,
and the variability of its constituents, each of which contributes
largely to its peculiar quota of characteristics. Not by any means
the least remarkable fact regarding it is its creation by the com-
bination of materials plentiful in nature, of themselves crude and
opaque, yet by fusion transformed into a lustrous, limpid, trans-
parent substance which can be wrought by heat into forms and
designs unrivalled in beauty. When in a melted state it can be
poured like oil and molded to suit the will. As it cools it assumes
that peculiar state of viscosity, in which its ductility is such that it
can be drawn into hair-like strands which can be woven into cloth
or tied in knots. Its elasticity is such that it can be blown to a
gauze-like thinness, so as to float- upon the air. As it hardens,
it becomes exceedingly brittle, and assumes a brilliant lustre and
polish, yet retains its elasticity to such an extent that a globe of it
filled with water and hermetically sealed, if dropped upon a pol-
ished anvil will recoil two-thirds the distance of its fall and remain
entire. It is a non-conductor of electricity, and a poor conductor
of heat. If a ball of melted glass is dropped into cold water it
produces no agitation in the water until its temperature is reduced
to about one-half. Perhaps the most peculiar characteristic of
glass is the change it undergoes by repeated or prolonged heat-
ing, when it becomes devitrified or porcelain-like and crystalline
in structure, (under ordinary circumstances glass is non-crystalline
in structure). When exposed to the action of the elements any
great length of time it assumes a variegated hue termed irides-
cence ; this latter peculiarity is now given commercial import-
ance. and is frequently produced artificially. Innumerable other
peculiarities could be mentioned, and it is these queer facts which
characterize it as a substance peculiar to itself.

In a certain sense glassmaking is not only one of the oldest,
but one of the newest occupations, and herein lies the romance
of an art once dominant, virtually blotted out of existence for
centuries, and restored. Its origin is unknown, but we have rea-
sons to believe that it is as old as the earliest civilization, even as
ancient as the art of brickmaking. Glass objects have been
found under circumstances and in places indicating that they were
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in use before man learned to manufacture iron into useful forms ;
and if glass was coeval with bronze, why may it not also have
existed in the age of stone ?

Ancient writers—especially Pliny—tell us a doubtful story,
of its discovery by Phoenician merchants returning from Egypt
to Syria with a cargo of natron (crude soda). Storm driven they
landed on the sandy beach at the mouth of the river Belus, which
flows from Mount Carmel and enters the sea near Tyre and Sidon ;
and while cooking their food, rested their cooking utensils on
blocks of the natron. The heat from the fire caused the natron
to melt and form a flux that reduced the sand to glass. But this
story is purely a fable, as the result would be impossible. As to
the probable discovery of glass we are led to believe that there
is little doubt that it was the result of an accident ; some one had
the acuteness to notice its fortuitous production ; but who, ex-
actly when, or where is absolutely unknown.

A coarse colored glass is frequently produced in metallurgical
operations as an accident ; and again, when vegetable substances
which contain silica and an alkali (as straw) are burned, glass
is very often found. The Egyptians were proficient in metal-
lurgical operations, and for argument suppose it was discovered
in the early days of metallurgy. The Egyptians ascribe the inven-
tion of this art to Osiris. In Gen. IV:22, “Tubalcain, an instruc-
tor of every artificer in brass and iron,” takes the invention back
when the first man was living. Metallurgy evidently had some
influence on the early manufacture of glass, as the oldest specimens
are always colored, which by analysis show the coloring agent to
be of a metallic nature. Klaproth concluded that the variability
of composition of the different ancient colored specimens showed
evidences of being remelted metallurgical slags. Some writers
think there was a possible chance for its discovery in connection
with the art of glazing pottery. The Egyptians sometimes burn-
ed large heaps of straw and vegetation, and to this some attribute
the discovery of glass by that people.

