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LETTER OF TRANSMITTAL. b

P1rTsBURGH, PA., March 21, 1883.
Hon. C. W. SEATON,

Superintendent of Census.

S1r: I have the honor to transmit herewith my final report on the mannfacture of glass.

Referring to my preliminary report, published in Censns Bunlletin No. 118, under date of March 30, 1881, I beg
%0 say that further investigation disclosed the fact that the retnrns received np to that time were somewhat
imperfeet, and the statistics given in this report have been amended in accordance with the later returns
received. :

Most of the glass-makers of the country appreciated the importance of a full and complete report, many of
them not only forwarding their reports promptly and with full details, bat lending me every assistance in their
power in completing the history of glass in this country, which is herewith attached.

In undertaking the collection of these returns it was discovered that no directory of the glass works of the
United States existed. While attempts had been made in recent years to prepare such a directory, they had been
abandoned by those undertaking the work, and it was believed to be impossible to make a complete directory.
However, with the assistance of some gentlemen well informed with the glass industry, snch a directory, thongh
imperfect, was prepared. Copies were sent to every glass works in the United States and to every one who was
supposed to have any information regarding glass works, and as a result of this a directory, believed to be correct
at its date, was prepared. Schedules were sent out to the names in this list, and the result is the present report.

This report covers the statistics of those establishments only that made glass from the sand, or works having
furnaces and pots in which the glass was melted and made into the varions forms of plate- and window-glass,
glassware, and green glass. It does not include the statistics of any staining, cutting, engraving, drawing, or
spinning glass, or any of the other processes of rew‘orking glass, except in the case of establishments that ¢nt and
engrave in connection with the mannfactnre of the glass from the sand. In a word, the report covers the
manufactnre, and not the reworking. of glass.

In addition to the statistics and history of glass-making in this country, such information as could be obtained
regarding the statisties of this industry in Europe and a short sketch of its history, both ancient and medern, are
appended. For the purpose of completeness I have also added some statements regarding the classification of
glass, its properties, the materials nsed, furnaces and pots employed, and the varions modes of glass-making, with
some quite fnll stateiments regarding tempered and slag glass.

Particular attention has also been paid to statements showing the state of the art during the census year.
‘While every point has not been covered—indeed it was not deemed wise to consider to any extent forms or varieties
of glass other than the four kinds partieularly reported upon—it is believed that the report will show with
reasvnable fullness the condition of glass-making at the close of the census year.

It seems hardly necessary to state that it is impossible to gather from the tables given in this report any
statement, even an approximate one, of the amount of profit made by the manufactnrers of glass in the census

year. The tables show only the value of materials and wages and the cost of product. Materials and wages added
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together and subtracted from producf will not give profit, as, in addition to materials and wages, there is in the
cost of an article a large number of contingent expenses, such as rent, insurance, taxes, interest, discount, expense
of selling, office expenses, advertising, traveling, etc., all of which must be added to the value of materials and
wages before the difference between this sum and the selling price of the product will show the profit.

In forwarding this report I desire to express my great obligations to the large number of gentlemen in various
parts of this and other countries who have so kindly assisted me in the preparation of this report. It is impossible
to name them all, but special thanks are due to Mr. L. Lobméyer, of Vienna, Austria; Mr. Julius Fahdt, of Dresden,
Germany ; Mr. Henry Chance and Mr. Thomas Webb, of England ; Hon. John F. Bodine, of Williamstown, New
Jersey ; Hon. W. C. De Pauw, of New Albany, Indiana ; Mr. J. K. Cummings, of Saint Louis, Missouri; Mr. Charles
Colné, formerly of Washington, District of Columbia, who reported on glass for the Paris Exposition; Mr. Isaac Craig
and Mr. James B. Lyon, of Pittsburgh, Pennsylvania; and very especially to Mr. Thomas Gaffield, of Boston, to whose
intelligent assistance and ready and free loan of books this report is indebted for much of its exactness and fullness.
I also have made free use of a number of works on glass. In important quotations credit is given in the text, but in
many cases it has not been deemed necessary, and I desire to acknowledge here my indebtedness to the Encyclopedia
Britannica, Pellatt’s Curiosities of Glass Making, Nesbitt’s Glass, Bontemp’s Guide du Verrier, Lardner’s Cabinet
Cyclopedia, Jarves’ Reminiscences of Glass Making, Blancourt’s Art of Glass, Sanzay’s Wonders of Glass Making in AU
Ages, the several pamphlets of Mr. Chance referred to in the text, Gaffield’s Action of Sunlight on Glass, and Glass
in the Old World, by M. A. Wallace-Dunlop, and for the history, in this country especially, to Bishop’s History of
American Manufactures. I should also fail in what was jnstly their dne did I not acknowledge my indebtedness to
Miss C. V. Young and Mr. S. C. Armstrong, the chief assistants in my office, to whose patient endeavors and
constant care I am under so many obligations.

Very respeectfully, JOS. D. WEEKS
o . b

1088 ' Special Agent.



CrarTER 1. STATISTICS.

SCOPE OF THE REPORT.

The investigations which form the basis of this report were confined exclusively to those works which
manufacture glass from the crude material or make the ‘‘metal”, as it is termed, and do not include any statistics
of those establishments in which manufactared glass is a raw material ; or, in other words, this report only covers
establishments in which glass is made, not those in which it is reworked, and does not, therefore, include statistics
of manufactories of painted or stained glass, mirrors, chemists’ ware, etc. In cases, however, where the glass is
reworked in the same establishment in which it is made, as where rough plate is polished or glassware is engraved
or decorated, the tables include the statistics of sach reworking, it being regarded as only a part of the manufacture
of glass in these works, or as having such a close relation with its manufacture as to make it practically impossible
to separate the statistics of the crude from the reworked glass.

CLASSIFICATION OF GLASS IN THE TABLES.

The classification adopted in the collection of the statistics is not te be regarded as a complete classification of
glass, but as one made necessary by the conditions of its manufacture in this country. This classification is as
follows:

I. Plate-glass factories, including those making rough, ribbed, or polished plate for window-glass, mirrors,
skylights, partitions, etc. This class also includes rolled cathedral plate.

II. Window-glass factories, including those manufacturing cylinder or sheet window-glass.

III. Glassware factories, including those manufacturing flint (lead or lime) glass, both blown and pressed,lamp-
chimneys, and flint druggists’ and chemists’ ware.

IV. Green-glass factories, including those producing green, black, amber, ete., bottles, fruit-jars, carboys, -
demijohns, and other hollow ware, and green druggists’ ware.

If it had been possible to make a still further subdivision of these classes, it would have been done; but after
very earnest efforts it was found impracticable, and the attempt was abandoned.

Under each of these classes three tabulations have been made.

A.—Including all establishments in existence in the census year, whether active, idle, or building.

B.—Including all furnaces that were idle during the entire census year. All the furnaces in this table are
included in Table V. The amount of capital given, however, is only that of factories no part of which was in
operation during the census year. If a glass works having two farnaces run one, the other being idle, the latter
would appear in this table as an idle furnace, and no capital would be set against it.

C.—Including all furnaces that were building and were not completed during the census year. The amount of
capital given in this table is that of such establishments as are entirely new, and includes no statement of capital
invested in such new furnaces as are additions to old works.

SUMMARY OF STATISTICS FOR 1880.

The complete statistical results of the census of 1880 will be found in the accompanying tables. For convenience
of reference, and to give a connected statement of the results of the present census, as also to compare the same as
far as possible with those of previous censuses, these results have been summarized. The condensed aggregate
statements tor all classes of glass included in this report are as follows:

Tétal number of cotabliohma@nioy. .2 . ¥ suoc.. Ao S0 R B8 (Ll e ta e L e e s 211
Tetal'edpital Iniveatod s P e . e e L e c e e T s mao e TR o e Y 55 $19, 844, 699
Beotalinumber of TArRREORF Svbr oo te st D8R - il o s A i o s ccsi it et e an S R S S e e B T 348
Total nambet of Polie, i SMMEE - Bh . m ok . ol e ion doe Jind oo isonsne s dommsod g mmclaa T el o b s L A 2,852
Malos'abevie 16ryears: (T 5ot Snal oL T NI e N R e D I N N ST
Ronialeg above 15.peaks; Bt foacol Jooe DNl oL ST Tl ST s oee Se e T DT et b e 741
Children and youths .. ... ... ... __...._...... ot o o T = TIE e TRl o=l 2 oo R Y ERSE R H o 5,658

24,177
‘Fotal amennt paid in wages during $he yoar. ... cccc coecninrre coresincconticrnn heciciinaa s baal e el £9, 144,100
10T Wy U e TS o TN P S N i el R Sl S S S g S - . Ty 8, 028, 621
RGOl TRt ol B OR Ob Y L L et tee et i T e TR s T 21, 154,571
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2 MANUFACTURE OF GLASS.

COMPARISON WITH PREVIOUS CENSUSES.

It is impossible te make a comparison between the results given abeve and these for the earlier censuses.
The classification differs materially from that adepted in the present investigation, so that in any event it would
be impracticable to make a comparison by classes. In addition te this, however, in the statistics of glass in previous
censuses there are in some cases gross omissions, () while in others the statistics of glass-cutting and decorating
‘establishments are summarized with those making the metal, so that any comparison weuld be of but little value.
It is pessible, however, to make an appreximate comparison of the aggregate of all classes between the present
‘census.and that of 1870. Assnming that the classes ¢“plate-glass”?, ¢ glassware not specified,” and ¢ windew-glass?”
of the Ninth Census include the same establishments as are classified in this report as plate- and windew-glass,
glassware, and green-glass factories, the result is as follows:

: T [} i

: | 1880. ‘ 1870. i

3 s P TR | e - L. o -

' Number of establishments ..... ..... | ch 154
Bniployéaslil [ [l u s Al s i 5ule | 24,177 | 15,367
(o ST WP A A B ol h f e 28 | $19,844, 699 | 813,826,142

} Wagne Paid i .o A ol oo Ve Sat 9,144,100 | 7, 589, 110
Amount of materials used .. .......... 8,028,621 | 5,904, 365

' Value of prodnet - c..ocveeceeeneenenn. 21,154,571 | 18, 470, 507

It will be seen that the increase in the number of establishments in ten years is 37 per cent.; in empleoyés, 57 per
cent.; in capital invested, 44 per cent.; in wages paid, 20 per cent.; in materials used, 36 per cent.; and in value of
product, 15 per cent. It will also be noted that the percentage of increase in all of the details is greater than in
the value of the preduct, that being hardly 15 per cent., while the increase in the others ranges from 20 to 57
per cent.

WORKS IDLE IN THE CENSUS YEAR.
From the returns received it appears that 34 establishments were idle, in whele or in part, during the entire

census year. The capital invested in the weorks that were idle entirely was $591,000, and the number of furnaces
idle was 41. The following table gives the statistics of these idle establishments for each of the four kinds of glass:

’ FURKACES.
| No. of 3 !
Classes. establish- Capital. Kind and number. l
ments. 5 | i '.l‘otlz;l
[ | number
Other | Total | of pots.
Gas. Tank. t kinds.  number. I
| e L ! . ' § LML, SR
| Plate:glase: . ML LA . eyl I 7 Mett s Wi Eo L e ' .......... ‘ ©1 1 8 |
- | WinAOW-glass -eeememraannn coaeennans | 10 $90,000 [..een..... [ESRAERR R 10 10 82 .
) |, Glassware ... oceooeoirionuineenn 15 267,000 | g v SBURS mi | 19 22 201
et 7 g1 Y PR e 4 MBI | 8 234, 000 1 ' .......... | I 8 | 58
- 1) )
otRTay: = 3 Ju S0 e S o 14 i 34 591, 000 4y PILS e i 37 41 | 349

Seme of the establishments shown in this table at which furnaces were idle alse had furnaces that were in
operation, and, as is before remarked, the capital of only those establishments at which no glass was made is included.

Of the 58 window-glass factories of the country, 6, with 6 furnaces, containing 48 pots, were eutirely idle during
the census year. Four works were also in part idle, and in these were 4 furnaeces, with 34 pots, idle the entire year.
b Of the 91 glassware factories, 9, with 13 furnaces and 109 pets, were entirely idle ; and in facteries that were
eperated in part, 9 furnaces, with 92 pots, were not run in the censuns year.

Of the 56 green-glass establishments, 8, with 8 furnaces and 58 pots, were entirely idle.

It has been almost impossible to determine in a few instances whether a glass factory should be regarded as
dismantled or idle with the prospect of renewing operations. In such cases I have assumed that the owner knew
the facts and have accepted his decision. Notwithstanding this, some furnaces reported as idle will probably never
be in blast again, and sheuld net have been reported at all.

a Scybert, in his Statistical Annals of the United States, Philadclphia, 1818, whieh summmarizes and corrects the census of 1810, rays,
page 6, regarding the statistics of glass, that ‘‘returns for glass works for five states only are given, omitting Massachusetts, in which very

cxtensive establishments oxisted, from whieh glass of a superior quality had long been exported to the other states”.
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MANUFACTURE OF GLASS. 3

WORKS BUILDING IN THE CENSUS YEAR.

The following table gives for eaeh of the four kinds of glass the statistics of furnaces building and not completed
in the census year:

FURXACES.
No.of i
H Clatess: esgblgsh- Capital. Kind and nomber. } Total
! | ments. number
i 5 Other Total |
» Gae. Tank. | yinds. | pumber. °f Pots-
Plate-glass......coocececiemnnenanan. D S N l ) N PR [ 1 16
Window-glass. ....coecccceciooaoaaaes i 4 $80,000° | .ioliolisea.... : 4 4 36
Glasswake. .o R . L. L) v 12 235, 000 e |2l o 8 12 | 129
Green glass . coceeceeoe ... 5 54,100 J.eeooniiiloenaiol 5 5 ( 3 |
T ) 22 369,00 | $ Lt 17 22 212 {
! t y 1

From the returns received it appears that furnaces were building at 22 establishments, 22 furnaces, with 212
pots, being in conrse of erection. As-it will be noticed, 5 of these were gas furnaces, which wonld eqnal a little
less than one-fonrth of all the gas furnaces bailt or building in the census year. Of those building of all kinds, 1 s
with 16 pots, was building in a plate-glass works, not completed; 4 were in window-glass factories; 2, with 20 pots,
were in new establishments, and 2, with 16 pots, additions to old factories; 8, with 8 farnaces and 84 pots, were
entirely new glassware establishments, while 4 furnaces, with 45 pots, were bmlt at two old works. Three entirely
new green-glass works, with 3 furnaces and 16 pots, were built, and 2 furnaces, with 15 pots, were built at two old
green-glass factories.

ESTABLISHMENTS IN WHICH GLASS WAS MADE IN THE CENSUS YEAR.

Consolidating these tables of idle and building, and making the necessary dedunctions from those giving the
aggregate statistics of the produnction of the several classes, we have the following statement regarding the
statistics of the works at which glass was made during the census year:

cl Laaaad Capital ‘ Yo.of |  Tosl
asses. | 18 api o number
| ments. ;mm of pota.

‘ Plate—glass..--......................' 5 42,557,000 | 8 ] 84
Window-glass ...covoeeee.onrennnn.. 49 4,703,155 | 76 665
Glhooneren® -0 on boe o ikl W B | 6907218 | 130 ' 1,247
| Green glass...... ................. 42 4,607,168 | 74 | 443
T A A B L AT | 160 | 18,504,509 1 288 ‘ 2,439

The number of hands employed and the value of materials and wages paid, as well as the total of the product,
would, of course, be the same as the totals given under the heads of the different kinds of glass in the general
tables, as an idle or building works would detract nothing from these items.

Regarding the table on plate-glass, it should be noted that of the 6 establishments making plate-glass 5
produced rongh plate, 1 rolled cathedral plate; and 3 of the 5 producing rongh plate polished the larger part of
their prodnet, the 2 others making no polished plate, though 1 had the machinery necessary to the work.

The colnmn headed “rongh, sold”, under ‘plate-glass”, gives the amonnt that was.sold or entered into
consumption without being polished, or as rongh, ribbed, and cathedral plate. It should also be noted that
while the first column under “product” gives the total amount of plate-glass cast at the several works, the
column of ‘valae” gives only the value of that part that was polished and what was sold as rough plate, the
balance being in process of manufacture. ;

CAPITAL.

The total capital invested in the manufacture of. all kinds of glass is $19,844,699. Of this, 2,587,000, or 13
per cent., is invested in plate-glass; §4,953,155, or 25 per cent., in window-glass; §7,409,27S, or 37 per cent in
g]aSsW'lre ; and £4,895,266, or 25 per cent., in green glass.

The state having the largest amount of eapital, as well as the largest nnmber of estﬂblishments, is Pennsylvania,
which has 27,639,706, or 38 per cent. of the whole. This is followed by New Jersey, with 2,728,021, or a little less
than 14 per cerit. of the whole. New Jersey is followed, in their order, rating them by eapital invested, by New York,
Indiana, Missouri, Ohio, Massachusctts, Kentucky, West Virgiuia, Illinois, Maryland, Connecticut, California,
Michigan, and New Hampshire, while the Mississippi works, which was building, and the District of Columbia
works, which was idle, both ranked the same.

FURNACES.

The total number of furnaces in the different works was 348, containing 2,982 pots. Of these, 10 furnaces, with
116 pots, were in plate-glass works; SS furnaces, with 767 pots, were in window- slass works; 162 furnaces, with 1,559
pots, were in glassware works; and 88 furnaces, with 340 pots, in green-glass works. Of the total number of
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4 MANUFACTURE OF GLASS.

furnaces, 21 are reported as gas, 5 as tank, and 322 as all other kinds, these other kinds being, as a rule, the
ordinary direct-firing furnace. Of the 21 gas furnaces built and building, 3 are reported as Siemens, 6 as Gill, 6 as
Nicholson, 2 as Burgin, the balance being of various kinds. Of the tank furnaces, 1 was a Siemens furnace, built,
and the other 4 were of various kinds, the inventions generally of the parties operating them.

The fuel used in 'glass-making in the United States is chiefly coal, though at all works more or less wood is
used for various purposes, as also considerable petroleum and benzine for fire-polishing, annealing, and other like
operations. Onec or two furnaces, however, are reported as being wood furnaces. Some are eoal furnaces, using
blast, and some few, instead of being direet-firing, use a patent method of charging the coal to the fire-grate.

THE PLANT OF FACTORIES.

Under this head are included statements showing that part of the plant about a glass works not ineluded
under the head of furnaces and pots. The following tables show the statistics of the different factories:

TABLE SHOWING THE PLANT OF PLATE-GLASS FACTORIES IN THE UNITED STATES.

(€1 13315072 TN O B SO et = SO SUOBABEE QOB S AL Jo0ah BEG 50 adBoatn Bo00 FHEEEE 15000 oo s oot 2t AR = . 16
A e Oy BT R L ey B S e S e ia o el oot Ates codoceoBed e e, oo 186
Grinding-maehines...... ......... N S T SAPSER e A i e i R L 26
Smoothing-maehines .cceaevevaaeoonan SEBI0C A 00 FEBL LS S - BB A OOt ST o b Bl o - o o iR L e R 44
Polishing-maehines............ 4ecione i coda o Tt tame sesleesiad e slain e ne st sonc aclenlsaniess smsess sasnen cnce socane 70
Comhaebayia 1L PR S & AR 05, O B8C A8E 00 Comoni Sdant 2o oo de boga ket v S T A 10
Steam-engines ..ce cevaeaclos oot clilil oot oL e sl e e L Yt L coatestone & 5 BESH 25
Horse-power..... S eemeetcctearecaeat cancoeocasettene taanne cane cannaacmeeanaseamanes Seb015 okt SeooBo i B 1,570
)0 U R R 0 - IR 50 s I B o O . a3 50 5 ¥ 5 A 5 B 0 Ao S m - e SRS e e e 24
Horses......... S O SO S0 e e B0 6 B 90D O BACO0 0 ot 6 SIS A5 e S HSE Soo Saot it 1 o o bot ST, Ja 11
Mg L LS e | SV e e o eSS SRSV PSSt S e 0% | 9
WVERZONS Jlc cnnmice coodiolocleoceitotetoles's s s otels olanics oo aaal calafe i S slonile /- T SRy S SR RSt 11
CATES - ccie o oe ol duoinies diahialale = a8 s Jol o oo biale s Seleele/e) cinle ST8la /e & o fe's 5,010 widle ofa eie LTe o o e o oD S TR T S S i/
IDEAYS,.c o o A oy SELS PR < SRS SR S S B oS R e S SRR B o et s s e st oo 5
TABLE SHOWING THE PLANT OF WINDOW-GLASS FACTORIES IN THE UNITED STATES.
Flattening OVENB. . oo . b e Sorc Sa e So o oot lorei St TSy e IV Nt T 2L O s A e s =l A R O 68
Monkey OVeris:oc .o oo bn ol o o dT oo cte WA Ll S - AN SRR L o L oty RSN §F 5 DK v i 16
Clay:grinding millaifie o o cciocme ieeo nina s slebiE et o aute s EitenTolole o RelolatTals Ffe <lo S SOy S o pojeye ooy, Byae o FE 52
StOMB- NGRS .« o2z s e mie s fegT o 2 a8 SRS oo o SN T T ol eyt e I 18 el ERSRERLRE o cneiy 34
Hordezpowor S o 0. L i L T e e o T 1 e R S s e [ e el
Boilerstt &, S8 R L Bl S Soem SN S B A R SN NN, T, NS SRR e & e ol SR 35
Horgestac.ee o Tot oo we oo eraoe Poe ilpodets LS B 0 ML) 20 B S e P RN Kk o e C et | A 156
Mhules Mook ot 2o bl SHEL e AL et CRE RN IS T L R S 56
VWIS Soe s a0oe oo aon A0Be-0 S800 Came g - 565 5 comd e e e eeemee e eeese eee oot ieceaecccaaaaneaaaas 120
Carts 38w 2 S IR e S S T TN S e ] [ SE S EL SR 50
B0 % f HEE o R L R R B 0 bt SR ABOE A B SS aoe D o - - o ook Tabn oy My 21

TABLE SHOWING THE PLANT OF GLASSWARE FACTORIES IN THE UNITED STATES.
Glory-holess . 2.\, o o 3 S . o oot e oloio)n e - T e e T e PPN T s | s o U358

20 Gl LT ¥ oA S S RS e S e S e L S 0 S TB S B Bon a0 5S 53 2009 0ot S Go 5 S MBA e A8 SoarBEAteRaeoT SHeGE S 522
Abngalidglovend. - .. cooro ke, B RS RS AL TS AR ) B R U IR 479
Shopa:workediy .. ... % o 50y et ot lle. S0l Sttt L 8 W AT SO e | - SR ek 1,353
Grinding:Tandiepgraying-machines. f.. - oo e B 88 2o N0F] UM EE L LS gt S S BT, i e 716
Clay:grindingsmills: 3 5 ... Soh. oSN T o i BB A0 IROBE, 05 5B S B00 0A65sc = - 5058 a0 Son0 ~Ea RO o 63
Bbeamnonginen 8L . g L e e T e e - 85
Horse-power TSN TRl W L AT w TR o | M B o IEE S ade B0 ,00 50 0 @ 20500 a0 39BE AO0AcHRES S 2,327
DU TP SNy S S R o | T S P B R A e I N 200,00k 5 5 a0 5 00 NN N S L 121
Horgéger .21 a8 s PR R Y| L I8 3 O3 e 00 5600 ~tododth ootaT R L BTN S 162
L L R R M L o D T WSt oo oo node o0 o 56 =0 5o o d A5l R | . Y 64
WAZONS". ..o\ TSk oo Sl msie T I A TUNGES 0 O e R L - 3 e T d Sl e re 124
(O o (e e R e S Lo R SN I O E T B B Bl s S D S s L - 66
IDERY AN 2 So% oo arias/aToe oo To TP e FEN A SR 5 i A PR VI 2t LD e N e (R, 20 P
TABLE SHOWING THE PLANT OF GREEN-GLASS FACTORIES IN THE UNITED STATES.

Glery-heles, = A e e ey L R e . > * R S 0 o ot 3 32 528 7
Annedling-oviens ... R LATIINT. 8 E: 8 s WAWSESEIWNCIY . Flims] ol e S NGO I AR 1,039
Grinding-maehines............. e T A e e oy e B A e N o A A RSN Sy 4 44
Olay-grindingsmills . .. .3 i3 s oo Jo BRSSO o Pl VT Yl e o sl SIS L i el e 46
Sleam;engineny: o5 2. g ot Mo 200 s L R e et e i Mo S B2 « gl £ LY USSR S e 55
HOTSePOWEE .« . o5 s oot ST S0l o S O sy S TR o e R NS gl - ST T 1,198
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MANUFACTURE OF GLASS. 5
TABLE SHOWING KINDS AND NUMBER OF MACHINES USED IN THE.GLASS WORKS OF THE UNITED STATES.
T PR o
3 Casting | Grinding- | Smoothing-| Polishing. | Grinding- _grind. (GTinding-and ;
Kind of glass. tables. mgcnhlnes n?::ohineag mgchinei erl:i!df:a (i]:gy zgruhhl;.l :’:agc’:m"l:;z- Presses. g;ic”h‘}ﬁi

TABLE SHOWING KINDS AND XUMBER OF OVENS USED IN THE GLASS WORKS OF THE UNITED STATES.

- Flattenin, Monke, Annealing

Kinds of glass. ovens. 5 ov(-msy ovens.
IO RlaNGR: 2. % oo s B O L e e S S S 186 l
Window-glass .cceuenuieveniinccna... 68 N s |
(0 T T AR e oS gty A I I D e i 47 |
Green glass...coceeacienciiiaiieecferinciicncec]oiieniacan.. 1,039 l
3:t.2 gefocroodtom® Strtoot ] 16 1,704 |

TABLE SHOWING POWER USED IN THE GLASS WORKS OF THE UNITED STATES.

Kinds of glass. copins. | Horse | Boilers.
Plate-glase:ac..ccneeeeceenecaiannn... 25 1,570 24
Window-glass .ceeceveeecccencnannnn. 34 577 35
GlABBWAT® .ccceceencccncccncanacaas 85 2,327 121
(65 T S S 55 1,198 58

4097 tcccoc o dde T A BT o 199 5,672 238

TABLE SHOWING NUMBER AND KINDS OF DRAFT ANIMALS USED IN THE GLASS WORKS OF THE UNITED STATES.

Kinds of glass. | Horses. Mules. :

|

Plote:glase - coiceaiicneriotane e . 1 9 f
Window-glass ..cccccveoecvenncccenns ! 156 56 |
L) U Sy | 162 64 l
Green glass ...ccenueeeccacccrcnnccces f 189 102 |
Tofell ) M. /1A% (i S ! 518 231 |

TABLE SHOWING NUMBER AXD KIND OF VEHICLES USED IN THE GLASS WORKS OF THE UNITED STATES.

‘Wagons.

Kinds of glass. I Carts. ’ Drays. ,
Plate-glass....ceeceaecancneenaacane. 1 , 7 , 5
Window-glass coeee icoceiaannaaa.oon 120 | 50 21
(&3 PETY 7S SR 124 ? 68 | 29
Greon glass .oooeeureoneieciriacnnenn 152 | 64 | 30

(Retal W ot SRR i 407 187 | 85 l
EMPLOYES.

The total number of persons employed about the glass works of the United States in the eensus year was

24,177.

and 92 females under 15 years of age.

Of these 17,778 were males above 16 years, 741 females above 15 years, 5,566 males under 16 years of age,
Many of the operations about a glass works, especially in the paeking

and the gathering of the glass, are of such character that they eau be performed by women, children, and youths.
This is especially true of glassware, and, as is shown by the tables, 513 of the 741 females above 15 years and
3,874 of the 5,638 children and youths are employed in glassware manufactories, the larger proportion of the balance
being employed in the manufaeture of green glass, in which many of the operations are amalogous to those of

glassware.
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WAGES PAID.

The total amount of wages paid during the year to all classes of employés in the works was $9.144,100. AsIhave
already stated in my “ Report on Coke”, any attempt to deduce the average daily earnings of each person employed
from the figures given in the tables annexed would not only be useless, but the result obtained would eonvey a
deeidedly wrong impression. The total amount of wages paid, 89,144,100, divided by the total number of hands.
employed, 24,177, would give a quotient of $378. Though such a quotient is often regarded as the average yearly
earnings of each employé, a little consideration will make it evident that it does not represent such earnings; that
it really represents nothing but the result of the division of one number by another. The only eircumstanees
under whieh a division of the total amount of wages received in any industry by the total number of men
employed in that industry would be a eorrect statement of the earnings of the persons so employed are when the
same number of men were employed during the whole year, and when, if the works were idle during any part of
that year, the men were also idle, glass-making beiug their only occupation. It would also be neeessary to know,
in order that such an average might be a fair one, what the oecasion of such idleness was—whether it was the fault
of the manufaeturer or of the men. In a word, the only way in which it would be possible to show what were the
yearly earnings of each man at the glass works of the United States during the ¢ensus year would be to aseertain
direetly from the books what each man received, and for sueh a statement there are no data.

A somewhat similar difficulty exists in any attempt to arrive at the average wages paid in the different classes
of labor employed. This is a most difficult statement to make under any cireumstances in this or in any other
industry. It is very easy to give an average of the different rates of wages paid; but to get at the real average
rates—that is, an average which shall consider not only the several rates, but the number of men employed at each
rate, by a eonsideration of both of which the average rate can only be reached—is more difficult.

However, an endeavor has been made in the accompanying tables to arrive, as nearly as may be, at the range of
wages paid the different classes of labor and the average wages; and it it is distinetly understood that this is only
approximate, and does not elaim to be the exaet average wages of the different classes, no one need be led astray
by the statement. ’

These tables show in the first column the classes of employés, in the second column the number of each class for
which wages are given in the returns, in the third column the range of wages, or the highest and lowest wages paid
the members of this class, and in the fourth column the average wages. This average is obtained by multiplying
each rate of wages by the number of persons employed at that rate and dividing the sum of the products so
obtained by the number of men employed, so that the average represents the real average wages of the different
classes as returned:

RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF WINDOW-GLASS.

Classes. Number. Range. Average. || €Classes. Number. | Range. Average.
. 54 | LS eR
MAUAZETS «ceeeecnnenne cavmcraecaaanans 23 [$116 to $6 00 $3 90 Culharg .- .. bl gl L.t 144 ! $2 00 to $4 50 $3 14
Boaa BIOWErS ..uveeirnenciiennraniaeas 44 2 57 to 12 00 5 47 Packers :
¥ S P S S 424 218 to 1200 530 | 16 yeara and upward ............. 52 115 to 568 214
Gatherers or tending-boya: | Under 16 years.....ccceeacececne. 2 , 50 50
16 years and vpward............... 424 176 to 600 272 D THVOTA! ¥ JHE. e e, JoI. N miaie - Ed 80 100 to 250 136
Under 16 years ..oceeeeceeeacacnnn. 34 30 to 39 35 | LaROTers. oo v olap « s vtk <000 4 251 | 100 to 150 118
Master teasers. .cccecveeencocnecenoaans 56 211 to 500 335 || Boxmakers......ccocearamoaaaaan.... 26 j 7 to 175 131
Master teaaers’ helpers ................ 65 117 to 250 183 | Blacksmiths ...... Mo L JE6 o S0 oo 13 i 117 fo ..2 50 195
TOABELS ceeecccnnnen comeamamcccannn-.. 158 | 100 to 2236 174 i) BOgingers - -2 S i m T AT o el 51 15 to 315 183
l.ime-aifterstoas docam e L VN B S 34 100 to 2 16% 170 l Wiatchmen'- LSSt oL oobimm. 2 . .os 5| 100 to 150 | 123
e TadatEobe “cotrd ot o b e 65 | 100 to 300 1772 || ABBOTEOrE - evceeseneeetinmosecngeenn 5 ‘ 200 to 300 ' 2 40
Batch wheelors or fillers.in ....... Yot 55 100 to 200 17 SR b oatne on oo T T 2 1123 to 200 1 56
Coal wheelera ......................... 46 96 to 225 163 Clay grinders .........c..cc.oooooo... 2 ’ 100 to 146 123
Flatteners . oot o oe. (AL tiiio Fann s | 109 | 250 to 577 382 || Carpenters ........o.oo...iicee..... ' 6| 175 to 18 | 178
Mayelivus..... Ll L e o 67 | 70 to 225 | 180 | Warehonsemen .......cceerieueennn 2| 200 to 250 2%
Layerstin, . oo, e il ey 73 7T to 233} | i) Gl IO o o e e e e A 7| 166 to 400 188
- i t k '
Tearttenderat-t 1y NS T N T 71 9 to 226 164 | Blow-farnace teaserfi-.....c.ecene.. i 1| 200 | 2 00
Roller-boys: ‘ 1 -1 SR R B R DR 4 I 3 90" ¥ 2 00
16 yeara and npward............... 70 38 to 150 | 78 BookkeCpers .2kl L.l miass N et 1.5 400 | 4 00
Under 16 years..cecceeeeeacnaann... 22 % to 100 | B8 || BOL AR it ¥ h e oo 1o F ! 2 112 1128
Rovmalers S0 B R U T e 3 | 154 to 500 | 2 4061 41/ P TOMTISTOTS ooterde et f e ~Aetioss 2o e o 234 aE25 5 125
CIRy S TMMPOrs . c s e s ectencanccecanans 89 100 to 200 | 125 f
B LEER TS R G SR 22 | 288 to 700 421 | Seorctany . W WISl oy il i 500 | 5 00




MANUFACTURE OF GLASS.

RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF GREEN GLASS.

Classes. Number. : Range. Average. Classes. Number. | Range. Average.
Managorspeoli.T ... .........] 21 $2 00 to $6 73" $1 74 Master teasers. .....o.ceoieeeneanan.. 32 $1 25 to $7 25 2 33
Boss BIOWORS - o c-asce-aucoocenssenns] 21 300 to 800 480 L oISt e S R ORI 61 100 te 200 151
Bottle bIoWers. . --..ccaeccociaccccacces] 515 265 to 550 3 94 Ceal wheelers....... omesg-cacqacense- 30 100 te 225 146
Vial blowers.......ccecceveeee. 163 250 to 450 338 Batch wheelers. . 26 100 to 200 136
Demijobn blowers ...coeo.eu... 10 290 to 500 3178 Teasers ... - 66 100 to 417 163
Carboy blowers......c.cceocene 3 330 to 10 00 558 Mixers....... - 45 100 to 250 156
OUher DIOWOTs . - occocececceconncccnns 32 300 to 325 323 Lime sifters.... e 10 50 te 200 129
Gatherers : ‘Ware boys......... ed 62 58} to 2 00 127

16 years and upward..........c.... E 326 54 to 150 97 Pot makers............ - 16 150 to 400 2 61
Under 16 ysars |~ 5 ¢ 75 | Pot makers' sasistants. . 26| 100 o 200 136

Sticker-up boys: Clay trampers........ccecceecieiaann. 41 100 to 150 116
16 years and npward.....cccc...... 121 32 te 125 42 Grinders:

Under 16°years. ... -- . S-oo 0t Ducuamee 29 38 te 88 51 16 years andupward ............. 35 833 to 5 00 130

¥inishers: H Under 1Ayears. .cccee vecueanen.d! 3 60 60
16 years and npward....c......... 63 45 to 450 273 Boss packers......cccccacacacaaan ... 22 1163 to 3 50 202
Under 36 VOars. « oo St ok saa SE : 4 50 50 || Demijjohn coverers:

Carrying-in boys: | 16 yearsand npward ............. 31 75 te 200 106
16 years and npward c.o.....oo..... 182 38 to T 59 Under 16 years.......... o o 10 100 100
TUnderlf years ccccececocccae -ceene 301 33 to 8 54 Packers.........2... cecascacan ceanceh 119 83 to 225 137

Laying-np boys:

16 yearsand npward ............... 150 50 to 150 96
Under 16 years.....ccecececeennnn. 26 50 to 100 79
RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF PLATE-GLASS.

