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THE GLASS INDUGTRIRS OF THE URITED STATES

The glass industries of our country have reached » level wherein
they must be considered as one of the major industrisl activities of
the present era, GClass production in genersl, eenters in the Ohio
Valley, but wvith subsidiary plants in other stntes, its scope reaches
from cosat to comst. The one-room glnss houses of the Coloninl Period
contrast sreatly in proportion to the industries of teday. The total
value of the product assumes a figure diffieult for consumers to under-
stand,

Becnuse of its recent rise to importonce, glass information of the
present day hns heen disclosed meoinly by government publications and
gsensational articles in magaszines and prerindicmls. Two noteworthy
surmaries were written in 1880 and 1617, btut these reports do not in-
clnde the sutomatic processes induced by mechine economy. FEconomic
Geographers have given only brief mention of this industry, and future
courses in Industrinl Geography may glve glass deservings credit.

The muthor, in this gtudy, selects only the major factors thnt seem
responsible for the advancement of zlass enltwre, The early techniques
adopted Dy the American Colonists were principally those used in Medieval
Yurope, therefore, n brief history of pre-American glass secms essentisl.

The author is deeply grateful to 2ll who have contribhuted their
asgistance and sugrestions toward the writing of this thesis, espscinlly
Doctor Fdwnrd ¥, Keso and Professor Ceorge S, COrfield of the Depnriment
of Geoography, ~nd the library staffa vho so ably s2ssisted him in proeuring

the desired information.
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CHAPTER 1

INTRODUCTION
1. Definitions of Glass

The industrial world, historicslly speaking, hes passed progressive-
ly through = Stone Age, a Bronze Age, and a Steel Age. Glass experts
believe that we are now entering = Glass Age., The world's oldest plastie
has become a serious competitor in all phases of industry. From the fin-
eat of silks to the lowest grades of iron, glass hos made its presence
known as a rival, Technicslly speaking, it is difficult to define glass
concisely because it possesses = wide range of characteristics. Most of
it is transparent; on the other hsnd, it may be opaque or merely trans-
lucent. The major glasses as we know them are brittle, but they may be
toughened by heat treatment until they become bulletvproof. Glass is
impervious to sir, water, geses and most chemicnls; it cleans e=sily;
it does not soften or warp; it tskes 2 high polish; it can be compounded
so a8 to filter out or admit the infrared or ultra-violet rays of the sun.

The question frequently arises, what is glass? "The truth is,"
replies a chemist, "the constitution of glsass is about as much of a mys-
tery as the makeup of electricity. We know what we can do with both of
them, which is plenty. When we find out what glese reslly is, we should
go to town.'l A physicist replies, "It's a misnomer, don't speak of
'olass!, but of 'glasses'. There are more kinds of glass than there are

of all the metals and alloys combined.*z Glass science refers to it as

;J. R, Hildebrand, "Glass Goes to Town," Hational Geographic Maga-

zine, CXXXIII (January, 1°43), p. 1

%Hildebrand, loc. cit.



a "super-cooled” liquid or an "amorphous solid," dut these and other
descriptions do not describe glass in the sense that HZO describes
common water. Ko true chemical formula for glass is lknown, because its

chemical constitution and moleculsr structure are mysteries which not

even the microscope and the x-ray have been able to solve.

2, Versatility of Glass

One glass is lighter than aluminum; snother heavier than mercury.
The Corning Glass Works of New York regularly melts some 300 different
glass compositiona.B Regearch men in the laboratories carefully analyze
and study over 3,000 glass preseriptions. In huge stock piles 110 in-
gredients blend with sand in quantities varying from tons to =2 few grams.
By comparing these figures with those of the early colonists of America,
who used only the basie¢ raw materlals, four or five in number, =2nd pro-
duced only three types of glass products, you have a fair egstimate of
the tremendons advance of the American Glass Industry since its early
beginnings in 1608. Glass windows which transmit only the ultra-violet
rays of the sun, possess such purity that one gram of improper material
may make the product defective. Jewels or bearings for electrienl indi-
cating instruments, which formerly regquired polished s~pphire, are pro-
duced with ease. Such a vitel pin-point of zlass weighs only three ten-
thousandths of an ounce, and its diameter rarely exceeds seven-hundredths
of an inch, At the other extremity, the Mount Polomar telescope disc,
twenty tons iIn welght 2nd nearly seventeen feet in diameter, took one

year to annenl, and is atill in the process of being polished to an

jﬂimebrand. loc, cit.



aceuracy of a millionth of an inch. Compare these two instsneces, and
you besin to sense the versatility of the glass industry.

L. A. Stauffer, reporting on his trip throuzh the research lahor-
stories of the Pittsburgh-Corning Corporation, states the following,
"In the laboratories of thig company, I have seen szlass thet ean he
gnwed and nailed like lumber; zlaszs that will float; rlass that bounces;
glass that c¢an be bent like rubber, twisted like yarn, tied into !mots
and woven like =ilir,...One of its more recent uses is for artificial
lezs. The adveninges appear to be the ease of molding to the exact cone
tour of the natural leg nnd the lifetine resistance to wearl'b

¥odern glass, therefore, finde its epplieation in every type of
industry, in every tyve of construction, snd in every mode of living.
From its early beginnings to the present day, glass proves its worth
a8 a substantinl product, and ns sn item of commercial importance,
Small wonder thnt the present problem confronting research men lies
not in the reeln of findins now uses for #lass, dbut in finding instances

wvhere thay may avold untilization.

;Lawis A. Stauffer, "What Won't They Do FVext with Glass?® Renders
Dicest, XLV (February, 1945) p. 5k,
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CEAPTIR I

TH® HISTORY OF GLASS
1. The Dawn of Gl=zes Culture

Primitive man, regardless of vhet epoch or era of geologic time
existed during his lifetime, had at his disposal, =nd freguently nused,
quantitiea of glass. This type of glass was not in the artifici=l state
that we think of it today. Artifacts of obsidian, simply glass manu-
faetured by nature throush volcanism, have heen found in nesrly ﬂvéry
country of the world. Savages of the Stone Age chipped 'mives and
spearheads from fragments of this naturnl gleas. In demand for thousands
of yoars for weanons, jewelry, and mirrors, the impoartance of obaidisn
began to decline rapidly after the first sopearance of srtificial glass
in about 2,000 B.C.

The exmct person or persons credited with mnlring the first artifi-
cial glmsss is =n unlnown fact, however, the discussion narrows to two
peonles, namely, the Phaoenicians and the Egyptiana, At the present time,
the opinions of glass historians deo not agree. Ancient history records
the siory by Pliny 2nd Tacitus, of the accldentsl discovery of glass by
a group of storm-driven Phoenician mariners while cooking their food on
the banks of the liver Belns.l' i This tele or myth, as some writers
refer to it, does not seem plsousible, as the temperatures required to

melt sand into » molten stste range from 2600° F. to 2850° F..3 and a

%Joeeph D. Weels, Census of 19%0: Statisties of Manufsctures, p. 1097.
zﬁelua: A river in Pslestine neer the Base of Hount Carmel.

) 33. E. Pratt, "The Glsss Industry," Burenu of Foreisn and Domestie
Commerce, ¥iscellaneous 3Series, LX (May, 1017) p. 69.

.
b



small fire constructed on an oren beach would never contain such a2 concen~
tration of hent. While 1t is true thnat the sands found in this vicinity
have been used for the maling of glass and later used by the Fhoenleians,
Jaserh D. Weeks in his special report on Class Mammfactures, maintains
that the Egyptions should receive the true credit for the discovery of

the world's oldest plastie, The uncertainty of Egyptian chronology
renders it 1mpnssib1ﬂ-ta determine the excct age of discovery, =2nd in-
seriptions in the tomts offer only =light indications, Various inscrip-
tions, paintings nnd even bites of glass itself, zive evidence of its mmnu~
facture at lemst ',000 to 6,000 years ago. Among the earliest traces of
glagsg are those found in the ruins of Memphle, 2 city built by Menes, the
firat King of Feypt, vhose relgsn ended approximately 5,000 B.C., The

mummies found in the tombs of this city wear necklaces of paste-glass

_bends. Figures of #lass blowing sppear on the wallg of the tomb of

Mastaba of Tish, whose dynamsty closed near 3,900 3.0.“ Already, the

art of blowing glass into bottles, pressing it into vases, cups, figures
of srered delties, coins, and emblems, and rolling it into bends and neck-
laces, seems to have been practiced with great skill. Such perfection
conld h=ve heen obtained only throush ceniuries of rractice, and the

exact date of discovery must have been meny yeara pravious.5 While

under loman dominnnce, Egyptisn products found » huge market in the
Imperinl City. Eegypt continued her glass industries as late as the 3rd
century A.D., as Marcus Aurelius, the emperor, declmred that part of the

Foyptien tribute should be paild in glass snd glassware. Quantities of

eers, loc. cit.
5

Praneis Rogers, 5,000 Years of Glass, p. 25.



coins and tokens, 23 well ms glass lamps, made by the Feyptians during the
15th Century, may be viewed in the Esmtional Huseum of Paris. Crude in
their designs, and containins numerous fl=aws, nevertheless, these antigues
give rise to the fact that ancient civilizations lmew much about the art
of zlsss making.

The Phoenicians, vreviously mentioned in connection with the discovery
of rless, gained early renown for their exactnoss in design and expert
workmanship. Glass workers from FPhoenicis spread their culture to other
parts of the Imown world, and introduced its rrocesses to Continental
Furope. King Solomon, according to Bidbliecal History, secured Hiram of
Tyre, an artificer, for ornamentation work in his famong temple. The
twin citiea of Tyre nnd Sidon on the Mediterrsnean Coast, were noted for
the making of srtificisl gems and hollow ware. The possibility that
portions of ¥ing Solomom's temple waszs decorated with glasswnres, may be

ageepted as a true fact. HNot content with the production of erude colored

¢lass, the Fhoenicians possessed the initiative to experiment with various

formulas other than the few already in use., Msnganese was smong the first
agents to be introduced, and the resulting formmla produced a clearer

slngs with fewer defects. Precious stones and pems could be imiteted by the
nge of metrllic oxides, =nd colored gl=ss hecame an iten of luxary. The
fanons "pillar of emerald™ in the temple of Hercules of Tyre, has been
deduced =g a hollow tube of green glass in which a lamp burned pnzﬁaetmlly.é
Althonzh the reign of the Phoenicisns was short-lived, Sidon contained

Zlass works until the 12th century; Antioch, until the 1/th century nnd

Smyrna ns late as the 17th century. The city of Demescus became the chief

6‘9faelm, loc. cit.



sent of glasg-making 1n_the ¥nagt, but it too subsided sbout the year
1600 A.D., when the Venatians became the rulers of the glass industry.
However, the glass~blowers of Ormescun save one contridbution to the art
of glass makine; 1% lay in producing the first non-refilladble battlas.7

Yery little mny be eald concerning the glass works of the Assyrisns.,
Among the ruins of ¥ineveh, destroyed in 625 B.C., were found specimens
of glass bottles, slass lenseg, and a smell vase of tronaparent sreen
gless vith the title of the Assyrin Momarch, Sargon (722 B.C.). Other
vases and gilded bottles heve bern found, but show little skill in work-
manshis or originality. HMany of the relies are identicel to Foyptian
zlass, and Egypt did export huze quantities of small glass items to
Babylen.

The enrly Yomone became scquainted with glass through their conauest
of Eryrt and the surrounding nreas. Home manufactures began about 500 B.C.,
durins the time of the Cresars, but the quality of the preduct was so
inferior, that for many years the citizens of Home were dependent on the
Reyptiens snd the Assrylsns for their glasswares. Pinally, under the
reien of Augustus Caesar, production began in earnest after the secrets
hed hean eaptured from Esypt, and a high degree of perfection ensued.
Parly Homan plate glecs was formed by pouring molten glmgs on a flat
gsurface of = stone th=t had been dusted with fine send. It proiuced one
smooth surface, but no transparency, and contained waves and numerous
other defects. DRecent excavations indicate thnt high ouality plete glass

had been produced. Portions of the streets in Fompeil ond Carthage hnd
been paved with plate glass blocks which had undoubtedly withstood great

7?rances Rogers, 5,000 Years of Glass, p. 25.



o
amounts of rressure and possessed good weering characteristiecs. Aleng

with the CGreelr contribvutisng of art, Homan gl2ss beeame one of the
prized vossessions of its clitizens. Koman ledies hed for vanity cases,
two highly decorated vials, joined at the tep by handles, throurh which
rrssed » cord to carry them. One compartment contzined rouge; the other,
ohl for darkening the eyelids. Avplications of the cosmetics were made
with small zlass roda.9 In the year 220 A.D., history records the in-
dustry se being so important, thet & specisl tax wasgs levied on glass
malrins na a source of revenue, Mr. Weels in his report stmtes thot this
fact may have heen responsible for the transfer of the induatry to
Venice.