The earliest traces of its manufacture are found in Egypt.
Archaeologists have discovered sculptured designs, representing
glassblowers at work, which were made centuries ago, and on the
rock tombs of Thebes you may see pictures of artisans blowing
the shapes of glass through long pipes. There is an unmistakable
evidence of glassblowing figured on the walls of the tomb of
Mestaba of Tih, of the fifth dynasty, the earliest representation
yet discovered—a time so remote that it is impossible to give it
a date in years—say, for instance, 4000 years B. C. Mummies in
the tombs of Memphis wear necklaces of paste-glass beads.
Memphis was built by Menes I, king of Egypt. Manetho figures
his reign 5004 B. C., but Egyptian chronology is uncertain. On
the tombs at Beni-Hassan are representations of glassblowers.
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These tombs are supposed to be of the period of Osirtasan I, 2500
to 3000 B. C. But even given the date of the period in which
these inscriptions were executed, the art certainly antedates by at
least some centuries these periods, as development was slow at
that day and centuries were certainly required to evolve the skill
and perfection necessary to develop the art to the degree of which
the ancient specimens are evidence. In general, it is believed
that its discovery and use originated in Egypt, as its most ancient
monuments are of that country. But it is not easy to trace the
progress of glassmaking there. The objects found there rarely
bear inscriptions, but the earliest specimen of glass bearing an
inscription from which its date might be ascertained, was found
at Thebes by Signor Drovetti many years ago, and is now in
the British Museum. The hieroglyphics determined it to beofthe
eleventh dynasty, about 2423-2380 B. C. We conclude that
glass was undoubtedly invented in, and radiated to all other coun-
tries from Egypt, as the channels of communication can be traced.
The Phoenicians also lay claims to its discovery, but they cannotbe
substantiated.

As an industry glassmaking spread from some common cen-
ter. It grew and multiplied until it reached a point of develop-
ment which in some respects has never heen excelled, and perhaps
never equalled. If the Syrian. Greek and Latin versions of the
Old Testament are correct, glass was placed in the same cate-
gory as gold. Vessels still exist of fine blue opaque glass edged
with a comparatively thick plating of gold. Herodotus saw in the
temple of Hercules at Tyre, a statue or coiumn of emerald glass.
Pliny speaks of a glass statue of Serapis, thirteen and one-half feet
high, and an obelisk sixty feet high composed of four emeralds,
which Apion and Theophrastus saw in Egypt. The invention and
ingenuity of the ancients was most remarkable in producing vari-
ety in glass, devising means of decoration, and methods of manip-
ulation. Many processes now in vogue, which are supposed to
be recent discoveries, have in reality been anticipated by the an-
cients. To demonstrate this: Among the relics taken from the
tombs of Thebes are specimens of glass coins with hieroglyphical
characters, which prove that the Egyptians must have been ac-
quainted with the art of pressing glass, while hot, into metallic
molds. This has always been considered a modern invention.
The Egyptians pressed glass into figures of deities, sacred em-
blems ; adapted it for mosaic work ; colored it to imitate pre-
cious stones ; worked it into beads and necklaces, and used clay
and wire molds with which to form cups, vases, etc. The so-called
Portland vase, and the vase at Naples, are beautiful examples of
the later ancient art, and illustrate their skill and proficiency
in manipulating and fashioning glass. Their ingenuity which de-
vised so many modes of ornamentation, so many shades of color—
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primitive tools and impure materials considered—demands our
unbounded admiration. Circumstances seem to demonstrate
that the industry was carried on by many artificers, each working
on a small scale. )

But a crash came to all of the splendor when the barbarians
of the northern countries blotted out the power, and even serious-
ly imperiled the civilization, of ancient Rome. (It may be re-
marked that the Romans prior to this time had attained virtual
supremacy in the art of glass.) In the mental and material pros-
tration following the barbarian conquest, and during the dark
ages, the art of glassmaking became but a flickering flame, pre-
served from total extinction by the church in the one branch of the
industry, that of mosaics and stained windows; and ancient
glassmaking for centuries was virtually a lost art. Eventually
Venice was able, in secret, to recuperate her lost art, and at one
time whole streets of Tyre were wholly occupied by glassworks.
The Venetians did all they could to retain their secrets intact,
even removing their factories to the island of Murano, in order
to better guard the monopoly. So useful were the glassmakers
at one time in Venice, their industry contributing such large reve-
nues to the Republic, that to encourage those engaged in it to
remain in Murano, the Senaté made them burgesses of Venice ;
allowed them to wear a sword ; exempted them from the pay-
ment of all duties and taxes, and allowed nobles and patricians to
marry their daughters without loss of nobility, which also descend-
ed to their issue. So stringent were their mandates that the
Council of Ten forbade glassblowers from revealing the secrets of
the art to strangers under extreme penalties. An extract from
their laws in 1474 reads : “If any workman conveys his art to
a strange country to the detriment of the Republic, he shall be
sent an order to return to Venice. Failing to obey, his nearest
relation shall be imprisoned. If he still persists in remaining
abroad and plying his art, an emissary shall be charged to kill
him.”