BROUBAGID < o - = aia= ae s oo on o sFaborooncs | 13 $2 00 to $3 85 $3 39 b 100 ) e R s e el e b e 13 $125 to $2 00 $1 40

Gas makers ......ccoocoooooaooo.. ! 7 125 to 200 176 Pot makers........ccccae.nn......... [ 231 to 333 294

Teemers 6T POUTOTB.cccue.coacrecauannn ! 11 115 te 250 195 Croows.man..... . 8 oo oo a8 LN 4 167 to 200 184

Roller men..oeeueeecmcacanae ety ooc 12 115 to 180 153 Cugberalt . . v T3t e Y ey, £ 16 200 to 308 254

Kiln firemen......... ..................‘ 8 115 to 183 150 Glass packers...... e T SR L Wi 12 13 to 233 178

Farnacemen..cecceeeauees e e e 58 115 to 183 139 Machinists..ccuevvcaiianiaeacennnn.. o 23 125 to 300 239

Grinders: ‘ BISCKOMItES - .o vvvenseneeennneenn. 6| 17 to 400 2 87

16 years andupward .............. 55 167 to 300 218 10 125 to 180 157
Under 16/ 5ears. ¢......icceunnes [ [ 50 50 16 125 to 300 2 41
Smoothers : { Canpentets.. .~ .. i L. ol ot 13 12 to 225 191
Males 16 yeara and npward ....... ; 52 200 to 229 2 06 Bricklayers 9 200 to 300 264
Males under 16 years............. ! 3 50 50 Furnace builders.....cceeeeceeecanan. 1 385 385
Females 15 years and npward..... [ 13 75 75 Teamsters .....cccccoceieeceiaaaaanan ‘13 100 to 133 114
Females under 15 y8ara........... ! 4 50 | 50 Sand-quArTy men ..-.occeveciinennnnn 10 150 150
Polishers: ' AL maan s £, Sl ER S S iy o 8 4 167 to 175 171
16 ysars and npward 65 200 to 313 2 49 Plaster burners....cococeecvneeeen... 5 100 to 150 131
Under 16 years....ccocouocuicnnn.-. ! 6 50 | 50
RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF GLASSWARE.

Y | 52 | 3300 to $8 11 $146 | Cutters: '

Pressers 306 200 to 500 353 | Males 16 years and npward ...... 223 | 8135 to $4 163 $2 29

Finisbers: | Females 15 years and npwsrd.... 7 50 50
Males 16 years and npward . 563 76 te 6 00 355 I Engravers.... .. 33 1663te 400 2 58
Males under 16 years c.cceceenn.... 134 76 to 80 79 Mold makers 120 150 to 600 305

Gatherers: [ Machinists* .. 30 | 150 to 650 230
Males 16 years and upward ........ 890 67 te 350 198 || Mixers ....cceevnoiicecaicaiionaann 135 133 to 266} 176
Males under 16 y8ars .............. [ 55 te 150 13t i TTQAISEDS . -1+ ==2 e A m S S | 166 150 to 2 663 21

Stickers-np: Pt fillewst 57 55 £ 98 SN §AUED S 56 100 to 250 167
Males 16 years and npward ........ 338 42 to 189 87 | Posmakers .. 5. 0 purs Bl o 41 1163to 333 23
Males tnder 16 F€8TS «ou.oennnnnn.. 543 42 to 100 78 (| Clay trampers..o..o..oo. .eeoa.. 74| 100 te 250 43

Cleaning-off boys: [ {| Packers:

Males 16 years and upwsrd ........| 192 50 to 135 ¢ 82 P Males 16 years and upward ..... 340 60 te 400 ¢ 172
Males nnder 16 years ..c........... ' 414 50 to 100 64 ‘ Males under 16 years ........... 19 45 to 65 | 53
Females 15 years and npward...... 3 ; () T o8 ] Females 15 years and upward. ... 19 50 to 233} 98
Females under 15 years............ 12 | 50 to 623 58~ [ “Drivers: ... 5. ...t L SESNEE 103 : 100 to 250 ‘ 172

Carrying-in boys: Laborers: i
Males 16 years and upward ....... 156 48 to 120 62 Males 16 years and upward ...... 573 [ 100 to 200 135
Males nnder 16 years .........._... 762 333 to 20 56 | Males nuder 16 years ........... v I 67 te 83 69

Mold-holders : | Females 15 years and upward .. .. 82 60 to 3 67
Males 16 years and npward ........ 132 50 to 255 83 Females under 15 years ......... 9 ! 50 to 67 €1
Males nnder 16 years 285 45 to 100 62 Engineers...... e adee et o a vk L ! 54 1163te 300 215

Clowers. S Tmmman i . Gt B . . 1,147 1665t0 3500 3 47 { |

* The machinist reeeiving highest rate is probably a meld maker.
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8 MANUFACTURE OF GLASS.

INTERVALS OF PAYMENT.

- In the annexed table will be found a statement showing the intervals of payment at the different glass works
in the United States so far as retnrns have been received. In connection with each interval of payment is also
given the number of employés so paid:

i | e
WEEKLY. EVERY TWO WEEKS. MONTHLY. ON APPLICATION. l NO STATEMENT.
. |

Kiud of glass. Number of | Number of {| Number of | Numberof | Nnmber of | Numberof | Numberof | Number of Number of HI:T;xmberot(‘

works. employés. workas. ] employés. works. employés. | works. omployés. | works. | employés.

A E ROt i 2 RN 1 - AWy Ty ! 4 aga f|..... L I i S ¢ R .=

WVATAOW-RLRES <0 0o fe osics sme smch e ceboa 37 2, 575 2 100 12 919 3 i 178 ;{ 4 118

TP NI YO i 4 R T 1 47 7,028 28 5,419 1 190 11 <. ... .o o alE R It 15 68

Green glass.....cocceecieiiiieaiaiiceane. 28 4,033 4 745 12 1,423 ‘ 2 296 1 10 194
1

T e S A o e 4] 14144 M| - e 2| 205 5 a4 | 2 380

The frequency with which the workmen are paid is a matter of considerable importanee, and determines in
some degree the value of wages. When workmen are paid.once a year, as they were at one time in New England,
being allowed to take goods from the store in the meantime and have the same charged to their account, but
being compelled to pay interest on any cash advanced, it is evident that such intervals of payment would not make
the purchasing power of their wages as great as though the employé was paid weekly or every two weeks. In
some of the occupations about a glass works where the men are paid by the piece, as in window-glass blowing,
owing to the peeuliar character of the business it is almost impossible to aseertain at the end of each week or each
two weeks what amount of money is due to the blower or flattener, they being paid in aceordance with the quality
of the glass produeed, as this can only be ascertained when the glass has been flattened and cut, or at least inspected.
This sometimes takes weeks, especially in dull seasons. It is therefore customary in these works to advance to
men what is termed ¢ market money”, equaling a certain amonnt a week, and to have final settlements at the end
of the “fire”. Inthe window-glass report, therefore, it will-be nnderstood that most of the skilled workmen, suech
as the blowers, gatherers, cutters, and flatteners, are paid weekly or every two weeks on aceount, aud full
settlements are had at the end of the ‘“fire”, generally in June. This is also true in some few eases in glassware
manufactories, and to a greater extent in green-glass factories.

From the above table it will be noticed 4 plate-glass works, employing 443 hands, pay monthly, and 2,
employing 513 hands, pay weekly. In window-glass, 37 works, employing 2,575 hands, pay weekly; 2, employing 100
hands, every two weeks ; 12, employing 919 hands, pay monthly ; 3, employing 178 hands, on application; and from
the balance, employing 118 hands, no statement has been received. In glassware, 47 works, employing, 7,023 hands,
pay weekly; 28, employing 5,419 hands, every two weeks; and 1, employing 130 hands, every month; from the
balance, employing 68 hands, no returns have been received. In green glass, 28 works, employing 4,033 hands,
pay every week; 4, employing 745 hands, every two weeks; 12, employing 1,423 hands, every month; 2, employing
296 hands, on application, and from the rest, employing 194 hands, no returns have been received. It will thus be
seen that of all the employés in glass works 14,144 are paid weekly, 6,264 every two weeks, 2,915 monthly, 474
on application, and as to 330 no statement has been reeeived. 4

METHODS OF PAYMENT.

In the following table will be found a condensed statement showing the number of establishments that had
stores connected with them, the number that had no stores, and the number from which no statement has been
received :

STORES. I XO STORES. “ NO STATEMENT. |
Kinds of glass. - = fe R =

s | Number of | Number of | Number of | Number of | Number of Number of
works. employés. ' works. | employés. | works. employés. |
| | 4 i
[ Plate gluas st & Yol ENAL TS e 2 376 4 o PRI P ‘I
Window-glass, .cceeeeaacaecacaannans 12 |- 1,028 36 2,493 \ 10 | 369 |

GASSWAL® -vveeeeeeeerenenennnnnns =3 900 % | 11,565 14 | 175

Groonglasal st c DU o0 5. SRR 12 2,259 30 I 3, 896 14 336

t
. PEREEEN Ao B, § 27 4,563 146 i 18,534 | 38 1,080

The establishments concerning which there is no statement are generally idle works or works that are building,
which will account for the small nnmber of employés concerning which no statement has been obtained.

It should not, however, be inferred from this table that at the works having stores the men are always
obliged to deal at them. While this may be true in some instances—to what extent, however, I am not able to
say—in other cases it is not true, as it is entirely optional with the employé whether he trades at the store or not.
In a number of cases the store is only kept as an accommodation to the men, the works being so situated that this
is a necessity. The returns also show that at most of the works having stores a considerable portion of the wages

of the men are paid in cash.
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MANUFACTURE OF GLASS. 9

While all the above is true, and while the small number of establishments having stores is exeeedingly
gratifying, this question of “truck” is a burning one between employer and employed. In most states ‘store-pay”
is illegal, and the existence of stores in many cases is a violation or an evasion of the law.

PRODUCT.

The total value of all the glass produced in the United States during the census year was $21,154,571. The
following table shows the value of the several kinds of glass produced and the percentage of each kind to the
whole: b

¥ l '

i Kinds of glass. Value of produet. J;gct:;’::ﬁ;’e.l

i

}

i Plate glase s s .. macennanssoness e $868, 305 4.10
Window-glass ..eeeeueeneenncnnnn... 5,047,313 23.86

' (R R Y i T o 9, 568, 520 45.23

i Green glase.....cocceunocnccaancnce. 5, 670, 433 26.81

! I ol B o e 21,154,571 100. 00

MATERIALS.

The total value of all materials and the value of the materials used in each kind of glass is shown in the
following tabnlated statement:

|

1 Total valae of Percentage |

Kinds of glass. ' ‘materials. to wholo, |

¢ s

YUIR Y A g el A e I ] 8, 028, (21 100. 00 ‘,

| == {
Ploto gings s h & 1k UM ' 438, 457 5.46

Window-glass ..eeeernnnnnns B | 1,849, 530 22,04 |
Glasawase . . .........deccocecerucen-n | 3,292, 380 4101

Green Qa8 ... .c.coucaeccrcacnnannnn ‘ 2, 448, 254 30.49 |

In Table VIII of this report are given, so far as they were ascertained, the quantities of the different materials
used in all kinds of glass.
RELATIVE PRODUCTIVE RANK OF THE STATES.

The following table shows the relative productive rank of the several states and the percentage that the
production of each bears to the total product:

| | P | | | et o
ineo | prdnction xioy | T | gt
| to whole. | | | towhole.

The Uhnited States...cccccceeencecnsmenn ‘ $21, 154,571 100.00 Indiana...oooooni e £790, 781 3.74
s . WWaet Virginde .. ... .o e o N s | 748, 500 3.54

PorRdT VSR oo . Lo R e I 8,720,584 | 41.32 Sarylemdi .. .. ... JVEESE IS X b N 587, 000 277
Tt L] e g B o SRR L oy S 2, 810,170 13.28 EeltwaltY - .« o - 4 . oo B T P Ao 388, 405 184
ARRAISOTICE . orc 2. < TS E Beoichs oo o F0a ca o d' o oibg S0 2,420,796 11.44 ComREOtiCRY. ....... 5. coc ot badiaenanodsssttecs 160, 000 \ 0.76
T U TN T LN W R S L ey Y | 1, 549, 320 . 7.32 ‘ L6 ¢ " SR S S S E i a—_ 140, 000 0.66
Wi A YL L e 919, §27 4235 | Midhigam . L AN Uba el gl T ' 90, 000 0.43
7L e B S S b - T I I ) 901, 343 4.26 New Hampshire.....c.cococeicacnineacncennnn 70, 0600 0.33
Mageachueetdd; - - oooccoiooacccaceeaaenond il 854,345 4.04 oM o - o e 3, 500 0. 02

X 1 2

It will be noted that Pennsylvania stands first as a producer of glass in the United States, its percentage
in value being more than three times that of any other state. Abont 65 per cent. of this amount is credited to
Allegheny county. The pre-eminence of P’ennsylvania as a glass-manufacturing state is due to some extent to its
extensive supplies of mineral coal, which affords very cheap fuel to the glass houses.

The following tables give the relative productive rank of the several states in the manufacture of the several

kinds of glass:
PLATE-GLASS.

’ Perc:lntagtg of
Valne of pro- - _ v30eoa
State. production
dmetion. of each state

® to whole.

The Tnited States_.o... oeevvnneeeeennns i £568, 305 100.00 |

s — )

In@iant-= " IS AL o SR, - e 406, 400 57.17 § .

Misgousitiip L. o9 Mo Bowp e o ovk 322, 550 315 |

Maseachnsetts. - ... ..o cciiiiovoooones 15, 843 5.28 i

Keatadii,. . 3 2 e oottt l 3,512 0.40 i

= —l = “ei
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WINDOW-GLASS.

i Percelntagtg of
State. Vaég:ttl)gnpro- ‘ pt";;:l::tgon
p | ol each state
| to whole.
The United States....cc.ccceee coucuanin. $5, 047,313 | 100. 00
Pennsylvanla....c.-c.to .o i B Ao 2,222,513 ' 44,03
NewWJersoy.cooe ceeceecenioniennumnsnncniin.. 729, 155 14.45
NI OEKS e e s ot 2o S00R L N S et 540, 903 ‘ 10.72
TV et N By D B ™ i gty 8 o 313,343 | 7.40
()31 5 A0 e R IO S o S o0 T e 0 358,000 | 7.09
Maryiand ...cocoeniieiiiiiioniioiaiiiiiceains 332, 000 | 8.58
TRAlABAr: AN T Tt s B R Sren oy 229,307 | 4.54
Massashudotle. ... .00 .0 o Lt Lt T 104, 002 | 2,06
MichIgan . ..ccceaemieancatecae coaiaacacennnne. 90, 000 1 178
MisouTif ce v ceeae Ml ion o s coeaian snoitlonols 68, 600 | 1.35
: |
GLASSWARE
The'United States,. J.. ... 1.5 S aSNaS $9, 568, 520 100. 00
Pennsylvania cecaceacicceiiiencciiaicieicaanan. 4,881,312 51.01
NeW YorK ccccececcncentnccmannsansnnsameasanson 1,157,571 12.10
) s e e s 1,076, 320 11.25
West Virginla.......oooeiiiiinaiiiaiiiaiiae., 748, 500 7.82
MasonChueel8. c ceeeeeercocranaasciaaiasciosanalen 704, 500 7.36
NeWFoTaoN - 5o ae shidle Toleloe Notrame are T g = e 400, 000 4.18
| Kentucky...ooo weoeuieniomeaiaiiarieiai... 215,330 2.25
! CONNBOLIENY ~uvneernnianmniaenee et 160, 000 1.67
AR ... AL el it VIR L MRS 136, 487 1.43
ARy IR o o e N ST et 85, 000 0.89
JOWA..ccceienrnacmcnencecionccneentcitnniniens 3, 500 0. 04
GREEN GLASS.
The United States......cccccvveiviuennns $5, 670, 433 100, 00
NeW JOrBOY c-c-coueecascnacroarasnoccsnaacnann 1, 681,015 29, 64
PonMeylvaghe .- .. .- cccndaoianioieciecenecnoetog 1,616,759 28.51
NOWNOTK oo oe toloinls o Siole's Sote olore malaye ol eilolo s TS 722, 322 12.74
h DT Y e o S I8 SR GBS o0 oo tlieoton H60 00 to 528, 000 9,81
IVFIGOOTIE 4 5% « cjobinon o oo floioicis’s ow e Hlole Fie e 392, 790 6.93
MAryIaRA L. ..o ecseeees faeas abeine e solale SeARIAE 170, 000 3.00
2GR P SRS Sone b 8O0t G0 00 000 tHC Ao & 169, 563 2.99
CalIfOrBIR L 2o oo e oottt e coclon e o s Tl 140, 000 2.47
(0] 11 1 R R e B e = 4 e dBt ok 000 draod 115, 000 2.03
New HampPehire .. cccccereesioncncrnss s ssess 70, 000 1.23
31T Y R R v I SR S8 Jho 0 ob 64,984 1.15

PRODUCTION OF PLATE-GLASS.

As stated, the total value of the plate-glass produced and sold in the census year was $868,305; the total
amount cast was 1,700,227 square feet. Of this amount, 1,042,000 square feet, valued at $794,000, were polished
and sold, and 484,543 square feet, valued at $113,555, were either sold as rough plate-glass or were in the process
of completion at the works on the 31st of May. The balance,d73,684 square feet, represents the cast plate that had
been destroyed in the process of manufacture. The amount of plate-glass sold unpolished, or as cathedral plate,
was 377,227 square feet. This would make the total sold, including rough plate and polished plate, 1,419,227 square
feet, valued at $868,305. From the returns received it appears that the valune per square foot of the polished plate-
glass sold was 761 cents.

PRODUCTION OF WINDOW-GLASS.

The total production of window-glass in the United States was 1,864,734 boxes of 50 square feet, valued at
§5,047,313, or an average of $2 702 per box. No attempt was made to ascertain the number of square feet of each
size sold, nor what proportion was single and what proportion double thick, as upon inquiry it was found that such
an attempt would be useless.

PRODUCTION OF GLASSWARE.

An attempt was made to arrive at the total number of pieces of certain kinds of glassware made; but though
returns were received from a large number of works giving the number of tumblers, goblets, lamps, lamp-chimneys,

and flint bottles or ¢ prescriptions”, they were by no means complete. Some of the figures received, however, were
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MANUFACTURE OF GLASS. 11

quite suggestive. In Massachusetts, for example, no flint bottles or ¢ prescriptions” were made, but in this state
46,415 dozen tumblers, 111,712 dozen lamp-chimneys, and 14,087 lamps were made. In New York the returns
show 888,639 dozen lamp-chimneys and 75,301 lamps. This return, however, is imperfect. In Ohio the reports
show 409,713 dozen tumblers, 743,140 dozen lamp-chimneys, and 19,426 lamps. The returns from Pennsylvania in
this regard are very imperfect. So far as returns have been received, the make of tumblers was 2,500,000 dozen,
of lamp-chimneys 2,719,649 dozen, and of lamps 128,090 dozen. f

~ PRODUCTION OF GREEN GLASS.

The same lack of statement of detailed production as obtains in flint glass also exists as regards green glass.
The chief productions, however, are green and black bottles, beer-bottles, fruit-jars, demijohns, carboys, and vials.
In New Jersey the number of green and black bottles is given as 107,547 gross; of frait-jars, 51,749 gross, and of
beer-bottles, 32,060 gross. In New York, 49,832 gross of green and black bottles, 28,752 gross of fruit-jars, and
12,049 gross of beer-bottles are reported as wade. In Pennsylvania the reports show 55,846 gross of green and
black bottles, 67,770 gross of fruit-jars, and 27,198 gross of beer-bottles.

n LOCALITIES IN WHICH GLASS WAS PRODUCED.

The states ranking highest in the production of glass are Pennsylvania, New Jersey, New York, and Ohio,
each of them producing glass to the value of more than a million and a half dollars during the eensus year. The
following table will show the rank of those counties producing more than 50,000 in aggregate product:

Percentage Percentage

q Valae of pro- | of value of | Value of pro- | of value of
Counties. States. duction of |prodactionof| Connties. States. dnction of |production of

county. connty Lo | county. county to

| total valae. ' total va!ne'.

| b

Allegheny ......... .. Pennsylvania ...... 24 $5, 668, 212 28.79 ! Portage $168, 298 0. 80
Philedelphis.......c.5c0feeene. 80 . ¥ 1, 621, 959 7.67 l Middlegex ..... et 160, 000 0.76
BIRGET 6w we g g mm sl o = Nem-York .. cue: /i, 1, 318, 081 6.24 | Berkshire.....oocce-.. .| Massachusetts 149, 845 0.71
Cumberland ............. New.Jersey..ccoeeveenn- 1,132, 450 5.35 Oswego 149, 735 0.71
947, 805 448 [ Clark ... .cocioiincnacana 140, 400 0.66
Belmont ....cocveceeenn.. OBl et e s, oo 794, 920 3.76 | Onelda ...c.ec cocenceneas 140, 000 0.66
L - S R S, T R | Weat Virginla.......... 714, 000~ 3.38 San Franclsco i i i 146, 000 0. 66
Wlegd,-: cfp o3 36 &y TdiaRe . oot Rl i 650, 381 3.07 | Orange i 127, 182 0.60
Saint Louis ........ .o Missonri..ccoaceacceeee t 597, 277 2,82 |/ Bristel...ccoccee-einioae | Massachnsells ......... 125, 000 0.50
Baltimore.......... .| Maryland............... |- 587, 000 | 297 Jefferson ....cee.ceuann. | Kentucky 123, 075 0.58
LaSalle ........... o Blinete = oo feae- 2. v 523,243 2.47 Stenben .....c..eeeen.. | New York | . 120,000 | 0.57
BeaAVer «ccconve cania ...! Pennsylvania ........... 508, 587 2.33 Onondaga ... ..ccecveeifuuenen do' S 8.0 = 116, 940 ! 0.55
Salem ...cceoun .- ---| NewJersey............. ! 47,530 2712'[ Lawremee:. ... . . 0. 5 | Pennsylvania.... 102,511 | 0.48
Fayotto......... AR A Pennsslvania ........... ‘ 361,315 | 1.71 | Roek Island ............ R i S it A pr 93, 000 | 0.4
gy A Y (e ! ATIGR0ULT - ceveeen aeenns | 392, 550 152 | Wagne ..ol oot | Michigan ..cceerueunnnns 90,000 | 0.43
Jefferson -............... ORIV ! Doce i o e 309, 102 1.46 | Monroe ... Pennsylvania ... 80,000 | - 0.38
Midd1esex «.............. | Massachusetts.......... 307,300 | L45 Suffolk .................| Massachusetts.......... 72,000 0.3
Madigon ..cceeicienaaca PR ... ..... I 285, 000 1.35 Montgomery...c.oe.eee.. Pennsylvania ........... 72,000 | 0.34
Kenton ....cc.... -e- Kentuoky .............. 265, 330 1 125 Hillsborongh ........... | New Hampshire........ | 70, 000 0.33
Wayne .......... ..., Pennsylvania........... 257, 600 122, B UReor,wr ol oo aaee sore s ‘ New York 70, 000 0.33
Maskingom - .c.euenenene) OBID -oeneneenen... j 232,000 | L3:0 Tompking .ecoevereennn. b= AR o €0, 000 0.28
Barnstable............... Massachoselts.......... f 200, 000 | 0.95 Niagara ....cccecevune.. = WL M T . 55, 000 0.26
8 71 YRR | New York...cceennn.... 180, 664 0.86 || Tioga ...cccuenect itne I‘ Pennsylvania e 54, 000 0.26

TABLE L—-THE PLATE-GLASS WORKS OF THE UXNITED S.TATES AT THE CEXNSUS OF 1880.

B =@ 2 z
.E ! | XUMBER OF FURNACES. | NUMHER OF HAXDS EMPLOYED.! =3 = PRODUCTS. | ‘g
s —i jone e =
Z w i g Iefz [e % 5 s - Z
= ] } I e - 2 . e O % = =
Statea. z i | 2 $ 1=g|Pz | SE) B2 == R A z
= | cE z vz e == o3 z = | e
3 » E 3552122 |35) § 3" R Gl S g g
-] - t = ¢ &= =132 Righ ) = g 2 = t [
| 3 = & e 3 e zm ge lal 2E - — = I e £ =
5 = Elai5 | 38 £ 1= 2T <= £2) £ge 2 L & = g
< = sizlelZE 8 2 |3 c ca 3 2% m f © { > | ] 3 s
7z o HiT |8/ &~ B A = = =4 = JoH ‘ & ! 3] % =
Bk v 9id Tl a0 a5k T Y. ]
! i
1 } li l . Square feet. Square feet. Square feet.

The United States 6| $2,587,000 10 2j....] 8 116 956 | 822 91 36 7 || $292,253 $438,457 | 1,700,227 | 1,042,000 377.227 | *$£63, 305
Tadiena ... ........... 9 1, 142, 0600 5 5 64 | 513 419 33 35 6 160, 850 298, 733 970, 000 642, 000 130, 000 l 496, 400
Keutocky .......... 2 250, 000 ) ¢2 d 52 16 38 32 1 1 1 1,008 | 2,750 20,684 }....cona.oel 20, 684 3,512
Massachzsetts ...... 2 43, 000 - D=l o 1 20 58 37 T e Ll 10, 395 24,049 200, 518V ool 2o 209, 543 45,843
Miasonrd. 2. .. ccooon 1] 1,150,000 .| 1

T L 16 350 314 | 36f.....0..._.. 120,000 || 112,925 500, 000 400, 000 17,000 | 322,550

* This does not include the value of cast plate in process of manuficture, nor of rongh plate broken up and nsed as cullet, but includes ouly 1he value of

polished plate and that part of the rough plate thist was aold.
1049
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TanLE IL—THE WINDOW-GLASS WORKS OF THE UNITED STATES AT THE CENSUS OF 1850.

2 f-1-3 % .
2 NUMBER OF FURNACES. | NUMBER OF HANDS EMPLOYED. ot < PRODUCTS. ’g
H { E o g =
5 | &5 g |e lg S 3 22 <
=z 1 ) o TR p-ﬁ e . 51 =
= & i ] 1 3 1 [ I g4 o2 .S o2
States. = 3 I s | ®E Y] g< =8 b £9
3 k! 2% |48 /28 |38 i s g°
Eloz E A E Ll Ll B P
2 4l 4 | g~ |99 |23 32| = g8
s| & g 88| 2| E | 8% 89|57 35 ¢ % 258 | 2
b= S dia|ol & | B = I B & A 3
L ' ! s,
The United Statos . ...een-.-«-. 58 | $4,953, 155 .88 ( 767 | 3800 $1,840,530 || 1,864,734 | $5,047,313
Tlinolsys o i A 5 sy 4] 235,000 oo 6] 8| 205 101,474 || 115,211 373,313
T e e e 1| 175,000 o B L 169 105,000 91,759 299, 207
1 T e S R A o o 2 1 25,000 i el -0 O N B S RS, IS |t S O | OO | e A ot 3 R
AR e o h e i B s 4| 305,00 e Lo Ll e ) 147,277 || 141,000 332 000
Ma56aChUSEttS cuemnenn coeeeanns 2 75,000 LAY 'S80 99 39,245 41,866 104, 902
Michigan .......ceecnes S, P 1 65,000 |-l T e 54 35,113 30,000 90, €00
Missonri.. 1 40,000 A AT T 48 27,706 24, 000 68, 000
N oW T OrROp s o e s e A o| 7233557 15[....[.... 15| 116| 609 289,803 || 296, 685 729, 155
NOW TOTK c.eennrennrmnaevennnnnns 9| 575,000 S T VR | T 224,568 || 216,748 540, 902
Ohighr: w45 A8 = L 2 6| 455000 | 6/....]-...] 6| 56 273 106,510 || 127,122 358, 00¢
Ponnsylvania.......... 20 | 2,279,800 \ 34 | oo.| 34| 307 1,601 72,834 || 780,283 | 2,222,51

* Not in operation during tho census year.

TABLE III.—-THE GLASSWARE WORKS OF THE UNITED STATES AT THE CENSUS OF 1880.

NUMEOER OF HANDS RMPLOYRED.

| -4 NUMBER OF FURNACES,
| & ,
| = | -
States. | '§ 3
R e £
2 2 03| g|d 8] 4
£ & &858 |8 &
The United States ............. 91 | $7,409,278 || 162 | 17| - 2| 143 | 1,559
COTNBCHIONE --emeeenenronnsnnnannns 130, 000 ‘ 10
District of Columbia*...ccceeaana.. 25, 000 i 6
TIIREISA.. o - - « o' ot oo R 20, 000 16
17 e IR ol | S T 32, 000 20
Kehtueky ...c.ocomvgmeeediannnan. 250, 000 22
Maocolaad. . ... .o i e e 55, 000 17
Massachusetts..oooeieeiineanaenn.. 608, 000 | 143
MUREONTI o oo 7o eyl 4 T8 100, 000 l 21
NIEWITOUBEY . - « - sl sonelitietletaten o 310, 000 89
Newr Yiork... .. caa I8 00" 00 .. .. 775, 600 215
(003 (T 5 = SR Al B 8l o0 579, 750 191
Pennéylvanial. ... ST .. . o 3, 978, 406 7
W et Virginia). L Bo U TEs S os. | 550, 522 82

Males above 16
years.
Females above
15 yoars.

Males 16 years

and nuder.
Females 15 yoars

and under.
Total amount paid in

wages during the

year.

Total value of mate-
rials.

uets.

Total value of prod-

$4, 452,417

Wy |
$8, 202, 380 ||

$9, 568, 520

2, 262, 901

105, 202

29, 000
328, 000

61,339
250, 000
591, 576
452, 659

311, 650 ‘

70,000 |

266,570 |
43,035 |

100, 000
426, 826

309,270 |
1,778, 901
208,064 |

160, 00¢

3, 500
215, 330
85, 000
704, 500
136, 487
400, 000
1,157, 571
1,076, 320-
4,881,312
748, 500+

* Notin operation during census year.

TABLE 1V.—THE GREEN-GLASS WORKS OF THE UNITED STATES AT THE CENSUS OF 1850.

T l = i $ N 22 [ ] 3
| a NUMBER OF ¥URNACES. | NUMBER OF HANDS EMPLOYED. ‘-‘§ ..; 2
D i =
g I | © ° @ |2 Ty | ¥ o
3 s = |2 |5 [5.1 28 | = ¥
= ‘ : 3 ® PO e ] - { % %
Sakes; % ! 2 gE: |=g| »2 |28 35 || g4 xS
) 3 a WReA T e e | =2 =5
LR 2 SRR L SR T B :
} 8 = P 5 - @ | T = e
~ Z RS R e 3 |2 [g°| 32 |88 Fg2 % 3
< =] < (23 - (=] -~ < <o =3 < o
7 5] =T AN = e M = 34 A B & 1 = bR =1
0 b | A
The United States - .....-...... $4,805,266 | 88| 2 3| 88 540 4,948 1,574 $2, 259, 894 ; $9,448,254 || $5, 670, 433
Califetmined ot et s 1 75,000 T LR 1 T 45,924 | 48,070 | 140, 000
1Ly A M ST S e e 2 100,000 || 4 |coooifoeon.. 4 36 196,324 || 196,368 | 528, 000
Loy L e S S s R A 1 135,008 ||| s2jl oo s 2 14 20,357 | 30,000 64,084
o LS i T S 8| 2050000 3.l 3 17 | 70,88 169, 563
MRS e e e e o e SR 2 76, 000 3 il S M 3 17 66, 405 170, 000
Massachnsetts* .....ccovvemeen.n. 1 100, 000 1 1 . A T N R, PR SRS DI e W | S TRl | IR
Mississippit ......... 1 25, 000 1 1 SR PSF LTRSS S PR R S W L R g e
Missouri........... 2 140, 000 4 4 24 168,205 | 382, 790
New Hampshire ... 1 50,000 || 2. 2 8 34, 000 70, 000
New Jersey.......... 1,694,666 | 31 30 172 783,744 698, 543 1, 681, 015
New York..... 563,000 | 13 |- 1 ST 62 250,660 || 203, 297 722, 322
Olite). SRS 160, 160 5 [ 30% S e 5 30 45,000 | 43,553 115, 000
Pennsylvania ... .ocvceeeeeiiananns 14| 1,381,500 |[ 18 1 1 l 16 134 500,704 | 708,925 | 1,616,750

1050

* Not in operation during the cersus year.




MANUFACTURE OF GLASS. 13

TABLE V.—GLASS WORKS IDLE AND BUILDING IN THE UNITED STATES AT THE CENSUS OF 1880.
1.—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.

]
FURNACES.
Clas Stabian|  Capital Kind and nombe
ses. establish- apita ind and nomber.
| ments. » Total
| Other | Total ;'fm;obg
Gas. Tank. f kinds. | number. g
| Etigs S0 il 1 8 b
10 $90, 000 10 10 82
15 267, 000 19 2 201
8 234, 000 7 8 58
A 591, 000 37 41 349
1 !

2.—ALL FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.

FURNACES.
tabioeh Kind and nnmber.
establish- i {ind and nnmber.
Classes. ot Capital. Total
: Otber | Total :?g‘obtir
- | e
L Gas. ] Tank. | kinds. | number.
Bl paaes S MLL -5 SebiorY 1 . - o LY - | 1 16
‘Window-glass 4 $80,000 |.......... b 4 | 4 36
Glassware 12 235, 000 : 3 8 ‘ 12 129
Green glass 5 54,100 |.coceooe.s I ! 5~ | 5 31
Solh) ...kl .z Cente L Eat al 2 369,100 17 ‘ 2 22
PLATE-GLASS.
3.—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
!‘ ‘ FURNACES.
| ‘
F i No. of | . .
States. lestablish-  Capital. Kind and namber. Total
| meants. - s
Y Other Total l:f]glots.
| Gas. | Tank. | yinde. | nomber.
Kemdmakye &2 L 200 0. %o ot Taet | ) RS o o ) ' 1 1 8
s el o L D T i) 1 U TN S 2 gl T, o 1 1 | 1 ‘ 8
4~FURNACES BUILDING AND NOT COMPLETED IN THE CEXNSUS YEAR.
i FURNACES.
No.of v |
States. 'establish-{  Capital. . Kind and number. 1 Total
e | Other | Total | of pots.
er | ot | o ta.
‘ Gas. { Fank. | kinds. | namber. | V]
| { !
v et T IR SE R Y | [ L/ Sommam 19 ' s 9] RS I ) 1 | 16
S RSN { N ST N [V %3 R 1| 16

WINDOW-GLASS.
5.—FURNACES THAT MADE NO GLASS IN THE CENSTS YEAR.

FURNACES.
[ e Ne.of i

States. lestablish.|  Capital. Kind and nomber. Poaen

ments. i Fodil o | n}xmbe-r

er ot. of pots.
s, | Tank. | kinds.  namber. ; = 1
1 1l 1 ! 0 |

1 1 1 | 8

2 2 3 16

! 1 1 ‘ o 8
NeWw JOrsey . .oc.est e ok o 25 . 2 2 2 14
New York .......... 1 ST 1 s |
BEBBEVIVABI .. o coe oe ot i } 4 2 ! 2 i8 I
Tobal . .. so ety ey b 10 | 10 | 10 & |
: | i ! !
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.