Constantine the Great, about the year 330 A.D., had in his command,
nearly all the glass makers of the kmown world, and controlled the world
merket for the succeeding three or four centuries. Due to the corrupt-
ness of the empire, the Byzantine civilizstion disintegrated =nd with it
went the glags secrets an! the tradesmen. Tor the ensuing centuries,
glasa making seemed to be on 2 raid decline and little of its develop-
ments are kmown or recorded in history. ot until the Venetinns revived
the industry on the island of Murano, did gl=ss making assume the im-

portsnee thot it possessed nt the time of the Phoenicinns and Egyptians.

2, Glase Industries of Medievml Turope
The Medieval ers of histery, besides being the periol of revival

for educnation, relision, ard fine arts, slse stimmlated industry. #With

8
R. T, Harding, "Pompeii's Streets ¥Were Paved with Glass," Ferun,
CIV (Detodar, 1905) p. 166.

9Roeers- on, cit., r. 27.
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it rose the true beginnings of glass menufacture. Modern glass making
dates from the city of Venice and its tiny isle of Murano.10 From the
glass houses of that gentile island, the art that produced the beautiful
and exquisite forms of Roman glass was revived. From its entire street
of glsses furnaces came the workmen who carried its knowledge and inspi-
rations into many of the Furopern nations, and laid in these countries
the foundations of the glass industry thet has continued until the pres-
ent time., Venetisn glass did not, however, gain a2t once the full mea-
sure of its reputation. For many years after the establishment of the
industry in that city zbout the 1lth Century, Egyptian and Byzantine
glereses dominated the markets of the world, and the early products of
Venice suffered severe competition from foreign imports. Venetisn glass
did not gain world renown until the 1l6th Century.

Gless making, in conjunction with n2ll the finer arts of culture,
felt the influence of the barbarian deluge. Demsnds for gless, other
than thet in common use, ceased entirely when the tribal hordes con-
quered Rome and appropriated its wealth. The glass works of Rome were
demolished and the workmen slain or scattered. Only in one phase of the
industry did any of the former glory remsin: the manufacture of mosaics
and painted window glass, Here, as in many of the finer divisions of
culture, the church preserved many of the gecrets, and inevitably saved
the industry from perishing from the earth. By the early 1200's, the
great cities of Germ~ny and Italy begen their commercisal enterprises,
and the rising importance of Venice attracted many artisans, among them

the decendants of the ancient glass workers., About the year 1250, the

1070seph D. Weeks, Census of 1980: Statistics of Manufactures,

p. 1102.

10.
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art had grown to such magnitude thot rules governing glass houses were
established. In 1291 the Council of Ten, as a gafety precaution against
fire in the Imperial City, decreed that all glass furnaces should be
demolished, but reestsblished in the distriect of Venice. This later
regulted in the growth of the industry at Murano.l1 The same council,
in 1295, prohibited the-exyortation of glass making materials, and alse
issued a warrant imposing a heavy fine upon all glass makers who should
leave Venice to vpractice their arts in other cities.12 Later, this fine
was abolished end a death penalty substituted. So closely were the
secrets guarded that any worker who did escape was ferreted out by
specisl agents, sent from Venice, and put to death. One glass blower
actuallf reached the gates of Paris, only to meet his fate at the hands
of the Italisn agenta.13
By this time, the fame of Venetlan glass had spread throughout
Furope. Other prosperous nations, such as England, Spain, 2nd Holland,
endeavored to secure workmen to advance their glass culture. As early
as the 16th Century, twenty-four glass houses existed in Murano, each
establishment having its own special type of product. Murano reached
its peak about the year 1600, with a population of approximately 30,000.

Arproximately 2,000 laborers found employment in glass produection alone.lh

An unbroken line of glass houses extended for one mile 2longz ene of the

l1yid., p. 1103.

124ecke, log. cit.

ljRngers, op. 6i%.s . 38.

lqﬁames J. Jarves, "Glass of Murano," Harper's Magazine, LXIV

(January, 1882) p. 182.
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streets in Murasno. The nectunl manufacturing, éonducted on a smell seale,
and using only the traditionnl blowpipe, produced a greant variety of
products, including vessels, window pglass ~nd moseies, optical glass,
nirrors and beads. Governnent control of industries forced the removal
of the shops from Home, but the guild system exercised n strict control
over glags production, partieularly in the fleld of labor. The following
rules and resulations poverned the werkers: no spprentice conld be sdmitted
28 n master eraftaman without pascing a sirict examination; the cmndidate
must prove his skill in the produection of his particular shop; all cnn-
didates were elected into the body of masters by secret ballet; ench
fagtory to be subject to inspection day or night; vhoever becnme a2 meme
ber of the guild must tske an oath of fidelity; no strrneers could be

emplayed under any pretense; Venetians to be the conly “"outsiders" sllowved

as lnborers; no employer could hire o master-craftisman in debt to another
employer in the suild; snd proprietors as well =s master-worimen of

ten years' experience, 1f they failed honorably, were entitled to an
annunl penaion,lﬁ The Venetisns took great pride in their work and

the pglass artisans of Mursno were hishly regerded as esgentisl citizens
of thelr commnities. However, the monopoly they hnd enjoyed for over
five centuries soon dimmed into oblivion. Countries of continental
Furope began offerings fadbulous sums to Venetisn gl=ss worlers te leave
Hurano, ant in the later years small numbers of thom escaped to Germnny,
¥rance, England ond the Low Countries, bdringing with them the secrets
that hnd been so ardently guarded.

Barly glass vorkings did not fade entirely from the rest of the

155arves, loc, eit.



gontinent durine the dark ages, =8 producis of Poltiers, France, date
back to the Holy Romen Bmpire. Looal proluction remained in 2 crude
stntus until the Intter portion of the 17th Century. In 1554, Colbert,
the grent finnnce minister of France, obtained nighteen Venetian glnas
workarg and the menufacture of mirrors nnd mosaies began in Paria.15
The gecret of Marsane hnd boen captured, ard its formules and technicues
sprerd rapldly over the balance of the continent, 3Bohemia becnme the
foremost rival of Venice, snd to the present day, produces glassware
of high cuality. Favored with unusunlly hish guslity rewv materisls,
the Bohemians produced glesses of extreme purity and clarity. Germen
initiative introduced the glazing and engraving of glrssware, vwhich
became » product of gsreat demand and greatly interfered with Venetian
prestige, Cut glnss entered the seene shortly thereafter, snd se sherp
and injurious did the competition become, theot zlags makers of Murano
journeyed to Bohemin to learn the newer developments. One =agent did
return to Venice to secure petents on his findings, but the wvorks of
Murano begon to decline, =nd the nagze of zlory faded rapidly.

England snd the Lov Coimiriss becnme the last of the great powvers
of Turope to master the techniques of the Venetlsns, The Belpiang, near
the city of Rotterdam, began successful operations a2brut the year 1500,
and the ¥nglish folloved with glnes houses in London within the next
demg,l? Enslish interest in the Venstisn industry had begun prior to
that time and after numerous frustrations for over two conturies, she

finally succeeded in securing, by bribery, eight Muranese glass workers

WByenrs, op. eit., p. 1104,

I?Ipld.. ». 1105,

13.
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and promptly imrrisoned them in London. These artissns grined their free-
donm on condition they use their sability in the English glasg houses, nnd
fron that tinme forward, English glass mssumed a Venetian strain and the
new industry prospered. Sea conl, used in place of wood for fuel, was

effected by Sir Nodert Mansel in 1635.1 Britain's early vproducts con-
sisted of window glass and mirrors, but with the discovery of flint glesa,
huge vases =nd tadbleware sppeared in great cuantities. The revocation

of the adict of Wantes, in 1485, drew ~ number of ~lass workers to
Fnsland, and the menafactures begen to improve. In 1700, many FEnslishmen

congidered thrir products superior to Dohemizn glasa, nnd second only to

the royal Prussian glass houses of Potsdam.

3. The Americzan Colonisl Era of CGlass

The earliest attempts of glass manufacturinz in the United States

sere recorded in history ns a gzeries of.failuras. in which many indus-
trinlists lost whatever fortunes they possessed, and sousht other fields
for profitable enterprise., The colsnicts could not pereeive the sdvane
tapes of glaasware, and even though the product could be successfully
produced, little demend for home consumption exlisted, and severe com-
patition from immorted plemes thwarted our early rioncers in the glass
industry. Glass production began at differrnt times in the various
colonies, and a discussion of zlsas manufscturings by st=tes would de
more profitadle than to sttempt a chronclesienl arrangenment.

flass hag the diztinetion of heins one of the first manufactured

proluets of the 'mited States. It is true thot the mnjority of the

Brpaa., p. 1107.
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firat colonizts' interests centered in obtaining fabulous wealth, but
a few of the early sottlers concentrnted on commerci-l enternrises nsg
well. History records the fact that Captnain Fewport, on hia second
voyage to Virzinis in 1608, brought with him eight Poles nnd Cermnns to
mare pitch, ter, glasg, ond sonp-nashes. Cavtrin John Smith, in charge
of the Jomestown settlement, therefore, deployed certain men to nroduce
the aforementioned products. The first sl=2as house wns locmted in the
woods near Jamestorm and actuslly manufactured some crude flasks and
window glasses during the next six or seven years. The Virginisns ndded
another nroduct, an item for trade with the Indisns, nemely, gl2zs
beads. Unable to re=lize the limit of such articles of bvarter, over-

production resulted and the colonists experienced America's first case

of inflation. The surplus beads, shipped to Fngland rt leas than cost
price, resulted in a niniature depression and ruined the first successful
industry in America. This fact, coupled with the craze for tobacco cul-
ture, crused the industry to decline and it eventuslly censed to exist
by 1617. An attermt, mede in 1620 to revive the industry by importing
I4alinn artisans from 3ngland, friled because of the Indian Massecre of
1422 wvhich destroyed the neély erected glass house. Glass production of
Virginia received no further mention until the year 1798, Discoursgsed
by repented failures and misfertunes, the Virginians resorted to other
sctivities, and the searcity and high labor costs of zl=ss artizons, only
furnished an added impetus to sbandon gloss production., Captain John
Smith summed up the esse by statins thet the colonists' lsbor had heen

misdirected in the moking of various articles, among them was the



17.

product glasu.lg In 1782, a plant existed in Alexsndris, Virginia, nand
production for the year totaled 10,000 pounds, with an employment of aver
500 laborers. Mention is mede of s plent in Wellsburg in 1815, vhere flint

glass as well as plate and hollow glass was produced. Wheeling, vest

”

Yirginis, begrn glass operations in IS?O.LG and the city still contains
numerous glass plants. Kecognized as 2n ideal loeetion beeause of
chesp fuels and raw materials, it is the site of one of the firat per-
monent plasg centers of the United States. Blessed «ith industriouns
lesders and economists, the eity withstood the triales =p»d misfortunes
of the early years of our commtry and has contributed numerous diecoveries
in the fields of pressed zlasses and tableware,

America's leading producer of glasssware for the past 10C yesrs has
been the atate of Pennsylvania. It, too, ns in the cnse of Virginis,
possessed = vary slow beginning =2nd 1its early history is marred by fre-
quent frilures in glass production. Perhmps the earliest reference to

glass was given by ¥William Pean. He referred to a tannery, a sawmill,

21
and = plase house in onme of his reports to the Free Soclety of Traders.

Por vhat purpose the glass house was maintsined is not knovn, snd its

inmportance must have been relatively inasisnificant. ©O. ¥. Holmes, who

wrote in 1639 concerning the various industries of Pennsylvania, speaks
of the scarcity of glass in this fashion:zz

fThe window glass is often here,
Zxceed ing searce snd very denr.
So thnt some in this wny do take
Isinglass windows for to make.,"

10
“¥eeks, op. cit., p. 1116

*Ieers, loc. cit.
Zlpid., p. 1117,
geerrs, loc, oit.
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From this time until the years preceeding the Revolutionary War,
no mention of glass is recorded. The industry may have voanished completely
or production msy h2ve been too small to even note. Many individusls
attempted to establish plants about 1750, but their endesvors ususlly
ended in bankruptcy. Caspar Wistar, a German immigrant, began his
manufactures in Philadelphia about the year 1740, He imported four
glass workers from Belgium »nd produced buttons snd pleces of fine tsble-
ware. His failure occurred = few yeare later, »nd today, cautious
collectors state that there are now no more than thirty suthentic pieces
of originel Wistar glass in existence.23 Another Germ=n, Baron Von
Steigel, attempted » plant near Lancaster in 1762, but he too, suffered
defeat. He later returned to Germany to study the Potsdam plants, but
never did construct = successful glass house in America. Small estab-
lishments opernted in the period following the Revolutlonary War. The
Society for Encouragement of Manufactures offered = $20.00 gold medal
for the best specimen of flint glass produced in Fennsylvania. Glass
manufacturing in western Pennsylvania was greatly influenced by the sctions
of two men, James O'Hara and Major Isaac Craig, =8 these gentlemen were
the first manufacturers of glass to use cozl for fuel. Under their
guidance, a successful plant began in Pittsburgh in 1796, and from that
time forward, the glass industry of the United St~ntes centered in the
Pittsburgh district.zn Two factors have been responsible for its phenom-
ensl rise to prominence: (1) the abundance of conl and matur~l gans snd

(2) the vest supply of excellent sand -~ the Orisk-ny deposits, which

23Rogers, op. cit., p. 57.