At one time the glass industry in Italy was governed by a
council of glassworkers, composed of six glass-masters, who were
elected during the Christmas festivities by a majority vote of
their fellow-workmen, to serve one year. The orders of this coun-
cil were imperative, and so recognized in the administration of the
industry. It established the wages paid to the workers, allotted
the number of workmen to go to any foreign factory, and decided
all questions pertaining to the welfare of the business. An oath
was required from each man before starting to any foreign factory,
obligating him to maintain secrecy ; zealously guard the interests
of the craft ; uphold its traditions ; strictly obey all of its rules
and laws, and return to Altare and report to the council no later
than the feast of St. John (August 29th) each year, relative to the
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year’s activity. So great was the desire to impart mystery to the
art, that in times past it was the custom of the workmen when
‘“pot-setting,” to attire themselves in the skins of wild animals
and goggles, to protect themsevlés from the heat, and then pa-
rade the neighborhood thus attired to the great alarm of the chil-
dren and women. Even at the present day there still remains a
fund of traditions and hereditary data, that in many cases is much
revered.

But, while the Venetians especially, did all in their power to
retain their secrets, and control the monopoly, the glassblowers
chafed under restraint and gradually wandered from the folds
of the councils and ignored their mandates, lured, no doubt, by
inducements held out by foreigners, until Venice was compelled
to compete with young but ambitious rivals, born with the grey
dawn of a later day European civilization, who justly claimed a.
portion of what was regarded as the heritage of Europe. And
thus Egypt, Rome, Venice, Germany and Bohemia, became cen-
tury marks in the later history of glass, and glass became a criteri-
on of civilization.

Glassmaking of to-day is a new art, because but perhaps
a century and a half have elapsed since it began to emerge from
the almost total eclipse it experienced during the dark ages, and to
the nineteenth century must be assigned nearly all the improve-
ments which have placed it once again among the arts. Still, as
we have remarked above, the ancients were familiar with many
processes which we consider new ; and many of our improve-
ments of to-day are simply lost processes rediscovered. As a
whole, the constituents, their proportions, methods of aggrega-
tion and association, and the manipulation of glass, are along the
same general lines that guided the ancients ; and we have been
but regaining that which has been buried beneath the dust of cen-
turies.




DEFINITION. COMPOSITION.
CLASSIFICATION.

Definition.

The title “glass” is applied to such a perplexing variety of
substances, both chemically and commercially, that it makes an
exact definition, embracing all substances to which it is properly
applied, extremely difficult. It would be comparatively easy to se-
lect a single piece of any particular glass and define it, or two dis-
similar kinds ; but not so when we conceive the innumerable va-
riety of glasses, all of which contain conditions of similarity.

A composite definition may be suggested as follows: A
transparent solid formed by the fusion of silicious and alkaline
matter, which assumes while passing through said state of fusion
at a temperature sufficiently high, a fluid condition, and, as the
temperature falls, passing from the fluid through a ductile, viscous
state to a solid—devoid of crystalline structure, impervious and
impenetrable to both gaseous and liquid fluids—a hard, brittlemass
which exhibits, when broken, a lustrous fracture.

Any product of fusion that is hard, brittle and vitreous, is
chemically termed glass. Commercially the title designates (with
a few exceptions), the silicates, or compounds of silica—a fusion
of two or more simple silicates. A silicate is a salt of silicic acid ;
a compound of silica with one or more alkaline or metallic oxides.

The difficulty of an exact definition of glass lies in the fact
that while glass is regarded as a chemical compound—a silicate—
unlike most chemical compounds it has no fixed definite composi-
tion in its several varieties, yet the fundamental principles of all
commercial glass are decidedly similar.

Composition.