WINDOW-GLASS—Continued. .
6.—FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.

i | FURNACES.
| No.of | ;
States. |establish.  Capital. ad spd namine Totsl
! ments.
: Other | Total |DDmber
| Cas. Tank. | 15 ds | number. | Of POt6.
1
Tilinoie s MW b Wy N~ % o Al 1 SPONOCAEAL T o aa s | i s o o T, i 10
S E 30 C o 0h0 ootBo 3 BT TEEE Bl | 5 Yo B o 1 il [}
B e e & FEEIE e e e e i S e P D bl o « 1 1 10
1 45,000, {12 5. 3 e 0 Been 0. 1 1 10
4 SON000 . N e e e ' 4 4 36
)
GLASSWARE.
7.~FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
. FURNACES.
No. of L
States. estal;lti:h- Capital, Kind and number. Totgl
- ments. number
Gas. Tank. )?ig];: m'fl%tlgr. of pots.
District of Columbia ....cecnueene.... 1 1 6
THIDOIS - 7 - e =1 LY T i 2 16
MaesnohuBebts . .... . cotimencconcsan 3 (it 70
NOW TCTsey- - 1 ot Ml T - 3 2 3 26
INaw Yiork % £.0. 00 ol e a B 0 o L8 2 2 1u
2 2 24
4 5 48
15 22 201
8.—FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.
FURNACES.
No. of "
States. establtiah- Capital. Kind and nomber. Total
ments. 1 : number
2 Gas Tank. g&}‘g m:f::‘lgr. of pots.
370 T G | Py | - 1 $20, 000 1o | o Belol] T, .k 1 13
Maryland ocite. .. B 000 e, Al 1 90, 000 !Inr 4 o o oo Sl NEE S0p 0 1 1 8
Massachusetts.ceeeererieeiannnnnnne W E600 30 aos che e St Aot ook 53¢ 1 il 10
NEW JOIBOY -5 e oo s o tetltesa ot eat s B |E SR o e e o MR 1 1! 8
Ohlo A28 2 o Ty ey 3 95, 000 9 1 3 38
Poansylvaniat.s.. S 8T8 AW | 5 90, 000 ] IR g 4 5 52
Total! d ik Uy §* GRS I en] 235, 000 i L 8 12 129
|
GREEN GLASS.
9.—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
FURNACES.
No. of :
States. establish.  Capital. Kind and nnmber. Total
| ments. | ; i number
Gas. ’ Tank. l I?iglzf: n'\fx‘:ltl?;r. of pets.
Massachu6ett6.couneeeceencennacanann 1 $100,000 [..cccececilicnnnanen. ' 1 1 11
Chior SN ML WE0 1L L B S 2 44,1000 (i o e 2 2 12
Now Jersey..oceeemmeeereceenecoannns 4 80,000 |.ceveiireitecinnnanns 4 4 29
Pennsylvanis.....ccoieeiiniencannnn ; 1 10, 000 5L 1 st e pe S 1 6
3
Bl S sk A R 234,000 Ty AR oo 8 58
10.—FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.
i FURNACES.
No. of 3
States. establish.  Capital. e Total
ments. f number
Gas Tank, I?igl(f: n"ucl‘l)ltl?(lzl'. of pots.
‘ ;
OIS MBS TW L 5 T A ; 1 100 % .2 Ses Wi St | 1 1 6
oW JOFEer .. .t =265 2 o8 e i8S 1 10,000 2 =F e Yot e, i 1 1 5 ul
POWRY OIS, . o te - s - B St Sl ooy 1 085000 aras rerpm S oo s et 1 il 5
Ponnsylvania .......coooiianiii.. B WA SRR ATA T T S B 2 2 15
VL I N T & A Sin 5 54100 £ [t B [ d o8 5 5 31
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TABLE VI.—COHSOLIDATED STATISTICS OF ALL THE GLASS WORKS OF THE UNITED STATES:
AT THE CENSUS OF 1880, BY STATES.

~ ! i a9 ‘ 3 [ D &
‘s NUMBER OF FURNACES AND POTS. NXUMBEE OF HAXDS RMPLOYED. { ;ﬁ = '§
S H |— { g =
2 X . | S
£ | R e R S
= | g © 2.1 Sa [oull E3 ] o
States. - 9 <5 25 | 2H| T3 |23 8° 24 58
< 2 8 25 ' 2| o5 =& | g =% =P
L . S SE LR LT SR B
o i P ’ = 1) = G2} Lt - -
S| % |3 |a|d|5 2|3 (|5 |87 39 (%% = 3 | %
7z o H|lo | =] & 2] A = & B || B 3] [

The United States ceceeenneen.. 211 /419,844,699 || 348 | 21 5| 322 12,982 Il 24,177 | 17,778 | 741 5,566 | 92 || $9,144,100 || $8, 028,621 || $21, 154, 571"
Californis...cceoe-ee.. 1 75, 000 5 Ul o et 1 7 us3 80 |...... 33 [|-..-.. 45,924 48,070 140, 000
Connecticnt 1 130, 000 Ty o oo | 1| 10 160 130 2 ol .. 65,000 || 70,000 160, 000
District of Columbia* ....ccaee.eeo.t g 25, 000 ) () YRR s 1 L L Ly LT T | PSPPI | AR | IYS RO
B 119 S iy e 7 45000 || 12......|...... 12| 110 732 632 |...... 100 |. ... 342,027 297, 842 901,343
TRAIARE - - - 2o o i e S LS SR 4| 442000 101l...... ...... 10 | 108 862 695 | 53 108 6| 284,207 433,733 790, 781

h {
‘ f
3 57,000 | 3 Y 2| 28 35 24 2 O PRx = i 2,000 3,48 3,500
5 795, 000 ‘ 7 1T 6| 55 522 364! 1 145 2l 150,322 134,104 388, 405
8 436,000 || 10 {o..c.ilecee.. 0| 7 612 5 |...... T AR 234, 254 239, 682 587, 000
n 823,000 || 22 | et 21| 208 946 828 | 58 () R 383,342 329, 864 854, 345
1 S ReSIR TR LT 84 1! 8 54 R 48138 30, 000 35,113 90, 000
| ;
1 25,000 Pl S e ] A A e B . ...... o | I et P R
6| 1,430,000 9 o0 | LA 8| 965 709 i 3. ‘20 ...c.. 381, 008 351, 871 919, 827
New Hampshire -.cccceceeceeiaanann. 1 50, 000 | R 2 8 102 8| 8l T 25, 600 34, 000 70, 000
L P Y SRR GRS S 27! 2,728,021 || 56{......] 1| 55] 377 3,578 2,762 | 46 ‘ 768 2| 1,300,038 || 1,088,346 || 2 810,170
New York..oe..... b B WAL 32| 1,933,600 || 48 1 1| 46| 373| 3,078 2,116 | 50 899 | 13| 1,046,812 944,691 || 2,420,796
20 1,194,850 || 29 AL ot 24| 2m7|l 1,688| 1,170 | & l 487 |-oo-- 644, 520 459,333 || 1,549,320
78 | 7,639,706 | 127 9 3| 115(1,168 || 9,784 | 6,999 | 294 | 2,425 | 66 | 3,897,308 || 3,350,660 || 8 720,58¢
o 4 550, 522 8 R 6| s 946 615 | 100 | 228 3 311, 650 208, 064 748, 500+
* Not in operation during census year. t Building.

TABLE VII.—CONSOLIDATED STATISTICS OF ALL THE GLASS WORKS OF THE UNITED STATES:

AT THE CENSUS OF 1880, BY STATES AND COUNTIES.

CALIFORNIA. o
| & [ - | =2 é 3
e} It NUMBER OF FURNACES AXD POTS. || NUMBEE OF HANDS EMPLOYED. | 'ﬁﬁ E S
= ] =
|3 L] =
| 2. i g o < | &F B ~
l 33 t o © g e | a | ‘EE © % e -
Connties. % g w L 2o 28l & |IF 23 i 23
1858 =] 22 Y L8 J 3 =32
| % 5 = == 23 | ZH | E 2 3] g
. | 2 3 ; AN ;| 2% |25] B2 | %3 . e
2 = 2 < = 8 2 i = g= | 2> || E=3 = =z
Gl 5 It = 2 Al 2 2 | = 5 | =3 | BES ® ]
“ & B B N 2 £ & |8 ‘s |© | H = &
: - = i i fi f
San Francieeo ......cocceciceeeccncrcene- 1 $75,000 [} 1. oo 1 7 113 ! 29,5 X1 1 33 ’ $45,924 $48, 070 $140, 000
I f I
CONNECTICUT.
. .
Middlesex. .- cueococe. Soooti N SEEE TS 1) $130,000 S R i = | 1 10 160 130 2 28 ! $65, 000 $70, 000 $160, 000
DISTRICT OF COLUMBIA.
il 1
Wanhington'® .........o0n oo - tothiotetts 1 = $25000 1f...... e f 1 6 i! ........ ’ .............. e, TRt 0 I S ot T |
! " | il I |
* Not in operation during censns year.
.
ILLINOIS.
Total for State.....ccccoeccoccace-- | $445,000 | 12{..... } ...... 12 ' 110 I 732 $52 L0 100 | $342,027 f $297, 842 I $901, 343
= == == S = e —— — l
f H : § {
(et oo 53 Lin St S 1 20, 000 1L T e O DOy DI S e ey e ]' ............ |f ............
1 i
LaiSallerisie, 55 o8 Co S e e 4 2962080 [~ 6 1.5l 6 60 387 k- i : 50 || 195,508 Po168,7 f 523,343
Madieony S e N0 vy Lo ST YL 1 140,000 | 2]...... oS 2 14 280 230 ... 50 ‘ 101, 519 ' 92,707 | 285, 000
RockToldatPaly v 8o 0 am. . {- a4 50, 000 g e 1] T e 20 | 65 85| =Sl L 45,000 ;| 36, 380 93, 000
i

* Not in opcration dnring census year.
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TABLE VIL—STATISTICS OF GLASS WORKS, BY STATES AND COUNTIES, Erc.: 1880.

INDIANA.
) 15 A .
'S NUMBEE OF FURNACES AND POTS. || NUMBER OF HANDS EMPLOYED. ""f," b= '§
% %i” El &
P &« LETNON 25 Ay =
o © = [
Countles. «E 3 £s (58| 4| &° 54 éé
i 3 : AFLIE R PP e
A : 9 o o ] e 1)
E T |3 g3 |2 | &[5 (872 ¥t | E|
E] = 1) ] & ] ) ] G] ) A o F ™ ] ]
b5 4] H|® | H|O ~ 1] A = 3} 13 11 3]
Total for State .o.eeeenreenernnnnn 4 (81,442,000 | 10 [ceueeifenenen 0( 108 862 | . 695 53| 114 | $284,207 | $433,733 $790, 781
1| 142,000 ¥l e AR s 2 18 13| 131| 13 19 56, 850 70,133 140, 400
3| 1,300,000 CH e A ok f 8 2 699 | 564 | 40 95 227,357 363, 600 650, 381
v
IOWA.

Total for S0 «eeueeeenrareaennes 3|  $57,000 8 [ e [ 2 28 35 THEL 9 $2, 000 $3, 48 $3, 500
BT e e e T 1 20, 000 1 TN e o Y| et e £
KeokuK .anenreerarennnn It S T 1 12, 000 1| 1 7 35 24| 2 9 2,000 3,248 3,500
Seottii by, AR e M e N N vy 25, 000 g ] e ) € 1 CF || ] [ 13 O AN RS 80 .

: * Buiiding. , tIdle.
KENTUCKY.
Total for State ........... a LN B 5[ $795,000 ]‘ 7| 1Y | M 6 55| 52 364 | 11| 147 || $150,322 || 134,104 $388, 405
T oCTa N Sos < B s o Y ees 2 Honvedo s A 3| 295,000 P B Sat 4 28 109 12| 1| 36 32,917 37,079 123, 075
2| 500,000 8) | Sy i{met_ B 2 27 353| 22| 10{ 11 117, 405 97,025 265, 330
»
MARYLAND. .
|

Total for State . .eeeenemrrenreennnn 8| $436,000 i 16/ [ (K 10 6|  e12| 524 |.n... 88 || $234,254 || $239,682 $587, 000
Allpgany +=r L 5@ QL2 F 48 0L, 10 1 30, 000 ) e | o 1 D et ot 4 &) ol S S| gt VR0 | SR R || e A
Baltimore 7| 406,000 glae S B 9 68 612 524 |...... 88 234, 254 239, 682 587, 000

* Building.
MASSACHUSETTS.
\
1| ss23,000 | 22| 1f...... 21| 208 946 | 828 58 60 || $383,342 I $329, 864 $854, 345
<
2| 206,000 5N S M ALY 5 50 217| 180 25 12 100, 000 } 85, 000 200, 000
4| 120,000 onll L | 5 52 i || S N | SR 55,342 63,204 149, 845
1| 110,000 e | ] 2 20 180 124 4 2 50, 000 32, 000 125, 000
3| 300,000 (B ) S 7 70 352! 306 24 22 151, 000 125, 500 307, 500
1 87, 000 | | 2 14 90 63 3 24 27, 000 24,070 72, 000
MICHIGAN
Wiayne. .- ah LoW Sl > o 1 905000 1|eeie... 1 % ER . 4| s30,000| 351134  $90,000
MISSISSIPPI
|
JaoksoR *.. ittt i LR L 1 i $25, 000 b 5 e Fhd 1 LR R B s T e e 0| gt < ool L v S SRR AN - N el $. oo
* Building.
MISSOURI.
A
Total for State . ... .ceveueeneueenns 6 | $1,430, 000 1 oY), £ B e 8 % 965| 709 | 36| 220 $381,008 } $351, 871 $919, 827
i ; l
Jefdraoniid e 5 X7 ot ol s 1 1| 1150000 1 1 1]z 16 30| a14| 36|........ 120,000 || 112,925 322,550
R o Ly M el Sl e i 5| 280,000 '| CN S B 8 59 615| 395 |......] 220 261,008 || 238,946 507,277
| - 1l
NEW HAMPSHIRE.
| | f i ' ;
Hilisborehagh . & Meeeaw. . 0 AL, T 1) $50,000 ‘i 2 P : 2 8 102 80| 8 14 $25, 600 { $34,000 | $70,000
i . 1
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TABLE VIL—STATISTICS OF GLASS WORKS, BY STATES AND COUNTIES, Erc.: 1830.
NEW JERSEY.
] 1 }1}
:if XUMBER OF FURNACES AND POTS. i NUMBER OF HANDS EMPLOYED. | =5 Q § { 'g
z | 3 sl
2 | i © o - b | s
" 4 ol i - 5o |az 2E " Sl =5 g
e < | il felGBl sl | | &
. g% 4 | | = || %8 (32| g2 ) 2. | 2| ¢
= s 35|25 i | 3 | 2T (el 2~ 3df | ® i
= F e s | | 81| =% s =4 ] £ =k SEe i o 3
“ O jE|® |8 |d]| & BN e | 8D & | © | =
i = A h I
“Total for State -eneneeennencaeannnns 27 | 2,728,021 3,518 | 2,762 | 46| 770 | 1,300,038 Esmss,m | #2,810,17
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TABLE VIII.—CONSOLIDATED STATISTICS OF THE MATERIALS USED IN THE MANUFACTURE
OF GLASS, AS REPORTED AT THE CENSUS OF 1880.
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MANUFACTURE OF GLASS. . 3

CaAPTER II.—GLASS: ITS COMPOSITION, CLASSIFICATION, AND PROPERTIES.

DIFFICULTY OF DERINITION.—It is extremely difficult, if not impossible, to give a definition of glass that shall
be simple and yet embrace all substances to which the term is properly applied.

GLASS, CHEMICAL AND COMMERCIAL.—In chemistry many compounds of silica, borax, tin, antimony, and other
substances are called glass, being known as ¢ silicate glass”, ¢ phosphate glass?, or ¢ borax glass?”, according to the
material of the compound. Indeed, any product of fusion that is hard and brittle and has the peculiar lnster called
vitreous is chemically known as glass. Commercially, however, the word glass is, with few exceptions, chiefly the
enamels applied only to the silicates, or the compounds of silica, generally in the form of sand, with lime, soda,
potash, the oxide of lead, and similar bases. The manufactured glass of commerce, however, is not a simple
silicate, but, with one exception (water glass), is a fused mixture of two or more simple silicates. Flint glass, for
example, is a double silicate of potash and lead; window-glass a tersilicate of potash, soda, and lime. In the
process of manufacture, however, these simple silicates are not first separately produced and then fused, but the
making of the ‘“metal”, as the fused glass is termed, is a double process, thongh a continuous one, the simple
silicates of lime, or soda, or lead, or potash, as the case may be, being first formed in the pot of the glass-maker
from the materials charged, and then, without any break in the contiuuity of the process, these simple silicates are
fused in the same pot, and at the same melting, into the vitrified, non-crystalline material we know as glass. (a)

CHIEF CONSTITUENTS.—It will thus be seen that the principai and essential constituents of glass are silica or
sand and an alkali, or sometimes a metallic oxide. The chief alkalies used are soda, lime, and potash, and the chief
oxide is that of lead. Other oxides, as those of zing, tin, and antimony, are sometimes used; and other materials, as
manganese, oxide of iron, arsenic, ete., are found in glass, but they are there as impurities, or as materials used to
correct impurities.

VARIABILITY OF COMPOSITION.—While these are the chief constituents, and while it is possible to indicate
approximately the composition of the different kinds of glass, this composition, even in different specimens of the
same kind, is by no means definite. The relative quantities of silica and the alkalies vary greatly. Flint or
lead glass, for example, is made harder or softer as the proportion of sand is increased or decreased, thongh
in these varying degrees of hardness it would be termed a silicate of potash and lead. The crystal, flint glass,
and Strass of Ure’s classification differ greatly in their properties, appearance, and composition, but each is regarded
as a silicate of potash and lead. In a word, while glass is regarded as a chemical compound—a silicate—unlike
most chemical compounds, it has no fixed definite composition in the several varieties. Indeed, though constant
attempts have been made to produce as a commercial article a glass of that fixed, definite composition that
experience has shown to be the best for a giveu kind, but little success has been attained, except, perhaps, at times
at the ceclebrated plate-glass works of Saint-Gobain, France. The conditions of manufactore, especially in
melting and the varying quality of the ingredients, preclude this. ()

APPROXIMATE COMPOSITION.—Keeping in mind this variability in the composition of glass, the proportion of
the essential ingredients in the chief varieties included in the report of the special agent may be given approximately
as follows:

¥

; ; i
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DIFFICULTY OF CLASSIFICATION CHEMICALLY.—It has been as difficult to make a classification of glass as to
define it. This difficulty chiefly arises from the variability of composition, already noted, as well as from different
writers considering glass from different standpoints, some regarding it chemically, others commercially. The

a Ure defines glass as “a transparent solid formed by the fusion of siliceous and alkaline matter”. (See Ure's Dictionary, article,
Glass.) Fownes, in his Chemistry, says: ‘“Glass is a mixture of various insolnhle silicates with excess of silica, altogether destitnte of
crystalline structure.” Lardner, in his Cabiret Cyclopadia, includes ¢ all mineral substances which, on the application of. heat, pass
through a state of fusion into hard and brittle masses, and which, if then hroken, exhibit a lustrous fracture”. The definition of Dr.
Benrath, of Germany, recently published, is perhaps the best. He says: ‘‘ By glass, in the technical scnse of the term, we understand a
silicate or silicato mixture which at a high temperature is thin fluid, and which, as the tcmperatnre falls, passes gradually through the
tenaciously fluid into the solid condition; in which, furthermore, the unassisted eye can perceive no erystallive structure, and which is
impenetrable to both liquid and gaseous fluids.”

b A discussion of the reasons for this lack of uniformity of composition belongs properly to chemistry. 25
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classification used in late English works, that of Ure, (a) is not at all satisfactory, as while it professes to he a
chemieal classification, it is neither that nor a commercial classification. It seems well-nigh impossible to make a
chemical classification that shall be satisfactory. (b)

DIFFICULTY OF CLASSIFICATION COMMERCIALLY.—A similar difficulty, though frem other causes, presents
itself in any attempt te classify glass on any basis, especially on a cominercial basis. The names that have
attached themselves to the different kinds of glass are almost inunmerable. Without attempting a classification,
then, that shall be complete, it will be sufficient for the purposes of this report, as it chiefly considers glass as an
article of commerce, to mention some of the most prominent of these commereial varieties. (c),

CLASSIFICATION.—In gathering the statistics of glass at the present census a classification into four general

varieties was used. This classification, somewhat extended, to include sub-varieties not made in this conntry, is as
follows:

1. PLATE-GLASS is glass which is cast upon a flat, smooth, cast-iron table and immediately rolled into sheets
or plates of a required thickness by heavy rollers. Without being allowed to coel, the plates are laid in annealing
ovens. It is chemiecally a silicate of lime and soda or potash.

Rough plate is the crude plate-glass as it comes from the annealing vven.

Rolled plate, or rolled cathedral plate, is rough plate from one-eighth to one-quarter of an inch in thickness.

Ribbed plate is a rough plate, with regular corrngations or ribs.

Polished plate, to which the term plate-glass is usually applied, is the rough plate that has been submitted to
the successive operations of grinding, smoething, and pelishing to prepare it for use for windows, mirrers, ete.

These are the only varieties of plate-glass produced in this country, and are all the varieties that arc prodnced
from cast glass. Formerly a blown glass, made somewhat heavier than sheet or window glass, and called blown
plate, was made in England, and is still made in Germany to some cxtent.

Patent plate is also a name applied in England to ordinary sheet glass ground and pelished by Chance’s patent
process. -

2. WINDOW-GLASS.—This is more properly termed sheet or cylinder glass. It is the erdinary window-glass of
commeree, and is blown in eylinders, which are opened and flattened out into sheets, some as large as 60 by 40 or
80 by 30 inches. It is a silicate of lime and soda or potash.

Colored or painted glass, so far as the same is nsed for windows, may be included in thisclass. Thisis a silicate
of lime and soda with the necessary coloring matter. It receives different names, according to the method of
applyving the eolor. It is termed pot metal (d) when the color permeates the whole body of the glass, flashed or
double glass (d) when the colors are confined to the surface, and stained glass when the colors are burned into the
surface in the glass-stainer’s kiln.

Crowen-glass is also a variety of blown window-glass that is ne longer made in this country, though it is still
made in England. Tt is first blown, and then by peculiar and very skillful manipulations formed into a ecircular
table with a bullion or bull’s-eye in the center. From this table moderate-sized windew-plates are cut which show
a crowned surface.

3. FLINT GLASS.—This term has a wide application, and includes table and other glassware, both blown and
pressed chimneys, and a large class of bottles and vials, articles often differing widely in chemical compesition.

a This classmcmtmn is as tollows (see Dictionary of Arts, ctc., article, ““Glass”).
1. Soluble glass: a simple silicate of potash or soda, or both of theso alkalies.
. Crown-glass: a silicate of potash and lite.
. Bottie-glass: silicate of limne, soda, alamina, and iron.
. Common window-glass: silicate of soda and limme, sometimes also of potash.
Plate-glass: silica, soda or potash, lime, and alomina.
. Ordinary crystal glass: silicate of potash and lead.
. Flint-glass: silicate of potash and lead.
. Strass: silicate of potash and lead, still richer in lead.
. Enamel: silicate and stannate, or antimoniate of potash, or soda and lead.

\Ve must remember with regard to this table that crown-glass always contains seda, that alumina and iron are accidental, not
easential, constitnents of bottle-glass, and that enamels vary greatly in their compesition. Tin is not present in transparent enamels.

b Tomliuson’s classification, qnoted in Lippincott’s Encyclopedia of Chemistry, vol. ii, page 3, is one of the best.

¢ It may be well to note that glass is divided into two general classes, natural and artificial glass, and these are again snbdivided.
Natural glass is that produced entirely by natural agencies, without any assistance from man. It includesthe mineral obsidian, animpure,
semi-transparent glass, varying in coler frem gray to black, found in the vicinity of volcanoes, and which was used in the manufacture
of works of arts by the ancient Romans and Egyptians, and in later times by the Mcxicans; and the fine capillary glass called Pelé's hair,
found at the volcano of Kilauea,in the Sandwich Islands, and water glass, found in certain springs. Water glass is also fonnd absorbed
in certaiu basalticrocks, and attempts have been made, with considerable success, to use decormposcd basalt for manufactoring bottle-giass.
Artificial glassis that prodnced in the arts. 1t includes, in additien to that made in the glass hounses, various slags resulting from
melallurgiczil operations, as blast-furnace slag, which is a lime glass with an excess of lime, and slag-wool, which is an artificial Pelé’s
Lair. It also includes many chemical glasses. A classification of glass according to method of manufacture is also sometimes mado as
. *‘cast glass”, ‘‘ blown glass,” and *‘ pressed glass”. A classification according to use alse sometimes obtains as window-glass, bottle-
glass, chemical glass, and one, according to place of mannfacture, as Venetian, Egyptian, cte.

d Pot metal and flashed glass are also made in flint glass.
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It includes lime glass or the common flint, sometimes also called German flint, and, by many American manufacturers,
crystal glass. It is a silicate of lime and soda or potash. The celebrated Bohemian glass is a lime glass, as is also
the ¢ Gobeleterie” of the French, which is a silicate of lime and soda, potash being used only in a better glass.

A second general sabdivision of flint glass is:

Lead glass.—This is a silicate of potash and lead which bas literally the ring of metal, and is distinguished from
the lime glass by this ring and its greater specific gravity. It is also, as a rule, more brilliant. This glass is the
crystal (cristauzx) of the French and the true flint of the English.

Strass is a glass very ich in lead, used in the manufacture of artificial gems.

Optical glass is both a lead and lime glass, the former known in instrument-making as flint, and the latter as
crown, but diftering from the “crown” mentioned under “window-glass”. These glasses are of different densities
and refractive powers, and are used in the manufacture of achromatic object-glasses. The terms ‘“flint” and
“crown” glass are, according to Bontemps, applied on the continent of Europe exclusively to optical glass.

4. GREEN cLAss.—This is a coarse, greenish glass, often termed bottle-glass, it being nsed chiefly for common
bottles. It is called in this country hollow ware, though the German /ohljles, or hollow glass, comprises all glass
worked into the form of vessels or tubes. The American green glass is a silicate of lime, soda, alumina, and iron,
the last two ingredients being found as impurities in the sand, the iron giving the glass its greenish hue.

To these varieties might be added many others, which it wonld exceed the scope of this report to mention.
There are some varieties, however, that deserve notice. Among these are water glass, or soluble glass, a silicate of
soda or potash, or both, which is highly alkaline, and is used in the manufacture of soap, as a vebhicle in painting, a
mordant in fixing colors, in the preparation of artificial hydraulic cement, and in the silification of calcareous stone.

Enamel is a silicate, borate, stannate, or antimoniate of potash or soda and lead.

Hardened, toughened, or tempered glags is not annealed, as is nsaal with glass, but is tempered in a hot, oily
mixtare, as in M. de la Bastie’s process, or in peculiarly constructed molds, as in Siemens’ process.

Spun glass is a glass drawn into threads finer than silk and woven into small articles.

Ground glass.—The obscuring of the surface of sheet glass or flint-glass is accomplished by the friction of a
stone wheel, or a movable rack with pebbles or little stones, water, and sand, or by the sand-blast, or by the fumes
of hydrofluoric acid. &

In figured and cut glass the ground surface is removed in set forms and designs by the nse of wheels of stone,
wood, oy cork, or by the use of hydrofluoric acid, producing both—

Etched and embossed glass.

Iridescent glass is a reproduction by art of the beautiful iridescent colors of ancient glass that has been long
buried. F

To these varieties may be added the beautiful products of ancient and modern Venetian glass mentioned in the
chapter on modern glass. .

SPECIFIC GRAVITY.—The specific gravity of glass is a property of considerable importance in connection
with the manufacture of object-glasses for achromatic telescopes and of artificial gems, though in the production
of common glass but little attention is given to it. In general the power of refracting light increases with the
increase of its specific gravity, though density and power of refraction are not strictly parallel.

The specific gravity of glass, as well as its brilliancy, varies with its composition, the heavier glasses being
the most brilliant, as well as the softest. Lime glass is the lightest, bottle-glass comes next, and lead glass is the
densest. Its density is also influenced by the degree of hea* to which it has been exposed during its vitrification,
being always least when the temperature has been greatest. The following are the specific gravities of the glasses
named:

Lime glass:

18,00 1 T D taph o0 o GOt R e S IS et s SR ol P W o e 8 S o 8 o oo oogioh i A i L 2. 396
Plate-glass:

SN UL et A LB B 8 LA CnC] T RO A R N T S e e By oot ity gl U S 3., 2.488

Cllorhou b R e e . T N L N N e e 2.506
Windew-gline s N O e ey & s e e S T s S NSy TR e TR
Botile glans o N o N R e o tiam /e e e Fea b T o T ok o e SR N ol Sty e 2.732
Lead glass:

Common flipt-o 58 . SN MRt T M, o e L N R o ol N 2.9 to 3.255

Opiiead’. : . 100 1 AT E SRR o T B S ot ke A o oo RN R R 1 o YL - TR A 3.3t03.6

CONDUCTIVITY AND TENSION.—Glass is a bad conductor of heat and electricity, but all kinds are not equally
adapted to become insulators, glasses rich in alkali being bad insulators. The teusion and enforced equilibrinm
in the interior of a mass of glass rapidly cooled, as exhibited, for example, in Prince Rupert’s drops, is well
known.

TENSILE AND CRUSHING STRENGTH.—The tensile strength of glass is given at from 2,500 to 9,000 pounds per
sqnare inch, according to kind; crushing strength, 6,000 to 10,000 pounds per square inch. A sample of Millville
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(New Jersey) flooring glass, one inch square and one foot between the end supports, broke under a certain load ¢’
about 170 pounds. These facts would indicate that glass is considerably stronger than granite, except as regard
crushing, in which the two are about equal.

DEVITRIFICATION.—The devitrification of glass is one of its most important properties, not only because of
its bearing on the mauufacture and manipulation of glass, but because the devitrified glass, often called Reaumur’s
poreelain, can replace porcelain for most of its uses. Devitrification is a crystallization of glass, the ordinary glass
being non-crystalline. In the manafacture of glass by the ordinary process it is cooled suddenly, the excessive
brittleness and internal tension thus caused being reduced by annealing. On the other hand, when the fused
metal is cooled slowly, the mass assumes a crystalline structure, becomes tough, fibrous, opaque, much less fusible,
so hard as to cut other glass, is not so easily filed, and is a better conductor of electricity and heat.

DEVITRIFICATION IN ITS RELATION TO MANIPULATION.—This property exerts a great influence in the
manufacture of glass. It explains, indeed, why, in the making of bottles, so much care is takeu to avoid the
repeated reheating of the mass which is to be formed into these articles. It would be thoroughly devitrified in
a short time; the glass would become hard, difficult to fuse, and would present a multitude of solid grains
disseminated in a matter still soft. In the same manner it is evident why green glass, and even common white
glass, and still more so bottle-glass, can only be shaped by the lamp of the enameler, when the work is performed
with great dispatch. If he work so slowly that he is obliged to reheat several times the glass tube which he is
blowing, the mass devitrifies, and all the phenomena show themselves which have just been described. In vain
does he then try to blow a bulb, as all the force of his lungs will not avail, and the glass is no longer soft. Beside,
the material then becomes striated, semi-opaque, and almost iufusible.

OTHER PROPERTIES.—These and the other properties of glass, together with its wide range of uses in the
arts, contribute to render it one of the most curious and interesting of manufactured articles. Composed of
materials that are opaque and of but little luster or brilliancy, it is itself exceedingly brilliant and of a most
beautiful polish. Perfectly transparent, unless impure, and transmitting light freely, it may readily be gbscured or
ground so as to soften and diffuse the light. It can be cut in various forms, increasing its richness and brilliancy;
it may be engraved in most charming and delicate tracery and figure-work, or it may be tinted with any color,
either opaque or transparent, without the least loss of brilliancy or polish. Though not malleable, (a) its ductility is
so great that it may be spun in a moment into filaments as small as a spider’s web and miles in length, or blown to
such gauze-like thinness as to float upon the air. The synonym of brittleness itself, its elasticity as spun glass permits
of its being readily bent and woven into cloth, and even tied into knots, while a ball of glass dropped upon an anvil
will rebound two-thirds the distance of its fall. Though hard and brittle when cold and incapable of being
wrought, when heated it is softened, tenacious, and pliable, and is capable of being molded into any form; while it
retains in cooling its beautiful polish. In ordinary use glass resists the action of water and alkalies, and, with a
single exception, of all acids, preserving all its beauty, retaining its surface, and not losing the smallest portion
of its substance by the most frequent use. (b)

EXTENT OF THE USES OF GLASS.—For many centuries these properties of glass have caused it to be admired
and sought for by all classes. It was the material of many of the most common utensils in the Roman household
in the days of the empire, when porcelain was unknown, as it is of our homes to-day. Not only is it thns devoted
to common uses, but art, taking advantage of its properties, has given us the grace and beauty of the Portland,
Naples, and Milton vases, the almost unearthly splendor of the emblazoned windows of the medi®val churches,
and the rare color and graceful design of the well-nigh imperishable mosaics. To use the words of Dr. Johnson :

‘Who, when be first saw the sand and ashes by casual intenscness of heat melted into a metalline form, rugged with excrescences
and clouded with impurities, wonld bave imagined that in this shapeless lump lay concealed so many conveniences of life as would in
time constitute a great part of the happiness of the world? Yet, by some such fortvitous liquefaction, was mankind taught to procure
a body at once in a high degree solid and transparent, which would admit the light of the sun and exclude the violence of the wind,
which might extend the sight of the philosopher to new ranges of existonce, and charm him at one time with the unbounded extent of
the material creatipn and at another with the endless subordination of animal life, and, what is yet of more importance, might supply
the decay of nature and snccor old age with subsidiary sight. Thus was the first artificer of glass employed, though without his own
knowledgo or expectation. He was facilitating and prolonging the enjoyments of light, enlarging the avennes of scicnce, and conferring
the highest and most lasting pleasures, and was enabling the student to contemplate nature, and the beauty to bebold herself. (¢c)

ANALYSES OF GLASS.—In the accompanying tables will be found analyses of plate-, window-, flint-, and bottle-
glass.

a One of the problems regarding glass alleged to have been asked by Aristotle was, ¢Why is glass not malleable?” The statements
«boat malleable glass may be regarded as fables. -

b 'This is strictly truoc of glass only under circumstances of ordinary nse. All glass is affected by caunstic alkalies, especially in
concentrated solntions, as it is thus deprived of silicic acid. The action of mineral acids upon well-compounded glass is leas cnergetic,
though not only such acids, but even pure water, exerts a decomposing influence npou glass, producing its effect, however, very slowly
under ordinary circumstances.

¢ Rambler, No. IX.
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ANALYSES OF PLATE-GLASS.