243. E, Pratt, "The Glass Industry," Bureau of Forelen and Domestic
Commerce. Miscellaneous Series, LX (May, 1917) p. 11.




will be discussed in the following chapter. By 1815, Pittsbureh alone
employed 169 workmen and the wvalue of the »roducts totnled 223%,000.
Plante in Schuylkill, Philadelphia snd Manheim, were greatly over—
shedowed by the Pittsburgh area.

Althourh aided by an early stert in the meanufacture of zlasswnre,
¥agsaschusetts has since surrendered its distinction of being one of the
leading producers. The first plant wes erected at Salem in 1439, dhy
Hr, John Concklin, who wag aided in hias efforts by the town council.
Battles and vwindow glass were produced sucecessfully, but severe com-
petition from ¥ngland foreced the industry into abandonment. From this
early effort until 1900, the story is the seme as other areas, repested
failures end disappointments., The Hoston Glass Works begen shortly
thereafter, and by 1210, the industiry in Boston reached sufficient

25

volume to produce products valued at $82,000. The War of 1812 dia-

courszed the industry, ~nd by 1825, ns a result of bad management, the
gompany failed and the next fifty years sew numerous attempis to revive
the Hoston gless houses, but none were entirely successful, principnlly
heesuse of the lacl of fuel.

The states of New York, New Hampechire, Hew Jersey and Maryland
have similar histories conceming glass production. Imtil 1820, numerous
rlants were constructed ond all resulted in disaster 1o the business men
who financed them, Repented efforte to secure aid from the state govern-
ments f2iled and the majority of the »rojects were discontinued. The
commercisl interesta of the Wew Fnglend St-tes alloved the importation

of Furopean glnsses, and the new indnstry could net cormete with them.

25";99‘{5. Mog P 112?1



While it is true that New York and New Jersey rank high in total pro-
duction during the recent years, their rise to prominence came during
the industri=slization of glass which occurred during the late 1800's,
and will be discussed in the latter portion of this chapter.

Ameriean glass production up to thie point, with the exception of
the Pittsburgh and Wheeling districts, has not afforded a record of which
gless experts and historians can be proud. Repeated failures, the "hit
snd miss® type of production, and the scarcity of glass technicians
have proven the point mentioned previously, thst the early Ameriesns were
not ready for the new product, and whatever glass was needed, could
easily be imported. The imported ware was of o higher cuality and cheaper
in price, The 19th century ssw a complete change of events, and with the
introduction of the shop system, glassware stood on the brink of becoming

one of America's major producta of industri=l production.

L, Gless Developments of the 19th Century

The American Glass Industries made theilr greatest advancement dur-
ing the 19th Century. As the westward movement of people progressed,
21l industries, including glass production, moved with them. The centers
of production moved inland from the Atlantic Seeboard, snd with the ex-
ception of Wheeling, West Virginia, located west of the Appalachian
Mountains. As new states entered the Union and businessmen exploited
the raw manterials and fuels, gleass plants became =mong the first to be
established. The Midwest ares rose to prominence shortly after the turn
of the century and Ohlo, Illineis, Indiana, Missouri, and Kansas entered
the production columns. New York and New Jersey emerged during these

years, and for a time threatened the supremacy of Pemnsylvania., The use

20.
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of petroleum and natural gas as fuel has caused a high correlation between
the location of glass plants and petroleum fields. The discovery of
natural gas in Indians and New Jersey influenced the moving of glass
plants to these states, and Illinois coal offered advantages for the
industry in the Migsissippi Basin.

From 1800 to 1870, the menufacture of flasks and bottles dominated
all pglaess production.26 Pressed tablewsre received its share of glory
by being one of the first items to be produced by machinery. Deming
Jarvis, a carpenter of Sandwich, Massachusetts, made the first pressed
glass tumbler.z? Up to this time, all glassware h~d been blown and
cast, and the shsping of glass to the desired form by means of a mold
provided 2 new technigue for the glass workers of the mnation. Althoush
produced in large quantities, nevertheless, glassware still reguired the
use of the blowpipe and constituted a slow and laborious process. De-
pression entered the glass industry from 1850 to 1860. This was followed
by a great "boom" in the production of flint glass.zs due to the making
of co2l oil from cornl as a by-product. Lamp chimneys were in great
demand by 1861 and the gless manufacturers responded accordingly.
Approximately five years after the close of the Civil War, the glass
industries of America went through a period of revolution in which
machines began to rapidly displece the picturesque glass blower and his
biowpipe.

The introduction of the shop system allowed greater production.

The first profitadble plate glass factory was established in 1881 at

26Pratt, op, ¢it., p. 14,

271v14., p. 16.

281p1d., p. 17.
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Creishton, Pennsylvanin, by Mr. John B, Ford., Previous attempts ni
Jrooklyn, Few York, Alvany, Indiana, and Crystal City, Missouri, produced
hieh ounlity plate glass, but reaunlted in finnneinl) failures dune to hizh
costs of operation. The Creighton plant is one of the orisinsl works

of the present Pitteburgh Plate (lass Cormany, The wonderful prosress
end development of plate glass hns continued until the present dsy.
Americon plate glngs surpasees Furopeesn glass in clearness, finish, snd
freedom from flrws snd defeets. Cloeely associnted with plate glass,

the wire glase industry, suecessfully patented by Hr, Frank Shumen in

29

1702, allowed theo two products to be produced on the same casting table,

In 1850, following the invention of the incandescent lsmp, glaus
menufactourers entered a new field, the making of light bulbs., From a
meazer baginning, the industry exvanded dy 1700, until it srow to an
approximnte production of 1,000,000 bulbe por day. Window glass, like-
wige, wos increnzed in guantity by the introdustion of new processes,
the foremoat beines the use of a "bait menber® to draw the molten glacs
from the pot furnnces.

S. P, Austin, in the Census Heport of 1900.30 gtater the following:
"The Pacific Const is attracting more mni mere attention ss 2 field for
#lass msnufacture, »nd the cheap fuel of Southern Celifornia, coupled
with the growing demand for n glmss pacimpe from the fruit peckers, will
probably lead to =~ decided ineremse in the glass production of that state
within » short time!® The ressoning in this statement is sound and may
seem foolprooef, dbut the fector of sacuring 2 high ogunlity sand, checked

Celifornin's rise to promincnce for many years. In 1930, the stote

29;9;d., . 20,
303. P. Austin, Corsus of 19003 Simtisties of Menufaggures, p. 95%.
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reached eighth place in the production colummns. By the close of the 19th
Century glass was produced in seventeen states. The industry as a

whole, remained in » demoralized condition due to over-production and low
retail prices. The Furopean countries were closely slllied =s to price
regulations and adjustments to productien. Since the business of the
United States hnd net extended beyond the home market, cooperation on
that aecount was never considered by the Furopesn povers. Hence, the
United Stntes became a dumping ground for surplus foreign production,

and exceptionally low prices were forced on American industries. The
most severe problems lay in the shortage of worlmen and the bhids

for higher wages. During 1900, Americsan glass workers recelved wages

two hundred per cent higher than Fngland and tihree hundred per cent

more than Belgium. The most noticeabls trend of the year centered in

the increscsed numbers of women employed, perhaps as a source of chenper
labor. The introduction of decocrated glassware offered meany positions
that male labor would not accept.

Electricity, first used 2t the Ford Glass Works in Creighton,
Pennsylvania, beceme the means of motive power for conveyors at the
close of the century., Ite nation-wide adoption followed +ithin the
next decade.

Although glass production in the United States soared to a value of

$56,000,000 by 1900.31

we were still dependent on foreign imports for
the major portion of fine cut glasswares and chemical arparatus. Our
position had not yet been established in the commercisl world. Various

experimental laboratories existed, but the necessity for new developments

31Table IV of this report, page 46.
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in zlass wne not yet at hand, The World's Columbimn Trposition at Chicago
in 1893, displsyed a glmass dress, =sni thereby demonstrated the first

insizht 28 to the future possidilities of glasn.sz

5. Gless Technology of World ¥ar I

Since the American glass industriss established themselves securely
in the induastri»l life of our country, the stress wes novw placed on world
compatition and the discovery of new products and new uses. Jreater
pro’uction became necessary with the use of ~lsssware in commercinl
fields, such a7, antomobiles and the adoption of glnas in the construc-
tion »f bvuildings. The invention of now mochines incressed, and the
mited 3trtes Patont OFfice granted an anusual number of patents to glass
expaerta in the early 1900's, nmong thenm Michael J. Owens, who invented
the Automatic Bottle Machine in 1903. American exports of slass began

33

to inerease by 1015,” and the game yenr witnessed the larpest output of
£lass up to thet period. IHowvever, it remained for the first World Yar

to plve the zlmass industries their grentest boom. ¥While the conflict
raged in Burope, slass menufactnurers faced the same problems 28 the users
of dyestuffs. They hed lemned upnn foreiy: countries for many of the
finer ingredients of slnes, sa well ms mechinery, specinlists, =nd nevw
technisues., Shut off from thelr ususl supply, manufscturers begmn to
search for new materinls and n grest impetus wee given to chemical
research., The chemist heg since become ag isportant to modern indus-

try as the glecs blower wes to the vrimitive. OSubstitutions were fre-

32&. T. Harding, "Pompeii's Streets Were Pnved with Class,® Forum,
€IV (Octoher, 1045) », 165-167.

33P1‘att. Mu. Ps 3?8‘



ouently made for vital materials during World War I. The war foreed meny
indugtrinrlists of glass to enter into fields which hed besan hereiofore
neglected, Laboratory snd chemicnl glesgware hnd been imported from
Germ=ny =nd had not been manufactured to any extent in ths United Stotes

prior to the conflict. With its importntion imposaidle, collrges,

hospitals, and laboratories loolked nmtout for Americnn-made goods, ani the
guick foresight of glass experts siministered to the needs cuite efficiently.
After Am~rica entered the war, the rcute shortege of renge finders, field
glasses, comeras, and surveyins instruments placed = grave reaponsibility

on the zlass prolucers. All forms of optical glass vwere attempled rsnd

succeggfully produced with cooperrtion frnm the Federal Government.
Americen slass sands possesged qurlitles for the production of the Tinest
of lensez, glaass tubing, and insulators, and from that time forwardi, the
United States no longer depended nupon foreism sources for such materials.
At the close of the war, with many of the FEurepesn glass houses idle,
Americon products found 2 ready mariet in the commercisl world, and
todey, the United States is the leading country in the exportation of

#lagg and glazgware,
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CHAPTER III
GLASS SAND
1. Desired Properties of Glass Sand
0f the essenti=zl constituents in the manufacture of glass, silies,

the oxide of silican, is the most importent and the only material which
enters all varieties of glass. This silicea, generally in the form of
gand, mey be found in greater or less purity in nature as deposits of
gand, as ~n easily disintegrated rock, or as a hard gsandstone which
necessitates crushing before use. Sand is the primciple ingredient of
all glass, comprising from 52 to 65 per cent of the batch, and from
60 to 75 per cent of the finished products.l The importance of sand
may be illustrated by this simple definition of glass: "Glass is a
transparent, impermesable substance formed by fusing sand or siliecs

with fixed alkalies."

The quality of glass, however, depends chiefly
on the quality of the sand used. The finest glasses, =28 flint, plate
or cut glass, require freedom from color, absolute transparency, and
exceeding brilliancy. Only the purest ssnd cen be employed, 28 even
slight impurities, especislly small quantities of iron, tend to de-
stroy these effects. Optical instruments and chemical equipment, which
are practieally colorlees, require sands containing not more than

0.015 per cent of ferric oxide (iron). Plate glass of a poorer quality

and window glass are commonly a pele green, and less absolute purity

is required, but, iron content should not rxeceed 0.02 per cent.

;R. W. Stone, Department of the Interior: Mineral Resources of
the United States (1916) p. 335.

ZE. E. Pratt, "The Glass Industry," Bureau of Foreirn and Domestic
Commerce. Miscellaneous Series, LX (Msy, 1917) ©. 55.




Preliminery tests applied to snand to determine its vonlue ns n pgless
materisl, vhile giving a general idea, are inadequate vithout a com-
plete chemicsl analysis of the ennd. A test in the furnece to deternine
1ts meltins snd fusing characteristics is likewise egsentinl. In genersal,
the s3and should be perfectly white, rather fine, uniform, even grained,
and with angular, rether than rounded grrins. The subjeet of using
ansular or rounded grrins has been » disputed point for some time.
Before 1000, menufacturers specified that sands must be magular becouse
rounled grnins were uncertain in results, 4id not fuse readily with
other materisls, and produced » glass of uneven texture.3 Treoretienlly,
an ensalar sand should melt faster and fuse esaier beeause it has »
greater theoretienl chance of being more permeable 2nd exposes more
gurfrce to heat in proportion to its volume than does the rounded sand.
However, it hrs been determined that the shape of the asand grains is
n comparstively unimportant factor In influencing the meltings temper-
ature; in fact, some glass manufacturers prefer sand with rounded grains.h
Sand thnt effervesces or losez color when heated with aeid, is not
rood sand, ns the effervescence indicates the presence of lime; 2nd of
clay by the change in color. ‘Eyg pregence of iron msy Le detected by
digsnlving = portion of the sand in hydrofluoric mseid and adding potas-

simm ferro-cyenlde, wkich will produce 2 blue coler, if iron is present.