Glass consists, generally speaking, of a mixture, (rather than
a compound, as there is difficulty in determining the molecular
composition of the constituent silicates), of two or more silicates
united by fusion into a homogeneous, hard, brittle mass. The na-
ture and molecular composition of these silicates determines the
variety or nature of the glass, according to the proportion of the
base or bases associated with the silica. Silica (termed the di-
oxide of silicon, (SiO,) predominates as the essential element of
virtually all manufactured glass. Combined with the silica are
such bases as potash, soda, lime and lead. The bases may be
termed alkali-metallic oxides, and with the silica comprise the fun-
damental constituents of manufactured glass. Oxides and ma-
terials other than these are used as auxiliaries for special purposes,
as de-oxidizing and de-colorizing agents, and forimpartingspecial
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colors, and properties of manipulation to the product of the com-
bination of the resultant silicates of potash, soda, lime, etc. As
an example : Flint glass is composed of silica, potash and lead ;
or silica, lime and soda ; a double silicate in either case. Win-
dow glass is a ter-silicate of potash, lime and soda. Thesesilicates
are not separately formed and then fused, but are simultaneously
fused together by a double though continuous process without any
break in its continuity, by being mixed and charged, and then
fused to completion in the pot or furnace of the glassmaker.

At least one alkaline base is always necessary in the creation
of a silicate, and the quantities of the various constituents vary
according to results desired. These proportionate quantities are
determined by experience establishing formulae for the various
glasses. - These formulae constitute the basis upon which a glass-
maker establishes his results. We have stated that glass is a sili-
cate, single, double, etc. ; also that a silicate is a salt of silicic
acid, (a compound of silicic acid with one or more alkaline or me-
tallic bases), but it is well to further illustrate the subject. Analy-
sis of a certain sample of glass will determine the quality or quan-
tity of its constituents, but it does not set forth or determine the
manner of their association. It is known that this association is
affected by heat, but it requires a further investigation than analy-
sis to determine the relationship that binds them together, and
what chemical or physical changes heat develops, to convert these
substances into an amorphous transparent body. If we take the
different constituent substances of any particular kind of glass,
and by mechanical means reduce their particles to the most infinit-
esimal size, and create a most thorough admixtureofthemonewith
another, there is yet no affiliation of their molecules ; no adhesion
or viscosity of substance; and no coinbination of atoms ensues, be-
cause this is a physical or mechanical association. Hence, while itis
of paramount importance in preparing the batch, as it facilitates
the atomic combination when chemical action does ensue, yet of
itself it effects no direct combination or molecular change of sub-
stance. 3

Prior to any molecular change, the molecules of a given sub-
stance must become disintegrated and decomposed, and their
atoms be reassembled into molecules of new compounds ; hence, -
the first necessity is to break the cohesive bonds of the molecular
structure and release the atoms. It is known that the cohesion .
between the atoms of a substance is least in a liquid or gaseous
form, and for this reason it is necessary to reduce the mechanical
mixture to a fluid condition. Heat is regarded as a mode of mo-
tion—molecular motion—and supplies the agent now in question,
and develops, when applied to this mixture, molecular energy
sufficient to create fusion of the substance involved ; then suppos-
ing that by fusion the substances are reduced to a fluid condition,
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and a general separation of atoms has ensued. Nature has sup-
plied a certain form of general attraction called chemical affinity
which, the moment the cohesive bonds are broken, asserts itself
and re-assembles the atoms, and arranges them into molecules of
new substances and compounds determined by the nature of their
affinity, as the atoms of each substance have a certain affinity for
the atoms of another substance, sometimes combining in several
different proportions. Silica is a prominent example of the latter
as it unites with the same metallic oxide in several different pro-
portions, which is illustrated by the formulae of the silicates
of sodium, (Na,O, SiO,: 2Na,O, SiOz: Na,O, 3Si
O, : Na,0, 4Si0O,). When we mix sand (the commercial repre-
sentative of silica) with lead (PbQO.) (Litharge), and reduce this
mixture by fusion to a state of fluidity, it will be found that the
silica unites with the lead, forming silicate of lead ; likewise the
energy excited in the silica by heat is sufficient to decom-
pose the carbonates of potassium, sodium and calcium, creating
corresponding silicates of these bases. Hence it is not too much
to assume, that if the result of the fusion of sand and lead is sili-
cate of lead ; of sand and potash the silicate of potassium ; of
sand and soda the silicate of sodium ; of sand and lime the sili-
cate, of calcium ; that if these same substances be mixed and fused
together simultaneously the result will be a mixture of the same
silicates. The silica combining proportionately with affinity.
While the special action of the various silicates will be given
later, (see Raw Materials) it may be well to remark here a quality
belonging to a mixture of silicates ; which is the fact that the fus-
ing point of a mixture is considerably lower than the mean of the
fusing points of the silicates constituting the mixture. Thus a
glass containing three or more silicates is more fusible than a glass
containing two silicates only, but less perfect in structure. Ex-
perience teaches a glassmaker that as he increases his basic per-
centage of alkali, or oxide, in his batch, he lowers its point of fu-
sion ; but the product becomes softer, and while its density or
specific gravity may have increased, yet its nature deteriorates.
Silica is an essential element and the value of the product depends
"upon its proportion, and deteriorates as its percentage is de-
creased, or the percentage of alkali or base is increased. It is well
to bear in mind regarding the fusibility of the different alkaline
bases, that they contribute to the fusibility of the silicates con-
sistent with proportion. Of these the silicates of sodium and po-
tassium are most fusible, potassium exceeding sodium. The sili-
cates of lead are more fusible in proportion to base. The silicates
of calcium are less fusible than those of potassium, sodium or
lead, but assist in the fusion in a combination of silicates.