Kinds of glass. Analysts. Silica. | Sods. | Potash. | Lime. | Magnesia. Bunganese.?is squioxide; A)umina.
French: -
R I R o e o e = o< e woeoocenns 73.00 11. 50
Saint-Gobain (sulphate} 73.05 11.79
DT R N 75. 90 17.50
OB e e . £ s Joe < diaie e o Do coaaee 73.80 12.10
English:
RGO B o: 2o <= e o s ooensoes dosie SODDERESIRI Sl Lo X, o) . 70.71 13.25
Chance's (second quality)... Y 72.90 12. 45
British Plate-Glass Company .......... Mayer and Brazier... 77.368 13.06
London-Thames Plate-Glass Company -/....d0o................. 78.68 11,36
Belgian: =
(01:770 151 JRRPORORRRPPPIRN & o - < Bentath.............. 738.31 VERCTT | AT S B4 L ey’ o wite T VLY 0.83
GOTIRARN .« .o covvcoe cnosas son sioedalaiine el Jasekel............... 72.31 1142 PO SRR TR % o o2 B < o o | Foorer s S50 < o 52 e 0.81
Hanoveriam. . su.cs otiees ot dogotaaes e ol Emmerling ........... 73.79 13.94 0. 60 8.61 0.12 0.32 0.68 0.58
Venetian vuceee coecaosass dalioms as tassile . o Berthier.c..cccee.-e.. 68. 60 8.10 6. 90 1L.00 2.10 0.10 0.20 120
ANALYSES OF WINDOW-GLASS.
Kinds of glass. Analysta. Silica. | Sods. | Lime. | Alumina |Se3qioxide
French ..... A S S Sy Dbl oo Ao bl s gliee e, BTSN 68.00 10.10 14.30 Tl Voo ot o
S e A B SIS 2 Yo o o ol o ='ose u 2ie <laiage == o oo = = oo [ e e e T S S dlanl SN oSS SRR 69. 65 15,22 13.31 IR
B R PPN e Go R L e A T s e T LS 69. 00 1110 12. 50 740 Jouocenenn..-
Chaneeit . catesee oo oliaccdihionce il ao ki ecnnaciantss COWPOE % oo’ vosrwe o olge $o7% o Slalire A0 SeNTPREUE 00 71. 40 15. 00 12. 40 0500, (857 Sedal 20
Russian....... 135 Tl T R SN Bonrathya¥s. NS5 Tl 8 SR .27 20.10 814 1.98
b ANALYSES OF FLINT-GLASS.
; ) Mag- | Manga- Seequl-
Kinds of glass. Analysts. Silica. Soda. | Potash. | Lime. Lead. Anginy rahe) oxhig; of | Alumina.
LIME GLASS
Proneh. .. o ISl TR S e . 2 SR 72.10 12.40 {.......... 1880 Jiah® hrere o] - o s ¥ N O N NN R o
DO..ccccciecaccacecccccaicccccccsannccaacia 77.30 16480 [daoeias o 4 €40 p o b g 528 e g R e oA rossescsae
Fronch tnhes..... ccacneeecese e e o 69. 20 3.00 15. 80 7500 C S0 L AL 25001 - . o - o - 0. 50 1.20
Bohemiad #bes --. .t oncecletoceccecconscs soneed 73.13 3.07 11. 49. 0.4 ... 20208 0.26 0.46 0.13 0.30
Bohemian drinking-glass. . 7170 2.50 12,70 LR AR B e 203105 2t 0.30 0. 40
Bohemian common glass .cccvecueeenieneaccnnnns (T TH P 5 11. 80 900 1. . L dPne B e T R S 9.60
Americen, O'Hara Glass Company, Pitfsburgh... 71.92 14,55 |cceeecnnnn L5 10f| ol S & 2.04 | Trace. | Trace. 6. 22
LEAD GLASS.
Baglieh orystal .. Jeu . Coiolc WSl Rl Faraday ...cccccoo.-. 8198l . . 13.87
English crystal, London .. - Berthier . 50.20 fonceeanses 9. 00
e, 5 - ahve L oRee L. --| Salvétat .. 57.50 1.00 9. 00
English crystal, Newcastlo...................... | Berthier............. LT O e 9.40 |.
Fropéh-oryotel.._tocoso sn &l o seca o5 | Samerwein ........... 48.307]. ..o 12.50
DL SECERe Mo Yo WL S - E = o S oo | Salvétat ............. 51. 00 1.70 7.60
T N SRS S S LTI 2....do ................ 54.20 0. 90 9.20 5 L
THOE e L e B A RN T e Bt l Benrath ....... ...... S8 el e oo 3 5b AL, e PR DY SRRENTET N o L 0.40
IR EIaBer = BEN It DR T S e, . [ Faraday .iT St 44.30 {.ooone... 10,76, [ & 20508 CF (N e e e S A o I ..........
PP Ly T S L Duamadg ... coc.inis 48l 5001 L. 11.70 0. 50 OIS 0 el et e e [ e de e 1.80
American, New Eungland Glass Company........ | Flescher............. 53. 98 6.71 o R T o PTIS F RETR K 1.93
Dol 2. L L NIl r ISR 522 T j....do ................ 54.12 5.58 7. 984N B NE ETiirty o e A T A Y l 1.05
. - ANALYSES OF BOTTLE-GLASS.
: » Man Sesqui- |
Kinds of glass. Analysts. Silica. Soda. Potash. Lime. Magnesia. nesega' oxide of |- Alumina.
N iron.
French: Bt L0 Vil -
SABVIZNY -eenverernnnnenannaeannnn. Berthier ... .coeeeeenen... 60. 00 3.10 Y| M R 1.20 4.00 8 08
Saint-Etienne....c..occceiecneenans|. S Aoy VTS WY el 60. 40 3.20 20.70 0. 00 . N % Ao 3.80 | 10. 40
00N vt oo 3.20 18.00 7. 00 0.40 4. 40 ! 6.80
88.56) 1o, ..k 5.48 1228 5 Lol T E s o s 5.74 6.01
45.60 {..coonne.... 6.10 .55 L B T B W D | 6.20 14. 00
58.40 0. 90 1.80 18.60 8.90 | 2.10
62. 21 5.69 1.91 22,93 6.10 | 116
63. 34 4.17 2.10 21.34 4.42 4.72
60.82 |  18.28 1.50 Wt e N, B 2.58
62.78 19.14 11. 24 0 3 Ty e N 35 ot ey 0.73
64.41 15.76 10.50 5. 8T |oe fics Somcoul== & (% 4] 3.52 '
65. 77 11.75 16,88 | R to N R S, oo 5. 90
68. 38 19. 03 I, 194 380 o 0 o 0 e R ST o 2.40
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CHAPTER III.—SANHD.

DIFFERENT PROPORTIONS OF SILICA IN GLASS.—The chief constituent of glass, as well as the only one that
enters into the composition of all its varieties, is silica. Though present in all glass, its relative proportion differs
greatly, not ouly in the several varieties, but in different samples of the same variety, and sometimes in different
specimens from the same pot or “melting”. Indeed, as to its content, not only of silica, but of other ingredients,
glass is a most capricious substance.

SILICA IN DIFFERENT KINDS OF GLASS.—Lead glass contains the least percentage of siliea, ranging from
42 to 60 per cent., and cast-plate contains the greatest percentage, some analyses showing as high as 79 per eent., the
average being about 74 per cent. Window-glass averages about 70 per eent., lime-glass 72 per cent., and green
bottle glass 60 per cent.

HArDNESS.—The hardness of gla\s depends, as a rule, on the percentage of silica it contams, though it
is somewhat affected by the alkali or oxide used as a base. Lead, tor example, tends to make glass softer and more
fusible and lustrous, while lime renders it refraetory and less suseeptible to the action of acids and alkalies. The
relative hardness of different specimens of either lead or lime glass depends, however, on the amount of silica, that
being the harder and less liable to melt which has the most. It wonld follow, from what has been said, that green
glass is the hardest, followed in their order by lime-flint glass, wmdow-"lass, plate, and, lastly, lead glass, which ie
the softest.

JForMS OF SILICA USED.—Siliea is now used in glass-making a.lmost universally in the form of sand. This
also seems to have been the practice at the earlier glass houses. (@) In modern glass houses, however, until some
fifty years since, silica for the finer grades-of glass was procured by an expensive proeess of erushing and washing
flint (b) and quartz. This process is still used to some extent, especially in those districts where good sand either
cannot be obtained or is too expensive to permit of its use. Bohemian glass, for example, is made almost entirely
from quartz so prcpared. In some parts of Germany and Austria, espeeially in the making of bottles, certair
siliceons roeks, as basalt’ and trachyte, containing large pereentages of soda and potash, are used, but at the
present time, and for many years, sand has supplied most of the silica used in glass. Sand is generally less
expensive, and in many cases is of greater purity and value as a material, glass made from many native sands
being superior in every respect to that made from the artificially-prepared flint and quartz sands. (¢)

USES OF THE DIFFERENT GRADES.—Ior the finer grades of glass, especially where freedom from eolor, perfect
transpareney, and great brilliancy are essential, only the purest qualities of sand can be used, as slight impurities,
especially small amounts of iron, will seriously impair all of these desirable properties. When, however, color is
seeondary to cheapness of produetion, as in the manufacture of green bottles, sands with eonsiderable iron and
clay are not only used, but in some eases are preferred, as these materials are fluxes, and eonsequently require less
flux in the ¢ bateh” or mixture of materials.

; [MPURITIES AND THEIR REMOVAL.—The chief impurities in sand are oxide of iron, alumina, generally in the
form of ¢lay, loam, gravel, and organie matter. Most of these ean be removed by burning and washing, (d) but the
iron and part of the organic matter can only be removed or nentralized by the use of chemicals. Of theseimpurities
iron is by far the most dreaded, as it not only destroys the ¢ color”, the limpid whiteness of the glass, giving it a
greenish cast, but it is exceedingly difficult to remove or neutralize its effeet. Manganese is used to correct this

a Thisis not universally true. Agrieola says, in Book XII of De Re Metallica, that ¢ white stones, when melted, are the best ingredients
for glass”, Pliny states that “ of white stones very transparent glass is made”.

b From this nse of flint in its eomposition is derived tho term “‘flint-glass .

¢ As showing what but a few years ago was regarded as nearly pure sand, it may be mentioned that Dr. Lardner, in his Cabinet
Cyclopeedia, London 1832, article, ‘“Poreelain and Glass,” page 28, gives an analysis of flint whieh he terms ‘“‘siliea in a state nearly
approaching to purity ”. This flint eontained 98 per eent. of silica and 0. 25 per eent. of iron. Compared with the Berkshire sand, whieh
contains 99.78 per cent. of siliea and virtnally no iron, this flint was very impure silica.

d Burning is neeessary where the sand eontains mueh organie matter. Generally the heat of the furnaee in the melting of glass is
sufficient, the earbonized matter being earried away as earbonie aeid by the aid of arsenie. In washing the sand to remove the clay, gravel,
loam, and similar impurities, it is first erushed and pulverized, if necessary. The pulverizer nsed at some of the works of this country is
the well-known ore-mill of the rolling-mills, whieh cousists of a large eirenlar pan, in whieh revelve, like wagon-wheels, tiwo large east-iron
wheels four feet in diameter. Running water pouring into the pan faeilitates the grinding and earries the sand to a sieve, whero the
larger pieees and the gravel aro separated. The sieve is eylindrieal or oetagonal, inade of brass wire, about three feet in length and a *
foot and a half in diameter, and revolves like a flour-bolting maehine. After passing through the sieve the sand is earried along a trongh
by water into the washer, where it settles to the bottom of the box, whilo the water “wastes” over the top, earrying away the elay and
loam. The sand is then elevated and discharged into another trongh at a higher level, where it is again washed. Semetimes this
operation is repeated several times. The sand is finally earried to the draining-room, where it is drained of water. and then to the
drying-room, where it is dried by artificial heat. As the sand dries it drops into a funnel-shaped trongh, and from that passes inte a
a nveyer, and thenee to an elevator. The sand eomes from the drier fine and almost as white as flour.
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grecuish eolor, and is often termed “ glass-maker’s soap”, but glass so decolorized is liable under the action ot
sunlight to acquire a purplish tint or “high eolor”. Window-glass in which manganese has been nsed often
assumes this tint to sueh an extent as to lead to the belief that it was originally colored. -The only safeguard
against this ¢ high color” is the use of sand containing little or no iron, and therefore not requiring any
«doctoring ” of the bateh. (¢) As to the amount of iron allowable in sand for glass-making, it may be said that that
containing more than one-half of one per cent. is not considered suitable for any glass, while for plate- and window-
glass and the finer grades of table ware the less the amount of iron the better. That used at the table-glass houses
in the neighborhoed of Pittsburgh and near Boston contains only a trace of iron.

USE OF ARSENIC.—The organic matter which carbonizes in the pot during the melting of the glass materials
is removed as carbonic acid by the use of arsenie, which is the great ¢ decarbonizer” in glass-making, as manganese
is the “decolorizer . The arsenic is added to the bateh prior to charging it into the pots.

TESTS OF SAND.—In examining sand as to its value for glass-making the best test is microscopic examination.
Sand should be perfectly white, not very fine, uniform, even grained, with angular rather than rounded grains.
Sand which is very fine, or the grains of whieh are smooth and rounded, can only be used with difficulty and great
uneertainty as to the result. Sueh sand is liable to settle to the bottom of the bateh, preventing an even mixture,
of the materials and producing an uneven glass. Sand should not effervesce or lose color when heated with an
acid, as loss of color indicates the presenee of clay, loam, or other foreign substances, while effervescenee indicates
the presence of lime. Oxide of iron ean be discovered by boiling the sand in hydrofluoric aeid and dropping into
the solution thns formed a few drops of yellow prussiate of potash in solution. The beautiful blue precipitate
indieates the presenee of iron, even in the most minute quantities.

ANALYSIS AND COLOR NOT ALWAYS INDICATIVE OF THE QUALITY OF SAND.—These are simple, qualitative
tests, but only indicate in a general way the quality of the impurities present. For an aceurate knowledge of the
quantity a quantitative analysis is necessary. It should, however, be noted that while sueh an analysis, aided by the
appearance and eolor of the sand, indicates in some measure its purity and value, it is by no means conelusive as
to its adaptability for glass-making, as a sand of a yellowish tint may be purer than one much whiter. Mr, Henry
Chance, of Birmingham, England, whose tgvo papers on crown and sheet glass are the best in the language, speaking
of color and analysis as indications of purity and value, says:

The sand used by our firm is obtained from Leighton Buzzard, and, although of a yellowish tint, is more free from iron thau wany
kinds of sand which are whiter in appearance. The whiteness of a sand is a very uncertain test of its purity. Again, two kinds of sand
‘which are shown by analysis to be precisely similar in their composition may produce different results as regards botb color and guality
of glass. (b)

Mr. Chance suggests that this may be due to a difference in the power of the sands, arising from the condition
in which the silica exists, to neuntralize the bases. .

MODE OF OCCURRENCE OF SAND.—Most of the sand used in glass- makmv oceurs as sandstone, and is quarried
in blocks, and mnst be crushed and prepared foruse. The Fontainebleau (France) sand and some of the Berkshire
(Massachusetts) and Juniata (Pennsylvania) sands are of this charaeter. In other cases, while the sand occnrs
as rock and must be quarried, it rapidly disiutegrates on exposure to air and moisture, as at some of the Juniata
(Pennsylvania) mines. At other quarries, where the formation is saccharoidal or sugar-like, the sand-roek has a
very weak bond, and is readily detached from place with a pick, rapidly falling into fine sand. This is the nature
of the sand at Crystal City, Missouri, and at some of the Berkshire (Massaehusetts) mines.

SEA OR RIVER SAND.—While most of the sand used is quarried or mined, some glass is still made, as was the
earliest glass, from river or sea sand. As a rale, however, this is only employed for the coarser and cheaper kinds.

IMPORTANCE OF GOOD SAND.—The quality of the sand has always been an item of great importance to glass
manufacturers, and the possession of a pure sand well adapted to glass-making has determined in many cases
the location and successful operation of the glass houses, not only of antiquity, but of moderu times. The sand
used in the earliest glass works was. river or sea sand, and these aneient factories were, therefore, generally
plaeed at the mouths of rivers, as at Belus, Alexandria, Cumes, aud Volterno. These locations were seleeted, not
only because they furnished an abundance of good sand, but beecanse they were the great doorways of commeree,
and offered a ready market for the products of the glass-makers’ art.

SAND FROM THE RIVER BELUS.—The most remarkable and widely-used deposit of glass sand known to the
ancient world, as well as the purest, was that of the river Belus, whieh flows from Mount Carmel and enters the sea
near Tyre and Sidon,the sand made famous by Pliny’s oft-repeated fable of the discovery of glass. Not only was
glass made in great quantities trom this sand by the skillful Sidonians (¢)—the lovely Greek and other vases, the
varied beads and amulets found in the tombs so thickly seattered over every shore “washed by the Mediterranean

& Yor the resnlts of a most ingenious and long-continued series of experiments ou tho action of sunlight on glass those interested
are referred to the monographs of Mr. Thos. Gaffield, of Boston, Massachusetts, especially to his paper on ‘‘ The Action of Snnlight on
(ilass ”, read before the American Association for the Advancement of Science at Boston in 1380.

b On the Manufacture of Glass. A lectnre delivered before the members of the Chemical Society, March 19, 1863, by Henry
Chance, M. A. London. Harrisons & Sons: 1363.

¢ Homer ascribes every object of art or ornament to the skill or genius of a god or a Sidonian. 1063
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sea”—Dbut many of the glass works of other countries drew their supplies of sand for their best glass from this river
of the Pheenicians. The Venetian glass works sent boats thither in the days of their greatest renown to collect
sand for the factories of Venice and Murano, and it is more than probable that the brilliant mosaics of Saint Mark,
and the delicate and precious vases and wares that have reflected so much honor upon Venetian glass, owe some
of their marvelous color and beauty to the purity of the Phcenician sand; indeed, it was believed at one time
that it was the only sand that could be vitrified. (a)

OTHER RIVER AND SEA SANDS.—The sands from the banks and.coasts of other rivers and seas were also used
largely in the ancient glass-houses. Those of Egypt used Nile sand; the Volterno and the rivers of Gaul and
Spain furnished sand for the glass made on their bauks, while in latter times the Tyne, in England, has been a
source of supply for the bottle houses of that district. Pliny mentions that in his time a fine white sand was found
on the shore between Cuma® and Liternum which produced ¢ vitrum purwm ac massa vitri candidi”. He adds that
in Gaul and Spain sand was similarly used.

EARLY USE OF FLINT AND QUARTZ.—Though sea and river sand was thus the earliest form of silica used in
the manufacture of glass, flint and quartz were employed at least before the beginning of the Christian era. Pliny
states that glass of the most excellent quality was made in India from white stones. If any glass was made in
India in Pliny’s time, the use of quartz was probably exceptional, as most of the glass of that time and for some
centuries after was made from native sand. From the fourteenth to the nineteenth century, however, it was made
from flint or quartz. Agricola, who wrote in the sixteenth century, declares that white stones make the best glass,
and should only be employed in the manufacture of crystal. Neri, who wrote in the seventeenth century, notes:

That those stones which strike fire with a steel are fit to vitrify, and those which strike not fire with a steel will never vitrify;
which serves for advice to know the stones that may be transmuted from those that will not be transmnted into glass.

Blancourt, who wrote at the close of the same century, states that the Venetians make use of a white flint
from the river “Ticinus, where there is a great abundance of them ; as also in the river Arnus, both above and
below Florence, and in other places”. He also mentions the use of a hard white marble which is found in Tuscany,
and gives directions that ‘“that ought to be chosen out which is very white, which has no black veins, nor yellow
nor red stains in it”.

Ferrandus Imperatus makes mention of a glass stone called ¢ quoéali”, “like in appearance to white marble,
being somewhat transparent, but hard as flint, and put into the fire it turns not to lime. It is of a light green,
like a serpentine stone, and having veins like Venice tale. This being cast into the fire, ceases to be transparent,
and becomes white and more light, and at length is converted.into glass.”

When Blancourt wrote, sand was displacing flint, a degeneracy in the art of glass-making which he laments
“ Nothing,” he says, *“but the Parcimony and Covetousness of the times has brought sand into use again, because
‘glasses made of that may be afforded cheaper.”

SUPERIORITY OF AMERICAN SAND.—As has already been stated, sand is almost universally used in the glass
houses of to-day, quartz or flint being used only when good sand cannot be readily obtained. The superiority of
the deposits of glass sand in the United States is universally conceded. At the London exposition of 1851 Messrs.
Thomas Webb & Son, of Stourbridge, England, exhibited some glass of remarkable beauty and transparency
made from Berkshire (Massachusetts) sand. They write me regarding this sand: “It was the finest we have ever
used”. Bontemps, whose eminence as an authority on all matters pertaining to glass cannot be questioned, in his
repcrt to the English government on the Paris exposition of 1855 states that a ¢ magnificent sample of English flint-
glass”, Osler’s candelabrum, the glass of which he asserts to be far superior to that of any other exhibitor, ¢ was
made with American sand.” (b) In his Guide du Verrier, one of the best works on glass in any language, M.
Bontemps also several times speaks of American sand as superior to the best French. (¢) Mr. Henry Chance, in a
lecture on glass, speaks of American sand as the ¢ finest of all”, and states that the best flint-glass exhibited at
the Paris exposition of 1867, that of Messrs. Copeland, of Stourbridge, ¢ surpassing in purity of color all other
specimens of glass, whether British or foreign, (d) was made from American sand.” But little of this sand, however,
has been used in England. The great expeuse of importing, and the discovery of the excellent German sands,
which are referred to on page 27, which can be supplied to the English glass works at a much less cost, have
interfered with the use of the American sand.

ENGLISH SAND.—But little sand suitable for the finest grades of glass, such as plate-glass and the lead flint,
is found in Great Britaiu. Omne of the earliest used in modern times in England was obtained from the
commons near Lynn, in Norfolk, and was used by the manufacturers of the north and the midlands for many years.
This was displaced by sand from Alum bay, in the Isle of Wight, which furnished for fifty years most ol the silica
used for flint-glass. An analysis of this sand shows only 97 per cent. of silica, 2 per cent. of alumina, magnesia,
and oxide of iron, and 1 per cent. of moisture. Stony Stratford, Aylesbury, Reigate, and Hastings have

a See Strabo Geogrqphy, Book XVI.
b Reports on the Paris Universal Exposition, Part 11, Report on Glass, by G. Bontemps, pages 384 and 385. London, 1856.
¢ See Guide du Verrier, G. Bontemps, pages 46 and 532. Paris, 1868,
d On the Manufacture of Glass, by Henry Chance, page 3.
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contributed sand to the'English glass honses at different periods, and perhaps the best England has produnced,
except the Alum Bay variety, was that from Hastings; but au unfortunate advance in price drove the trade to
France, which at that time took off its export duty, and so opened the markets of England to the French sand. (a)

SAND FOR ENGLISH PLATE-, WINDOW-, AND FLINT-GLASS.—The makers of the best flint-glass now use the
French and German sands exelnsively. The magnificent exhibit at the Paris exhibition of 1878 of Thomas Webb
& Son, of Stourbridge, was made from these sands. Some of the manufactnrers of plate-glass use Belgian sand;
others the sand which is found in large quantities in Lancashire.(d) Messrs. Pilkington Bros., the large makers
of blown window-glass at St. Helen’s, use the Lancashire sand. Messrs. Chance, of Birmingham, obtain the sand
for most of their glass from Leighton Buzzard, about 40 miles north of London; bnt for their optical glass, which
is very noted, they use French sand. Most of the English sand requires washing. A fair average analysis of the
Leighton Buzzard sand, which may also be regarded as showing the composition of the Lancashire, is 99 per cent.
of silica, 0.30 per cent. of alnmina, 0.20 per cent. of carbonate of lime, and 0.50 per cent. of oxide of iron. Large
deposits of sand are found in Wales as sandstone, but the glass produced from it does not seem to be good in
quality or in color.

SAND FOR BOTTLE-GLASS.—Regarding sand for the English bottle works, Ure states that—

The laws of this eountry (England) till lately prohibited the use for making common bottles of any fine materials. Nothing bnt
the common river sand and soap-boilers’ waste (manganese) was allowed. (¢)

As to the present practice, Mr. Chance writes :

I believe that bottle:glass makers, color being a matter of minor importance, use whatever sand of a suitable character may be nearest
totheir works. Or, to pnt it in another form, a bottle-glass maker will place his works where he can have his sand and other materials as
near at band as possible. :

FrENCH SAND.—Of the French sands, that taken as sandstone from the qnarries in the forests of Fontainebleau
is the best and the most widely used. Much of the finest glass of England and Belgium, and, nntil recently, of
Germany, is made from it, and it is to its purity that the beautiful color of the French and Belgian plate-glass
. is attributed. One analysis shows: silica, 98.8 per cent.; magnesia and oxide of iron, 0.7 per cent.; moisture,
0.5 per cent. Another, and one that Mr. Henry Chance regards as an average analysis, shows: silica, 99 per cent.;
alumina, 0.50 per cent.; carbonate of lime, 0.50 per cent.; oxide of iron, trace. Sand from the quarries in the
forest of Compiegne, and also from the vicinity of Nemours, is largely nsed, and is stated to be “almost chemically
pure and scarcely inferior to that imported at great cost from the United States”.(d) In the sonth of France
prepared quartz is still nsed. (¢) The same statement as to sand for bottle-glass made in connection with English
sand will apply to the French bottle houses as well. French manufacturers of this kind of glass locate their works
where the materials are the cheapest, without reference to the pnrity of the sand. (¢)

BELGIAN sAND.—Concerning Belgian sand but little has been learned. Bontemps mentions a locality near
Namur which he classes with the French sands of Fontainebleau, Compiégne, and Nemours.(f) While the quality
of the Belgian sand is on the whole good, it does not equal the French, and as a result considerable of the latter
sand is used in the Belgian works.

GERMAN SAND.—For many years the best German glass was made either from French sand or prepared quartz
and flint. Certain glass works on the Bohemian border still nse the prepared quartz or flint for making window-
glass and a good white glass for table ware, and a few, by reason of shorter and cheaper carriage, still draw their
supplies from France. All the other works, with the exception of certain bottle houses, use German sand.

BEST GERMAN SANDS.—The sand for the plate-glass, window-glass, and the glassware houses of Germany
comes chiefly from two very extensive deposits, one at Herzogenrath, near Aix-la-Chapelle, and the other in the
Niederlausitz, near Hoheubocka, in the province of Brandenburg, in Prussia. These sands are exceedingly pure,
one rivaling the Berkshire (Massachnsetts) sands, as will be seen from the analyses on page 34.

a A recent English jonrnal contains the approximate dates at which these several deposits of sand became available.
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It further remarks that it is more than probable that some of the northern manufaeturers on the Tyne and Wear nsed sea-borne sand
at the earliest period of glass-making. ¢‘Itis possible that Venice may have sent ns a supply when she sent us her glass-makers.”
b For this and the following facts regarding the sand used by English glass-makers I am indebted to the kindness of Mr. Henry
Chance, who bas written to me very fully on this subjeet.
¢ Ure’s Dictionary, vol. 1, page 925. New York, 1854,
d Bontemps’ Report on the Exhibition of 1835, page 385.
e See Bontemps’ Guide du Verrier, page 48.

S Idem., page 46. 1065
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HERZOGENRATH SAND.

Per cent.
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. HOHENBOCKA SAND.
{Analyesis by Bischof.)
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Some of the German flint-glass works still use the I‘ontamebleau sand, and a few window-glass and lamp-
chimney works, especially in Silesia and Westphalia, find it more profitable to use a white 8and found near their
works ; but most of the German glass, with the exception of green glass, is made from sand from the two depos1ts
of which analyses are given above.

USE OF ALKALINE ROCKS FOR BOTTLE-GLASS.—For bottle.glass the same eonditions hold as noted before,
only the German bottle-glass makers endeavor to find material containing as much alkali as possible. Mr. Julius
Fahdt, the editor of Die Qlashiitte. Dresden, to whose eourtesy I am indebted for much of the information
regarding German sand, writes regarding the siliceous material used in bottle works:

The most faveorable deposits are of thanolite, fonnd on the frontiers of Bohemia, on the banks of the Elbe ; granite is also used, and
is fonnd freqneutly with 5 per cent. of alkalies (potassium andsedium); basalt, luor-spar, and trachyte arc used. Granite and trachyte are
ealcined and grouud ; basalt, fluer-spar, and thanolite arc not calcined. Semctimes for light-colored glass a small propertion of white
sand is used. .

Mr. Friederich Siemens, who, in addition to his well-known scientific attainments, is the largest manufaeturer
of bottles in Germany, if not in the world, writes as follows regarding the use of these rocks :

For commen green bottle-glass the German and Austrian glass-makers nso natural stones, snch as granite, feldspar, basalt, thanolite,
and trachyte. These rocks, containing a certain quantity of alkali, with 65 to 75 per cent. of silica, are a most valuable material, being
both cheap and fusible. I began the use of these rocks for making bottle-glass at the time of tbe introdnction of my continuous glass-
melting tanks, some ten years ago, and other glass-makers very soen adopted my methed of making glass from these rocks.

The suceess that has attended the use of these alkaline roeks in Germany and Austria should lead our glass-
makers to attempt their use.

AUSTRIAN SAND.—For native sand, for its finest grades of glass, the works of Austria-Hungary depend almost
entirely upon Germany, the Hohenbocka deposit furnishing the larger part, the Herzogenrath bed not being so
situated as to supply them. This German sand is so well adapted to glass-making that it is carried long distances,
and is nsed in elose proximity to extensive quartz mines. This is true of certain glassware factories in Styria, which
use this sand exclusively. This German sand is not only as pure as the best and thost carefully prepared quartz,
but, notwithstanding the great distance over which it is transported, it is mueh cheaper than the prepared quartz.
Mr. IFalidt gives the relative eost of sand and prepared quartz in Vienna as follows: 1 eentner (123.46 pounds) sand,
ineluding freight, 1 reichsmark (24 cents); prepared guartz, 1.47 florin (72 cents) per centner; that is, 3 to 1 in favor
of the sand. Many Austrian glass works, however, still use quartz. In Bohemia, for example, the most renowned
manufaeturers use only the prepared quartz sand.

SAND FOR COMMON AUSTRIAN GLASS.—For the eommon grades of glass the works depend on the sand-beds
in their immediate vicinity. The remark in regard to the nse of thanolite, basalt, ete., in Germany, will apply
to Austrian bottle manufaeture as well.

S\VFDI\H SAND.—In Sweden quartz is still used to some extent, the glass houses having been loeated with
yeferenee to the supply of this material. Most of the native sand nbed comes from the shores of lake Wetter, the
best from the north end of the lake. The sand for the best glass is imported from Franee.

QUALITY OF AMERICAN SAND.—The superiority of American sand has already been referred to. Not ouly
does this country furnish the purest and best sand, but extensive deposits of a grade suitable for the manvfaeture
of the finest glass exist in many localities. It in the quality of the metal, or in brilliancy of our glass, we are
behind our European competitors, it is not attributable to our sand. These deposits are also in mauy cases
well situated in referenee to fuel and to transportatiom. As examples of these deposits, those of Berkshire county,
Massachusetts ; Juniata county, Pennsylvania ; Hancock eounty, West Virginia ; Fox river, Illinois; and Crystal
City, Missouri, may be instanced. These are all execedingly pure sands, as the analyses given will show. The first

named is used very extensively by the flint-glass makersof the Fast. The Juniata and the Haneoek sands supply
1066



MANUFACTURE OF GLASS. 29

niany of the works of Pittsburgh and Wheeling. Fox River sand supplies the plate-glass works of New Albany,
Jeffersonville, and Louisville, and Crystal City furnishes the sand for the fine plate-glass made at that place.

NEw ENGLAND SAND.—At present all of the sand used in the glass works of New England comes from
Berkshire. In this seetion sand for some works, being of a good quality, was at one time proeured from Demerara,
brought as ballast. The war of 1812 cut off this souree of supply, and Plymouth beach furnished sand until a
better was discovered at Maurice river, New Jersey. This was in turn superseded by the Berkshire sand. (a) .
It is stated that an embargo put upon the exportation of flint stones from England to this country at a time
when it was believed that no flint was to be found here led to the suspension for a time of certain factories in whiech
prepared flint was used. Berkshire eounty also furnishes most of the sand for the best flint-glass made in New
York, New Jersey, and eastern Pennsylvania. The sand for the window and green glass made in the interior of
New Yorh as well as part of that used in Ontario, comes from Oswego and Oneida counties ; that used for
common glass near New York eity, as well as all through New Jersey and eastern Pennsylvania, is mined in
New Jersey. Some sand for the Philadelphia glass houses is proeured in West Virginia.

NEW JERSEY SAND.—The sand used in the sonthern part of New Jersey is chiefly derived from a deposit of
sand which ean be traced through the state. This sand is uniform, and is often used, without washing, for the
manufacture of window-glass. '

MARYLAND SAND.—A good glass sand is found at WilP’s mountain, near Cumberland, Maryland, of which
Dr. Chandler, of the Sehool of Mines, Columbia College, New York, says: “I am satisfied that the sandstone is in
every respect well fitted for the manufaeture of glass of the best quality.”

SAND FOR THE PITTSBURGH AND WHEELING GLASS HOUsES.—The large quantities of sand required in
Pittsburgh and Wheeling and the factories in their neighborhood eome from various points in the Allegheny
mountains, mainly from Juniata and Fayette eounties, Pennsylvania, and Hancock eounty, West Virginia. A new
deposit is reported from the latter place, which it is elaimed analyzes 99.90 per eent. of pure silica.

IrriNois sAND.—The Fox River sand, some 60 miles from Chicago, is also a very valuable deposit. No
analysis of this sand has been made, but it supplies the plate-glass works at New Albany, Jeffersonville, and
Louisville, and some of the flint-glass works of the West. 1t is a beautiful sand, needs no washing, and has given
the very best results in use.

MissoURI SAND.—The Crystal City deposit is also one of the most important beds in the West, and is of great
purity and inexhaustible in quantity, and the cost of mining is merely nominal. There is also a deposit of considerable
importanee at Paeific, Missouri, whieh seems to be of the same formation as that at Crystal City. The sandstone
from this mine hardens instead of disintegrating by the aetion of air, but water, to a ecertain extent, breaks the bond.
This sand is regularly supplied to the glass works at Cineinnati and many of the works in the West, except those
making plate-glass. The mine produees about 1,750 tons per month.

BEXTENT AND LOCALITY OF OTHER AMERICAN SANDS.—I have only refeired to the most important of the
sand-mines from which our glass houses draw their supplies. The extent of the deposits of sand suitable for glass-
making that are not developed, or, if opened, worked only to a limited extent, is almost incaleulable. The
saccharoidal sandstone of Missouri, for example, has been traced for miles throungh some ten counties, the vein
varying from 80 to 133 feet in thickness. At Minneapolis and Saint Panl a roek 175 feet thiek is found, furnishing
a good quality of glass sand. (b)) In many states other than those named glass sand has been disecovered and
reported upon by the state geologists and chemists, and these reports contain deseriptions and analyses of many
excellent glass sands, of which, as yet, no use has been made. To those reports those desiring information as to
the eharaeter and extent of these deposits are referred.

ANALYSES OF GLASS SAND.—In the following table will be found analyses of the most prominent glass sands

in Europe and this country:
ANALYSES OF FOREIGN GLASS SANDS.
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ANALYSES OF GLASS SANDS OF THE UNITED STATES.
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CaarrErR IV.—ALKALIES AND OTHER MATERIALS.

CHIEF BASES USED IN GLASS-MAKING.—AS has already been stated, the essential elements of glass are
silica, which acts the part of-an acid, and some one or more bases, cither alkaline or metallic. The bases mosé
commonly found in glass are soda, potash, lime, and oxide of lead. These bases, however, are not mixed in the
“batch”, as the combined mnaterials ready for melting are termed, in the form in whieh they are found in the
glass. Soda, for example, is not used in the glass houses as soda, but as the carbonate (soda-ash) or sulphate of
soda (salt-cake), or as chloride of sodium (common salt) or nitrate of soda. In the process of melting these
compounds are decomposed, the soda uniting with the siliea, forming the glass, the balance of the compound
passing off as gas or in the ¢ glass-gall” or “sandiver”, as the seum on the top of the melted glass is ealled.

ANCIENT GLASS A SODA GLASS AND PERISHABLE.—Glass is frequently named from the base that enters
most largely into its composition, as ¢ soda glass”, ¢ potash glass,” ¢“lime glass,” and ¢ lead glass”. Ancient glass
was a soda glass containing from 3 to 8 per cent. of lime, the lime being present as an impurity, and not as an
ingredient purposely used in its manufacture. It is to this impurity, however, as will be seen further on, that we
donbtless owe the preservation of many of the specimens of ancient glass that have eome down tous. Soda glass,
or glass with an excess of soda, is really soluble glass, even dampness in course of time disintegrating it.
Blanconrt, in the amusing preface to his Art of Glass, states that Venetian glass * will dissolve in the earth or
in cold and moist places if there be more salt in it proportionately than sand”. Bernard Palissy notes the
disintegration of the glass in the windows of the churches of Poitiers and Brittany, and ascribes it to “the damp
and rain which have melted part of the salt of the glass”. As most of the specimens of the glass-makers’ art of
the ancient world have come to us buried in fumuli or tombs, it is probable that even the fragments of most of this
ancient soda glass have dissolved, and that only has been preserved which contained considerable line and was
buried in loealities calenlated to preserve it from dampness.