JA. T. Coons, Department of the Interior: Mineral Tesources of the
United Stotes (1902) p. 1018,

alllinois State CGeologio=l Survey, Geologiesl Bulletin LIII
(January, 1929) p. 12.

5Coona, op. ¢it., p. 1019,
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Iron may be present in send in numerous forms, chiefly as biotite,
limonite, hem=atite or hornblende, =2nd induces = green color to the
finished products, providing decoloring agents =sre not used.6 Alumins
and clay render a cloudy esrpenrance, while orgenic meterial of any
sort will csuse bubtles and stains in the finished product.
B The removel of thegse foreirn materinls and the coszt of the proceases
involved, frecuently determines the finnl opinion ms te the worthiness
of the deposit in question. 1In some instancea ¢lay, ecorper, magnesia,
and organic matter way be removed by weshing. Irom content usuelly
presents the greatest protlem. 35mall rarticles of biotite or limonite
can be removed by msgnetism. 3Stszins must be attacked by seid-leaching
or the flotation process. The latter method resembles the froth flo-
tation system used in the purification of corper. Varions fluids, as
aleohnl, nine=tar oil, erecsotes snd finer olls are the mediums for
extraction.

The Americsn Window Gless Company of Fittiburgh, Pennsylvenis,

submitted the following anslyais of gande ised in their slnss works:

PTABLE I
Analysis of Sand

s : : : : $
i Constituent ¢ _Ho, 1 . Fo. 2 ¢ WMo 3. 3 Mo, 8 3
: s : 3 : :
:  Siliea $ 99.990 1 99,714 3 09,659 : ©9.57¢
1 Alumine ! 008 280 .310 .350
: Oxide of Iron : Trace 3 006 011 021
H Lige apd Masnesina H 002 2 020 ¢ 020 3 050 3

1100 000 ¢ 100,000 2 100,000 2 100,000 3

6John Dasher, Depsrtment of the Interior: 3Buresu of MHines Heport

of Investigations, 3740 (December, 1043) p. 2.
"Ibsd.. . 5.

Ecnons. op. cit., p. 1013.
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The experimental laboratories of the Ameriean Window Glass Company
conducted the analysis and prescribed the following uses:

Ho. 1, the very highest grades of glassware and flint glass.

Ros. 2 and 3, tableware, plate glanss and chimneys.

Fo. L, window glerss.

Sand conteining more iron than shown in the table 1s used in making
glass bottles and cheasper grades of window glass.

American glass sands, as = whole, outrank the glass s~nds of Turope
in purity, but sands of France, Germany, znd Belgium possess a lower
content of iron which mskes them more desirable. Modern science can
combat the various impurities of glass sands, but in doing so, the
cost per ton of processed sand exceeds the combined costs of mining and
shipping of sand from other areas.

Glsss sand possesses relatively little intrinsic value. The merket
value varies from $1.25 to $5.60 per ton, due chiefly to labor costs of
extraction =nd preparation. Because of the high degree of purity
reculred of gl=ss sands, it is not too abundant in 211 localities, and
is more expensive to prepare than other grades of ssnd., The cost of
preparation of glass sand in proportion to its selling price frequently
surpesses thot of fire sand and molding sand, therefore, there have
been tendencles to use glass sand for other uses throughout the entire
history of glass production in the United Stntes. The following factors
determine the u;efulness of sand ns » gleass making agency: (1) chemical
purity, (2) Physieal charscter, (3) quantity available, (4) location
with respect of fuel supplies, (5) conditions of guarrying or mining,

(6) location with respect to transportation rontes, and (7) location



o)

with respect to merkets. The first two factors have alresdy been dis-
cussed =ni a dbrief discussion of the remaining conditions nnvears to be
rather esgentis]., E. F. Burchnrdlo maintaing thet 2 deposit =8 thin

ag twenty feet should have an sreal extent of nt lesst twenty ncres of
good snand in sight to warrant the erection of & mill and traclege. The
me jority of the deposits excred a depth of twenty feet, but 1% would

be safer to have a much hisher ratio between sreal extent and thickness,
than the minimum given. When ledges of sand require stripping of over-
lying limegtone, the limeatone may, in certein cases, bve of such purity
to be used in gless makine. If this is not the cmse, some other use
should he sanght for it se = by-product to reduce costas of extrsction
of the sond.

In regard to fuel, every vplent producing glnss sand in guantity
aufficient to net a profit, mast be ecuipped +ith power to move the
sand ond Ary it, and in most cases, with equipment for clesning it.
¥aturnl gms is the idesl fuel, particularly in the use of rotary driers.
In respect to transportation routes, the genersl principle "the more
availahle, the bhetter" may he annlied. Many plants thet depend on one
railroad for trangportation lneclz care at certain seamsons. This fret
geriously handicara the company with its zhivmente and may lemad to the
erncellation of orders. Aa for markets, it must be considered thet
sand constitutes, ver :mit vrlue, one of the bulkiest products. There-
fore, distence nossesses great influence on coste to consumers. At

the snme time, permanence of these mearkets must be taken into consider-

ation, or the project becomes n useless invesiment.

93. F. Burchard, Department of the Interior: Mineral Hesources
of tho United Stmtes (1911) ». 1009.

laﬁurcharﬂ. loc. cit.




2. Location of Sand Deposits

The deposits of ssnd applicable to the m=king of glass converge
in three major regions of our country. The Mississippi Valley, with its
St. Peter Sandstone, rivals the Northeastern Section of the United States
wherein we find the Oriskany sand, though, known locally by various other
names. The third major deposit consists of the California sands found
principally in the Californis Trough near Oakland and San Francisco.

It has been the strong competition of the Midwestern states that has

kept the glass sand industry from spreading to other aremas due to the
pure quality of the St. Peter formations and the impetus of an early

beginning.

The St. Peter Sandstone was named by L. Owen (United States Geologi-
c~l Survey - 1847) from exposures along the present Minnesota River, then
known ns the St. Peter River, near St. Paul, Hinneaotn.ll Figure 3
denotes the location of the entire deposit =28 surveyed by C. L. Dake
in 1921. It 1is interesting to note that the sandstone centers princi-
pally in the area dranined by the Mississippi River and 1its tributsries,
and also the =mrea occupied by old Lake Chicago, the predecessor of Lake
Michigan. The outstending features of the St. Peter deposit and the
ones best knowvn, are purity, homogeneity, roundness of the grains, and
the saccharoidal character of the sandstone itself. It possesses a
high siliea content and ranks low in impurities, especially iron. Re-
peated nanalysis of the sand give the silica content as being above 99.G7
per cent. In general, the magnesia varies from a trace to about 0.01

per cent; the lime content from nothing to 0.02 per cent; the iron oxide

111114n01s State Geologicel Survey, op. cit., p. 13.

i 5 58
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from 0 to 0.02 ver cent; nand the nlumins from none to 2hout 0.05 per cﬂnt.lz
It is usuelly founi in thick-bedded deposite, but the lsyers nre not
nlways so distinet due to the hamog@ngity and purity of the formmtion.
Desrite its loosely cemented character, the 35t. Peter withstands the
effects of weathering when erposed to the mgents of erosion, Covered
deposits are commonly bro-mn in color and cmse hardened to such =n extent
that they cnnnot be droken with hemmers. This intensive hardness seems
to hove develored in areas where the sandstone has been subjrcted to
moisture for long periods of time, In formntlons exposed to westhering,
the stone is usuelly soft snd loose. The color of thr sendetone vrories
with the iron content. Mnny exposures, bonded horizontally with yellow
beds of iron-stoined sand, heve verticsl or nearly vertical, r-mifying,
vein-lilkre zones, colored by yellowish iron oxides. In other aress with
the iron content negligibls, the sand 1s buff, gray, or pure white in
color, Limestone or dolomite underlie most of the St. Peter =nd the two
materisls often enter the glass furnace together. MHarximum thiclness
averases nearly 1G0 feet, but extremes of 500 feet have been recorded
near Joliet, in northern Illinois.

The gnegtion of the origsin of the St. Peter Sandstone h=g been of
much interest to seologists. Two theoriss have teen advenesd, the first
depicting the 5t., FPeter area ng a great interior desert of drifting sand
befare being burinad under gleeisl drift; and the second considering it

n8 & sedimentary deposit, essentinlly marine in origin., €. L, Dake,13

12104d., p. 14.

13C. L. Dake, "The Problem of the 5t. Peter Sandstone," ynqugsigz
st, 1621

of ¥issouri School of Mines nnd Metsllurgy Bulletin, VI {(Augu
Pps 15,
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from a comprehensive study, concludes the stone to be principally of
marine origin, except in certain areas near the borders of the deposit.
His theory =advocates the sources of sand as the Pre-Cambrisn crystalline
rocks and the Potsdam sandstone exposed in the Canadisn Shield, north and
northwest of the St. Peter Basin. The sand was then transported by
streams from its source area to the great inland sen of Paleozoic time
wherein deposition and distribution occurred. Whatever the origin may
be, is not a2 question for the geographer or the industrialigt to decide.
This much may be accepted as true, that, desiring a high quality silica
sand, one may effectively use the St. Peter. In regard to Figure 4, the
eroded area of Southern Missouri snd Northern Arkensss presents a fact
of significance in the looseness in cementation of the sand particles.
During the period of doming in the Ozar: are=, the stratas of sandstone
buckled up and exposed the layers to the agents of weathering. Conse-
quently, the grains of sand eroded to the base of the dome or were
washed by streams to the lower Misslissippl area, where worksable deposits
of river gsand facilitate the manufacture of green glass bottiles. The
outerops, depicted by the solid black colering, occur along the beds of
streams where they protrude as bluffs or escarpments., In Sonthesstern
Missouri however, the major outcrops reveal themselves =28 cuestas formed
by the igneous intrusion of the St. Francis Mountains and the general
doming of the area near the Burlington Escarpment, Jjust west of the
Mississippi River. 1Illinois, Missouri, Arksansss, =nd Oklahoma lead
in the production of glass sand in the midwest area,

The second area of sandstone, used in the production of =lsgg, is

located principelly =long the Atlantic seaboard znd inland vo the Allegheny
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Plateru. Our early manufacturers used sands of this region. However,
the extent of the deposits remained unsurveyed until A. B. Cleaves edited
the report on the Oriskeny Sandstone in 1939'1h H. D. Rogers recorded
this particular formation as the Ridgely Sandstone in 1836.15 The
Ridgely has been recognized as part of the Devonian Age of clays, lime-
stones =nd sandstones, bedded in the great Appalachisn geosyncline of
Middle Pzleozoic time. Here, as in the case of the St. Peter Sandstone,
the deposits are water-laid, compacted by the sedimentes deposited over
them. In Upper Paleozoie Time, the Appslachien upland sppeared and
later folded into the various formations we now know as the Appalachiazn
Mountains, the Ridge and Valley Country, and the Allegheny Highlands or
Plateaus. The majority of the deposits exposed by the folding eroded
away and stresms earried the sand to the Atlentic Cosst. FHence, nearly
all the glass sands obtained in this region must be quarried and over-
laying layers of limestones and clays removed before operations begin.
Figure 4 illustrates the = proximate ares occupied by the Oriskany
formation. All states possessing this sendstone do not produce the
product. Other factors such a2s nearness to markets, cheap production,
and source of labor greatly influence the productivity of the deposits.
New Jersey, Meryland, Virginia, P-nnsylvsania, and Tennessee constitute
the major producing stntes of this ares, The Ridgely formation, a part
of the Oriskeny system, centers in Virginia, West Virginisa, and Southern

Pennsylvania., This sandstone of exeeptional purity, possesses character-

lbl. B. Cleaves, Pennsylvania Geologlenl Survey: The Orisksny

Sandstone, IV (1939) p. $2-130.

1501eavas, loc t.
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istics of white qurrtz., G. ¥W. Stose disgnosed the Ridgely ss » beach or
near shore deposit of the sen.ls Its hish purity, freedom from mud,
uniform gize of particles, and sub-rounied charscter, indicnte lonz-
continued sorting sction of sen or oceen currents. The gre=ins, rather
fine in texture, secursly bound by lime, mey bde broken only by dlasting
or nse of mneumatie drills =2nd sledge hammers., The bedsz vary in thickness
rnd maxismms of 180 feet abound. In West Virginia, spproximetely 20 per
cent of the Hidgely Sandstone produces sand of Number 1 quality, pure
white, ond containine over 98 per cent of silicn, The choicest rerches
95,2 per cent ond is unsed im the manufecture of fine cut glemss. The
comparative hardness of the silien, and its compressed cementation, Joes
not facilitate the use of the hydraulic process commonly found amons the
pits of the St, Peter formation. T"e stone is quarried dy dlocks snd
sent to mills for crushing. Therenfter, the washing apd cleansing pro-
cegges resemhle the sump-tyze of minine of the midwestern =resa.
Pennaylvanis uses this method excluaively. However, the gless plants,
located near the quarries, -ithstend the aided cost of crushing the sand
beesuse of a minimum of transportation. New Yorlk rates very hish in the
number of glnsg plants ~nd value of products, with the major portion of
the sand brought in from nelshborine stotes, already processed »nd reedy
for nse. Ceorzin =nd Alabsma possess sands of the identicsl rge and
stratn, but contain less purity reculting in green glzse production.