While we are enabled to keep in mind the silica, alkalies, and
oxides, comprising the principal constituents of glass, and even
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the approximate estimation of the quantity of each in the com-
position of the different kinds of glass, yet, even in different speci-
mens of the same variety, the proportions are so indefinite as to
exclude all possibility of any definite classification. Chemically
there is such a variation in the composition, and commercially the
names that have attached themselves to the various glasses are
so innumerable, that a definite classification is impossible either on
a chemical or commercial basis.

Glass is divided into two general classes : Natural and arti-
ficial. By natural glass is meant that produced entirely by natural
causes without any assistance from man. These natural glasses
are found principally in the vicinity of volcanoes, and are known
as mineral obsidian, Peles’ hair, etc. Other natural glasses are
known as water glasses, and are found in certain springs, and ab-
sorbed in certain basaltic rocks. Artificial glass is that glass pro-
duced in the arts, and manufactures, including the various glasses
of chemistry.

These two general classes (especially artificial) are sub-divid-
ed, and the divisions titled according to circumstances. As the
natural glasses have no special bearing on the subject, we will con-
fine our classifications to the artificial glasses. As a chemical
classification, that of Ure, which while not absolutely correct in
some details, will fairly illustrate the subject.

Soluble Qlass.
A simple silicate of potassium or sodium, or both.
Crown Qlass.
A silicate of potassium and calcium.
Bottle QGlass.
A silicate of calcium, sodium, aluminum and iron.
Common Window QGlass.
A silicate of sodium and calcium, sometimes potassium.
Plate Qlass.
A silicate of sodium or potassium, calcium and aluminum.
' Ordinary Crystal.
A silicate of potassium and lead.
Flint Glass.
A silicate of potassium and lead.
) Strass.
A silicate of potassium and lead, still richer in lead.
/ Enamel.

Silica and stannate or antimoniate of potassium or sodium and
lead (highly alkaline).

10
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Much of the so-called flint or crystal glass of present manu-
facture, is generally a silicate of sodium and calcium, calcium su-
perseding lead, and sodium superseding potash. The present op-
portunities for procuring raw materials nearly pure, have altered
the constituent silicates to a great extent, both economically and
effectively.

Commercial usage has apparently established four general
and practical sub-divisions, viz. :

I. Plate Glass.
Which comprises ; rough plate, rolled plate, ribbed plate,

and polished plate, having an approximate composition about as
follows :

Silica .vvi ittt i i i, .. 74%
Soda ... e e e e 12%
Lime .. .ooiii ittt 5.5%

II. Window Qlass.

Which comprises ; ordinary sheet ; colored, painted or with-
out color. The different methods of applying colors occasion dif-
ferent processes as : pot-metal. double or flashed, stained glass,
or crown glass. Approximately the composition of window glass

SICa .ovvvie it ie ittt it e e 73%
Soda ...t e 13%
Lime ... it 13%

III. Flint Qlass.

This term has an extensive application, and includes prin-
cipally all common or lime flint, or crystal glass. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>