SOURCES OF SUPPLY OF SODA FOR ANCIENT GLASS MOUSES.—The chief source of supply for soda for the
earliest glass houses was Xgypt. Pheenieia obtained its supply from that country; and Pliny, in his deseription
of glass-making at Rome, states that ¢“sand and Egyptian soda in the proportion of one part of sand to three
of erude soda were nsed”. Not only did these very early glass houses obtain their soda from Egypt, but until a
somewhat recent period the ¢ natron of Egypt” was largely used in glass-making in Venice and the south of France.
This Kgyptian seda, which eontained earbonate, sulphate, and muriate of soda, is found native on the banks of the
natron lakes that abonnded in a valley extending northwest from Memphis, and by reason of its abundauce was
the seat of a large glass industry, remaius of ancient glass works being found there by the seientists of the
Egyptian expedition of Napoleon 1.
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MODERXN SOURCES OF SODA.—In modern times, and until within the last few years, the chief source of soda for
glass has been the ashes of certain plants, chiefly those of the sea and sea-shore. Among the saline products of
these ashes soused were the Spanish barilla from the ashes of the salsola plant ; the Scottish and Irish kelp, which
as late as sixty years ago furnished the soda for the English ecrown- aud sheet-glass; the barec or varec of Bretagne
and Normandy ; and the Spauish soda of Alicant and rochette of Syria. These prodncts contained potash and some
lime as well as soda, and were simply mixed with sand and melted. They were quite impure, and, as a result, the
glass produLced, compared with that of to-day, was inferior, being exceediugly variable in character and poor in
color. .

LEBLANC’S DISCOVERY OF SODA-ASH.—The unsatisfactory quality of these impure sodas (the best, the Spanish
barilla, containing only from 14 to 30 per ceut.), as well as the limited quantity prodnced and nncertain snpply, led
the French government to offer a prize of 12,000 francs for the discovery of a method of converting common saltinto
soda. Leblanc not only secured the prize by his discovery of 1792, but opened a new era in glass-making. (a) The
plate-glass manufacturers of France were the first of the glass-makers to use the new product, the carbonate of
soda or soda-ash, and were soon followed by the makers of window-glass, with a decided improvement in quality
and color.

USE OF SALT-CAKE.—The carbonate of soda prepared by Leblanc’s method contains a considerable proportion
of undecomposed sulphate, and the glass mannfacturers soon found some advantage in the cost of glass by the
substitution of this sulphate, or ¢ salt-cake”, for the carbonate. As early as 1781 experiments were made with
sulphate of soda, and in 1803 Baader begau its use in the glass honses of the Bavarian forests; but it was not until
1825 that it was employed in the French glass houses. In England kelp was used until 1831, when it was displaced
to a large extent by carbonate of soda. The introduction of snlphate was still more recent, but at present nearly all
the window glass of England and the continent is made with salt-cake. The manufacturers of plate-glass still use
soda-ash, as they believe that it produces a glass of a somewhat better color. In this conntry, though many
experiments had previously been made, but little sulphate was used nntil about 1875, soda-ash being the form of
soda employed for window-glass. Messrs. Robert C. Schmertz & Co., of Pittsburgh, were the first to nse it
regularly and continuonsly, but it is now largely consumed. Sulphate glass is less liable to devitrify or to become
‘ambitty ”, and will bear more lime than carbonate glass, and hence gives a harder glass with a better polish and
less liability to “sweating”. It is of a bluish color, while the carbonate glass is of a yellowish tint.

SOURCE OP SUPPLY OF SODA.—The chief source of supply of the soda of the present day is the alkali works
of England, which are mainly located in Lancashire and near Newcastle-on-Tyne. It is estimated that the total
annual soda prodnction of the world expressed in terms of pure Na,CO; is 708,725 tons, of which 432,000 tons are
manufactured in Great Britain. Twelve per cent. of British soda and 23 per eent. of the total soda of the world
are produced by the ammounia method. The English soda enters into the manufactnre of the glass of most of the
countries of the world, and is almost the only kind used in this country.

THE AMMONIA PROCESS.—In 1866 Mr. Ernest Solvay began at Brussels the mannfacture of soda by a process
that has since been called by his name, the Solvay, or, as it is sometimes termed, the ammonia process. This
method bids fair to supersede the Leblanc. The Solvay soda is fully equal in quality to the Leblanc, and can at
present be produced more cheaply. This has had a marked effect on the production of the Leblanc soda. Of
twenty-five alkali works which were in operation in the neighborhood of Newcastle-on-Tyne, England, a very few
years ago, twelve have been closed, and of these no fewer than eight were actually dismantled, in despair of its ever
again being possible, except at a loss, to manufacture soda in them by the Leblanc process. The alkali-making
districts of Lancashire have advantages over the Newcastle district in the price of salt, in facilities for supplying the
American market, and in nearness to some of the centers of soda consumption ; but even there seven or eight of the
alkali works are standing idle, and but few of the others are working to their full capacity. In Belgium the
production of Leblane soda has died out, while in France, Germany, and Austria it is only maintained by the aid
of import duties and the large demand for the by-produet, hydrochloric acid. There are now eighteen ammonia-
soda works running in Europe and one in the United States, and seven more are approaching completion. (b) This
process is not only of interest to this country because of its cheapening the cost of soda, but also because it holds
out the prospect that we may make our own soda for our glass works. Theimportance of such an industry to us may
be gathered from a statement of the imports, which, for the three calendar years 1879, 1880, and 1881, were as
follows :
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a A full account of this discovery and its results may be found in Mr. Henry Chance’s lecture ‘‘On the Manufacture of Crown and
8heet Glass”, Journal of the Society of Arts, February 15, 1836.
b See paper by Mr. Walter Welden hefore the English Society of Chemical Industry.
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MANUFACTURE OF SODA-ASH AND SALT-CAKE IN THE UNITED STATES.—Though the materials for the
manufacture of soda-ash and salt-cake are to be found in great abundance in this country, but little is produced.
Mr. Charles Lennig, of the Tacony chemical works, Philadelphia, produces some 1,500 tons annually of the sulphate,
and the Merrimac Chemical Company, of South Wilmington, Massaehusetts, and E. Gressili & Sons, of Cleveland,
Ohio, were also prodncers at the close of the census year. The product of these works is nsed for window-glass,
and is equal to any of foreign make, that of the Tacony works analyzing from 97 to 98 per eent. of sulphate, 1 per cent.
of salt undecomposed, one-half to 1 per cent. of excess of sulphuric acid, and,some little insoluble residue. As this
sulphate or salt-cake is really a by-product or residuum of the manufacture of muriatic acid, its production in this
country is limited by the demand for the acid. Recent developments and the ammonia process, however, promise
to change this state of affairs. The salt-wells of Michigan and of New York have been looked upon as the source of
a considerable supply, this view being held by British alkali manufactnrers who have examined these localities.
Recently a small works using the ammonia process in a modified form has been snccessfully operated in Michigan,
and it is stated that the Solvay Process Company is erecting extensive works at Syracuse, New York.

USE OF COMMON SALT.—Both the carbonate and the sulphate of soda are prepared from common salt. This
has led to many attempts to effect the direct union of silica and salt without the intervening process, but thus far
with but little success. At present the only glass made from common salt is the black bottle-glass of Newcastle,
England. i

NITRATE OF sobA.—Nitrate of soda is unsed as an oxidizing agent in the ¢“batch”, and is therefore a
decolorizer, though the soda enters the composition of the glass. The chief source is the beds in the province of
Tarapaca, Peru; but some immense deposits have also been found in Nevada. '

Porasn.—The use of potash in glass-making is comparatively reeent, though some of the best and most
expensive glass now made, such as the Bohemian white and the English flint, are potash glasses. Some few
speciinens of ancient glass show small quantities, from 1 to 2 per cent., which was probably derived as a chance
material from the sodas prepared from plants and weeds, in which some potash is always present. As early as
‘the fifteenth ecentury, if not earlier, the value of potash as a glass-making material was known, and it appears
that at that time potash made from the lees of wine was used in the Venetian glass houses. In France, in the
middle ages, potash made from fern was used. The enormous forests of America began very soon after the
discovery of this continent to furnish large quantities, and enormous tracts of timber have been burned solely
for the ashes. Blancourt, at the close of the seventeenth century, speaks of the use of potash from wood-ashes,
and mentions Virginia and New England as sources of supply for the latter. The sources of supply at the
present time are many. Much of that used in modern glass houses is still made from wood-ashes, abont 20,000
tons being thus produced annually, the Canadas and Russia furnishing the larger part, though the Bohemian glass
manufacturers procure theirs from the forests of Bohemia and Hungary. This potash, as it is made by lixiviating
wood-ashes, is an impure carbonate, which must be caleined and refined, the quality of the glass depending upon
the degree of purification. Refined potash is known as pearlash. Pure carbonate is also obtained from the
alkaline residunn of the manufacture of nitrie acid and from caustic potash. In France beet-molasses and the ashes
of beet-cake and grape-cake have considerable value as sources of potash, some 12,000 tons per annum being made
in Europe from the beet alone. Carbonate of potash, the form in which it is nsed in glass-houses, is also prepared
artificially from the snlphate by Leblane’s method. Of the remaining salts of potassinm, only tartar, the bitartrate
of potassa, which is decomposed, when h'eated, into carbonate of potassinm and carbon, finds sporadic application
where it is required to use the finely-divided carbon of decomposed nitrate of potash as a reducing agent, for
example, in the production of eopper, ruby-glass, or ruby-fluor. The sulphate of potassa, though applied as long
ago as 1826 by Long, in Constein, on the Danube, has never yet attained to general importance in the glass industry.

LIME is, next to silica, the most important of glass-making materials. It is a constituent of nearly all the glass of
all ages and countries, with the exception of that made with lead, and it is even present in many specimens of lead
glass, though, as before stated, its presence in ancient glass was probably by chance and not by design. The
action of lime is to render the soda or potash glasses harder and less soluble, and, when used in the proper
proportion in the ¢ batch?”, to promote the fusion of the materials and improve the quality of the glass. An excess
of liine, however, makes the glass too hard. In the manufacture of table ware lime furnishes a cheap substitute
for lead, and, though as a rule the lime-flint is less brilliant than the lead-flint, many of the recent specimens of
lime glass, especially those that are ‘fire-polished”, are exceedingly beautiful, approaching in brilliancy the true
crystal of the English flint houses. The makers of lime glass, however, do not, as a rule, seck to compete with
lead glass in brilliancy, but in lightness and beauty of form, as is the case with the Bohemian glass-workers, or to
furnish a cheap substitute for lead glass for articles of utility, as is the case with the pressed-ware manufacturers
of this conntry or the manufacturers of ¢ Gobeleterie” of France. Lime also enters largely into the composition
of modern plate- and window-glass, giving it the hardness and insolubility necessary to protect it from the weather
and prevent its ¢‘ sweating ”, which is so markéd a fault of glass with an excess of alkali.

USE OF LIME A MODERN DISCOVERY.—Though the true relation of lime to the manufacture of glass as a

‘hardener and preserver is really a very modern discovery, and tlwough the proper proportion of lime to soda and
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potash has only been arrived at slowly and by many careful experiments, it is true that it was used to some
extent in the glass houses as early as the days of Pliny. He says:

To the materials of gless they begin to add the magnetic stone; then they joined shiny stones of all kinds; then shells and fossil
sands.

He also notes that the use of lime in his time was an advance in the art of glass-making. Ferrantes
Imperatus recommends the shells of cretaceous fishes, as the oyster, as ‘very proper for making glass”.
Notwithstanding these indications that the use of lime was not entirely unknown from the time of Pliny, it has
been but recently that its value as an essential constituent of glass has been recognized. Blancourt was somewhat
afraid of it, and declares that ¢ it is much stronger than ordinary salt ”, but directs that it ¢ being well purified you
may put two pounds of it to an hundred pounds of salt of Polverine”, or soda. He would think the glass-makers of
to-day, who, in some forms of glass use¢ measure for measure, must be guided by * parcimony”, of which he elsewhere
speaks. It is probable that until very recently lime has been used only as a cheap substitute for soda and potash,
the difficulty of using it in furnaces, constructed and heated as the older furnaces were, interfering with its
adoption, until recent investigation had shown its value and recent improvements had made its employment
possible.

SOURCES OF SUPPLY.—It is unnecessary to speak of the sources of supply of lime, as all glass-making
countries have it in abundance, and it is used in the bateh as chalk, lime, or limestone. Lime, however, that
contains ferrons carbonate of iron must not be used in a mixture intended for white glass. Indeed, except for.
bottle-glass, it is important to have the lime, as well as all the other materials, as pore as possible. Mr. Chance
notes that glass made with limestoue is harder and more difficult to grind than that made with chalk, and it
moreover causes the glass to cool and set more rapidly. In this country, however, limestone is coming into more
gencral use, some of the Pittsburgh window-glass works using no lime at all, but only powdered limestone.

*LEAD.—The use of lead as a glass-making material, except in the production of artificial gems, is an English
invention of the seventeenth ceutury, (a) and grew out of the use of mineral fuel in the glass houses of that country
in the place of wood, which up to that time had been the fuel of glass-making, as it still is in wany sections of the
world. (b)) This fuel required covered pots to protect the glass from impurities, which so reduced the amount of
heat that reached the materials as to demand a better flux, and lead was substituted. The result was not only to
permit the use of the cheaper fuel, but the production of that most beautiful and Lrilliant of all glasses, the
English flint. Lead is used both as litharge and as red lead, and is a most powerful flux, promoting the fusion of
materials at a very low temperature. The glass made with it is more dense, has a greater power of refraction, and is
less liable to breakage from sudden changes of temperature. It is soft and is easily worked and scratched, but is of
surpassing brilliancy, being only excelled by the diamond. The glass used for the manufacture of artificial gems
is a lead glass, and it is to the employment of this material that they owe their brilliancy, while at the same time
an excess of lead renders them soft and easily scratched ; a fact that soon becomes apparent to the wearer of
these gems. It is very probable that the use of lead in a small way in the manufacture of these gems, which
antedated its use in flint glass, was the suggestion to the English that resulted in the discovery of the latter. Lead
is also used in the manufacture of optical glasses, and the history of its use for this purpose is exceedingly interesting,
but cannot be repeated here. .

LEAD GLASS, WHERE MADE.—Lead is used in the manufactnre of glass to a greater extent in England than
anywhere else, though France and Belgium, and, to a less degree, Germany, make some true lead flint. In this
country lead glass is made but to a limited exteut. Some few factories still make lead-flint table ware and
chimneys. but most of the table ware is lime glass. In the past, however, considerable lead glass was made here,
and red lead of an excellent quality for glass is still made at East Cambridge, near Boston. The first lead furnace
in the United States is believed to have been built by Mr. Deming Jarves, of the New England glass works,
East Cambridge, in 1818, for the manufacture of lead for glass. This furnace was a success, and enabled the
company to continne the manufacture of glass at a period when no foreign red lead was to be procured. (¢) Red
lead is generally preferred to litharge on acconnt of its finer state of subdivision, and because its decomposition in
the glass pot assists in purifying the materials, as an excess of lead not only makes the glass soft and gives it a
yellowish tinge, but acts injuriously upon the melting vessels.

OTHER INGREDIENTS.—Among the other ingredients found in glass are the following: Ironm, which is almost
always present in several of the materials, especially sand, and is a most unwelcome element, imparting a greenish
color to the glass. Jlanganese in the form of the black oxide is introduced to correct the action of the iron, but the
researches of Mr. Thomas Gaffield, of Boston, show that the action of manganese as a decolorizer is not permanent. (d)

a Dr. Lardner, in his Cabinel Cyclopedia, says: *‘ The manufacture of flint glass was begun in England in 1557 at Savoy House, in
the Strand, and in Crutched Friars.” Bontemps, in his Report on Glass at the Paris Exposi ion of 1855, shows that this is a mistake, so
far as relates to lead flint, and states that it conld uot have been made prior to 1665.

b It seems that lead was used in the mannfacture of glass much earlier than this, certainly in the Roman period; but it is still troe
that the English are entitled to the credit of its first nse in lead glass as now made.

¢ Reminiscences of Glass Making, second edition, page 110.

d This is probably the ¢ magnetic stone” of Pliny, and its use as a decolorizer has been known for centnries.
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Carbon in +he form of powdered charcoal, coke, or anthracite is used in ¢ batch” of sulphate of soda to facilitate
the decomposition of the sulphate. Arsenic promotes the decomposition of the other ingredients and the removal
of carbonaceous matter. In excess, however, it produces milkiness. Alumina is almost al ways present in glass,
generally from the action of the materials of-the glass on the pots. Cullet is the waste glass produced in every
manufactory, which, being more fusible than the new material, facilitates the melting.

CuarTER V.—GLASS FURNACES AND POTS.

EARLY FURNACES AND GLASS HOUSES.—But little is known regarding the form or construction of the furnaces
used by the earliest glass-makers. One of the paintings at Beni Hassan, one of the earliest records of the art
remaining, pictures an Egyptian glass-melter seated before an upright circular furnace about 2} to 3 feet high and
one-third this in diameter, from which he is evidently gathering the molten glass through a square hole at the bottom.
This would indicate that the glass materials were charged at the top of the furnace and drawn at the bottom: an
operation somewhat analogous to smelting iron, but one that would give very impure glass. If this was the practico
of the early glass-makers, this method probably gave place at an early day to a crucible of some kind, in which the
materials were melted, the heat being applied outside and fuel not being in direct contact with the glass It is quite
certain that the early glass-making furnaces contained until long after the beginning of the Christian era but a
single small pot, the entire work of mixing, meltiug, blowing, and finishing being done at each little establishment
by a single glass-worker, assisted in the earlier and less skilled part by slaves or servants, and the minute
division of labor which is so distinguishing a feature of modern industrial life, and the aggregation of capital and
workmen in one large establishment, were unknown in these early days, especially in industries in which so much
depended on individual skill, and where the art was regarded as a mystery or secret not to be divnlged. The
great variety in form and character, and especially in the color of the glass of these works, as evidenced by the very
many fragments remaining, would .also indicate that glass-making was carried on not in large establishments,
producing, as at the present day, quantities of glass of the same form and color, but in many little establishments,
each working on a small scale, and each producing glass differing in color and shape.

FURNACES IN AGRICOLA’S TIME.—Though we have but little knowledge of the early glass furnaces, it is well
known that those of four hundred years ago did not differ much in principle or in construction from the ordinary
direct-firing furnace of to-day. The description given by Agricola, one of the earliest of modern writers on glass,
of the furnaces used at the beginning of the sixteenth century is so near like that given in Dr. Lardner’s Cabinet
Oyclopeedia of fifty years ago that the latter can almost be regarded as a translation of the De Re Metallica.
Agricola describes three forms of furnaces as in use in the glass houses of his time. In the first, called the ¢ Fornax
Calcaria”, a small furnace somewhat resembling a bee-hive coke oven in shape, the materials were dried, purified so.
far as they could be by heat, and partially combined in a cindery or slaggy mass called ¢frit”, which was afterward
broken up and remelted in working furnaces. The greater purity of modern materials and the better methods of
working have made this preliminary purifying and ¢ fritting ” unnecessary, and the term “frit” is now applied to
the unmelted mixture of sand, soda, lime, etc., which is charged into the pots, or, in other words, to the ¢“batch?”.
Fifty years ago, however, this process of fritting was still in use. At the present time the calcar furnace or arch
is only used to dry and calcine the sand, unless it may still be retained in some glass-making sections where the
old methods are still in vogue, or as an annex to the bottle furnace, where impure materials are used. In some
cases the calcar arch is used to heat the “batch” prior to ‘“filling in”, it being thought better to charge it heated
into the hot pots.

Agricola’s second furnace was the mel’mng or working furnace.- I quote the description of this as given by
Blancourt, with his comments and improvements : (a)

The second furnace or oven Agricola mentions is that where the workmen labor, or the working furnace; but the description he
gives us of it is not just, for he makes all these ovens round, whereas they onght ouly to be round within, but oval without. Moreover, he
adds two mouths in form of chimncys, wherein a servant throws coals day and night, which is no more now in use, since we only nse dried
wood, as I have observed, which also makes the iron grates he mentions for the mouth and ash-hole of no more use among us. This oven,
whose diamneter onght to be always proportional to the height,is divided into three parts, each of the three parts being vaulted. That below
isthe place where the servant flingsin the wood to keep a continual fire, and without smoke ; and thislower oveu is called the crown, and the

mouth the Bocca; but there is neither grate nor ash-hole, the wood bejng cast in on the coals, care being taken to take them out whem
there are too many with a great iron hollow shovel. This oven, made like a crown, to which Agricola allows but one hole in the middle

1072 a See Blancourt, Art of Glass, London, MDCXCIX, pages 20-23.
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of its height, about one foot in diameter, has, notwithstanding, several holes all round it for vent of the flame, which ascends into a second
oven through the middle, where are placed the pots filled with the ingredients that make the glass, upon which that flame perpetnally
reverborates. The second part of this oven, whereof the vault is round, serves fur the workmen. Agrievla allots to each of these ovens
eight arclies; nevertheless we commonly make but six. Between each arch there is an opening or hole, niade in fashion of a window,
archwise, called the great work-hole, through which the pots are put in and thoss taken out which contain the metal. These great holes
are stopped each with a cover made of the same Iute and brick that the oven is, to preserve the workmen’s ¢yes from the too vehement
heat, and likewise to keep it the stronger in the oven. Iu the middle of every one of these covers there is a hole somewhat more than a
palm wide, which is called the litile working-hole, through which the workmen take with their hollow irous the colored or finer metal
ont of the puts, wherewith they 1make what sort of vessels they please. It serves also to scald their vessels when they have oceasion, and
which rest upon hooks made on purpose on the sides of those holes, which are called, according to their terws, the little working-holes.
The upper vanli of this furnace, which is above that where the netal is melted and the workmen work, serves to put the vessels that are
new made npoi. there to cosl by degrees, that place having only a moderate heat; otherwise the vessels would break if they were too
soon exposed to the cold air. Wemight also divide that upper vanlt into two, the half of it being enough for cooling the vessels; and on
tho other wixght be made Salne Marie, of diverse degrees of heat, sand furnaces, or of ashes for purifications, digestivns, distillations, and other
uses, and way serve for the preparation of the ingredients wherewith we make tinctures for glass and erystal, whereof we shall treat in the
sequel of this book. The oveus of the great glass honses areround within and oval without, like those of the little glass houses whereof we have
already made mention ; but there is thisdifferenee : that any ingenious workmen can build those of the little glass houses, bot there is only one
race of masouns in all Franee who have the seeret of building the great ones. They came from Caule, in the county of Eu, and those only can
sueceed iu it. What and how nice observations soever others have made to imitate them, there was never any one yet eould arrive to it,
insoneh that all those who have any great glass bouses thronghout the whole kingdom are obliged to have reconrse to that family to build
their furnaees, and that for want of a due proportiou which must be observed, heeause they must have three degrees more of heat than the
little glass houses, and one inch differenee in the arch and body of the oven is enough to spoil the whole process. These ovens are built
like those we have hefore mentioned, except as to the proportions which augment the heat three degrees beyound the others; they have
six arches—two of which serve to heat the matter before you put it in the pots, aud another to heat the pots before you put them into the
oven when there is vceasion to change them. In this oven each working-hole has but one put in it, and in the farther end ofthe oven on
the other side of the workmen there is a great pot, wherein the matter (or ingredients) is prepared, ont of whieh yon take it with an
iron ladle of 10 or 12 feet long, to fill the pots of the gentlemen who work at the rate the pots are emptied; after that the great pot is
filled again with other matter to be refined and prepared as before. The materials which serve for building these furnaces are bricks for
the outward parts, and for the inuer parts a sort of fuller’s-earth, which is gotten from Beliere, near Forges, and which is the only earth
in Franee which has the property of not melting in this excessive heat; and it is of this same earth that the pots are also made, which
will hol? the melted metal for a long time.

1t will be noted that this oven of Agricola and Blancourt is virtually the direet-firing wood or coal furnace of
to-day with the upper part above the reverberating arch used as an annealing oven. This third division is still in
use in Bohemia for the sante purposes as described by Blancourt. :

MopreiN FURNACES.—The glass-melting furnace of modern times is a modified form of the reverberatory
furnace, which assumes different shapes, and is built of different sizes, according to the kind of glass to be made or
the fuel used. TFurnaces for plate-,window-, and bottle-glass are generally oblong or square, the pots being placed
in two banks or rows, one on each side, while those for flint-glass are circular or elliptical. In the coustraction of
furnaces the principal ends to be attained are the production and maintenance of an intense heat, (a) its uniform
distribution through the furnace and aronnd the pots, and its direct and most intense application to the fusion of
the glass-making materials. Without entering into a detailed description of the varying shapes and sizes of the
ordlinary furnace in use in this country, it may be said in general that these furnaces consist of two parts, the
combustion or melting chamber and the cave or ash-pit, which also serves as a draught passage. These are
separated by the fire-grate and ¢“siége ?, the raised bank or narrow platform in the melting chamber on which the
pots are placed. The grate or fuel-space is square, and occupies the center of the furnace, and the fuel is echarged
generally from both ends. The grate is usnally on the same level as the floor of the glass house. Under, and
connected with it, is the arched subterranean passage or chamber known as the cave or ash-pit, extending the ¢ntire
length of the furnace, both ends opening outside the building, thus forming a passage by which air for combustion
is fed to the grate. Sometimes two of these passages, crossing under the grate-bars at right angles to each other,
are built, so that either can be used according to the direction of the wind. There are doors at both ends of these
archways to regulate the draught. Within the furnace around the grate space in the case of circular furnaces, or on
both sides of it in quadrangular furnaces, is the raised bank or platform termed the ¢siége”, on which the pots are
placed. The fire thus lies below the bottom of the pots and in the center of the furnace. The number of pots in
a furnace varies from fonr to cighteen or more. .Each pot is reached for charging or working the metal by a small
arched opening or working-hole in the side of the furnace, sitnated directly over the pot, except in the flint furnace,
where covered pots are used. In this case the mouth of the pot is on a level with the working-hole, and the
number of working-holes in a furnace thus eqnals the number of pots. Furnaces other than flint frequently
have no chimneys or flues, the only exit for the products of combustion being the working-holes. As the fire is in
the center, and the pots are around the sides, the flame is thus made to play around the pots, securing a most direct
and intense heat. In some furnaces. however, there are as many flues or chimneys as there are pots, the flnes

a There is a wide difference of opinion as to the heat of a glass-melting furnace. Sauzay, in Fonders of Glass Making in AUl Ages,
New Yurk, 1875, states it to be 1,000° to 1,500° C. The Encyelopedia of Chemistry, Philadelphia, gives the proper temperatnre of a glass
furnace at 20,000° F. This last figure is doubtless a ‘“‘ gness”, and it might as well have been put at 50,000°. Mr. Page, of the Berkshire
(Massachnselis) glass works, gives the heat of a glass furnacc as between 2,800° and 3,600° F., or an average of 3,200°. ;
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being placed between. The same result, however, is obtained, the flame striking the pots on its way to the
flues. TFurnaees are often eonstructed Wlth a double areh, the lower one the reverberating arch, the upper one
forming the top of the furnace, and the space between the two arches forms a chamber for the receptlon of the
products of combustion, which pass out by a common flue at the top. Frequently, instead of this euter arch, the
ontside walls of the fnrnace are eurved up in the form of a truneated cone or open chimney, and in others the
separate flues open into the glass house itself, whieh thus beeomes a ehimney, discharging the produets of combustion
atthe top of the house. The roof of the furnaee is arched, the arch being built as low as is consistent with stability,
in order to reverberate or throw the heat with the greatest intensity upon the pots. The inside dimensions of these
furnaces vary so much that it is possible to give only a general idea of their dimensions. A fen 44-inch pot window-
glass or green-bottle furnaece would be about 20 feet long by 12 feet wide; a ten 36-inch pot flint fumace abont 12
to 13 feet in diameter, the materials used being fire-brick or sandstone, or both.

‘FueL useD.—The fnel used in the early glass houses was wood, (@) whieh was dried or baked to expel all
moisture before nsing. In view of the fact that even at the present tlme it is difficult to secure the intense and
even temperatnre neeessary to properly melt and ¢ fine ” glass with wood, the sucecess of the ancient glass-workers
is all the more eommendable. It is possible that when only one pot or erncible was used this may have been
surrounded with chareoal, and a more intense and even heat produeed than with wood ; but when furnaces with
more than one pot became common, and the glass was thus melted by the flame playing on the pots, it would
greatly increase the difficulty of melting with wood, and preclude the use of charcoal. It is generally stated that
mineral coal was first nsed in England in glass-making in 1635 by Sir Robert Mansel, who obtained a monopoly
of the manufacture of flint-glass in eonsideration of his being the first person who employed pit-coal instead of
wood in his furnace. This, however, is not correct. Blancourt states :

In the time of Agricola they made use only of coals in the glass houses; but the use of wood, which is among the moderns, is much
better; for, being first of all thoroughly dried, it does not smeke like coal, which always makes the glass dull and obscure.

. \

As Agricola published his De Re Metallica in 1546, Mansel’s elaim to being the first to nse pit-coal ean hardly
be sustained. Indeed, it is disproved by the English reeords themselves, as before 1611 Sir William Slingsby had
obtained a patent for making glass with sea-coal; and in 1615 a royal proelamation was issned prohibiting the
use of wood in glass-making and ordering it to be made with sea- or pit-coal only. Sir Robert seems, like many
a reputed inventor, to have filched the honor belonging te another. In England at the present tie coal is almost
exelusively employed, but of late years it has been fonnd that oven-burned eoke ean be used to advantage, as it
produces less smoke and soot, and is therefore better adapted to some of the finer glasses. In Franee both eoal
and coke, and sometimes wood, are used. Belgium uses eoal exclusively. In Germany wood is largely employed,
beside considerable peat and turf. Both coal and lignite are also used. Where wood is used, it is baked until brown,
to expel all of the water, and peat must also be dry and afford only a small amount of ash. In this country eoal is
used almost entirely, though as late as 1865 wood was still used in Boston. It was the execellent quality of the
coal at Pittsburgh that led to the erection of the first works in that eity.

GAS FURNACES.—So far the deseription and remarks comeerning furnaees apply more properly to what are
known as “direet-firing” furnaees, or those heated by fnel charged direetly into the fire-pot or hearth of the
furnace. In 1861 the first suceessful gas furnace for glass, the now well-known Siemens furnace, was first used.
In this and other forms of the gas furnace the solid fnel is first converted into gas in a produeer outside of the
farnace, and is then burned, generally in eonneetion with heated air. This applieation of gas is one of the most
marked and important improvements in glass-making of modern times. Beside the saving in fuel and the
possibility of using inferior fuel which the gas furnaee permits, it reduces the time of melting and inereases the
produetion as well as greatly improves the gunality of the produet. :

THE SIEMENS’ FURNACE.—The first use to which the Siemens’ regenerative gas furnace was put, now so well
known in all parts of the world, was the manunfacturing of glass in pots. In using this furnace the prineiple and
eonstruetion of the ordinary furnace were changed only so far as was neecessary toapply the regenerative prineiple and
heat with gas. In these furnaces the gas andair employed are separately heated by the waste heat from the flame
by means of what are called “regenerators” placed beneath the furnaces. These are four ehambers filled with fire-
brick, stacked loosely in checker-work, the waste gases passing through one pair of regenerators and heating them,
while the air and gas are being heated, prior to burning, by passing throngh the other pair, which had been similarly
heated.. When this second pair has been somewhat eooled the direetion of the draught is changed, the waste gas
passing throngh the eooled pair, heating them, while the air and gas are passing through the heated pair. This is
again changed when the regenerator is cooled, and so the cool air and gas are'passed alternately through each
pair of regenerators, which are thus alternately eooled and heated. The economy of fuel is not only great, but the
heat produced is intense, and actual working, it is elaimed, shows a saving of 473 per cent. of fuel over the direct-firing
furnace in glass-making by the use of this furnaee. (b)) The loss in pots is reduced ; and there are no ¢ cutting drafts”

e Plutareh states that ¢ tamarisk wood is the best for the glass furuaces”.

b The saving of fuel in gas-firing is stated never to be less than 30 per cent., and is often as high as 75 per cent.
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ou the outside, the pots only cutting from the inside. The durability of thefarnace is also increased. The following
table shows the extent to which these furnaces were used in1879:

SIEMENS’ FURNACES USING POTS.

| Window- 2

Countries. ;Plate-glass. an(éll:;;fle-:, ?1;::
Great Britain...........c.cooae...... | 5 5 2
UIEBRRNRO s s T B o Ve i e Sae | 7 4 11 |
T e N S A 4 1] 1|
Other countries..cceeuveceecneeaaaan 6 10 | 15 |

SIEMENS FURNACES WITH TANKS.
(0 ST T T L e S e e e A e ok ey e R et A RO i R SN R o A 6

BT L L s moao R R S R T e TR N N R Sl i St A ST LN S e R N S 4
L LT ot o i 2 SR A G SR M A gty g A A g Ry B e 3 57 T S s RN O B g AR 7o e 10
D e 2o MR e s e SRR R WA B S B T ey AT N R o o ol A S e 1
T N R R e 0 Y aaol | JET o Ty £ = 0 SO P S S S R b d

USE OF SIEMENS’ FURNACES IN THE UNITED STATES.—Thongh, as this table shows, the Siemens pot-furnaces
are used to a considerable extent in all glass-making countries of Europe, but few have been built at the glass houses
of this country. One reason, no doubt, is that good coal is so cheap at our glass-making centers as not to make
economy of fuel a necessity, and ip addition to this the heavy first cost of the furnace and the royalty asked have
interfered with its adoption. Their use in this country during the census year was confined almost exclnsively to
plate-glass works. -

Other forms of gas pot furnaces, however, have been recently introdnced to some extent, especially in the
vicinity of Pittsburgh. These are known locally as'the Nicholson and the Gill furnaces. ‘Of the principle of the
former I have not been able to secure any description; but it is an improved form of a French furnace, and differs
from the Siemens in not having the alternate regenerators. The dimensions of one built in 1880 for Messrs.
McKee & Bros., glassware manufacturers of Pittsburgh, were as follows: Height of stack, 80 feet; diameter at the
foundation, 22 feet 10 inches; in the furnace at the floor, 18 feet 10 inches in the clear, and contains 12 pots, each
44 by 60 inches, of a capacity of 3,500 pounds each, or 45,600 pounds at a single melt. It is expected to make four
rounds and a half per week, equal to 1023 tons of metal. There are three large gas-producers, in which ordinary
coal dust or slack, a very cheap material, is used. The so-called Gill glass furnace is an improvement on the
Boetins principle, which has been so successfully used in Germany. This furnace has flues arranged around the
outer walls of the fireplace, or in the walls between the fireplaces, for the purpose ot conveying air to the combustible
gases evolved from the fuel. It is claimed that its original cost is much less than the Siemens or any other form
of gas furnace; that the direct-firing furnaces can be remodeled ; that the heat received is intenser, more uniform,
and is more easily controlled, while the quantity of fuel is much reduced below that of the ordinary furnace, and an
inferior quality can be used. The life of the pcts is also greater. - .