The Oriskany sands, the first to be used in our country for glsss production,
and pegseasing hish gquality, find extensive use in the plants of eastern

Tnmited States.

169. W. Store, "The Glass Sand Industry of West Virginia," United

St~teg Geologicnl Bulletin, 285 (June, 1906) p. 473-475.
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The third ares of mzjor impertsnce, lirs wholly within the atrte of
Cnlifornin. It hoz just recently been leveloped mnd vromizes to remsin
rather importent. The origin of these newer deposits has been attribvuted
to the Prelfic waters which oceupled the Colifornia Troush during liesozoic
time., Protuction of glnss sand in C-lifornis hra incressed from 6,000
tonz in 1024, to nesrly 104,000 tons in 1542. The deposits econter nenr
the eastern edges of the Comstal hanges in the Seon Francisco scetor,
Bench gands of the Dol Monte Const have been the mozt recent addition
to the inland depozits.l? Prior to 1924, C-1lifornis dependad upon
Balzim for the finer gsrades of gleas sands, The s=nd could be imported
at » low cost because of its uze ns ballasgt in ocean freighters, 4
The shift in production, from tablewnre to glmss bottles, allowed the use
of loeal sands containing a higher percentage of ferric oxide. Since
1936, the demsnd for finer grades of glassware has incressed in the
Pacific Constal areans, Faged with the problem of impure sand, science
daveloved the flotation method of removing iron steins and Celifornia
ceased to import the rredes of sand required for plete =nd window glasses.
With the extra cost ndded by the purification process, th» prices of plate
zinas are relatively hicher than those of canstern United States, However,
the total cost still remains somewhet less than if the [inished product
were iransported cress—country.

Mipor deposits of glass sand, other than those elready discussed,

are scattered throuchout the United States. Florida hes been producing

1?Dasher.5§h_gil.. P. 2

¥ asher, loe. eit.
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#lase contsiners for over s score of yerrs, using beach sonds of the
Gulf Arem., A goodly supply is savailable, bLut extensive screening must
he used sas the particles vary in size., Weshington »nd Nevada produce
small cusntities of glass gsand, but for locel consumption only. Senttle,
Washington, hmas two plsnts producing pl=te glass, but the sands must be
extensively processed before being fused with the other materials, These
sands, river =2nd beach deposits, exceed the minimum content of iron,
Nevade silies, found in drifted deposits, contains a high percentage of

iron necessitating further processing.

3. Methods of Production

The complete process of transforming sand into a fusible product
does not constitﬁte a comparatively simcle procedure. EPP various steps
differ 'ith respect to the type of sand or s2ndstone encountered. The
bedded formetions of the St. Peter Sendstone require the following prepsa-
rations: quarrying or hydrauliecing, screening, washing, drsining, drying,
and finsl sereening for 5129.19

In the Oriskeny deposits, s lengthened vrocess consisting of the
following steps must be tslen, due to the cementation of the perticles:
auarrying, bresking, crushing, grinding, =né then followed by similar
methods of washing 2nd drying, Besch sands, rs in the case of Crlifornias
and Florid~, recuire only the washing 2nd drying vprocesses, dwe to their
tyve of deposit, =nd =re relatively cherper to obtsin and transform into
a ussble product. ’

Hydraulic methods of guarrying dominate in the Midwestern ares, A

streem of water, directed against the face of the deposit, washesg the

lgBurchPrd. op. cit., p. 1011.

.{}'0.
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sand to a sump or pit. From this sump, steam rulsometers pump the material
to washing plents for further nrocescing, Compact deposits, quarried by
blocks, or drilled, or shot down by explosives, must be sent to the crushers
or grinders for rendition to fine sand. Specinl quality send is pro-
cared by hand selection at the cuarry before shipment.

21

Washing the aand congistas of two methodsi

1. The sand, carried upward by a serew conveyor throush a long

narrov box, inclines agninst a descending strenm of water, and
proceeds downward by a second stream. This process, repeated
three or four times, removes tic foreisn matter. Belt conveyors
remove the sand to the draining pits.

2. The sand, dumped into a settling tsnk, receives the full i=p=ct
of a stream of wnter, Tine mesh screens allow the various
impurities ¢o drain off Dut secure the sand in the tank,

After the 2ilics hms been washed and drained for several hours,
rotary cylindrieal driors or steam ceils dry the sand., A flame, produced
by nsturzl gas and pleyed over the contrnts, burns the existing smount
of orgenic matter and furthers the dryings,

The removal of cuantities of iron has been previously discussed, but
it is not extensively used whenever ni~sh srade sand cman be procured in
ite natural stote. After sufficient drying, the sand is plsced in rail-
wey carg for shivment., However, plants in Pennsylvenis, located near

deposits of sand, receive the processed mnterisl directly from the

2°H. W. Stone, Department of the Interior: Miners] Nesources of

the United St~tes (1018) p. 335.
213tnne, loc. cit.




quarries. Mechanical conveyors trenapcrt the sand to the stoclkpiles,

theredy eliminsting trensportation costs,

4. Figures of Production

The production of sand hns varied from year to year, depending, of
course, on the demnnd of slass produets. Glass sand produced in surplus
cuantities finds use 23 =molding eand in foundries and in grinding and
polishings operationa. American production of sande used in rlass indus-
tries hes Deen kept on record since 1882, The United States fieologic=l
Service publighed these reports in the volumes of Minersl Resources of
the United Stotes, The following table denotes production in tons =and

total velues

TABLE II
Glass gand Production®?
3 t 3 3 3
: Yenr g Tons of Sand :{  Total anun i Avernze Valued
1 3 (000) omitie H - ped 3 3
3 : 3 : :
3 1582 : 7 : $ 168 1§ 2.2% :
H 1RG2 H 2 : 507 : 2.29 1
H 1602 S oL3 : 807 5 83 3
: 1912 s 1,468 : 1,430 : 57 :
: 1922 . 1,768 : 2,865 : 1.62 :
; 1042 : 3,622 : 6,784 : 1.87 :
3 1945 : L,682 3 [,378 ] 1.79 :
H : ] i d

The most notiecesdble feature of the tavle lies in the sharp rednction

of the value of snand per ton in 1902, Two fretors in particular canused

22Un1ted 3tntes Gaologieal Survey, Department of the Interior:
Mineral Resources of the Umited States, 1832, p., 480, 1892, n. 710.

1002, ». 1007. 1012, Pt. 2, p. 622. 1922, Pt. 2, p. 193. 1932, ». 603.
1942, p. 1268. 1915, p. 4.
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the decre~se; one, the opening of new areas of production in the lower
Hisaissippi arna »nd the upper renches of the 5t. Feter formntion; the
other, the resultant boom in gand production bessuse of hish wvalue in the
preeeding years, Velues of glase sand vary consistently throushout the
United Stotes due to demmands for certnin cualities and types of sands,
and in methods produced, OSa2nd wvelues seared in the yesrs of the first
Horld War, ms glass experts were ¢nllsd wpon to produce items formerly
imported. Another incresse in totzl production may he noted in the period
from 1832 to 1942, and the fact itsclf seems self-eryrlanatory. The pro-
duetion of sand hag been eamtered in a minirmm of gtotes during the past
gixty years. At varicus intervals, as few as five st-tes have »roduced
aver 85 per ecent of the nation's glass sands. In 1922, snd szein in
102%, Peppsylvenia, Illinois, West Virginin, Hew Jersey, and Hissoord
supplied the aforementioned total, The followinz table presents the five

leading stotes in glass sand production at selected intervnls since 1882t

TABLY II1
3 3 : s t : : : 3 H
i States i 1582 & 1802 & 1002 ; 1012 : 1922} 1072 310U2 1ON§ ¢
H 3 : H t : : H : t
tPepmsylvanis r X ¥ 3 3 23 B r) 1 4
:I11inods : 2 3 3 2 ¢ 2 % $+1 12 12 %
iHisgourt : t (&) ¢+ 3 3 5 : 858 1 4 '35 15 3
iWest Virginia 3 3 8 i 4 ¥ % t 2 1 3 : :
1Ohio H : : 5 ¥ 4 3 : . : $
t¥ew Jersey : : : : : 4 3 8 313 313
i0nlifornis ] L H H 3 : 1t 4 3 b 3
tVirginia s 4 s 3 : : ] : H
tHaryland : 5 3 : : H : : : :
3 : : i : : : : H :

(2) Data not available

“ .
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The export mnd import trnde on #l=ss gand does not resch gufficient
suantity to be of importence in the commercinl world. In the esrly stages
of plass manufacture, the United Stntrs imported the finer sands of Belgiom
and Cermeny. Celifornis still used sand from the Low Commtries as late
28 102k, Durins the yemrs of 1042 and 1945, federnl irmports totaled less

-,
than one tond“a

Tedernl exports of sand are rather insisnifieant. Glass
producing countries of the world do not depend upon the sands of the United
Stetes. They may either use their ewn, or purchese the Tinished gl=nss

products from us at a substantial low cost.

2”0. H. 'facker, "Sand and Gravel.¥ Department of the Interior:
Minersls Yearboolk (1945) p. 16,
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CHAPTER IV

ESSENTIALS OF GLASS PRODUCTION

The rise of the American Glass Industries has been rather sensationsal
during the past fifty years. Prior to this period of rapid success glass
was in an experimental stage. Numerous plants and companies endeavored
for perfection, but complete success seemed entirely out of their grasp.
Table IV on the succeeding page shows the gradusl incresse of plants
since 1819 and the proportionzl totals of the value of the product. The
advance in vslue of products since 1909 h=s been largely due to the mechani-
zation of the industry. Automstic bottle machines, the continuous pro-
cess of extraction for plate snd window glass, and the sssembly line type
of production illustrate s few of the recent trends. During this seme
period, the =mount of lebor used did not incresse proportionstely. Numerous
articles produced in the modern glass plents remsin untouched by human
hands until pscked or stored by cnse lots.

Table V denotes the leading states in glass production per value of
product. It is interesting to note the change from the Atlantic Seabosrd
to the Ohio Kiver section. Since 1840 Pennsylvanis has lefd the nation
in glass production. Proximity to good markets, high quelity ssnd, snd
an abundance of fuel have supplemented the impetus of =n esrly beginning.
The headquarters of the principsl compenics center in Ohio, Pennsylvenia,
West Virginis, New York, snd Illinois. Small subsidiery plents, seattered
throughout the nation, satisfy loc~l needs. Transportation costs of glass
products are relatively high. If the basic essentials of glass technology i
are available near = prospective market, vroduction of the pr05ucgjis ;s;éiifi

cheaper than to transport the finished product over great distances.



TABLE IV

i
General Statiasties of Glass Production

Itenm 1819 | 1839 | 1859 | 1869 |1879 1889 1899 1609 1919 1929 1939

Humber of
Establishments (a) 81 | 112 | 114 | 169 294 355 363 371 263 421
Persons Engaged 706 | 3236 | 9016 | 12,308| (a) (a) 55,256 | 72,573 83,656 | 73,396 |122,908
Wages
(000) Omitted $| 246 (a) 2004 | 5953 |91lhy 22,119 | 29,877 | 44,293 100,890 | 87,795 |152,601
Cost of Materisls
(000) Omitted 122 | (a) | 2014 | 4377 (8029 |12,141| 16,731 | 32,120 | 90,780 | 103,29%|207,702
Value of Froduct
(000) Omitted $| 479 | 2800 | 8775 | 14,301 (21,154 | 41,051 | 56,540 | 92,095 261,885 | 303,819|613,567

(a) Statistics not available.

(1) Source: United States Census of Manufactures. 1819. 1839. 1859, p. 736. 1869, p. 818.

1879, p. 1039. 1889, Pt. 3, p. 311.

1939, pp. 28, 38.

1899, Pt. 3, p. 950.

1909, ». 875.

1919, p. 831.

1929, p. 868.




TABLE V

Rank of Stotes by Value of Productz
(a)
State 1819 1839 1859 1869 1879 1889 1899 1909 1919 1929 1939
Pennsylvania 2 2 2 ! 3 1 1 1 1 1 1
Ohio 4 7 7 Ly 2 L 2 3 3
Indiana 5 8 L 2 3 L b
West Virginia 7 L 2 2
Illinois 6 6 5 6 5 5
[ New Jersey [4 1 b L 2 5 3 5 6 7
New York 1 L 3 2 3 5 6 7 7 6
Missouri 5 8 5 8 8 8
Maryland 3 7 7
| Kansas 8
Virginia 7 5 6
Massachusetts 3 2 3 7
California 8
Kentucky 8 8 8 6
| New HEampshire 5 6
Vermont

(a) Glass values of individunl stntes totaled with Ceramics in Census of 1939,

(2) Soureet

1889, p. 315.

United States Census of Manufactures.

1399, Pt. III, p. 958.

1909, Vol. X, p. 883,

1819. 1839.

1859.

1869.

1919, Veol. X, p. 831.

1879, p. 1047,
1929, Vol. II, p. 869,

*ly



1. Useble Raw Materials
'Jﬂ‘&;nerally speaking, the location of raw materials determines the loesw
tion of industry, Glass menufacturing differs, however, s28 the cost of
all meterial unsed rarely constitutes more than ten or fifteen per cent
of the total cost of manufrcture. Therefors, it may be ranked in the low
cost bracket of the induatries of the United Stetes. During the early
h;ntory of glnes only the basic ingredients were used, A simple formals

in common use Ly s£lsass workers of the early 1Gth Century was r3 followsi

TABLE VI
¥indow Olegs Formuis
H H :
: knw Matorisls : Juantits Uoed ¢
H 3 s
+ Olass Sand : 100 pounds H
! Soda Ash H 30 pounds :
$ Pulverized Limestone : 35 pournds :
E i :

A cormparison between the above ond the moderr formules finlds the
anme besic ingredients nsed, dut the rresent day batch contains numerons
metnllic and basic substances un'nown to the early slase experts. The
principal rav materials used in the manufacture of glees, regardless of
the process 2nd the type of produet, include sand, soda ash, lime, snlt
cake, snd e¢ullet, or broken sernp glass,
Sande used in gless production have been ertensively discussed in
the nreceding chapter snd no further mention need be mr~de of their importance.
Sodiun carbonate, or more commonly kmown 28 soda agh, is uased to the

amcunt of 500,000 to 700,000 tons snnunlly 23 2 flux te facilitate the

BJoaeph D. Veeks, Depariment of the Interior:

the United States (19R5) p, 548,




mixing and meliing of the other materials in the batch.h It i3 a chemienlly
nade preduet, resulting from the fusing of salt, ammonia, and cmrdon
diaxide, The cngt of this single iten nverages from elght to ten dollars
prr ton, resuliing in one of the more exremsive materials of glezs pro-
dnetion.

Lime and limnatone tozether are used to the extent of nearly 200,000
tons anmually. Its prineipal purpose lay in giving herdness, permanency,
»nd ease of melting to the molten product. Freguently in the mining of
glass ssnds, layers of limestone are found spproximately at the seme levels,
snd linestone becomes s secondary product of the sand nit. Thas, two
nnjor raw materinls are procured in the same locrlity.

The amount of sodlum sulrhate or salt eake, used to lower the melting
roint or viscosity of the glass, hns declined in recent years to n mere
LD,000 tons snmanlly, due to the =utomntic temperature control devices
inatalled in the furnaces.

Broken or ascrap glesas, used for centurlee in glass memafereturing,
shortene the meliing time, reduces ravw materinl, lovers fuel costs, »nd
rete 22 o flux to combine the other rewv meterials,

The three common metallic subetances uvsed in glass production are
lead, arsenic, nnd cardon. Lead impoarts = brilliant color ~nd increosnes
the weieght of the product. As =2n retive flux, lead mey be used in 211
glrsges vhere » lov softening point ia desired. Such gl=ases mny have
guantities of metnal actually welded onto the finished product. Arsenic

is used chiefly 2s an oxidizing agent., It removes earbonaceous material

“E. %, Alderfer nnd H, ¥. Mickl, Fconomics of Ameriesn Industry. p.203.
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nnd assists in freeing the glass from gne bubbles. Added to the dateh,
carbon assists the s=2lt eske in the decompesition of the sulphates, be-
gides imparting a green coler.

fearly nll zlnss sand containg a smnll cuantity of iron oxide which
irparts a pale sreen color to the product. 3Such sgents as wangnnese,
solanium, nickel or cobalt nentrelize the effect of iron oxide =and produce
pure colorless glass,

Yaeare aze, coloring was indueed by the degree of heat to which the
plazs was subjected 2nd the length of time the dateh remsined in the fur-
nace. The modern glassmalker must respond quite frequently to the peculiar
dem~nds of the pudlic for enlor schemez in slesasgware., The following

metellic compounds vroduce the colors that are most cmmmon:5

Antimony - Fine Yellow Iron - Olive CGreen
Arsenie - Hilky ¥hite Lead - Pale Yellow
Barium ~ Deep Oreen Manganese -~ Pinkish Purple
Crdmism -~ Rieh Yellow Hickel - Violet

Carbon - Dark Amber Seleniun - Pnle Pink

Chrominn - 3en Green dilver - Deeyp Orance

Codalt - Blue Tin - Copper Ruby

cwr - Pessock Rlue Venad $um - Vivid Yellow

Cold - Ruby Uranium - Fluorescent Yellow

All the enloring agents ore used in seall quaniities 2nd in srsll
batches of materials beeanze of their individusl value which increases
the total cost of the row materials,
2. Suitsble Pacls
Until the 20¢h Century, the coot of fuel was, erelusive of labor, the

largest single item of expence of glnss menufacturing. Today, lebor

SE. T. Pratt, "The CGlass Industry,”

Conmerga, Miserlleneous Series, IX (Mny,
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claims the greatest expense with the cost of fuel ranking third. It is
not surprising to find menufaeturers influenced to a great ertent in
locating their plants near the source of the fuel supply. Fuel may be
considered the primary resson for the location of glsss plants. DRarly
#lass houses used woods of various tyves, but the materi»l had to be
dried or baked to expel all the moisture, so as to produce the grestest
smount of hest, When » single pot was used for melting, charcoal was an
effective fuel. If several pots were in one furnsce, wood wss more effective
ns it cerried the flame directly to the crucibles. Sir Robert M=nsel,

an Englishman, is credited with being the first to use conl ss a fuel,
His =daptetion occurred in the year 1435. Since the first settlers of the
United Stotes inhabited the Atlantic seaboard, dried wood wnrs svailable
in every loec=lity =nd factories could be erected wherever the proprietor
desired, With the adoption of corl ms 2 fuel in Pittsburgh, the glass
industry migrated westward. The discovery of nertursl gns in western
Pennsylvenia, Ohio, and Indians csused further migretion. Hundreds of
gsm=1l feactories would spring up over-night nesr new oil fields. With the
failure of nestursl g=s, some vlants moved to newer fields, but others
refused to move, nnd, consecuently, feriled. The gas fields of Oklahoms,
Texas, and Celifornis, influenced the glagss industry to such =n extent,
thet it hes become a mation=1 industry instead of regionsl.

Free from ashes ond dirt, giving an essenti=l uniform heat, g=ns,
either natural or artificial, furnishes =n ider1l fuel. Furthermore, it
provides an almost perfect combustion which gives » fleme, easily con-
trolled 2nd applied. Natural gas is preferred becsuse it is cheaper and

gives grenter heat. However, limited supply ~nd uncertsinty of cuality
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decrenses relinbility. In early days vhen plants followed the suprly of
natursl grs, the estnblishments, cheaply conatructed, could move vhenever
the acesslon arrived, By 1020, factories becname larger, esouirment more
costly, the buildings more substentinsl, snd the industry adapted to
specific locations. ¥Whenover the supply of natur-l gmms is exheunated,

oil or artificisl gns mey be uged vithout toe srent = revolutionary chenge.
Flectricity, as yet, hns not proved to te nn idesl fuel, zlthouch n few

arc-type furnages are in use for gmnll specinl cunntities of molten slass.

3. Tyoes of Purnaces

The first glasses produged by man were melted in opon pots. This
process required great amounts of time and fuel, and the need for =
furnace was soon reslized. The earliest type of furnace was a fire-brick
box in which stood the pot with the fire of wood on esither si.da.6 With
the echarge »f raw material ready for use, the blower inserted the end of
his pipe, picked up the right smount of melten materinl, and carried
out his task of blowing it to the desired ghepe. (Pot furnaces sre still
in use today, althpng}z they are of the regenerative trre. 3By utiliszstien
of the wmzite rnges of combustion to prehent the incoming gas =rd azir, a
wniform »nd » more intensive heat is obinined. 2Aa much =28 fifty per cent
reduetion in fusl costs result in this method. Fot furnseces mey be of
verions shones and sizes, depending en the senle of the indngtry. Pota
usuelly nmmber frem six to twelve, s2lthoush rlate-glass furnaces may use
ns nny ns twenty. The pels =re placed in tvo rows on either gpide of the

fire. The flame, directed nozninat the pots, melts the batech. An opening

6_&1@. p. 60.
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in the furnmce w=ll opposite ezch: pot allows for its hurried removal,

The menufacture of individusl pots is n tedious process which recuires
many months for completion. They are costly and their comparstively short
lives range from twenty-{ive dnys to six months. Pot furnnces necessitnte
d~y proiuction only, =nd specinsl crewas recharpe the emptily vesssls emch
night. The chief argument agninst such production centers around thelr
linited copeeity. Xaoh pot preduces only one and one-half tons of molten
rless per twenty-four hour period.

In 1861, Siemens, = Ceman industrirlist, introduced the first tank
fumnca.? From its erude beginnings, it has developed into one of the
primary reasaens for the tremendous sdvance of the glass industry in the
United Stntes, (;irst introduced into Ameriee mbout the year 1877, tenl-
furnaces rrovide the moat widely used type at the present time.B The
tank furnsce hes vroved successful where twenty-four hour productisn exlsts,
ng 1% nllows a continuens melting snd tapping of the nroduet, The capa-
city, which averages near 1400 tons of raw meterials becomes equslly
important among other factors. The tank is loecated inside an open
hearth or combustion chamber lined with fire-clsy. For » coumplete pro-
eossing of raw materials, the tank reguires three diviaiona.9 The first
compartment, a melting chamber, allows for the fusing of sand and the other
matericls; the second, a refining compartment, burne out the impurities;
the third division, 2 vnrkiqg_gnction. keops the molten product ot a

uniferm temperature for t=pping. The major advantasge of the tenk furnsce

7 .,

IEEE. Po LY

=]

“Pratt, loc. cit.

P014erfer ~nd ¥ichl, op, oit., p. 205,



lies in its contimious cperatinn, ¥While rnw materials are entering the

first division, moltan gzless m~y be withirawn from the third section.

%, Prepnration ¢f the Batech

The actual mixing of the rav materisls in glass production is » rela-
tively simple process. After the impurities, sueh as iren, lime, alumina,
and vegetable matter have been removed from the sand, the quantity desired
ia welghed according to the formule and plegced in a huge mechaniesl
mixer. The other ingredients, after heving been properly veished, sre
added and mixed. O5mall gvantities for specinl glecges are frecuently
mixed by hend on a cleen surfaee, OCullet {broken gl=csg) i then sadded
and the hateh transferred to thr furnrees. Modern nﬁ?§o§9 nerrmit ihe

mixture to be aechanicnlly shot throush tubes or pipea. The charging of
pot ’urnaces usually takas placa at night, whlle the tonk furnsce, con-
tinuelly fed, keeps the molten plass at n fixed level, Ingradier*a Tary

e e e

in cuantity ond number nccorﬁ;ny to the type of zlass ooinp yrad:cod.

Some varietiers contain only five ravw ﬁﬁterinls. others 1manty.(‘9ur1rp the
melting of the batch there iz = loss of materisrl due o evrporation. This
lass seldom rverageg more then one-gixth the welsht of the cusntisy

mixed. The terperature necessary to melt the batch eesnnet be stntied
positively. Thnt depends entirely on tho type of furnace and the gom=
nosition of the mixture, The average setusl temperature required is about
2600° FPahrenheit, snd in some ionstences, ns much ag 2?500 ?rhrenhait.lo

The #lass, ready to he teyned, vroceeds through the warious processes for

snlal:le rreducts.

loPmtt, M.' ?- 660
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5. Costs of Labor

During the period of time from 1860 to 1920, labor was By far the
outstendings exvense in the glass industry. Tsble IV, on page 45, shows
1abor =8 totaling more then rsvw materials until the 122 census, 2t vhich
time the mmber of plants and number of laborers zlan decressed. In a
apecinl report of 1917,11 labor costs ranged from 15,15 per cent to 71.69
per cent of the total costs of production, with an averagze of L2 per cent
for nll glass industries.

In the eerly vericd of Ameriean industry, zlmss hlowers asverased $5.30
per day, which constituted the higheet pald aof all workers in induastries
of all types., As late as 1903, glass blowers still received 51,70 per
hour and eversnged a thirty-six hour weelk, giving them the highest incone
of any industrial workers for thet ynnr.le The introduction of machines
greatly diminished labor mnd wnge levels in proporiiecn to the totel value
of products. The gleas dlower oan no longer demand top wagea. The
unions of glass workers have stabllized the wages snd the mnjority of men
are now classed a3 machine operntors and not n8 glsas specislists, |

In October of 1946, there were 105,000 slass worlkers., A summary of

their earnings snd hours in comparisen with other industries follows:

1%;3;;.. . 202,

12%&' p-. 2’-‘6!