COMPARTMENT OR TANK FURNACES.—While the application of gas to pot furnaces marks a most important
advance in glass-making, the invention of the tank furnace and its use with gas is a still more important and
marked improvement, and promises to have a great inflience on the future of the industry. In this furnace the
use of the melting-pot is entirely abandoned. In the first Siemens tank furnace of 1861 the batch was charged,
melted in, and worked from a tank which occupied the whole bed. This in use was found to have some drawbacks,
and in 1872 a still further development of the tank furnace was effected by dividing the tank, by means of two
transverse floating bridges, into three compartments, in the first ot which the batch was melted, in the second the
glass was refined, while the third held the thoroughly purified glass, fron which it was worked out continuously.
These floating bridges, however, were rapidly destroyed by the heat of the molten glass, and a still further
improvement, which has largely increased the melting capacity of the furnace, has been made by the substitution
of a floating refining vessel in place of the floating bridges. In this latest form the batch is charged from time
to time throngh a door at one end of the furnace. The glass, upon melting, sinks and travels on toward the
gathering holes, at the other end, in a partially refined condition. Opposite each gathering hole a refining vessel
is floated, which gathers the molten glass at the lowest possible depth in the tank and raises it to the surface to be
completely refined in a compartment prepared for that purpose, from whence, on sinking, it can only flow into the.
working-out compartment. From this last compartment the glass may be worked out continuously, the flow of the
metal therein, and its assortment in the different stages of its manufactnre, being entirely effected by the varying

densities of the particles subjected to the heat of the farnace. Owing to this important feature it will be seen
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that only the best glass, which is the heaviest, can reach the compartment of the vessels from which it is to be
gathered, the imperfectly-melted metal remaining in the tank as long as needful for proper fusion. The refining
vessels are made of pot-clay, and vary somewhat in size and form, according to the character and quality of glass
intended to be produeed. The gathering compartment is sometimes made entirely open, sometimes covered wholly
or partially with a hood; but in all cases the vessels are floated on the metal in the tank, and are construeted so
as to be easily removed when worn out. By the employment of these refining vessels dividing bridges in the tanks
are no louger required, and thus that part of the structure which in the first formns of continuous glass-melting
furnaces was subject to the most wear is done away with. Another advantage is found in the circumstance that the
ends of the blowing-canes, whieh sometimes break off in the glass, may be easily picked out from the bottom of a
refining vessel, instead of its being necessary from time to time to empty a tank, in order to remove as useless the
glass discolored by the accidental introduction of iron. The color of the glass made in a tank may be altered
from time to time, as required, without interrupting the blowers; and for this purpose it is only nceessary to cease
charging batch into the furnace for a few hours, wheu some of the new glass mixture is introduced, and further
charges are made at regunlar intervals. According to the productive capacity of a tank, the change of color will be
effected in from three to five days, and only a few hundred-weight of mixed metal is formed, which has to be ladled
out. For works requiring the regular production of glass of different colors or characters, in insufficient quantities
of each sort to warrant the erection of a special furnace for each variety, the tank may be divided into two or more
compartments, or several large pots may be set in a furnace, each of which shall have the desired number of
refining vessels. By surrounding these pots with sand they will be much strengthened, so that they may be made
larger than usual, and thus form several small tanks in one furnace, which can easily be removed when required.
In this manner the continuous melting process may be applied to both large and small productions, and will therefore
be of interest to all glass manufacturers.

The principal advantages resulting from the use of the continuous- meltmg furnaces are claimed to be:

1. Increased power of production, as the full melting heat may be employed without interruption, while with
the old method of melting nearly one-half of the time is lost by cooling and settling the metal, the working out of
the glass, and the reheating of the furnace.

2. Bconomy iu working, as only one-half the number of men are required for the melting operations.

3. Durability of the furnaces, owing to the uniform temperature to which they are subjected.

4. Regularity of working and improved quality of the glass made.

5. Convenience to the men and advantage to the manufacturers, as owing to the continuous action the metal is
always ready for the blowers, and the gatherers can draw the metal from a practically constant level.

6. For the manufacture of window-glass the working-out end of the furnace may be so arranged that the
blowers can work without interfering with the gatherers. This would do away with the.separate blowing furnace
now in use. ;

The greater durability of the tank is not only due to the uniform temperature maintained, but also to the
circumstance that the batch is charged in sucli quantities at a time as not to come into contact with either the
sides or the bottom of the tank, which, consequently, are not suddenly cooled or eaten away by the mixture.
Furnaces containing as few as four gathering-holes, while others of greater capacity—up to thirty-two gathering-
holes—are now in operation, the latter being worked with a consumption of one ton of lignite per ton of glass
bottles produced, which, having regard to the calorific power of that fuel, is equivalent to the small consnmption
of 10 hundred-weight of coal to'the ton of glass melted, molded into bottles, and annealed. As showing the results
obtained with the second style of tank we give the following statement from one of Mr. Siemens’ pamphlets,
showing the work done during five conseentive weeks in a continuous tank furnace by one of the extensive glass
manufacturing companies of England. It should be noted that at the time this statement was taken the furnace
was working but two shifts out of the twenty-four hours, whereas it can be as readily worked continously three
shifts in twenty-four hours:

PER TON (2,240 POUNDS) OF
COAL USED. BOTTLES DECLARED.} .0 . el BOTTLES DRAWN. BM}LES ARl )
of chairs | ) 0 A Vel =
Week epding— ’ Batch. | josedonall o o1,05r Coalin |
| ehlfistfll]ur par ; gas-pro- | co’gft;‘x}-
Producers.| Kilns. | Total. Dozen. | Weight. "v)s'e cke shift. § Dezen. Weight. ‘g‘:lcx?;s\"e clll_(fing Batch.
' ’ of kilms. | kilns.
Pounds. l Pounds. | Pounds. | Pounds. Pounds. ' Pounds.

February 19,1875............ 90, 720 26,880 | 117,600 70, 000 3,873 55,272 40 06.8 3, 608 51, 828 3,942 5, 017 3,146
February 26, 1875..cc0cceee-s 84, 000 26,880 | 110,880 ] 101,360 4,124 58, 408 40 103.1 3, 867 54, 600 3,449 | 4, 547 4, 144
, March 5, 1875 .cc v ceuncnen. 80,640 | 26,880 | 107,520} 84,000| 4,057 57,008 0| 1004) 378 spaef 347 450 3,584
Mareh 12, 1875 ..cecvceene..... 73,920 26,880 | 100,800 88, 480 4, 450 66, 276 45 98.9 4,070 56, 364 2,912 | 3,087 3, 516
March 19, 1875 ... oo ceeann... 78,400 33,600 | 112,000 } 112,000 4,060 67, 872 49 *101.2 4,609 | 62, 608 2, 800 3, 987 3,087

* One chair missed a jonrney
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The accompanying diagrams, from drawings kindly farnished me by Messrs. Richmond & Potts, of Philadelphia,
give an idea of this furnaee, Figs. 1 and 2 showing a four- or six-hole window-glass farnace, which at any time
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may be doubled in capacity by adding the same number of blowing- and gathering-holes at the other end and charging
at the center. v

These double-end furnaces are in use in Enrope with the best satisfaction. No Siemens’ tank furnaces were in
operation in this country in the census year. One was bnilding at Pounghkeepsie, and has since been started, but
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not with very good resnits. One has since been built in Illinois, and its operation bas been attended with good
success. A number of tank furnaces of various designs were in operation or building during the census year,
however. These furnaeces were generally oblong, resembling an iron-pnddling furnace in construction and operation,
or were simply a large round pot. I have no specific details of their construction or operation, but they seem to
have been quite suceessful and eeonomieal.

Por-oLAY.—The pots used in welting are made from certain varieties of fire-clay, termed pot-elay, from its
use for this pnrpose. The clay adapted to the manufacture of pots should be as pure as possible, and be very
refractory, breaking with a clear, smooth, bright fraeture, unctnons to the toueh, free from lime and sulphide of
iron, and the less oxide of iron the better. The shale or slate-elay from Stourbridge, England, whieh is brown in
color, has a wide reputation, and is largely used in British glass houses, but the foreign elays mnost generally
employed in this eountry are German, though American elays are, to a large extent, taking the place of the foreign.
The elays most largely used in the European glass houses are those from Forges-les-Eaux, in France; Andennes
and Namur, in Belgium; Stourbridge, in England; Glen-borg, in Scotland; Sargenau, in Switzerland;; Schwarzenfell,
in Bavaria, and Klingenthal, in Germany. In this country there are large deposits of excellent pot-elays in many
localities. Those that are used, however, are chiefly drawn from western Pennsylvania, Missouri, and New Jersey,
though the elays of Maryland, Ohio, and Indiana are to some extent nsed. When American eclay was first
used it did not give the satisfaction that its analysis wonld indicate. This was owing to lack of skill in its

1077

()



40 MANUFACTURE OF GLASS.

pi‘eparation, but as this has been acquired American clay is rapidly gaining in favor. Mr. Thomas Coffin, of
Pittsburgh, one of the oldest pot-makers of this country, writes me regarding the use and relative value of German

and American clays, as follows :

About three-fifths of the clay used in this country is foreign clay, principally German.

the largest proportion of German clay, some making their pots entirely of German, others ot a mixture of German and American.

all the flint houses use pots made entirely of American clay, althongh a few mix some foreign.

Window-, bottle-, and pla‘e-glass houses use

Nearly

It is found by experience that the

American (Missouri) clay will stand a more intense heat than any other, but that the German clay resists the action of the flux.better:
hence the mixture of the two to overcomo as nearly as possible the two diffienlties.
because of the hotter-running furnaces that are now being used.

Our American clay is much purer than the German, and is more refractory, but not as dense.

costly, however, and must eventually supersede the German.
COMPOSITION OF POT-CLAY.—The composition of pot-clay from different loealities is given in the following

American clay is fast superseding German clay

It is muech less

table:
| | &p H
NN & | f
3 g o
Localitles and kinds of ’5"5 | E s : &
clay. Chemist or authority. E] g d < ‘% § 5 " g .
G O S B R e e W U RS R R U S e
2 | .5 = g &bl ol s TN g 5
) sl Fare < A | © ~ B BT G
Stourbridge, England: . Per cent.| Per cent.| Per cent.| Per cent.| Per cent. Per cent.| Per cent.| Per cent. Per cent | Per cent.| Per cent.
Homer's Best........ IS byt e ey s o - 67. 34 21.03 2.03 | 5
Best Pot..ccacevnnee. Richardson ............. 64. 05 23.15 1.85
Chance’s ......w.c... Pady, ... T S o dy 65. 10 22.22 1.92
ERLE Ll = L C. Tookey .cvvuvv-vvoaaa| 63.30 . 28,80 1.80
Scotch Glen-borg . ...| Professor Cook ......... 61. 45 24.68 1.67
Belgium:
Andennes. .. ... L 0 Bischof ... o... a0 el 46.04 84.78 1. 80
German:
German..c.cee.vvenn- 46.44 36. 95 1.64
Do Lo T 70. 60 28700 N L o)
Coblentz 71.31 15. 60 1.19
Ebernhshm.......... Kerl 3010, 2N A S 46. 97 37.95 0. 95
Grunstadt ......... ..| Bi 47.33 85. 05 2.30
Freach:
La Bouchade......... Porey. ..o <f it . of 65. 40 20. 40 4.0 L 1. cand £ S YOS B Ll B oW A A ;b4 T R
American :
Cheltenham, Missonri:
Crude,.-....covee-. Tatton. .o & . T4elS ---| 61.02 25. 64 1.70 0.70 0.08 _..a8508 0.48 0.05 0.45 9. 68 100. 00
‘Washed...... N ES SO0 RS e o S L 59, 60 26. 41 1.61 1.00 0,87, ") £ 2ERrrod 0.29 0.16 0.38 10. 48 100. 00
Dixon, Missouri
Crude....cc..ca.... Chanvenet and Blalr. .. 56. 02 28, 86 1. 67 1.76 0.34 » TS LI s SR
Washed..oeean..... ey 1A 0L : . N S 0 N 65. 06 30. 02 1.57 2.20 0.41 TG T A T
Bluo Ridge, Missouri...| Weis8...cceeuaeeanean... 63.75 26. 60 0.75 | Trace. 0.85 7.40 100. 00
Oak Hill, Missonri..... Chanvenet and Blair... 64.32 b 22. 82 1,75 0.45 0.12 10. 26 100. 58
Christy’s, /Misgoaris/SENLei 3 0. 0. Jootee S e e 63.10 23.70 2,20 0. 09 0.06 10: 73 W |- .. 4.,
Thomss, Pennsylvanla McEKeOWR cocecvenncceas 43.88 40. 96 0.82 | Traces. | Traeces. 13. 99 99. 65
Blair congty, Pa.-..ooifeeceeocceociecianianee.. 70.18 20.99 |..oo-o.-. 0.65 0.13 .75 fcceiennenes
Dixon's, New Jersey - | Professor Cook ......... 59.93 26. 95 1.9 joo Tl 0.07 B e -C. -3
Near Newcastle, Dels- | SIvétat ..o.oueene..... 72.3% 16.75 1.29 2.00 W & Rt ) Tt Jomran [ . S o v (3 1 -
ware.

MANUFACTURE OF POTS.—The manufacture of the melting-pots for a glass furnace is one of the most
important, careful, and tedious of the operations about a glass works. From the digging of the clay till itis refined,
mixed, kneaded, and built into pots, and these are thoroughly dried, heated, and set in-the furnace, two or three
years often pass. The pots themselves are costly, the setting difficult and expensive, and if they are improperly
made or spoiled in drying, heating, or setting, and break, the entire batch frequently is lost, and in many
instances consequential damages ensue from the delays and loss of output. The importance of having good pots
is so great that many manufaeturers are not willing to depend upon outside makers to supply them, thongh this
opposition to outside pot-makers is not so great as it was a few years since. It is estimated now that about
one-half of the pots used in the country are not made at the glass works. The clay, having been allowed to ripen
or putrefy a sufficient time, is mixed into a thick paste with water and from one-fifth to one-fourth its weight of
finely-ground old pots or ¢ potsherds ”, and is thoroughly kneaded by tramping until it is of the toughness of putty.
This mixture dries more rapidly, contracts less when drying, and better resists the action of the fire and materials
of the glass than the pure clay. The kneaded clay is then made into long rolls and built up by hand, little by little,
into the solid compact pot, no machinery being used, and care being taken to keep it free frown air cavities. The pots
are not built up at once, but after placing a layer, each pot is permitted to stand and set, being kept carefully covered.

A good pot maker and his assistants can furnish one pot a day. After the pots are made, great care is taken to
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dry them thoroughly. In summer the natural temperature is sufficient, but in winter they are kept at from 60°
to 70° T., care being taken not to allow them to freeze. The pots are allowed to dry from four to eight montbs,
and when they are ready for use their temperature is very gradually and cautiously increased, first in a warmer
room and then in the annealing arch, until they reach the temperature of the working furnace, when they are
immediately placed in the furnace or “set”. The soundness of the pots is tested by throwing a small lnmp of coal
against the side. If it rings well, it is regarded as a good pot; but if dnll, it will probably be short-lived, though
this test is not always counclusive.

THE SETTING OF THE POTS is one of the most difficult and laborious of the operations at a glass works.
Mr. Henry Chanece remarks:

The terrible task of setting these‘pots in the furnace falls upon the glass-house crew, and the picety with which these enormous
vessels are adjusted in their place, in the teeth of a consuming fire, is, perhaps, that operation which, in the many marvels of glass-ihaking,
would most astonish a stranger to such scenes. y

LirE oF pors.—The average duration of open pots when thus fixed is abont seven weeks; but some attain the
age of ten or twelve weeks, while others, as every manufacturer well knows, terminate their existence prematurely,
either from the naturally defective constitution of the pot, or from bad treatment in the pot arch, or, more
frequently, from its having been “starved”; that is, exposed to a current of cold air in the furnace through the
neglect of the attendant. Flint pots have a much longer life, averaging perhaps three months, single pots sometimes
lasting ten months. In a ten-pot lime-flint furnace at Pittsburgh but 21 pots were set in a year. ¢ Misfortunes
never come singly” is an adage applicable to the catastrophes of pots, and it was truly remarked to a manufacturer,
at a period when such calamities were frequent, ‘Your pots break because they break.” The breakage of a
pot often disturbs the furnace to such an extent that the breakage of others frequently follows, and many weeks
will sometimes elapse before the disorganization thus produced can be rectified. The loss of a pot and the “metal”
contained is nothing as compared with the injury which the glass in the surviving pots, and the pots themselves,
are apt to sustain. '

S1zZE oF roTs.—The size of pots, not only in different countriés but in the different Works of the same couniry
and in the manufacture of different kinds of glass, varies. The pots for the plate-glass houses of this country range
from 30 to 35 inches in diameter; window-glass, from 40 to 44 inches; bottle-
glass, 44 to 60 inches, and flint from 33 inches in diameter at the bottom to
an oval 52 inches wide by 63 inches long at the bottom and 54 inches high.
The English pots for blown window-glass are from 42 to 65 inches outside
diameter; the Irench 1.10 meters (43.41 inches) at top, 0.92 wmeter (36.223
inches) at bottom, and 1.12 meters (44.09 inches) inside height; the BRelgian
abont 48 inches (say 1.10 by 1.30 meters); the German contam from 140 to =
180 enbie feet; and the Austrian from 500 to 600 millineters. Flint-glass,
pots are generally smaller, say from 36 to 40 inches, while those used in the Bohemian glass houses are stated by
Mr. Colné to hold ouly 160 pounds of batch. Pots for colored glass are also very small.

SHAPE OF PoTS.—Pots for all glass but flint are open truncated cones, the smallest diameter being at the
bottom. Even some Hint-glass pots are used uncovered in the gas furnaces, but usually they are covered as
represented in the accompanying cuts.

CHAPTER VI—MIXING, MELTING, FINING, AND FAULTS.

INFLUENCES THAT DETERMINE THE CHARACTER OF GLAsS.—The materials for the manufacture of glass
when properly mixed and ready for melting are technieally known as the ¢ bateh ” or “mix”, but it is impossible to
lay down any standard and invariable proportion of these materials for the several kinds of glass. As has already
been shown, glass is by no means a definite compound when made, and the proportions of materials are subject to
even greater variations than the produet. The batch not only differs for the several kinds of glass, but makers of
the same kind use the materials in widely varying proportions, and even the same maker is often compelled to
vary his mixture from day to day, either by reason of the varying character of his materials or the melting power
of his furnace. A variation in the sand or alkali will change the color and eall for a change of the amonnt of the
decolorizer nused. When the furnace dranght is good, or the furnace works “ hot 7, as it does on a eold, clear day,
the melting is more perfect and less alkali need be used; but when it works ¢ cold”, from insufficient draft or heavy
atmosphere, more alkali is needed, and the glass is inferior. To properly manipulate the melting, in view of these
varying circumstances, is the work of the teaser, and lis success in thus manipnlating them indicates his skill.

CONSTITUENTS OF THE BATCH.—As indicating the general composition of the batelh for the different kinds
of glass in different countries we have selected the following receipts, which are given in tabular form. These
must, however, be regarded as only approximate, for the reason already given, and for the further reason that

manufacturers gnard with the utmost ‘]ealonq" the special composition they use to obtain the best results in their

furnaces.
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* Authority: Pittsburgh manufaeturers.

1080

MANUFACTURE OF GLASS.

PROPORTION OF MATERIALS USED FOR PLATIE-GLASS.

! FEENCH, ENGLISH.
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ain aint-

Gobian.* Gobain.t No.1.3 No.2.§
Pounds. Pounds.

EITY HIERo R ST T T A R SR e 100 1000

SulphataOfmadA =" tia. i foegesen o1 im AN Er e SRR o, o

« Carhonate of 8048 ...ccccvveeannnannn 35 60.0

* Anthority : Knapp. tAnthority: Bastinaire. 3 Authority: Peiiatt. § Anthority: Lippincott's Cyclopedia.
L y P P

PROPOR’i‘ION OF MATERIALS USED IN WINDOW-GLASS.

FRENCH. ENGLISH.{
Constitnents. Pittsburgh.*
No. 1.t No. 2. No. 3.3 No. 1. No. 2. No. 3.
Pounds. Parts. Parts. Parts. Pounds. Pounds. Cwt.
T e R S OB Ao 5o o0 - ek 8, 000 100 100 100 560 448 16
Sulphate of sods......... 21200 PP et et o5 S 44 58 to 75 63 17 1.25

Carbonate of sada .......

Chalk.. . Sor s Y e

Powdered eoal or coke... 40
Arsemio........q00--040 50
Manganeso...... BE oot d e LA et ey

................ tecccceanecrcccnse

ceceeran seee

............ cecescssccee

* Anthority : Pittsbnrgh mannfacturers.

t Lippineott's Cyciopedia.

't Anthority : Dumas.

PROPORTION OF MATERIALS USED FOR FLINT (LEAD) GLASS.
[The usnal rule for flint glass is expressed 3:2:1 or 3 of sand, 2 of lead, and 1 of potash.]

FRENCH.
Constituents. Pittsbnrgh.*| Englisb.t{

Optical. { No.1.§ No. 2.}

Pounds. Parts. Parts. Parts. Parts.
I SR TV C, TR R - 1, 500 336 43.5 | 100. 0 300
PR S car. : ie NE Tt 600 224 43.5 80 to 85.0 215
Carbonate of potash ................. 500 112 10.0 | 35 to 40.0 110

) {77 JERT N S SN B S PO A = oy N (S gmer T N L o abi A o gt {* 0 2 to SN0l =l I i

14 to 28 10
12

t Authority: Pellatt.

{ Authority : Bontemps.

§ Anthority: Loysel.

| Authority: Dumaa.

PROPORTIONS OF MATERIALS USED FOR FLINT (LIME) GLASS.

[Sometimes a few hundradths of saltpeter, horax, snd red lead sre added.]

Constituents.

Pittshnrgh.*

Lime-

Bohemian.t white. t

French.3

Clear

— A Chemical.

Quartz
Carbonate of potash
Carbonate of soda

Manganesd.......... 1, .o S R B
Chereoalan . . Lrd 000 o L U8 500 P | T Jae b
ATBORIC prr. Jobocrjoor T T e

Nitrate of soda .......... ... ...... 200

* Authority ;: Pittsburgh mannfacturers.

t Aunthority : Lippineott’s Cyelopedia.

{ Authority: Colné.
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PROPORTION OF MATERIALS USED FOR BOTTLE GLASS.

Constituents. ‘Plttsburgh A : French. t English. ; Belgian. t '
I L) ! -
l Pounds. | Parts. t Parts. Parts.

Sand. .2 ME RN CCR . S o 8, 000 100 100 10 ;
Sulphate of 80da.... ... coviiimiiiae |iocaacs canann | S F i - Ty ' 15 |
Carbonateof 80da .....cocvnvevecenns 2, 200 | ............................ { .............. I
Peat-ashes....c.cccamcevniiccionene.. Jaceoecoscnasee | . O, PECACB co 3 20 ‘
Linie; sl0Red I 2000, .o s Cotee -t i .............. l 24 ) g e e 8

| Iitnootatiai e 2% ST R I W ik o oo PR R g i ! 5 |
U1 W TE ¢ R SR S R 250 fuoe s aenee s BRleo ol o5 smiete Tame |
Soapers’ waste .........ooee.iiain... i ............................ ! -1 IS EE SRR e |

| GUSTRIRRNSENT s & . S e Sk SR AN e oo e e o e L o oo Sais: &5 g
i 2 | i ! |

* Anthority: Pittsburgh manufacturers. t Authority: Colné. Tbe sand contains abont 20 per cent. of calcareous matter. $ Anthority: Pellatt.

MixiNnGg THE BATCH.—Upon the thorough mixing of the materials depends in some degree the homogeneity,
and, consequently, the strncture and value of the glass. These materials differ so much in their specifie gravities
that the thorough mixing, as well as the melting, is a work of some difficulty. In this country, with the aid of
a coarse sicve and shovel, the mixing is generally done by hand. Many attempts have been made to introdnee
mechanical mixers, but, though some are used, they have been discarded in many works, and the older method is
employed. Where manual labor is as bigh-priced as in this country, the introduction of a satisfactory mixer
would seem very desirable. In England several machines are used, that of Mr. Chance being a very simple
machine, consisting of a wooden cylinder with a number of revolvmg oblique beaters; bnt Cooper’s mixer is a
revolving barrel, similar to those nsed in powder works.

I‘RITTII\G.—At the present time the materials thus mixed are charged direetly into the pot or tank, as the
case may be. When the impuve alkalies obtained from sea-weed or wood-ashes were used the batch was submitted
to a preliminary refining process termned “fritting”. This consisted in stirring the materials together under the
heat of a reverberatory furnace, called a *‘calcar arch”, which effected a partial decommposition and the burning of
any carbonaceons matter that might be present, and the *frit” thus obtained was remelted in the pots. With the
use of the purer alkalies made from salt this fritting is not necessary, though heating the batech in the arch may be
desirable.

CHARGING.—The pots having been heated to a white heat, the materials, mixed with a proportion, generally
one-third, ot cullet of the same kind as the glass to be made, are shoveled into them. Mechanical chargers have
been used to some extent in this country, but not very successfully. As the melted glass is less in bulk than the
materials, the entire batch is not charged at one time. The pots are filled as full as possible at first, about
two-thirds of the whole batch being charged, and the remainder is shoveled 1n as the melting and sinking of
materials permit. Two or three shovelings or fillings are sufficient. During the melting the grate-bars are kept
well supplied with coal, to prevent a rush of cold air into the furnaces, which might split the pots.

MELTING.—As the melting progresses the teaser (a) watches it most carefully, urging the furnaees to their
utmost intensity and determining the fitness or unfituess of tlie metal for working, ‘as there are signs which
indicate to the practiced eye when the metal is ready, such as the color of the flaine or the appearance of proof
specimens taken from the pots with a short rod flattened at one end. The escape of the carbonic-acid gas
answers the purpose of stirring the materials. When the disengagement of this gas ceases, especially in the
manufacture of window-glass, the mass is stirred with a pole of green wood, or a piece of arsenious acid is thrust
into the bottom of the pot, thus causing a foreible expulsion of gas and consequent stirring of the materials.
When impure materials were used, the close of the period of melting found the surface of the molten glass covered
with a thick scum of nnvolatilized salts, called ¢ glass-gall”, or “sandiver”, which was skimmed oft. The relative
proportions and the purer materials ‘of modern glass houses render this skimmming nnnecessary; indeed, the
appearance of ¢ sandiver” in any quantity is regarded as an indicution of impure materials or wrong proportions.

FUSION AND FINING.—The melting may be divided into two periods, fusion and fining or refining, the first
ending when the materials are thoroughly melted, and the second including the after process of freeing the glass from
bubbles, lime, and earthy impurities that do not fuse. I‘or this purpose the glass must be brought to the most tiuid
state possible, and the heatistherefore raised to the highest point. This process of fining, refining, or ¢ hot-stoking”,
as it is called in this eountry and in lingland, or heiss-schiiren, as it is termed in Gerinany, iuvolves a very high
temperature, which is estimated in certain cases to reach from 10,000° to 12,000° F. () Though the authority for
this statement is very good, it is doubtless tco high, about 3,200° to 3,600 F. being the average. The time of fusion
and refining should be as short as possible, thie shorter the better, as long-continued melting or fining detracts from
the brilliancy of the glass and favors the formation of threads. Theé time occupied in melting varies greatly, depending
npon the construction and character of the furnace, the proportion and the character ot the materials, and the size of

a The word appears to be derived from the Freneh ‘¢ tiscur’”. b Encyclopaedia Dritannica, 9ih ed., article, “ Glass.”
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the pots. Gas furnaces will, as a rule, make a “melt” in less time than the old style, and those of the old style that
use eoal as a fuel will melt in less time than those using wood. The larger the proportion of sand the longer will
be the time, while lead will hasten the melting. Very large pots, Lolding, as some English ones do, 5,000 pounds
of material, will consume 43 to 50 hours in melting, while the Freneh pots, of from 1,000 to 1,200 pounds, will melt
the bateh in 12 hours. This is not uniformly true, however, as the pots in the Bohemian furnaces are stated to
hold but 160 pounds, and yet the melting occupies 18 hours. This is dne to the ennstruetion of the furnaces, the
use of wood, and the materials used.

TIME REQUIRED TO MELT AND FINE.—In England the time of melting in the plate, crown, and sheet wmdow-
glass houses is stated to be from 16 to 20 hours, and the time of fining from 4 to 8 hours. In France and Belgium
it is somewhat less. In this country the time of melting is about 12 hours, and of fining from 3 to 4 hours. In
green-glass honses the time occupied is about one-third less, This glass is inferior to window-glass, and the perfect
fusion and fining is not as necessary for the purposes for which it is used as it is for sheet-glass. The time required
to make a melt of flint-glass is much longer than that for either of the other kinds; the pots being covered, the
heat is kept out and the melting is retarded. The time is shorter with lead as a flux than with lime, but, as a rule,
twiee as much time is oceupied as in the melting of window-glass. In England the time is from 48 to 60 hours,
the batch being very large, the melting consuming about five-sixths of the time; but in France, where pots holding
but 1,600 pounds are used, the time of melting is from 8 to 9 hours, and of ﬁmng from 1 to 2 more; and, as already
stated, the Bohemian houses require 18 hours for a melt of a 160-pound bateh. In this country, in lime- glass houses,
the melting of a 3,200-pound batch eonsumes from 20 to 24 hours, the fining from 2 to 4, and the eooling one-half an
hour to an lour, the latter process being hastened by opening the mouth of the pot and blowing the blast into it.
In Franee thin pots, with a small amount of batch, have been used to hasten the melting.

CoLD STOKING.— When the fining is eompleted the molten glass is very fluid, and in this eondition eould not
be worked, as it must by cooling be brought to a viscid or plastie condition necessary for working. To aceomplish
this the draught is stopped and the grate-bars are plastered or the fire is covered with ¢ braize” or fine coke. In
some eases the blast is turned into the pots. This is ealled ¢ cold stoking” or ¢ standing off”, or by the Germans
“Lalt-schiiren”, cold eovering. In window-glass works this process requires from one and one-half to three hours;
in flint works, from one to two hours.

LoSS IN MELTING.—AS already indicated, the process of melting resnlts in the disengagement of the gases that
are contained in the materials, as the weight ot the glass is considerably less than that of the batch. This loss,
however, is chiefly in the gases other than oxygen, though this is expelled to some extent. Mr. Henry Chance (a)
states ‘“that very little alkali is lost by volatilization during the intense heat to which it is subjected. I do-not
find in any case a difference of more than 1 per eent. between the alkali in the mixture and that in the glass
produced, and this ineludes the waste that must necessarily arise in mixing, in earrying the materials to the furnace,
and throwing them into the pots”. By alkali Mr. Chanee evidently means the available alkali in the material
charged, and not the entire amount of carbonate or sulphate, as the ease may be. Some manufacturers think a
larger proportion is lost. I am indebted to Mr. Julius Fahdt for the following very interesting and complete table, .
showing the praectice of the Austria-Hungarian glass houses:

DIMENSIONS OF POTS AND TIME OF MELTING AND WORKING.

EXTERIOR DIMENSIONS. CONTENT8 IN— ‘ DURATION IN HOURS OF—
]
|
|

Proportion.
1

Diameter. Welght. Heating. | Melting. | Fining. | Cooling. \Working.
Batch. Culilet.

Height.

!Millimeten. Millimetera.‘kMilli meters.| Kilograms.

Plate-glass (enly one factory)*. ........ 550 | 600 | 500 | 150 120 30 1 8 6 VI B
Sheet-glass (few exceptions with pote, 550 | 600 | 500 | 150 100 50 | 1 8 6 1 12.00

a8 in Germsny). { '
Flint it limerts oo, 2ot somer 25 e 450 ' 450 400 | 75 50 25 | 3 8 6 3 10.12
6 1 10. 00

R T D 550 1 600 i 500 i 150 120 30 1 10

* Small plate of from 50 te 60 equare feet.

t According to articles.

$ Bottles are nearly all made in two large estsblishments with Siemens’ tank furnaces. Lead glass I8 only manufaetnred in seme werks for false jewelry in flint
and colors, in very small pets, net execeding 50 te 60 kilegrame, whieh are worked eut in lumps, eut and grennd. Abent ene-third ef the Anstrian glass-melting
estahlishments prodnce raw glass, which is pressed or worked out in heavy pieces for prisme, chandeliers, and heavy gronnd articles. These aro finished by the
eo-called refinere, whe buy the raw glass and finish and eell it. A geod many sheot-glass works only make a very thin eheet-glass, whieh is used In lnoking-glass
msnufactore. The Austrian window-glass, with a very few exceptions, is alse very thin, generally not much abeve ene millimeter. This ie the reason why the
small pets require a much lenger time to melt and werk out. Austrian factories in general blew their articles much lighter than in Germsny. They require a
lenger time for melting, becaunse their metal Is very hard.

FAULTS IN THE METAL.—The faults in glass that occur in eonneetion with its melting are ehiefly those from
air or gas bubbles, imperfect fusion, and foreign substances. When the fining has been obstruected by too great

Toce a On the Manufacture of Glass, a lecture delivercd before the Chemical Society, March 19, 1868, page 8.
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difficulty of fusion, the mass beecomes thick or viscid and the bubbles are retained, giving rise to what are known
as “seed”, “blibe,” or “blister”. When the fusion is imperfeet, and the glass is not uniform throughout, the
density of various parts of the glass varies and refraction of light is not equnal, and consequently images of objeets
seen throngh the glass are distorted or out of place. These faults are termed ¢ strie”, and when they show on
the surface they are termed ¢ waves”. ¢ Threads?” or ¢ strings” are produced by eold glass dropping into the
metal and not undergoing fusion. ¢ Tears?” are vitrified portions of the side or roots of the furnaee that drop into
the pot. Mr. Henry Chance’s résumé of the defects of erown glass and their eause is so indicative of the many
difficulties in the way of produeing perfeet glass that I eopy it: (a)

Perhaps the glass has been badly melted and is seedy, that is, full of little vesicles, to which the rotary motion has given a circular
shape ; or the gatherer may have inclosed air within his ‘metal”, and a gatherer’s blister is the resnlt—or a pipe blister, or pipe scales,
or dnst from the pipe-nose, or dust from the marver, or dust from the bottoming-hole, or dust from the nose-hole, or dust from the

flashing farnace, or bad bullions, orscratches, or music lines, may disfigure the table, or the glass may be crizzled, or curved, or bent, or
hard, or smoky, or small and light, defects to explain which would be a long and dreary task.

CrAPTER VIIL.—GLASS-WORKING.

METHODS OF GLASS-WORKING.—It is not the intention of this report to enter into the minute details of the
varions methods of glass-working, as it is not intended that this work shall be a perfeet hand-book for beginners
or for skilled glass-makers. I have only endeavored, while giving full and eorrect statisties of the trade in the
United States, to glanece at the history of glass-making at home and abroad, and to give some general idea of the
processes employed and of the materials whieh enter into the composition of glass. For these reasons I shall
here only deseribe in a general way the most important proeesses used in the manipulation of the melted glass.
The ehief methods of working glass are three: (1), casting; (2), pressing ; (3), blowing. Casting and pressing are
elosely related proeesses, and blowing and pressing are often eombined to produece certain forms of glass, but the
processes are generally so distinct as to justify the elassification adopted. Glass is also manipulated in many
ways that do not properly fall under either of these classes, but they are of minor importance, and either are
subsidiary to one or more of these three methods, or are, strietly speaking, reworking glass.

PLATE-GLASs.—The most important form of cast glass, and the one most largely produced, is plate-glass, or, as
it might more properly be ealled, east plate-glass. This is the well-known cast, ground, and polished plate used
for windows, mirrors, ete., and should not be confounded with the blown plate and Chance’s patent plate, which are
blown glass. In the manufacture of cast plate furnaces and pots of the ordinary eonstruction are used, the
melting-pots, however, sometimes holding as mmuch as 2 or 23 tons of batch. In French works, and in some others,
two forms of pots are used, which are placed side by side in the furnace: the ordinary melting-pot, and an auxiliary
pot, ealled a ‘“euvette”, large enough to hold snfficient glass to east a sheet of a given size. The molten glass is
ladled from the pot into the euvette, allowed to clear, if neeessary, and is then cast. In most works, however, the
practice now is to pour or east directly from the pot in whieh the glass is melted, and in other eases it is ladled from
‘the pots to the easting table.