TARLY VII

* L £
H :  Veekly i Weekly ! Hourly @
t__Industry i, Zornines 3 Hours : Farnings 3
: : $ 3 :
3 All ¥anafseturing 3 45,74 s k0.2 3 §$1.1L
1 Antomobile $ 52.80 $: 3.3 3 1.38
t Iron and 3teel $ 40,85 s 40,3 3 1.2h
: Olnss : 45.71 $ 3.4 3 1,16 ¢
¢ Leather s Iy 78 P W7 ¥ 113 1
t Farniture : %42.59 s M.2 1 1,02
i1 Cotton Goods H 35.57 i 40,2 3 95 1
3 H : 3 H

From the contents of this table, we may surmise thet zlass

wo rkers

are near the average of all manufacturines labar in regerd to salnries

and wepes, With gpecislization ouimoded, higher wnges heve vanished,

largzely throush the mechanleation of the entire industry.

ljUnited States Department of Labor, Labor Review, LXIV (January,

1947) pr. 1882149,



CHAPTER V

PTRCHHICIMS oF QLASS FrODUCTICOR

Glass production has becomr = field of gpecialization. Ho longer do

we find one plen¢ produsing all types of slass snd glassvare, The United

States Buresn of Censug lists plassware as either glaes containers,
flat glase, or pressed tobleware, and miscellaneous glasses, The demand
for hicher goality of produet, the incresse in cost of raw m-terials,

snd larger nmounta of capital invested must bde dnlanced by means of un-

57.

limited production. As early as 1¢1°, specirlization inveded the countries

of Burope with the followinz nations producing certain types of products:l

England: Benutiful, brilliant, lead flint-wnre, cut, colorsd, =nd
engraved glasses of oxcellent gquality.
Franco: Polished 1inte glasa, stsined window glass, onameled and
etched fmncy ware, and optic~l lenses,
Belpium: #indow glass of fine guslity.
Germeny: Mirrors, chesp tableware, and colored vases.
Austria: Cut, -ngraved =2nd colored tadblewnre, glesgs gems, bends,
pearls, rnd buttons.
fre United States now leads the world in glsass technolegzy. The
Buresu of Ctandarde in 1845, reported that the United States exeels in
the field of optieal glass which had long been dominated by Germany.
Appendix A and B at the conclusion of this study carries a complete

summary of the exports and imports of glassware,

13. B, Pratt, "Fhe Glazs Industry,®

\ormerce. Miscellsneous Series, LX (May, Pe 23,




1. Window Glass

The earliest forms of window glags were blown by the professional
glnas blower. Securing the proper smount of molten meierisl on the ond
of ths dlownipe, he produced a cylinder of zlass vhich vas then cut with
shesrs and rolled out on n flat surface vith 2 metal roller. ¥Window glass
of this sort was of poer quality. Unevenmess in thickness snd impurities
imparted by the metnllic roller caused a demand for better prolucts. The
firat improvement over this slow process, come in the use of o "balt®
member to form the eylinder instead of ithe blower, An iron rings was
dropped into the surfnce of the molfen glass, snd the meterial adherred
to it by simple molecular sitragtion. The ring, when pulled uwpward,
drew with it = cylinder of glass. The rate of draw, usually from one to
tvo feet per mimate, depended upon the temperature of the mass as vell
as the thiciness of the desired product. The diemeter of the cylinder
wns regulated by a jot of compressed air, introduced throush the "bait.®
Loter improvements intreduced the air throush san aperiure in the center
e the melting pot.z Crlinders of twenty-five and thirty-five feot could
be drswn, Hachine operators of this process frequently hondled as many
ag three machines simaltaneously, controlling their speed and zir rressure
with hand levers.

A1l modern flat glnss, or window glass, is made on = ceontinuous
basis. This comperatively simple process had its introdugction during the

first world war. An iron dar, seven to nine feet in lenpgth, is inserted

21p1a. p. 65.
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horizontally in a shallow batch of molten materinl. Yhen withdrawn, the
sticky glass adheres so firmly that 2 thin sheet flows after it at the
rate of four or five feet per minute.3 It continues to flow in »n endless
ribbon, since the amount of gl=mss being molted is synchronized to the

amount being withdrawn.

PABLY VIII
: Year i ercm :
3 3
: 1919 10 s
2 1923 38 :
: 1926 39 3
i 1929 80 :
: 1932 95 $
H 1935 100 i

In this branch of the industry, automatic production reduced the
number of plants and companies. In 1941, only fifteen plants existed,
as compared with eighty-two in 1917. Three companies produced more than
three-fourths of the nation's supply, namel&. the Libby-Owens-Ford Glass
Company of Toledo, Ohio, the Pittsburgh Plate Glass Company, and the
American Window Glsss Company of Pittsburgh, which operate plants chiefly
in Pennsylvania, West Virginias, and Ohio.

¥indow glass is quite bully in relatlon to its value, and transporta-
tion costs often reach 35 per cent of total factory costs. Hence, plants

of this nature sre locested near merkets and sdjacent to cheap efficient

BE. 3. Alderfer and H. ®. Michl. Economics of Americen Industry,
p. 206,

bUnited States Tariff Commission, "Flat Glass =nd Related Glass Pro-
ducts," Report of the United Stotes Tariff Commission. Section 332,
Part 2., ps 123,

5J. Russell Smith snd M, Ogden Phillips, Industrial =nd Commercisal
Geography, p. 257.



fuel. Although the complete mechrnization of the industry brought about
a marked re&uction in total labor cost, fuels and raw mnterials, plus the
incressed overhead of machinery have cauzed an overnll gain in costs of
production. Speeial glasses, allowing certain heslth-giving rays of the
;un to penetrate them, are being introduced in meny homes. Howevar,
ordinary window glass will continue to be in demand due to its extensive

use 2nd the incressing population of the United States.

2. Plate Glass
Por many years, plate glass was produced on a casting teble. Within
the past two decades, the continuous process, similar to that producing
window glass, has tsken complete charge of thie branch of the glass in-
dustry. A complete description of the casting method was given by
E, E. Pratt in 191?.6

"As the door of the furnace is opened (pot furnaces),
the pot, usually coniasining about one ten of molten glass,
is removed from the furnace by means of wrought-iron tongs,
and carried to the casting table., The cesting table is
mrde of iron with a2 smooth, highly polished, trued surface,
and is 12 to 16% feet wide and 20 to 274 feet in length.
The pot is tipped, and as the molten glass is poured or
cast on the table in front of it, a heavy roller attached
to the table, quickly passes over the glass. The roller of
cast iron, about eighteen inches in diameter, covers the
entire width of the table, and rolls the full length....
When the glass has been rolled, it is pushed into the leer.
By means of mechanical appliasnces, it is made to successively
travel from one position to =2nother, thus passing through a
eredurlly diminishing temperature, After sufficient cooling,
the zlass is then ground., It is secured to a revolving iron
table by means of plaster of Paris, and in some cases is fur-
ther secured by means of wooden blocks. As the table revolves,
water and sharp river sand are applied to the glass, and
revolving iron runners begin to grind....After the sharp sand,
emery 1is used in the same manner,...The glass, after being

Pratt, op. cit., pp. 70-71.
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ground, is plsced on = specirl polishing table, Rouge and water

are applied end felt-covered oscillating blocks or dises pelish

the glass., After it hos been ground and polished, the glnss is

about one-half the thickness of the orisinsal rough plate.®

The malking of rolled Ffirsure glags recembles the aforementioned method,
vith the desired patternm engraved on the roller or cut inte the surfsce
of the crsting table,

This process remnined in effect until 1922, At this time, the Pord
Hotor Compeny 2nd the Pittsburgh Plate Glass Compeny developed ths continm-
ous dreving, rolling, grinding, and rolishing process vhich grently en-
hraneed production. Henry Ford, diseoursged by the hich cost 2nd bresnk-
»ee of nutomobile glnss, concelved thw ides of a2 cheaper produect. In

7 s

two years, his plant cut the cost of vlate gzlass dy 80 per cent.
method centered around » continunoua flow of molten glass meross a moving
platform nt the rete of 53 inches per ninute.a Caref :1 study proved this
to be the proper sveed o allow sufficient cooling of the glmss for cutting
and polishing without stopping its movement, Other automobile menufac-
turers qoickly entered this phmse of the industrr to sssure themselves

en ndeaunte supply, 28 well sg 2 low-co:st product. Filsher Body Divisien

of CGenorsl Motors gmined conmtrol of two plants for their supply, and

Ford Motors obtained interest in sever-l coﬂpnnles.g Since 1530, the
compulsory use of safety glass in automobiles pdded another irmulse to

the induetry na the ~mount of plate glnras yer esr doubled, Automobile

mepufreturers require nearly three-fourths of all nl=ate gloss produced.

?Snith. on. cit., r. 257.
Blhm. po 25::0
ZA1derfer »nd Michl, op, oit., p. 208,



Plate glass production rests largely in the hands of two great comvanies,
the Libby-OWens-Ford Compeny and the Pittsburgh Plate Glass company.
Together, with their six plants, these companies produce 95 per cent of

10
the Ameriean supply of plate glass.

3. Tableware

During the early part of the 20th Century the mojor portion of table-
ware was either blown or pressed in pnste molds.11 Pressed tableware
required the use of 2 plunger mechanism instead of compressed eir,
Tumblers, dishes, goblets, and vases were efficiently vproduced. Blown
tablewsre required the art of the pilcturesque blower. Gathering the
proper amount of glass on his blowpipe, he proceeded with his usunl rou-
tine and inserted the bulb of glass in the mold. As air pressure was
applied, the bdlowplpe wag rotated so that the ridges of the mold would
not leave »n impression on the finished product. Fxclusive use of
paste molds permitted the glass to be revolved. When the article was
removed from the mold, it was annesled and sent to the finishing depart-
ment where the rouszh edges were smoothed and the product glazed or
polished.

In present d2y manufacture of tumblers, practicelly =11 steps =re
autometic ond mechines produce ss high 28 forty tumblers per minute,
Intricate designs for household dining rooms, kitchens, sand restaurants

are genernlly fashioned by handi »nd produced in smaller plants. In

10
Alderfer =~nd Michl, loc. cit.

llPaste mold: An iron mold coated with a thin film of o0il or carbon.
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1939, thirty-five tumbler plants were concentrated in Ohio, West Virginia,
12
and Pennsylvania. Fancy designs of every conceivable combination are

‘patterned, and brilliant colors are used to stimulate sales.

L, Glass Bottles

The art of blowing glass bottles was considered the height of per-
fection by ancient glass blowers. With the introduction of paste molds,
the operation was greatly simplified, and higher production was induced
by the shop system. Three men formed a tesm, a blower, a gatherer and
a finisher., A single team produced 300 dozen bottles per day. A single
blower, without the aid of his assistants, rarely produced over 40 dozen
per dny. The shop system remained in effect until 1903, when HMichsel
Owens invented the Automatic Bottle Machine.

The modern bottle glass industry accounts for over forty per cent
of the total cutput of the entire glagss industry. Due to the tremendous
quentity desired, sutomatic machines produce over 7,000,000,000 containers
anmially, with a total employment of only 24,000 workmen.l3 Two types
of machines have complete dominence of the field, thé Owens Bottle Machine,
and the Gob-fed Process of the Hartford Empire Company.

The Owens machine employs the so-called suction process.lu Molten
glass flows from the cooler section of the tank furnace into a shallow

revolving pot. Molds, mounted on arms radiatinz from s central pillar,

12 dderfer and Michl, gp, git. p. 209.
13p1derfer -nd Michl, loc. cit.

1“Tamporary National Economic Committee, ®"The Glass Container
Industry,® Hearings of the 75th Congzress, (December, 1938) p. 738.
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revolve so thnt each mold passes over the revolving vot. At this point,
the mold lowers itself until the open end touches the poel of molten glass,
sucks up » charge of glass, rises, 2nd moves on. A seconi mold automat-
ier11ly moves into pl=ce end with the 2id of compressed air, forms the
finished product. At this point in the revolution, the arm swings over

a conveyor and deposite the bottle which moves to the lehr for anne~ling.
The primary mold of the.arm nf the machine swings back into position

ready to renew the process. The machine consists of from six to sixteer
arms, depending upon the type of product or the speed of operation desired.
The process is ~n endless one and none of the bottles ~re touched by

human h=nds.

Since 1917, the Gob-Fed Process of the Hartford Empire Company hns
offered serious competition to the Owens machine.15 The Gob-Fed operations
are less intricate and machines less expensive. A covered channel, ¥mown
as a forehearth, conducts the molten glsss from the tank furn-ce to the
machine, The materinl is fed from a hole or orifice in the hottom of
the forehearth by a plunger type of mechanism. The drovs or gobs of glass
fall into molds, and compressed air is =ymlied to ghavne the bottles to
prover size. An automatic "take-out" removes the product from the molds
onto & belt conveyor. The circuit is completed with the molds returning
to their former position at the forehearth.