CASTING AND ANNEALING.—The casting table, formerly made of bronze, is now made of one piece of cast-
iron, (b) heavy aud thick, and in width and length execeding the dimensions of the largest sheet of glass. It is
commonly monnted on wheels, running on a track laid down the eenter of the casting hall or room, on each side of
which are the annealing ovens. A heavy east-iron roller the full breadth of the table is arranged to roll its whole
length by means of a spur-wheel on the roller working in gearing on the side of the table. The height from the
table at which it rolls, and consequently the thickness of the glass, is regulated by narrow strips of metal placed
along the edge of the table, while the width is determined by what is known as the “gun?”, two plates of cast
metal bolted together, adjustable to the breadth desired and moving with the roller and before it. All being ready
for casting, a pot filled with the molten glass is removed from the melting furnaee, placed on a truek, and run to
the casting table. The pot is lifted from the trnek by a erane, is suspended over oue end of the table and tilted,
and the viseid, semi-fluid mass being poured out, the roller is moved forward, flattening the glass and rolling it to a
uniform thickness, while the ¢ gun” prevents it from spreading to a greater width than is desired. As soon as the
plate has solidified snfficiently to bear moving, it is laid in the annealing oven on the “ flat” to slowly cool. All the
operations are performed with the greatest rapidity, that the plate may be as hot as possible when laid in the
oven. The number of plates that can be put in an oven varies with the size of the plates. But one layer of those

a Mr. Henry Chance On thec Manufacturc of Crown and Sheet Glass,

b In some cases, in order to overcome the “bowing” of the plate, it is made in a number of pieces.
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designed for polishing can be placed in it; consequently a large nnmber of ovens is needed where large plates are
made. These ovens are large, shallow, brick reverberatory furnaces, with floors as smooth and as level as possible, as
the semi-plastic mass molds itself into the unevenness, and any bending of the plates would make them valueless.
As soon as the plate is plaeed in the oven, all the openings are earefully elosed and the oven is allowed to cool
gradnélly to a point where the glass may be safely removed, generally requiring from three to five days.

RoucH PLATE.—The cast plate as it comes from the oven is rough and irregular on its snrface, constituting
the rough plate of commerce, and in this forin it is used for roofs and floors, and even for windows where light without
transpareney is desired.

GRINDING, SMOOTHING, AND POLISHING.—The plates having been examined for defeets, such as spots, air-
bubbles, ete., and, if necessary, cut into such sizes as these defeets require, the seleected pieees are then polished,
which operation eonsists of three processes: (1), grinding; (2), smoothing; (3), polishing; but it is exceedingly

-difficult to deseribe these operations without the aid of drawings. Various maechines have been invented for these
purposes. The waehine originally used for grinding was known as the ¢“fly-frame ” machine, the design of which
is attributed to James Watt, and in one form of this machine commonly two or more plates, aceording to their
size, are imbedded in plaster of paris, spread upon a table. Other plates are imbedded in the under side of two
runner-frames or swing-tables, whieh by a strong fixed bar are eaused to move with a transverse motion backward
and forward, a eircular motion being at the same time imparted by means of a vertieal erank-shift, pivoted to
the eentral and upper part of the table and aetnated by bevel gearing. Four other cranks, one at each ¢orner of the
frame, serve to guide and limit its motion, eausing its eeutral point to describe a eirele about 4 feet in diameter, so
that different portions of the faces of the upper and lower glass plates are eontinually applied to each other. Sharp
river sand, sifted into two different sizes, is used as an abradant. When the surfaee of the lower plate has been
ground quite flat by the coarser sand it is removed, and after careful washing finer sand is substituted. To this
suceeeds emery powder, a coarser and then a finer quality being applied, the glass being thoroughly washed previous
to each change of material, so that none of the coarser particles previously used may remain to eause scratehes on its
surface. The plates are then turned over, and the same process is repeated on the other side. The smoothing process
is earried on with similar machines, the only difference heing that emery powder of increasing degrees of fineness is
employed. The polishing is done with reciprocating rubbers eovered with fine felt and supplied with ronge. The
table on which the glass lies also is given a backward-and-forward transverse movement, so that all parts of the
plate are brought under the polishing operation. About 40 per cent. of the weight is removed in these three
operations. Ordinary plate-glass varies in thickness from one-fonurth to three-eighths of an inch. The largest
plate ever made was exhibited by the Saint-Gobain Company at the Paris exposition of 1878, and measured 21
feet 2 inches by 13 feet 6 inches.

ROLLED PLATE.—A form of unpolished plate-glass, known as rolled plate, has been manufactured largely in
England for some time, and has latterly begun to be manufactured in France and Belgium. This is used for
.coverings for hot-houses, for door-panels, for windows, for partitions, and for other places where obseure light is
required. The glass is not poured from the pots, but is dipped from them with a large ladle or dipper and poured
upon the casting table, which, instead of being smooth and plain, is engraved or indented in fine lines or flutes or in
small squares, lozenges, or even ornamental patterns, the glass, of course, taking on its lower surface the impression
of the pattern or lines engraved on the table. The roller is passed over the molten glass as in the ordinary cast
plate. These plates are usually cast one-eighth of an inch thiek, and in annealing a large number are piled on
their edges in the annealing oven, instead of a few laid flatwise, as is done with plate-glass which is to be polished.
By this ladling proeess numerous *air-bells” and imperfeetions are inelosed in the glass, bnt as it is obseured by
its roughness they do not affect its nsefulness.

OPTICAL GLASS.—The flint-glass nsed in the manufacture of optical instruments is also in a certain sense a
-cast glass, or at least a massive glass, not manipulated by blowing or pressing. TFor this purpose a glass of the
utmost purity, transparency, freedom from eolor, stri®, and imperfections is of the highest importance. As has
been already stated, this glass has a large proportion of lead. It is melted in the furnace in a single pot, and
Guinand’s secret, by which it was first made suceessfully, consisted in eonstantly stirring the mass while in a
molten eondition to prevent the heavier lead silicate from falling to the bottom. After the glass is thoroughly
melted the stirring is continued until the contents are eooled down to little more than a red heat, when the furnace
is closed and the metal is allowed to cool and anneal gradually in the pot within. When withdrawn, the pot is
broken and the mass of glass removed. Optical glass is also blown into thick cylinders, and sometimes is east
in slabs from one-fourth to one inch in thiekness. The crown optieal glass is made with as great eare as the flint,
but it eontains no lead, and has about the same composition as window-glass.

STrRASS.—This is the glass used in the manufacture of the remarkably faithfnl imitation of precious stones,
whieh have been and are still so common, and is manufactured somewhat in the same way as optical glass, special
precaution being adopted in the melting of the materials. Formerly it was. believed that only roek erystal conld
‘be used in its manufacture. This belief, however, is wholly without foundation, sand which is pure making equally

good Strass.
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PRESSED GLASS is, strictly speaking, one form of cast gldss, the molten metal being gathered and cast in a
mold which would eorrespond with the table of the plate-glass works, the plunger of the press answering to the-
roller. There are, however, so many and important variations in the methods of
pressing as to justify its elassification as a separate proecss. Pressing by mechanieal
means in metal molds, which is an American invention, is a most important and
valuable improvement in glass-making, and by its adoption comparatively unskilled
labor can be substituted for the highly trained workmen demanded by the blowing
process, and eheaper materials can be used. Labor as highly skilled as that required
in glass-blowing is not neeessary, as intelligént men ean be trained in a short time to
perform the work, and a glass rivaling lead flint in whiteness and elearness, but not
in brillianey, can be made with lime. In the pressing proeess as usually practiced
a metallic plunger is driven into a metallic mold, into which molten glass has L'een
plaeced by mechanical means, the glass taking the form of the mold upon its outer
surface, while the inner is modeled by the plunger itself. The simplest form of
mold is a flat slab of iron or other metal with slightly raised sides. Tor articles of
some complexity molds are made in two or more divisions, hinged together (joint
molds), and opening ontward. The chief parts of the mold are termed the * collar”
and tbe “base”. The ordinary form of press used is shown in the aceompanying /
cut, the mold, with its handles, being shown on the table of the press. The molten {Ay
glass having been gathered and dropped into the wnold, a sufficient quantity is eut
off, the mold is pushed under the plunger, and the long lever at the right of the press
is pulled down. The plunger enters the mold, the glass is pressed into all parts ot
the same, the plastic mass solidifies, the plunger is withdrawn, the mold opened, and the glass in the required form is
withdrawn, to be fire-polished and annealed. Ii too muech glass is cut off, the article is too thick ; if too little, it fails
to fill the mold, and the article is spoiled. Though this is qnite a simple operation, and thongh as great skill as in
the old method of glass-blowing is not required, considerable practice is still necessary to gather the right amount
of metal and to eut it off so as not to waste glass, and also to keep the mold at the right temperature. If it is too
hot, the glass will adhere to the die and plunger; if too eold, the surface will not be clear and transparent.

IMPROVEMENTS IN THE PRESSING PROCESS. (¢)—Sinee pressing was first introduced many improvements
have been maide; indeed, the improvements in glass-making during the past ten years in conneetion with the
manufacture of pressed glass have been most marked,one very important one having been what is known as fire-
polishing. By this process the ounter film of glass is ronghened by eontaet with the mold, and the film is repolished
by a slight reheating. Some of the recently invented mechanical devices for this relieating are most ingenions,
and have made the production of eertain artieles possible which it was believed could not be produeced by pressing.
One of the ehief diffieulties in pressing glass is the produnction of sharp angles, which are so easily obtained in
ent glass. If these are secured in pressing, they are apt to lose their sharpness in fire-polishing and reheating.
This defect has been obviated in some degree by making the angles longer in the molds, so that when they are
softened by the heat they still stand enough in relief to give marked and distinet outlines. To obviate the nuneven
surface of flat or fluted articles the molds have been constructed so as to make the flutes deeper in the middle, and
with angles slanting toward this point. It will readily be seen that a flute eomposed of two angles tending to
the centeris not as likely to show defects asifit was of a flat surface. Another importantimprovement in eonnection
with pressing glass is the process of cooling the molds by the use of air, an invention which has doubled their
durability,

MoLD-MARKS.—A common defeet of pressed ware is the marks left on the glass at points where the different
pieees of the mold are joined together. However skillfully the molds may be made, in course of time the joints
will work loose throngh the expansion and contraetion of the metal, and the glass will gradunally be pressed in the
loose spaees of the joints, thereby imprinting on the surfaee of the artieles ribs or sharp threads, marring the
beauty of the work. To obviate this molds are maile to open at such places and parts of the design that the marks
left ean scarcely be scen; for instance, in goblets the marks are left on the edges of angles. The parts of the
molds are also combined so as to leave the marks on the edge of the seallop made by the top of flntes in a goblet
or tumbler. Tumblers, however, are rarely made in “joint molds”, but in solid ones.

MOLDING ARTICLES WITII LATERAL DESIGNS.—Various mechanieal deviees have been adopted that have
permitted of the produetion of forms that at first seemed beyond the skill or ability of the glass-presser. DPieces
requiring to have desigus pressed in the side, which would prevent them from eoming out of a mold made in one
pieee, have been made by having sliding lateral pieces. These pieecs are moved forward and withdrawn Dy
suitable means, leaving them free to come out of the mold. Improvements in the same order have also been
made for molding handles, forming holés in handles by means of sliding pieees, which are pushed through the
side of the mold and withdrawn to take the pieces out. When articles are so shaped oii the outside as to
present a few protuberanees, and it is not thought advisable to open the mold, in order to avoid mold-marks the

a Many of the following faets about pressing are condensed from Charles Colné’s report ou glass and glassware.
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molds are so combined that the protuberances are made by sliding lateral pieces, which, when withdrawn, allow the
object to Le taken out. Letters, monograms, and ornaments have been made by introducing lateral pieees in molds

containing the proper designs. These pieces are changeable, and the same shaped artiele may be made having
different lettering, ete.

MOLDING GURVED HOLLOW ARTICLES, LAMPS, GOBLETS, AND TAPER ARTICLES.—Curved tubes and glass
slippers are made by giving the plunger a deseendmg curvilinear instead of a vertieal motion, and lamps, goblets,
and similar artieles are frequently made by first pressing the foot, then blowing the head or body upon it, placing
the foot in suitable bearings to eonneet the two together. The upper part may be either blown in a mold or
previously shaped with tools and made to adhere while the glass is hot. Bowls are also made by first pressing, then
inverting thein, and then pressing the foot and stem upon them. Pieces which are wider at the top than at the bottom,
as a deeanter, cannot be pressed in the usual way, since the plunger is always a eone, whieh must be pushed into
the mold and withdrawn. These pieees are pressed bottom up, and lips or projections sufficient te form the bottom
are formed in the mold. The piece, after being pressed, is withdrawn from the mold, the hottom is heated, and
with a tool the lips are brought together to close it np.

MoLDING MOUTHS, NECKS, ETC.—In shaping tools for the mouths of bottles, jars, etc., there are several
combinations to produce effects not to be obtained by hand. The ordinary neek-shaped tool for making bottle necks
is made of a eentral pivoted piece to form the inside of the neck and two stationary pieces to form the outside.
Sometimes the neeks of certain jars require to have a serew shape molded in the inside, and to accomplish this the
central pieee of the shaping tool is made serew-like, the two outside rubbing pieces of the desired shape, according to
the style of jar. It is sometimes desired to form eavities or projeetions in or on the neeks of jars, and this is usually
done by having laterally-moving pieces attached to the inside former or the outside jaws, as the case may be. These -
sliding pieees are operated when the tool is at rest after shaping the neek. In the same order of tools may be
classed the formers for making pouring-lips on the necks of eruets. These tools have suitably shaped jaws, which
are pressed against the neek to give it the proper slant. It is also desirable sometimes to make holes in the side
of a jar or jar-cover. This is done by having metallic pegs placed on the outside jaws, whi¢h are pushed in
throngh the metal to pieree it. The middle piece fitting the inside of the bottle-neck in some of the forming tools
is so made that at the time of entering it is very narrow, but is gradually widened by foreing apart the two sections
of which it is made. Molasses-cans are now made with a glass pouring-lip at top and slanting channel to run the
dripped molasses into the ean again, the whole heing closed by a metallic cover. To form the glass lip the piece
is molded upside down, with bottom flaps to elose up the can. In this position the can forms a eone, and the plunger
can therefore be pushed in and withdrawn with facility. The bottom of the mold is made of a suitable shape, and
the plunger is so ¢eombined with the bottom piece that the opening in the mouth of the can is made at the same
time as the body is pressed, the film of metal at the mouth being so thin as to be readily removed by a sharp blow.
By this device clock frames, decanters, pipes open at both ends, ete., ean be made.

HaNpLEs.—Handles ean be pressed in one mold, and the body of the object subsequently blown upon them in
another mold, the operation eementing the parts together while the metal is hot. Small hand-lamps have been
blown in ordinary iron molds, and the handle for each formed by allowing hot plastic glass to descend in a channel
at the side until the two ends meet the bowl of the lamp and become cemented to it while hot.

LAMP BODIES WITH FEET AND SCREW COUPLING.—Lamps are sometimes made with the foot and howl fastened
together by means of a metallic casing screwed over the two parts. In order to obtain the serew-pegs at the bottom
of the lamp bowl and the top of the foot molds have been devised so as to give to the bottom piece a rotary motion,
to withdraw it from the formed peg. This style of forming serews is to avoid the mold-marks which are made when
the mold opens. i

LAMPS WITH METALLIC PEGS OR COLLARS.—Lamps are blown with metallie pegs or collars imbedded in the
glass. The pegs are previously heated, set in recesses in the molds, and the lamp blown over it.

INSULATORS.—In telegraph msuhtms, however, requiring a hollow screw, a rotating retreating bottom
piece becomes a neeessity, as the plnnger eannot be pushed and withdrawn, owing to the projecting screw-threads.

BALLs.—Round glass balls, nsed for eastors or for shooting at, are now made by nsing molds containing several
sections, which leave only a small eonnection of glass between the balls. A rod of hot glass is prepared, then
rolled lengthwise ‘over the different seetions of the mold, and is gradually shaped into several balls, slightly
attached together by thin conneetions. These balls are casily severed, and are then perfectly round.

MOVABLE-BOTTOM MOLDS.—Molds have been made with movable bottoms, to allow the surplus glass, when
in exeess, to force the latter down, thereby inereasing the thickness of the bottom piece. In order to equalize the
distribution of heat in iron molds, they have been so made that by varying the thickness of the different parts
the cooling and heating become equalized.

BATTERY JARS.—To manufacture battery jars having tnbular formations running from top to bottom a ring-
plate is nsed having two mandrels attached toit and falling into suitable recesses in the bottom of the mold. This
ring-plate being adjusted in the mold, the plunger is made to eome down, and by its p1 essure the hot glass is made
to run round the mandrels while the jar itself is being formed. The plunger having been withdrawn, the mandrel

plate is pnlled out, and the tubular cavities now appear properlv formed.
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MoLDS FOR FLARING ARTICLEs.—Articles wider at the bottom than at the top on the ontside may be pressed by
introducing between the outer shell of the mold and the plunger a cylinder tapering wider from top to bottom; but the
inside of the article must, of course, be made tapering downward toward the center, so that the plunger may be
withdrawn. It will be understood that the plunger having been withdrawn, the article being wider at the bottom
than at the top, it cannot yet be taken out of the mold. To do this the intermediate eylinder is withdrawn, and the
article is now left free to come ont.

MOLDING ARTICLES WITH BULGING BODIES.—A combination mold has been made to press molasses-cans
and such articles wbich are wider in the middle than at botb ends, and it is plain to be seen that to make such cans
no plunger can be used to press the article all the way down, on acconnt of the belly of the can. To obviate this
inconvenience molds have been made of several pieces, as follows: The upper part, consisting of the neck and
handle, is pressed in 2 mold having a movable bottom piece, which is run up past the belly of the ean, but only
to a proper distance, so that the bottom may be left thick enough to furnish snfficient material to form the body.
The plunger is provided with air-passages, to admit of the bodies being blown, and the lower part of the mold,
throngh which the bottom pieceascends, is made of the proper shape toform the body and the hottom. The operation
is as follows: The mold bottom piece is run up to its proper height, glass is introdnced in the mold, the plunger is
broughit down, thereby forming the neck and the handle of the can and a thick glass bottom. The mold bottom
piece is now lowered, and the thick glass bottom is dilated and made to fit the lower mold by the pressure of the
air sent through the plunger, thereby finishing the piece.

MOLDING ARTICLES WITH OPENINGS.—It is sometimes desirable to make certain articles with openings, snch
as on the top of a lamp head to leave an opening for filling the lamp. These holes or openings are produced as
follows: After the lamp head has been properly shaped, a small quantity of hot glass is dropped upon the lamp
top, which has been previously reheated. The hot glass and top of the lamp being now sufficiently plastic, a tool
somewhat in the style of those for forming bottle neckais used. This tool consists of an annular piece, which is
brought over the hot lump of glass and shapes the ontside. While this annular piece is in contact a central pin
is pushed forward and pierces the glass, thus producing the opening. Should it be required to cement a cap over
thic opening, the shaping tool is provided with two levers, having ends properly shaped for the purpose. These
ends are pressed on the outside of the tube and form recesses.

SPRING SNAPS FOR FIRE-POLISHING.—Many articles, after being molded, pressed, or blown, require to be held
Ly the foot for fire-polishing or for giving them a final shape. It has been customary, heretofore, to fix the foot to a
piece of hot glass on the end of an iron rod, and then to put on the finishing. To detach the pieces it is necessary to
part the two by giving a sharp blow on the iron rod. The foot frequently retains pieces of broken glass, which
wust be removed by grinding, and to avoid this spring ‘“‘snaps” are used. These consist of a couple of jaws mounted
on springs, so that they can open and shut. These jaws are fastened at the end of an iron rod like a blow-pipe. 1f
a goblet is to be finished the process is as follows: The jaws are made to open, and, by the actiou of the springs,
they immediately close upon the foot and hold the goblet ready to be finished. Sometimes these jaws are so
arranged that they can be set forward and back and fastened by screws.

COOLING HEATED MOLDS BY AIR-BLAST.—When pressing glass econtinuously for a long time the molds often
become too highly heated, and in this state glass is very apt to stick to them; but this inconvenience is now done
away with by a system of blowing air into the molds. By means of a revolving fan or other device and tin pipes \
arranged around the furnace a continnous stream of air is furnished. India-rubber pipes are attached to the tin
pipes at suitable places, and by this means, after each pressing, or as often as necessary, a stream of air is sent
inside of the mold, thereby cooling it. The air cirenlating in the pipes may also be used for the ventilation and
cooling of the glass house.

APPLICATION OF STEAM TO GLASS-PRESSING.—Attempts have been made of late to use presses for pressing
glass by steam or compressed air. Oue of these presses has a set of molds carried on a revolving bed, and is
operated by a presser like a hand-press. The power, however, is applied to the presser by means of an auxiliary
steam-engine, which is continually at work. Whenever an article is to be pressed, by snitable leverage the presser
is foreed down, then released, the bed-plate revolves far enough to bring another mold nnder the presser, and the
operation is repeated as often as desired. Mechanism is attached and operated also by steam, so as to push the
pieces out of thie mold after they are pressed. These are the principal featnres of the invention.

APPLICATION OF COMPRESSED AIR.—In the other press steam is replaced by compressed air contained in a
reservoir, which may be filled by means of an air-compressing engine. The bed-plate earrying the molds has a
rectilinear motion. When an artiele is to be pressed, the mold is brought nnder the presser, and by means of suitable
valves and pipes air is sent to a eylinder piston carrying the plunger, the pressure of the air foreing the presser
down into the mold and reversing the valves, and the piston and presser flying back. A new mold is now under
the planger. This operation may be repeated as often as desired by simply opening and closing the air-valves. In
this press, as in the other, the pieces are forced out of the molds by rising plugs or bottoms. The different motions
are entirely antomatie, with the exception of operating the air-valves. Though steam and air have been used, the
success reached las not been great.
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INCLOSED AIR-BUBBLES.—In order to form the bubbles which are often seen inside of solid pieces of glass
these have been pressed with cavities on the outside, and, after being reheated, the cavities are closed by pressing
the outside down with suitable tools, thus inclosing the air.

BLOWING is used in the production of eylinder or sheet glass, of table and similar ware, with or without the
use of molds and of bottles.

WINDOW-GLASS.—In the production of window-glass a square or an oblong furnace isused. Radiating from the
work-heles, and so arranged as to be on the edge of a pit some 7 to 10 feet deep, are long stages, separated by spaces
sufficiently wide to allow the workman to swing about his long tube to form his eclongated eylinder. When the
glass is ready for blowing the workmen take their stations, each having his own pot and stage, and also assistants,
and commence gathering the glass, which is done by dipping the end or nose of the pipe or hollow rod of iron into
the pot of molten glass, twirling it around to equalize the thickness of the gathering, and collecting a lump of
glass at the end. After gathering the amount of metal required, generally about 20 pounds, the workman rolls
the gathered glass on a block of wood so hollowed out as to allow the lump when placed upon it to be extended by
the blower to the diameter ultimately required. Here it is shaped into a solid eylindrical mase, water in the
mean time being applied to the block to keep it from burning and to give brillianey to the surface of the glass.
When the mass of metal is sufficiently formed and cooled, it now being of a pear shape, the blower raises the pipe
to his mouth at an angle of about 75°, blowing into the glass and turning it in the wood block until the requisite
diameter is reached. It now has the appearance of a hollow flattened globe. This mass is then reheated, and
when it is sufficiently softened the workman begins swinging it over his head, reheating and swinging in the pit
until it has reached the desired length, which is about 45 inches. This is the most difficult part of the operation,
uniformity of substance and diameter being chiefly the result of the skill of the workman, who, when he finds the
metal running out too freely, holds the eylinder vertically above his head, still keeping it filled with air, and then
by dropping elongates and thins it. The eylinder is now, say, 45 inches long by 12 inches in diameter, one end
being closed and the other having the pipe attached to it. The thinner cylinders are opened by the workman
blowing into the pipe and then stopping it with his finger, and at the same time applying the lower end to the
fire, when the air inside is expanded and the point of the cylinder bursts open, this being the, hottest and most
yielding part. The aperture thus made is widened out to the diameter of the cylinder by subsequently turning the
cylinder to and fro with the opening downward. The thicker cylinders are sometimes opened by attaching a lump
of hot glass to the end, whieh' thus becomes the hottest and weakest part. The blower forces it open, as in the
case of thin glass. The opening is enlarged by cutting it round with scissors.- This method is used in preference
to opening it in the furnaces, as it occasions less waste. The other end, which is attached to the pipe, is now
cut off by the workman, who, having gathered a small quantity of metal on his pontil, draws it out into a thread
and wraps it around the pipe end of the cylinder, letting it remain for an instant, withdrawing it suddenly, and
immediately applying a cold iron to the heated part, when it eracks where the hot string of glass had been placed.
The weight of the cylinder, as finished, is about two-thirds that of the lump of glass which the gatherer collected.
The finished eylinder is now split open either by a red-hot iron or by diamond, which, attached to a long handle
and guided by a wooden rule, is drawn along the inside of the eylinder, the edge of the glass being rubbed with
a cold iron, as in the case of disengaging the pipe.

FLATTENING.—The cylinder is now ready for the flattening oven, whieh is generally a cireular oven with a
revolving hottom, composed of a number of stones®as smooth as possible. The eylinder is laid in the oven with
the split side uppermost, and is soon opened by the flame passing over it, and falls back in a wavy sheet. The
flattener now applies another instrument, called the polissoir, which is a rod of iron furnished at the end with a
block of wood, and rubs down the waviness into a flat surface, often using considerable force. The flattening-stone
is now moved to the coolest portion of the furnace, the sheet is delivered by means of the flattening fork to the
cooling-stone, and from this, when sufficiently rigid, it is lifted and is piled on its edge and annealed in an annealing
kiln or laid flatwise on iron carriages, which are conveyed through a long annealing ehamber, called a leer. When
-annealed they are examined, cut into a size that the defect will permit, and packed.

DETFECTS OF WINDOW-GLASS.—Mr. Chance thus deseribes the many vicissitudes through which window-glass
passes in the processes of manufacture:

The manner in which a sheet spared by ene process is disfigured by another is sometimes curiously provoking. Standing before
the table of the ‘assorter”, your eye lights npon a piece which, blown under an evil star, has imbibed in the glass house every possible
defeet. The fouuder, skimmer, gatherer, and blower have all stamped their brand upon it. Itisseedy—thevesicles, which were in the crown
tablesrounded by the rotary motion of the piece, here elongated by the extension of the cylinder; itisstony, disfignred with stony droppings
from the furnace; stringy, thin threads of glass meandering over its surface ; ‘“ambitty,” covered with stony speckles, symptoms of incipieut
devitrification ; conspicuous with gatherers’ blisters and blisters from the pipe; badly gathered; badly blown—thin here, thick there,
and grooved with a row of scratches; and on this abortion the flattener chances to have cxerted his most exquisite skill; it has passed
through his hands unscathed, flat as a polished mirror, yet, from its previous defects, entirely worthless. Next comes before you a pieee
whose beginning was miraculons—no seeds, no blisters; it prospered under the hands of the gatherer and blower, and left the glass house
a perfeet cylinder. But the croppie of the flattcner marked it; the fire scalded it; dust fell upon the lagre and dirtied it; seraps from
the edges of the preceding cylinder staid upon the lagre and stuck to it; the stone scratched it; and the heat of the annealing ehamber
bent it. Such are the difficulties to which every cylinder is subject—those of the glass house and those of the flattening kiln. Not
all, however, are such as these; there are good as well as bad, but the good are generally in the minerity.
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SIZE OF WINDOW-GLASS.—When the manufacture of glass was new in England the size nsunally blown was 36
by 20 inches. This is now somewhat inereased, and eylinders 85 by 49 inches have been blown, and in some cases
blown eylinders 158 inches long by 26 inches in cireumferenece and 70 inches long by 60 inches in circumference
have been made, but such large sizes, and indeed any over 60 by 40 inclhes, are exceedingly diffienlt to make. The
thickness is computed by thé number of ounces to the square foot. The average size of 15- and 21-ounee glass is
48 inches by 34 or 36 inches.

. BLOWN AXD PATENT PLATE.—In various parts of England thick blown glass is often ground and polished
in a manner somewhat similar to the cast plate of commerce, and is known as blown and patent plate. The
cheap production of this glass was made possible by the remarkable invention of Mr. James Chanee, who -
coneeived the ingenious idea of laying every sheet of glass intended to be ground and polished upon a flat surface
covered with damp pieces of soft leather. Two sheets thus placed are turned one against the other in a horizontal
position, sand and water being constantly supplied between themn by means of a most ingenions machine. The two
surfaces are rapidly rubbed one against the other in all directions and ground and afterward polished.

BLOWING FLINT WARE.—AIl glass when in the plastie eondition can be blown with greater or less facility.
This statement applies not only to the lead flint of England, but to the lime and half crystal of other countries.
In blowing and working the varions glasses of these countries into the many forms of blown wares the process is
cssentially the same. The metal is gathered in a manner similar to that deseribed under window-glass. The
metal, so gathered, is rolled on the marver (a corruption of the French word marbre, marble being formerly employed),
whieh is a slab of east-iron with a polished surface. Upon this slab the lump of glass is rolled to give it a regular
exterior, so that the blowing may give a uniform thiekness of the metal. This lump of glass is then expanded by
bldwing and lengthened by swinging. A pontil, puntee, or ponty, a solid iron rod, tapering and varying greatly in
length and strength, is attached to the blown globe of glass, when the blowing rod is removed by wetting the glass
near where the tube enters. The workman now takes the pontil from bis assistant and lays it on the chair,
whieh is a flat seat of timber about 10 inches wide, each end being fixed to a frame connedted with four legs and two
arns, the latter being inelined. This pontil is rolled backward and forward by the workman with his left hand, thns
forming a throwing-wheel of great delicaey, while with his right he molds the glass into the various shapes required
by means of a very few simple tools. By one of these, called pucellas, the blades of which are attached by an elastie
bow, like a pair of sugar-tongs, the dimensions of the vessel can be enlarged or contracted at pleasure. Any
surplus matter is cut away by a pair of seissors. For smoothing the sides of the vessel a piece of wood is nsed,
and for flattening the bottom of tumblers or similar purposes the battledore, a flat sqnare of polished iron with a
wooden handle, is used. In these operations the article operated npon may be reheated several times. After
it is finished it is detached from the pontil by a sharp blow and carried on a pronged stick to the annealing
oven or leer, which is a low arehed furnace, generally of considerable length. In this oven small tracks are laid, on
whieh wagons mounted on four wheels are placed, the articles to be annealed being filled into such wagons. These
are slowly pushed throngh the ovens, and are removed at the opposite end.

FLINT-GLASS CUTTING, ENGRAVING, AND ETCHING.—The sparkle and brillianey of flint-glass are developed
by the proeess of grinding and polishing, technically ealled glass-cutting. Motion is eommunicated to the glass-
cutter’s mill, which is of wrought- or cast-iron, by a pulley and band. Over it is suspended a wooden trongh or
cistern, containing a mixture of sand and water, whieh, for the operation of grinding, is fed on the wheel as required.
Smoothing is done on a wheel of fine sandstone, to which water alone is applied, and for polishing a wooden wheel,
supplied with emery, and finally with putty powder (oxide of tin), is employed. The trough under the wheel
receives the detritus of the grinding and other operations. The articles are held in the hand, and are applied to
the mill while rotating. The punty marks on tumblers, wine-glasses, and the Itke are ground off by boys holding
them on small stone-mills. Ground or obseured glass is made by grinding the snrface on a wheel with sand and
water. In some works in this country the article is placed on a lathe, and while it is revolving sand and water
is applied by a wire brush. Iron tools, fixed on a lathe and moistened with sand and water, are used to rough
out the stoppers and necks of bottles, whieh are eompleted by hand polishing with emery and water. Engraving
is the produetion of ornamental surfaces by a fine kind of grinding, mostly done with copper disks revolving in a
lathe. Etehing is variously done by submitting the portions to be cteched or bitten to the inflnence of hydrofinorie
acid, the remainder of the glass being stopped off or protected by a coating of wax or some pitehy compound. (a)

BLOWING IN MOLDS.—In blowing bottles or other articles the same method is pursued in gathering the glass
as is deseribed above. When sufficient glass has been gathered by the assistant, it is handed to the blower, who
rolls it upon a marver, blowing into the metal and forming the rough outline of the artiele. This is then put into
a press or cast-iron mold, which is divided into two or more pieces, and which the workman operates by his foot,

‘opening or shutting at pleasure. As the glass is dropped into this mold, and the mold is shut, the workman
blows into the glass to cause it to fill all parts. The glass immediately solidifies, the blowing-iron is broken off,
and the article carried to the annealing furnace, the mouth, if it is a bottle, having previously been fashioned.

- a See Encyclopedia Britannica.
69 M x e 1089



52 ‘ MANUFACTURE OF GLASS.

The great objection to molds is the injurious effect on the surface of the glass. This objection has been overcome
by tue use of wooden or carbon molds fitted in metal frames, the use of whiech is quite common in Franee and
Belgiam.

FASHIONING ART-GLASS.—To deseribe the various methods employed for manipulating art-glass, and to
enter further into details regarding methods of fashioning the higher grades of glass for table use, hardly fall
within the seope of this report. Those interested iu these matters, however, are referred to various works on this
subjeet, especially that of Mr. Apsley Pellatt on the Curiosities of Glass Making, Mr. Alexander Nesbitt’s Hand-book
on @Qlass, and the recent publication, Glass in the Old World, by M. A. Wallace-Dunlop.

THr POoRTLAND VASE.—Though I have not deemed it advisable to enter into any extended deseription of the
different processes employed in the manufacture of what I have termed art-glass, this account wounld be incomplete
without some reference to the Portland vase. This vase was found in a marble sarcophagns of a sepulchral
chamber under the Monte del Grano, about 3 miles from Rome, on the road to Laurentium. The iuseriptions on
the sarcophagus showed it to have been dedicated to the memory of the Emperor Alexander Severus, killed A. D.
325, and his mother, Julia Mammoea. The vase measures 10 inches in height by 7 in width, and is ornamented
with white opaque figures in bas-relief upon a dark-blue transparent ground. This blue ground was originally
covered with white enamel, ont of which the figures have been seulptured in the style of a cameo with astonishing
skill and labor. For a long time this vase was supposed to be of stone, but now there is no doubt that it is of
glass, and is supposed to date about two eenturies before Christ.

Iinmediately after its discovery this vase was placed in the library of the Barberini family, who sold it to Six
William Hamilton, by whom it was brought to England and disposed of to the Duchess ot Portland, from whom
it received the name by which it is now known (the Portland vase), having previously been called the Barberini.
At the sale of the museum of the Duchess, in 1786, the vase was purchased for £1,029 by her son, who permitted
Wedgwood to eopy it. Tifty eopies were made in ‘jasper ware, which were sold at 50 guineas apiece, but the
sum received did not paysfor the reproduction. The vase is now in the British museumn, where it is carefully
guarded. (a) y

It was for a long time believed that modern skill was inadequate to the reproduction of this vase, or indeed
to the production of work similar in character; but the intelligence and remarkable artistic skill of Mr. John
Northwood, of Wordsley, near Stourbridge, England, bhas not only suceeeded in reproduecing this vase, but in
producing similar vases fully equal, if not superior, to the Portland. The reproduction of the Portland vase by
Mr. Northwood was undertaken with the assistance of Mr. Philip Pargeter, who manufactured the vase used, and
after a large number of trials succeeded in imitating the full rich blue of the original. He coated the copy a
sufficient thickness with a layer of white, soft, opal glass, and suceceeded in welding them together with the utmost
thoroughness. The vase was now ready for Mr. Northwood to operate upon. His mode of proeceeding was to cut
away the opal by hand with echisels and gravers and earve upon it the entire design of the original in the same
manner-as the finest cameo engraving. For the entire ground of the design the opal has been literally chiseled
away and the surface of the blue glass polished. The figures, trees, ete., composing the design are left in relief
in the opal, and are carved with consummate skill and unapproachable delieacy. Mr. Nortliwood devoted three
entire years to the work. In addition to the skill required on the artistic part of the work the artist met with
unexpeeted difficulties in conteuding with a flaw in the metal. The character of the work was sueh, also, that the
ordinary glass-engravers’ tools would not answer, and new ones had to be invented. The result has been, iowever,
that again it has been shown that modern art, in many respects, is equal to ancient. This copy is valued by Mr.
Pargeter at £1,000.