From 1917 to 1924, sharp conflict arose between the two compenirs.
Agreements reached shortly thereafter, created & form of cross-licensing,
known as the leasing system. Neither of these companies sells its equip-

ment outright to bottle manufacturers. Owens-Illinoie restricts the use

Vivid., p. 782,
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of its machinery to its own plants, and Hortford Tmpire merely licenses
the use of its machinery.

The Hartford Xmpire Company, aince its ~2greament with Owens-Illinois,
hns nmassed sensational totals in the collection of royrlties and license

fres,

TABLY IX

t_ Year : Roymliies i License Fees ! Totnl 3
H : ] i
11928 3§ 637,602 : $ 128,92 :3 766,534 3
11928 ; 3,742,395 : 469,100 P 2,211, 486
31933 & 3,114,590 : 197,179 3.311,769 &
1 1937 s 5,540,484 : 515,678 8 :

The combined preoduction of the two companies totals approximately
96 per cent of all slass containers produced in the United Stntel.l?
The remaining four per cent is preduced by four independent organiza-
tions who have resigned themselves to hand-blown wnre. Hartford Enpire
entered the world market snd now hns foreisen patents in seventeen for-
eisn nations, from which it collects mo royalty., Flpures for 19728
indicate the presence of U5 companies operating €0 plants in the rlase
container industry. Indiana, ¥Weat Virginia, and Penncylevania heve 50
of thege plants, with the balance seattered ovar fourieen atrtas.lg

Container prroducts have rcleven clsssifications, of which food contniners

and millz bottles have greateost prominence in total production.

16_%. P- 762"»

71paa. p. 763

19;;;;. . 804



5. HKiscellaneous Items

Hodern scientific experiments have perfected mumercus sensationsl
produets, many of vhich are net svailable to the cormsumer. Certain
discovaries, if perfected, nre capable of revolutionizinzg our entire mode
of living. Artificinlly made materinls, usually hicher in cost to the
congumer, cnune the average laymen to remeln culte aleof to new gseientifice
products, regardless of their advontages.

Fann rlags, mede by the Pittsbhurgh-Cornings Corporstion, hes the
appearanee of nmn extremely Torous, conl-black brict. One-third lighter
than corl: and far more buoyant, fonn glasg adepis itself to 1ifebalts,
rafts, submarine nets, as well s ineunlation in homes.lg

Glnss~reinforced plastics, which have made possidle s lishtwelizht,
bullet-proof body armor for soldiers, surpesses metallic armor in ballistic
efficiency. Doron, =8 the glass-plastic armor is known, will stop missiles
up to and including a 45-galiber revolver hullpt.zo

Doctors Alfred Badger and Toper Bray of the University of Illinois,
have perfected n specirl glnas fertilizer. Glass contmining the principal
rlant foods is so mixed that it is soluble in water and diasolves slowly
in the goil. As it dissolves, life-giving chemicrls are releaged., 3y
slterings the zlass compositinm, the reate at which it disappears may dbe
contralled., In this wny, an applieation of the glaas fertilizer may
serve over n period of yemrs.

Secienee not only has learned how %o 4o now things with rlags, ot

15
“%Glass in the Atomic Aze," Popular 3cienge, CILIX (December, 194%)
r. 127.

m!bid. p. 128,

Zrvia. p. 129,
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it hns learned how to improve the elder conventionnl forms of slasses.
A transparent, durable, eleetricity-conducting eoating may be nrplied to
.windshields of atomobiles and airplanes to ~liminste iecing and fogrine.
Produced by the Iittsdburgh Ilate Glrmsa Company, the product known as
Yirgn, does not distort vision nor does it reduce the treansmission of lizht,
The development of this materinsl is attridbuted to extensive research for
a satisfnetory zlass for use on rndar equirment anl other types of elec-
tronic instrmments »nd disls, VYhon untrested glags weg used, stetic elec-
tricity would collect on the aurface and cnuse deflection of ihe regis-
terins mechanisms., Henee, NHesa served as the necessary conductor for the
accumulated eleetricity.zz

Perhaps the most gsensational develooment in glass techmolory lies
in the production of glasas that resiats hydrofluoric acid. Developed
by Doctor Alexis Fincne of the Americsn Optical Company, the product -~
containg no sand or any form of silica., A new materinl, rhosphorus
pentoxide, is the major constituent of this acid-resisting glmss. This
discovery 1s expected to simplify the handling of the important acid used
in seientific experiments, 2s well as industrinl overations, Previously,
the use of hpirofluerie acid presented difficultiss beesuse it could dbe
ghipped only in lead or wax containers., Laboratory uses were restricted
to 2old or platinum retorts. TNow, the sanlless gless offers a more
economic nnd less dangerous means of transport as well as worldneg faeili-
tiss. ¥With meliing snd working proprrties mearly the sane ags ordinary

£lass, it can be cast or dravn into sheetas or blown into hotiles and

zz‘*i‘mrmparmt Conductors,” Jgientific American, CLXXV (December,
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containers. It may also be ground 2nd polished, tempered, or reused as
cullet. Its potentiesl uses are unlimited in chemical regsearch =2s beakers,
test tubes, and evaporatiqp dishes.

The Owens-Corning 6;fporation hes been specislizing in the production ¢
of zlass fibers. A strand of this fiver mry be fifteen times 28 fine
as humen hair, and yet contain the tensile strength of steel. PFirenroof
by nature, it is s popular drespery materisl for hotels, cafes, ani public
institutions. COvens-Corning states thnt glass fabrics will compete with
satin, dameslk, and other fine guality mnterials in the near future. It
will not compete with wearing appearel, as it is non-absorbent snd irritates
the skin. PFiberglass fabric is unsuited for tires becmuse it breaks from
repented flexing, but finds use in belting snd insulation for underground
cables, The Navy consumes a large vnart of the present production ss a
substitute for kapok and for electricnl insulation, Glass fibers are
being tested by the United Staztes Army in its new type Arctic clothing.
Field Jackets, perkas, boets, and mittens lined with the new product,
give good lightweight protection agrinst sub-zero temperatures. An
experimental glass-lined parka, worn by an observer during Operation
Musk Ox in Northern Canada, afforded complete comfort at temperatures
as low 28 40 degrees below zero.za Glass fibers compete with cotton
in the insulation field. The co'wpetition is hardly direct, becnuse

cotton mroducts cost only one-fifth as much as fiber-glass. Owens-Corning

zthid Resistance Offered by Few Glass," Scientific American,
CLXZII (February, 1°45) pp. 110-111.

2L
"Glrss in the Atomic Age," Popular Science, CXLIX (December,

1946) bp. 127-129.
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estimates that Tibersglass, nlrendy used in fifteen por cent of 2ll elee-

25

tricnl ecuinment, mryr reach seventy per cent in the near future,

gs'xew Class Pidber, Fine Diameter Product." Businegs ¥eel, (February 17,

1945) pp. 67-68.
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CHAFTER VI
FUTURE POSSIBILITIES OF GLASS

The problem of discovering new uses for glass has been discarded
and the major point in the minds of glass experts is to determine instances
where it can not be used., Glass materials, with us in neerly every phase
of humen existence, find 2 place in all industries, and have recently
been used by the medical nrofession in the humsn body. The American
public hardly surmises the calamity that would exist if the manufacture
of =11 types of glass were to cease. Industry could net function prop-
erly without a supply o the vital necessities afforded by glass manu-
facturers. Light globes, gauges, glass tubing, electrical instruments,
2nd tiny jewels or bearings are but a few of the critical items supplied
by glass technicians. Human lives would need adjusting to a slassleas
world. Homes, business houses, transportation, =nd commerce depend upon
the facilities supplied by glass. Iron 2nd steel dominate our n»resent
machine economy. However, considering the relative importance of glass,
may we not add glass to the basic essentisls of our economy?

It was stated earlier in this study that sclence ¢=n not specifically
define the composition of glasa.l At the present time, in 2 major glass-
research program conducted at the University of Pittsburgh, Doctor
Alexander Silverman, in charge of the chemistry department, aims to solve
some of the age-old secrets of glass. He hopes to find out how the raw
materials in glass melt; how the glass flows in meltinz; and what causes

defects in glass. His findings mey remove many of the "ifsg" from glass

1
Chapter I, "Introduction to Glass," p. 2.
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nanufecturing =and open new filelde for future research, Doctor Silvermen
provhesies the use of glags in defenses rgninst the atomic bhomb, The same
element thot is nsed to mnke the bomb, cnn be used to produce n glass
thnt provides good protection sgninzt harmful readiations. Garments nnd
helnets made of cloth snun from uraninmeglaags or lesd-glras fibers, would
permit safe entry into atom-bonmbed areans. SISvpecinl oxysen raspirators,
equipped with glass-ingsulated, hish-frequency preeipitators, would lteep
radin-active dust out of lungs of rescue wnrkprs.z

Of the basic types of glass, the production of slass hottles appears
to ba the least vromising, The return of nmetal containers, sinee the
close of the war, iz expected to lessen the amount of glasa used as a
substitute for metallic pacimging. Plate glasa and window sless depend
Iargaly mmon antomebile manufacturers 2nd congtruction agencies., The -
return o normoley is expected to incresnse the totnl rroduction in these
types of zlaass producta.B

The author of this study has beon lead to believe that the future
of the zlass industry rests in the hands of the chemists and glass techni-
clans of our comntry. The basic glesses have beceme a definite nart of
our stoandard of living, 2nd science hns devotad its reeent efforts towards
the improvement of these products. The near future may witness gensa-
tional develormenis of new products, hoverer, sclence agnin Xholds the key
for such speenlstion. Olass, as = materisl, may be thousnnds of vears

old, but glase 28 an industry, is Just coming -f agp.u

Z“Glaas in the Atomic Age." Populsr Science, CXLIX (December, 1946)
T Y27,

3'Outloak for GClass Isn't Too Rosy." Business ¥eekly, (Pebruary 5,
1084) p, 26.

a"Glaas in the Atomic Age." Popular Scienge, CXLIX (December, 1046)
T. 129.
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APPTNDIX A

Glass “xports of the United States for the Year 1940

HORLD
Llontinent Nalue
Europe $ 218, hos
Morth America 9 .?55 N 533
South America 2,901,539
Asia b, 735
Ogesnia 329,721
Africa 509,733
To t!!',l $1“l+ 1 ?Z*? ] 856

Types of preducts exported:

1. Plate Glass

2. Pharmaceutical ¥are

3. Zeverage Bottles

L4, Tedble Glassware

5. Chemienl Gloasware

6, TEleetric Insulators

7. Glass Chimneys and Globes

8. Migeellaneous Decorated ¥are

EXPORTS T0 RUROPE

Lountry Jalue
Belgium 5 1,223
Prance 12,736
Icelnnd 16,714
Ireland 10,865
Itely 1,58

Fetherlands 1,476
Norway 1,795
Portugal 7,562
Sweden 20,518
Switzerland L,634
United Kingdom 137,659

Others 1,870
Total $ 218,495




EXPORTS TO RORTH AMFRIC

Sannds $6,043,608
Centrnl America 887,053
Mexico 795,334
¥ewfound 1and 58,174
Cuba 1,641,861
Mest Indies 339,693
Totel 19 |755 ¥ 633

EXPORTS TC OCEANIA

Sountry Yalue
Australia $287,733
Yew Zealand 40,790
Island 1,198
Total $329,721

Lountry Jalue
Belgian Congo $ 32,692
British Tast Africs 7:313
Union of South Afriea 289,572
British South Afriea 14,217
Gold Coast 2,761
Eeypt 21“»39'6
Liberia 2,529
Hozembigue 17,002
Qfhers 2

22231
Tota $599 i?33



AFPEYDIX 3B

Glass Imports of the United Stntes for the Year 1940

HORLD
Continent Yalue
Europe $1,709,274
Forth America 27,525
South Ameriea 1,747
Asia 573,150
Oconanin 26
Africa 2%
Total $2,311,758

Types of products imported:

1. OCylinder, crovn rnd sheet zlnss
2. DBottleware

3. Decornted ware

4, Engraved tnblewnre

5. Christmas iree ornaments

6. Lenses

7. Mirrors

8. ¥atch erystals

0 OF OP3

Continent Jolue
Belgtium $ 552.!4.33
Czechoslovakia 8,954
Pinland 13,323
France 302.?33
Gernnny 095+,239
Hungnry 3;-005
Italy 90,548
Hetherlands 10,283
Portugel 11,236
Sweden 75,022
United Eingdom 480,893
Others 1L, 500

Total $1s?09¢2?k



¥ S_OF NORTH AHFRIC

Country Yalue
Canada $ 6,507
Yexico 20,278
Cubs 669
Others r4!
Tota ?;271529

Argentina $ M
Brazil 830
Chile 55
Yeneguela 72
Total $1,747
} OF A3
Country Yalue
British India $ 228
China '[1'3 ] 865
Hong Eong 298
Iran 19,714
Japan 508,695
Others 230
Total $573,150
LPORES OF QCEANIA
Sountry Yalue
Angtralia t 17
Fr. Oceania g
Total 26

DMPORTS OF AFRICA

Country Jalue
Egypt #21
Horocco 15

Total $ 36
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