Since reproducing the Portland vase, which was finished in 1877, Mr. Northwood has produced others of a
similar eliaracter that are regarded by some erities as even superior to that work. At the Paris exposition of 1878
a vase was shown in the exhibit of Thomas Webb & Sons, representing the trinmph of Galatea and Aurora. This
vase at the time was unfinished, but its value was estimated at $15,000. Mr. Northwood has also produced a vase
called the Milton vase, which in beauty of conception and in exquisite and delicate execution is bclieved to surpass
the Portland vase. ;

TEMPERED, HARDENED, OR TOUGHENED GLASS.—In 1875 M. Alfred de la Bastie, a French gentleman,
announced that as the result of a series of experiments he had discovered a method of so tempering or hardening
glass that the strength of the material would be greatly increased. His experiments were based upon the
assumption that the fragility of glass is due to the weakness of the cohesion of its molecules, and that if the
molecules could be forced closer together, thus rendering the mass more compact, the strength of the naterial
would be increased. In his first experiments he endeavored to produce this result by mechanical ecompression
while the glass was in a fluid or viscid state. Being unsuceessful in this, lie was led to make use of a modification
of the method by which the well-known Prince Rupert’s drops have so long been produced. In the manutacture of
these drops-a piece of 'very fluid glass is dropped into water, assuming, as it falls, the shape of a tear or drop. The
outside ot the glass cools at once, the inside remaining partly flaid for some time, but nltimately the mass becomes

a After being placed in the British museum it was left uncovered, and was dashed into a ﬁxousa,nd pieces by the cane of a madman.

The pieces, however, have been so skillfully joined as to leave no trace of the accident.
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perfectly solid. This indicates that the outside layer is at once condensed by cooling, while the inside remains
fluid, and is consequently more distended. Though the ontside of the drop is very hard, and a severe bloxfr may be
struck upon the thick part without any perceptible effect, if the tail or thin end is broken the whole mass instantly
flies to pieces with a slight detonation. Dumas explains these phenemena by stating that when at last the
central and dilated parts of the drop become cooled they must have retained points of adherence to the surface,
and consequently occupy a larger volume than that which agrees with the temperature to which they are redunced.
The central molecules, therefore, must be mnch distended and exert a more powerful contracting inflnence on the
surrounding parts; are, in a word, “on a strain,” as a workman wounld term it. At the instant when a part of the
envelope or outer portion is broken the molecules held by it briskly contract, draw in with them all the others,
and thus determine a multitude of points of ruptnre; and as this effect is instantaneous, the particles move very
rapidly and drive out the air before them, producing a sudden dilation and contraction of the latter.

BASTIE'S TEMPERED GLASS.—In view of these well-.known phenemena, M. de la Bastie endeavored to find
a method by which the hard surface produced by immersion in water could be retained and thickened while
the objectionable tendency to flying in pieces would be lessened or removed. In his experiments he found that
two conditions were necessary : first, the glass must be brought to just that degree of heat where softness or
malleability begins, the molecules then being capable of closing suddenly together and condensing the material
when immersed in a liquid at a considerably lower temperature; second, the liquid employed must be capable of
being heated much higher than water without beiling. He thereforp adepted an oleaginous mixture, into which
he plunged the glass, reheating the latter, which had previously been annealed in a kiln.

DIFFICULTIES OF THE PROCESS.—This process was admittedly a soccess as far as flat or solid glass was
concerned, although the necessity of heating the glass to the point of softening rendered it extremely difficult to
handle, and the liability of the bath to catch fire had to be lessened in some manner; but both these difficulties were
overcome by M. de la Bastie’s apparatus for reheating and plunging the glass. The process, however, was fonnd
to be defective as regards any other forms of glass, such as hollow flint vessels, as such glass, while being reheated,
is almost certain to collapse before reaching the required temperature. In M. de la Bastie’s experiments at
Whitefriars glass works, England, therefore, a new plan was adopted, by which the bath was placed as unear the
mouth of the working pot as pessible, and the workmen dropped the finished vessels directly into it. This process
was tound te answer well in the manufacture of all vessels made in one piece, and the somewhat complicated
apparatus for reheating was done away with. As regards the character of the glass obtained by the process, Mr.
Powell, of the Whitetriars works, disposes of some popular fallacies in this wise:

Hardened glass is not unbreakable; it is only harder than ordinary glass, and, though it undonbtedly stands rough nsage better, it
has the disadvantage of being ntierly disintegrated as soon as it receives the slightest fractore, and np to the present, until broken, of
being nodistinguishable from ordinary glass. This glass is known as ‘‘ tonghened” glass, and we have seen the terms ‘‘ malleable” and
“apnealed” applied to it. Nothing can be more misleading than these unfortunate epithets. The glass is hard, and not tough or
malleable, and is the very opposite to annealed glass. Annealed glass is that glass the molecules of which have been allowed to settle
thewnselves; the molecules of hardened glass have been tortared into their position, and until the glass is broken are subject to an
extreme tension. 1t is the sudden change of temperature that “ hardens”; glass heated unp together with the oil may be annealed, bat
decidedly is not hardcned. A piece of hardened glassis ouly a modified Rupert’s drop, i. e., it is case-hardencd ; the fracture of both is
identieal; Loth resist the diamond and both can beangealed. * * * Inonr experiments we found that while the glass could be marked
with the diamond or smoothed and engraved in the ordinary way, still an endeavor to cot it with the diamond, or even the disturbance
cansed by the smoothing-wheel, when penetrating to any appreciable depth, tended to weaken or even to cause the destraction of the
entire raass.

For practical ntility the value of glass tempered by M. de la Bastie’s process is of course impaired by its
inability to be ent,and also its ntter destrnction by the slightest [racture. 1t will stand sndden changes of temperatnre
without breaking, but if reheated slowly to a high temperatare its temper is destroyed and it becomes as common
glass. The great anticipations which were at first formed as to the extended nse of the glass have not been
realized. M. de la Bastie has made some improvements in his process, and twe eminent Londen firms adopted it
and mannfactured the glass for a time, but finally gave it up. In this cenntry Messrs. E. de la Chapelle et C'e., of
Brooklyn, manunfacture on the Bastie system, but the process is not a complete snccess, the glass not being uniform
in temper or producing the best results.

SIEMENS' TEMPERED GLASS.—While M. de la Bastie was introdocing his discovery te public notice in Enrope
Mr. Frederich Siemens, who is owner of the mast considerable glass-bottle works in Germany and Bohemia, and
perhaps in the world, was stndying the question of tempering glass by following a different course from that
selected by the former. Instead of plunging hot glass ebjects into liguids, Mr. Siemens, fearing distortion of the
articles to be treated, conceived the idea of snbjecting them to tempering by placing them in molds between cooled
surfaces, whereby not ouly would their shape be maintained intact, but force conld also be applied, if necessary, to
press the molecules of glass firmly together. By these means glass of any shape could be tempered, and the process
was considered to be particularly well suited for the prodnction of strong window-glass, which had not previously
been attempted. Mr. Siemens, however, soon fonnd that the glass so prepared was liable to the defect of
breaking suddenly, and he had to undertake further researches, with a view of perfecting his process, by the removal
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of that defect. When a cube of tempered glass is considered, it will at once be seen that, all its surfaces having
been subjected #o the same cooling influence, the edges, and particularly the corners, will be much more cooled
than the broad surfaces. At each edge the cooling will take place from two surfaces, and at each eorner from three
surfaces, from which circumstance Mr. Siemens inferred that glass so treated conld not be homogeneous in character,
and that sudden breakages were due to that cause. To overcome this defect Mr. Siemens modified his process so
as to limit the cooling influence of his apparatus to two surfaces of the glass under treatment. From these surfaces
the cooling and tempering action is transmitted to the center of the mass in a uniform manner, whereby homogeneous
glass is produced which is found to give entire satisfaction. By Mr. Siemens’ process glass may be tempered to
various degrees of hardness, according to the use for which it is intended. ¥or the production of window and other
flat or molded glass presses, cooled by the circulation of water, are employed, but in dealing with large castings of
glass, such as railway sleepers, for example, the castings are packed in rectangular bexes, or trucks, heated
internally for their reception, and all interstices between them are filled up with a material having the same
conductivity for heat as glass. These boxes or trucks are constructed so as to prevent dispersion of heat at their
sides, and as each is filled with glass articles it is withdrawn from the kiln to coel from two parallel surfaces only.
By this means ideal plates are formed, which are treated like the solid plates for the production of homogeneous
tempered glass in bulk. Glass railway sleepers, tempered on Mr. Siemens’ plan, have been introdueed in England,
and have been put in actual use on one or two railway lines.

TESTS OF THE SIEMENS' GLASS.—A number of tests were made of these sleepers, at one of which it was
shown that their average breaking weight, when resting on snpports 30 inches apart, was 5 tons. At another timo
a plate of Mr. Siemens’ toughened glass, 9 inches square by 1} inches thick, imbedded in gravel ballast 9 inches
deep, and having on its top a wood packing one-eighth of an inch thick and a piece of rail, was subjected to the
action of a falling weight, the blows being delivered on the rail. The weight was 9 hundred-weight, and blows
were successively delivered by letting this weight fall from heights of 3 feet, 5 feet 6 inches, 7 feet, 10 feet, 12 feet
6 inches, 15 feet, 17 feet 6 inches, and 20 feet. Under the last-mentioned blow the rail broke, the glass, however,
being uniujured. A higher fall could not be obtained, and a greater weight was not available. A smaller section
of rail was substituted for that previously cmployed, and the glass was broken by the second blow of the 9
hundred-weight falling 20 feet, the plate being driven through the ballast into the hard ground. A: east-iron plate,
9 inehes square and one-half an inch thick, tested in a similar way, broke with a blow from the 9 hundred-weight
weight dropped 10 feet.

USES OF SIEMENS’ GLASS.—Mr. Siemens writes me, nnder date of Janunary 29, 1881:

Extensive works are about to be established in England for carrying eut my precess and for producing the glass te be tempered.
These works will at the start cemprise furnaces capable of produciug 50 tons of glass per day, and will be arranged in view of being
doubled and trebled in a short time, it being confidently expected that a large demand will arise for strong glass as a substitute for
wooed, brass, east-iren, stone, and ether substanees, in the cendition of railway and tramway sleepers, gas-, water-, and drain-pipes, eave
tronghs and gntters, millstones and crushers, tiles for roofing, facing walls and flooring, plates for fleers of bridges, tanks, and cisterns,
ship lights, telegraph iusulators, etc., for which applications tempered glass will offer the advantages of economy in first cost and greater
durability over the materials now nsually employed.

Cosr or SIEMENS' GLASS.—The cost of glass toughened on Mr. Siemens’ plan is stated to be about the
same per ton as that of cast-iron; but as its specific gravity is only about one-third that of iron, the cost of any
article of given dimensious is, of course, materially less. The material has as yet been foo recently introduced,
and too little is known of its characteristics, to enable any very decided opinion to be formed as to its future
capabilities ; but the results of the experiments so far made are certainly of a very promising character, and the
further development of its application will be watched with much interest.

GLASS FROM BLAST-FURNACE SLAG.—The process of manufacturing glass from the waste cinder or slag of
iron blast-furnaces is simply the utilization of a substance which alreads; contains many of the ingredients of glass
by adding to it those materials necessary to eomplete the composition. The idea is not a new one.. In England,
and also on the continent, a sand prepared by pulverizing slag has long been used as an ingredient in glass-
making with much success. It is possible that much of the early glass was metallurgical slags remelted.

RELATIVE COMPOSITION OF GLASS AND SLAG.—Recent comparative investigation into the composition of
glass and of slag shows that the use of the latter in this manner is not without reason, the two substances being
very similar, as is shown by the following table:
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A trace of sulphur is also found in slag associated with the lime, but this readily passes away with beat, and
is insignificant. The iron, which would seem to be the most objectionable element, while present in too great '
quantity for the manufacture of perfectly clear glass, is still less than is often required by the glass-maker. The
chief points of difference between the slag and the glass are in the silica, alkali, and iron, the slag being too
deficient in sand to make a hard glass.

ADDITIONS TO SLAG IN THE MANUFACTURE OF GLASS.—To make glass of slag of the composition given the
additions indicated in the following table should be made:

Slag. Additions. Glass.
SlGCRTS oo o oo oo s SRR 40 Ferruginous sand....c..cceceiciecnnenccnaaanns 60=100 or 57. 14 per cent.
T 7T R I & v = (s ChrM ot Lot et N £ A e i W A O S M 35 or 20. 00 per cent.
Aluming ......... .t 22 LECAl 00 L (5 o S S oy 56 ool S8 AL SR Al s DS 16 or 9.14 per cent.
Magnesia «cccceeccecnnaccreaanaanns D B R re SIeTRlc e = = ol o el S o e agiet oo 6 or 3.43 per cent.
A KAl o oo e ] S O U I e e o cle s nis s ma sha's sia nie o m e e o6 e o/ 10= 11 or 6.29 per cent.
Oxide of iren - oa. coacctcoat it aans 2 From the 8and..-zu. covceeemnonaccoaaacc oo oeet 5= 7 or 4.00 per cent.
100 ‘ 175 100,00

Thus by combining with 100 parts of slag 10 parts of soda and 65 of sand the proportions of the lime, alamina,
and other constituents are severally altered, and a compound formed of the precise nature required. It is to be
noted that the figures come well within the limits of difference found in the analyses of glass given in the previous
table. It would seem that the variation in the purity of the slag would interfere with certainty in its use; but
daily analyses of slag at a furnace in Great Britain have shown that its composition is measurably regular, enough
so for all practical purposes.

USE oF HOT SLAG.—To take slag, however, which has coo]ed and remelt it in connection with the additions
named, would require so intense a heat as to counterbalance all beneﬁt to be derived from its cheapness. A plan
was brought to public notice in England in 1876 by which the slag is taken as it comes fromn the blast-farnace and
converted into glass without cooling. Mr. Bashley Britten, the originator of this plan, has established glass works
at Finedon, in Northamptonshire, at which the slag from the Finedon furnaces is used. The molten slag is conveyed
(presumably in covered iron vesseis mounted on wheels) to the glass furnace in the immediate vicinity, and is
poured, after the addition of the necessary ingredients, directly into the melting furnace, where, after proper fusion,
it is run into another chamber, frons which it is drawn by the workmen and fashioned into sbapes. The products of
these works comprise chiefly such articles as wine and beer bottles, which do not require a colorless glass. This
process might be much improved by locating the glass honse immediately adjacent to the blast-furnace, from which
the slag coald be run directly into the melting furnace. In regard to the great economy of the process, Mr. Britten
says, (@) referring to the table given above:

The above 175 parts or tons of glass would, consequently, be prodnced with the following economy: One hundred tons of it would
eost an iron-master nothing. Instead of thelabor of mixing and handling in the usnal way the whole quantity of the material, only 75
tons would have to be lifted into the furnace. The only ingredients to be bought are 65 tons of common yellow or red sand, to be had
anywhere at a mere nominal price, and 10 tons of common sulphate of soda, which may be bought or made for about 20s. per ton. The
necessary fuel would be limited to what is needed beyond the surplus heat of the slag to raise only three-sevenths of the glass to the
required heat; and it is a question whether the greater part of even this might not be saved by bringing down some of the spare gases
from the blast-furnace and ®employing them with regenerators; if needed, they could easily be enriched with a little added carbon.
Against these items there would be a set-off from the cost of removing the 100 tonsof slag, which must otherwise be thrown away.
Beside this, another and considerable saving would arise from the wear and tear of the glass furnace being lessened, in consequence of
four-sevenths of the materials going into them being already fnsed. Under snch circnmstances the total cost of the glass in a melted
state ready for working is seen to be so extremely small that it is hardly safe to venture to express it in figures ; it scarcely amonuts to
the value of the commonest bricks per ton. .

COLOR OF SLAG GLASS.—The natural tint of the glass thus produced is greenish, but it can be colored to any
required tint, and by careful fining and bleaching it can be produced almost as colorless as common window-glass. A
cheaper glass can be made by using more slag and less sand, and with some ores the slag is said to be sufficiently
siliceous in itself to be converted into a black or dark green or amber glass. With the simple addition of soda and
a little arsenic it becomes transparent and perfectly workable, and may be used for many purposes. Acid, however,
corrodes this glass, on account of its want of silica. Glass of superior quality to the first mentioned can also be
produced. The constituents of slag, as has been seen, are common to all kinds of green glass, and by dilnting them
with the usual pure materials to a greater or less extent the compound may be brought up toany standard short of
the purity of color inconsistent with the iron and sometimes manganese in the slag. Should the manufacture of
glass in this manner ever be deemed of sufficient importance to warrant the taking of steps to purify the slag,
much more might be accomplished. The working qualities of the glass thus produced are cxcellent, admitting of its
being blown, cast, or pressed with great ease, and Mr. Britten’s company propose to enter into the manufacture of
other articles beside bottle from a material so cheaply produced.

a See hispaper in Journal of British Iron and Steel Institute, 1876, pages 453-467.
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 Cmaprer VIIL—HISTORY OF SOME PROCESSES OF GLASS-MAKING.

For many years the question as to whether window-glass was known to the ancients was a matter of doubt and
discussion, and it has only been recently that the evidence of its use prior to the beginning of the Christian era has
been conclusive. Winckelman, the author of the remarkable History of Art, who was assassinated in 1768; pleaded
its antiquity, but by far the greater number of scientific men considered it a modern invention, their view being
strengthened by the almost utter absence of any allusion by ancient writers to window-glass and the utter lack of
fragments of this glass, though large qunantities of pieces of vases and other vessels had been found. This want
of allusion and absence of remains shows that at least it was of rare occurrence and use.

The first positive cvideuce of the antiquity of window-glass was its discovery, in the year 1763, in a small
chamber attached to the bathing-room of a private dwelling, the House of the Faun, unearthed at Pompeii, “in a
window closed by a movable frame of wood, which, thongh converted into charcoal, still held when it was found
four panes of glass about 6 inches square.” 1In 1824, in a room connected with the public baths, ¢“a window 2 feet 6
inches high and 3 feet wide, in a bronze frame, in which were found set four beautiful panes of glass fastened by
small nuts and screws, very ingeniously contrived with a view to being able to remove the glass at pleasure,” was
discovered. Remains of what is supposed to be window-glass of the Roman period are now occasionally found in
the ruins of Roman houses built in IEngland and Italy. Dr. Bruce, in his work on the Roman wall, states that
“ fragments of window-glass are frequently found at some of the stations?”, and in 1855 he exhibited at Newcastle
samples found in the course of his excavations at Bremenium. It is also certain now that glass was used by the
Romans for green-houses and for the frames used over plants. The glass fonnd at Pompeii shows by chemical analysis
a very close resemblanee to the glass of modern days, containing about 694 per cent. of silica, 7} per cent. of limne,
and 174 per cent. of soda, with 3} per cent. of aluminra. This glass also contained 1.15 per cent. of oxide of iron
and 0.39 per cent. of oxide of mangancse, the latter being used probably to correct the color due to the iron.

It must not, however, be supposed that glass was used to any great extent in the windows of dwelling-houses
at this time. The glass was not blown, but probably cast on a stone, as it is very uneven and full of defeets.

Before the close of the third eentury, howéver, window-glass begins to be mentioned in the writings chiefly of the
monks and priests of the time, and mainly in connection with the glazing of churches. About this time reference is
made to window-glass by Lactantfius, A. D. 290, who says that ¢ our soul sees and distinguishes objects. by the eyes
of the body as through windows filled with glass”. Jerome, A. D. 331, speaks of sheets or plates of glass obtained
by casting, the casting-table being a large flat stone, and the ordinance of Constantine II, A. D. 337, mentions
specularii, who were probably glaziers working in other materials as well as in glass.

From this time the evidences of the use of window-glass multiply. It is reasonably certain that it wasemployed
in the church at Treves early in 420. During the fifth and sixth centuries many large churches were built at Rome
and Ravenna which were filled with numerous windows, and in the sixth century the glazed windows in the ¢hurch
of Saint Sophia, at Coustantinople, with panes from 7 to 8 inches wide by 9 to 10 inches high, were among the
wonders of the East. Indeed, it was the building of churches, or the conversion of pagan temples into houses for
Christian worship, that extended the use of window-glass at that time. The Roman priests kept the windows and
sometimes the roof of the buildings open to read the aunguries, but these the Christian priests closed.

Window-glass was used in France as early as the third century, but became more common in the sixth. Late
in the seventh century ¢ Abbot Benedict”, so saith the venerable Bede, ¢ sent for artists from beyond the seas to glaze
the church and monastery at Wearmouth,” and York cathedral was glazed about the same time. In the eleveuth
and twelfth centuries glass was generally employed in the windows of the religious edifices, and it is reported that
somewhere about the end of the first thousand years of the Christian era a window-glass works was established at
Newcastle-on-Tyne, which proved & failure. From the close of the twelfth century the nse of glass for windows
became more and more common.

The earliest glass used for windows was undoubtedly east, that nsed at Pompeii having evidently begn cast
on a stone, on the same principle as plate-glass is made at the present time, only it was not polished. It thus
appears that, though rough cast plate-glass was for a long time believed to be a modern invention, it really is
the oldest method of making glass for windows. This was, however, probably in the twelfth or thirteenth century,
or perhaps earlier, abandoned for blown window-glass, and was revived and virtually rediscovered in France in
1688 by Abram Thevart., He obtained a patent for thirty years for the invention, and erected works in Paris, where
plates were cast of the then extraordinary dimensions of 84 inches long by 50 inches wide. This works was
transferred to Saint-Gobain, which has since become celebrated for its plate-glass. Disputes arose between Thevart’s
company and a company of Venetian workmen who were manufacturing blown plates near Cherbourg, and Thevart’s
company was bound not to cast any plates whose dimensions should be less than 60 inches in length and 40 in

breadth. To end the rivalry the two companies were consolidated. Two years, however, from the consolidation
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the company was in a state of insolvency, and many of its furnaces were abandoned. Blancourt gives a different
account of the invention of plate-glass, and ascribes it to the accidental spilling of some liquid glass from a crucible
apon the ground. The metal having ran under one of the large flat stones with which the place was paved, upon
taking up the stune a piece of plate-glass was found under it. This is stated to have been two hundred years before
Blancourt wrote in 1699. The first English establishment of any magnitude for the manufacture of glass was begun
in 1772 or 1773 at Ravenshead, at which date ‘“the Governor and Company” ¢“of the British Plate-Glass
Manutacturers” were incorporated for the purpose of manufacturing plate-glass in England, and as late as 1832 this
was the only establishmer:i) in that country. Since that time, however, a number of works have been established.
The oldest plate-glass works in Belgium, we believe, dates from near the beginning of the present century, while
that of Germany has been in existence but a few years.

As noted, it is very difficult to say when blown window-glass was first made; but one of the earliest notices
of it is by the monk Theophilus, in the thirteenth century, who, in his Essay on Divers Arts, gives an account of a
method then employed of blowing glass, which is a perfeet description of that used at the present time. For
many years the factories at Veunice were renowned for their blown window-glass, and in the seventeenth century
workmen from its houses were scattered in various parts of Europe and tanght many of the glass-workers of
the different conntries the method of making cylinder-glass. Nesbitt also states that window-glass was made in
Germany at a very early period, and it also seems, from a statement quoted elsewhere regarding the windows of
Beauchamp chapel at Warwick, that window-glass was made in England, probably blown, in the fifteenth century.
Mr. Chance states that the manufactore of blown window-glass in England existed in the fifteenth century, and
perhaps even prior to that period ; but the glass then produced was of a very inferior description, and the first works
of note established in England were those of Sir Matthew White Ridley & Co., on the river Tyne, at Newcastle,
about the middle of the seventeenth century.

VASES, CUPS, AND OTHER HOLLOW WARE.—ASs has already been noted, the earliest records of glass-making
(those on the tombs of Beni-Hassan and at Memphis) show unmistakably that the art of glass-blowing was well
known at the early period at which these tombs were built. One of these figures illustrates two glass-blowers,
with their blowing irons or rods in their hands, heating the glass, which has evidently been gathered, in a small
U-shaped furnace. Another drawing represents two men blowing a vase.

From that day to this the production of various kinds of hollow ware has not ceased. An immense number of
articles of this character, including vases and cups of all sizes and almost all shapes, from those of the most
common description to others showing the most exquisite art, as instanced in the Portland and the Naples vases,
and bottles of all forins and decanters, have been found. Indeed, so common and persistent has been the
manufacture of these various articles, that the history of ancient and modern glass is chiefly the history of the
manufacture of hollow ware, and, as we have entered so fully into the statement, nothing more need be said here.

LEAD GgLAss.—The m\'cntlon of what was so long known as flint-glass, and now generally termed lead flint,
to distinguish it from the lime flint of the glass houses of to-day, is an English invention. Its production was a
necessity arising out of the use of coal in the place of wood in the furnace. This substitution of coal for wood affected
injuriously the color of the glass, and to overcome the pernicious cffects of the smoke the melting-pot was covered
with a clay cap, which gave it the shape of a short-necked retort. It was found, bowever, that though the metal
was protected from the aetion of the smoke,it was also protected from the action of the heat, and it became evident
that either the time of melting, as well as the consumption of fuel, must be very much greater, or some flux or alkali
must be used which would not deteriorate the glass, but hasten its melting. The flux used was lead, which had
to a slight extent been employed on the continent ot Europe for some time previous in the manufacture of artifieial
gems: a use which may probably have suggested its employment for the making of flint-glass. The use of lead,
however, in the manufacture of glass was not entirely unknown before, as lead is found in many specimens of
ancient glass, and Heraclins gives a recipe for making glass with lead. There was also a glass, known as the
Jewish, made with lead in the Middle Ages. M. Peligot, however, reviewing thesc facts, eomes to the conclusion
that there is no proof that the true flint-glass was known to the ancients, and that to the English should really be
attributed the honor of having created in their flint-glass a new produect, which, by the progress made in the guality
and selection of the materials used in its fabrication, has beeome without dispute the most beautiful glassy
substance which we know, and which it may be possible to produce.

The date of the introduction of the manufacture of flint-glass with lead is placed by M. Bontemps about 1635 ;
Nesbitt suggests that it may have been 1615.

THE USE OF MOLDS is generally believed to have been a comparatively modern invention; but, as is shown in the
chapter on ancient glass, it is evident that some of the vases used in very remote times were not blown, but were
cast or molded over a sand or clay eore, which was afterward broken up. It also seems that the so-called Roman
molded glass, which was supposed to be a modern invention, was well known to the Romans, as specimens exhumed
in the eity of Londou prove. At what time, however, the modern method of using molds in the production of
various forms of hollow glass was first introduced is not known, though it is evident that the use of these has
largely increased within the years since the introduetion of the msc of the lever-press for molding or pressing glass.
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PRESSED GLASS.—One of the most imporfant inventions of recent times, especially in the line of cheapening
glassware, has been the preduction of what is gencrally knewn as pressed glass. This is an American invention,
and the right of this country to the honor of its production has net been called in question until recently. Lardner,
in his Cabinet Cyclopeedia, published in 1832, which has a very complete résumé of the methods of making glass in nse
at that time, has not even a suggestion of the pressing process. Pellatt, in his Curiosities of Glass-making, published
in 1849, says:

The invention of pressing glass by machinery has been introduced into England from tho United States of America. It has not,
however, realized the anticipations of manufacturers; for, by the contact of the metal-plunger with ti% glass, the latter loses much of
the brilliant transparency so admired in cut-glass ; hence it is now chiofly used for common and cheap articles. The process of rewarming
or fire-polishing after tho pressure has somewhat remedied this defect.

Recently, however, an attempt has been made to deprive the American glass manufaecturers of the credit of
this invention. The London Pottery Gazette, in a recent issue, says:

There seems to be a general impression that pressed glass was first mado in the UUnited States. Thisis an error. The addition of the
ring to give the thickness was undoubtedly an American invention; and this discovery, trifling in itself, opened up the pressed trade in
a remarkable way by enabling the lever used in modern pressing to force np the metal sharply, so as to give it the appearance of cut-
glass, as well as to closely imitate cut-glass patterns.

Many in the English glass trade are living who remember tho pressed square-footed ales and goblets. These are as old as the end of
the last century, and were very fashionable with our ancestors. At first they were cut over, but they perfected the make so that they
were simply cut at the bottom to take off the overplus.

ANCIENT PRESSED GLASS.—It is nndoubtedly trne that glass was pressed before the invention of the American
lever-press, and one of the earliest specimens, bearing an inscription from which its date may be ascertained, is the
lion’s head, now in the Slade collection in the British museum, which was found many years ago at Thebes. This
is evidently a piece of pressed glass, or glass pressed in a mold. In the British museum are also many pieces
of glass found at Ialysses, in Rhodes, chiefly disks, all of which have cvidently been preduced by pressure with a
mold or die. There is no doubt that the Venetians were acquainted with pressed glass; but, netwithstanding this,
the invention of what is now known as pressed glass is undonbtedly American. The same line of reasoning
that is adopted to prove that this is not an American invention wonld also prove that lead-flint glass was not an
English invention. Lead was used to make glass centuries before the invention of lead-flint in England, but the
English are none the less entitled to the credit of the discovery of that beantiful, brilliant ware that we know
to-day as lead-flint glass. Glass was no deubt made by pressing many centuries ago, but the invention of pressed
glass, as it is nnderstood to-day, the use of a mechanical press with mold, plunger, lever, etc., is due to American
ingenuity. Pellatt, when referring to specimens of the embossed and pressed glass of the ancients, says: (a) “No
machinery was nsed by them in producing any completely pressed hollow vessel or utensil at one operation.” It
oceurs to me that if Mr. Pellatt, with all of his knowledge and information regarding ancient glass-making and
his years of practical connection with the business in England, ascribes the invention of modern pressed glass to
Americans, his testimony cannot be impeached.

HISTORY OF THE INVENTION.—The invention of the.American press is ascribed to a Massachusetts carpenter
in the town of Sandwich, about 1827, whoe, wanting an article of glassware made for some purpose, went to Mr.
Deming Jarves and asked him if he conld make the article desired. Mr. Jarves told him that it would be impossible
for the glass-blowers to make such an article. The carpenter, who was of a mechanical turn of mind, asked if a
machine could not be made to press glass into any shape. This idea was scouted at first, but upon second thonght
Mr. Jarves and the carpenter fashioned a rude press and made their first experiment. This machine was intended
to make tumblers, and when the hot molten glass was poured into the mold, which was te determine whether glass
could be pressed, the experiment was witnessed by many glass-makers of that time. They were nearly all of the
opinion that the experiment would come to naught, and were greatly amazed when the result demonstrated that it
was possible to press glass. From that time the manufacture of articles of glass by the nse of pressing machines
gradually developed, until to-day the bulk of the glassware produced in this country is made with presses. The first
tumbler manufactured in the rongh imprevised press, alluded to above, remained in Mr. Jarves’ possession for
many years, and then passed into the hands of John A. Dobson, a well-known glass dealer in Baltimore, and was
exhibited at the Centennial Exhibition by Hobbs, Brockunier & Co., when it was accidentally broken by Mr. John
H. Hobbs. \

The London Pottery Gazette, to which we have referred above, in an article claiming the invention of pressed
ware for England, says: ‘“The first pressed tnmbler was undoubtedly English, and was made about 1836.” ~As
Mr. Jarves made his pressed tumbler in 1827, as described above, we think that the evidence is conclusive that the
first pressed tnmbler was not English, but American.

The result of this American invention in cheapening glass has been most marked. By the nse of iron or other
metal molds immense quantities of the same article can be prodnced at a very low rate. This invention has in
fact revelutionized the whole system of flint-glass mannfacture, and has made it possible for all to possess for
common use glass that in gracefulness of form and beauty of design and material was formerly within the reach
of ouly the most wealthy.

156 a See Pellatt’s Curiosities of Glass-making, page 122, note.
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CeAPTER IX.—ANCIENT GLASS.

DISCOVERY OF GLASS.—Baut little is known of the early history of glass-making, and absolutely nothing of
the method and date of its discovery. The story told by Pliny, (e) and repeated substantially by Tacitns (b) and by
Strabo, (¢) of its accidental discovery by some storm-driven Phcenician mariners while cooking their food on the
banks of the river Belus, (d) is not entitled to the least credence. It is impossible that the high temperature
necessary to the production of glass could have been obtained in the manner described in these fables. It is true,
however, that a small spot at the mouth of this river supplied a most excellent sand, which was used not only by
the Pheenicians, but by many other ancient glass-workers, and even by the Venetians in latter times. This fact,
coupled with the excellence of the Pheenician glass and the commercial enterprise of the people, which carried
the produets of their manufactories to all lands, may have given rise to the story related by Pliny, and thus for a
time robbed the Egyptians of the credit of a discovery which is nndoubtedly theirs.

PROBABLE METHOD OF DISCOVERY.—While nothing positive is known of the method of the discovery of glass,
it is not improbable that it was in counection with the older art of metallurgy. (¢) Many metallurgical operations
produce in their vitreous slag a coarse colored glass that may have led to the mannfacture of glass as a direct
product. All of the oldest specimens of glass are colored, and, so far as these have been analyzed, the coloring
matter is metallic. The extreme variability in the composition of this antique colored glass led Klaproth to the
conclusion that many of the specimens are merely metallurgical slags remelted. It is also true that mnch of the
ancient glass is ¢ cast.” These facts certainly indicate, if its discovery was not due to this older art, that metallurgy
had an important influence on early glass-making.

EcYPTIAN GLASS.—The earliest evidences of the existence of the art of glass-making are fonnd in Egypt. It
is impossible, however, to surmise even at what time it began to be made in that country, aside from the certainty
that the art antedates by many centuries the time of its earliest inscriptions and specimens. Egyptian chronology
is so uncertain, that the same events are assigned by different Egyptologists to periods thousands of years apart.
Inscriptions, paintings, and the glass itself, however, indicate its manufacture at least from 4,000 to 6,000 years ago. (f)
Rawlinson, (9) a most conservative authority, states that ¢ glass was known in Egypt as early as the Pyramid
Period”, which he places at 2450 B. C. (k) That at this early date the art of glass-making had reached a high degree
of perfection and development seems beyond question. The art of blowing glass into bottles, fashioning it into
vases and drinking-cups, pressing it into various shapes, especially fignres of deities, sacred emblems and coins,
forming it into huge masses for pillars, adapting it for mosaic art, coloring it to imitate precions stones, the color
being of surpassing brillianey, working it into beads or necklaces, these and similar processes were well known
and practiced with great skill. It would seem impossible that the processes necessary to the prodnction of these
forms of glass could have been developed without centuries of practice. The invention of the art of blowing glass,
which is unmistakably figured on the tombs of Mastaba of Tih, at Memphis, and on the tombs at Beni-Hassan, (%)
is as remarkable as the discovery of glass itself, and would indicate an advance in the art that, in that day of
slow development, must have required many centuries to evolve. The manufacture thns early begun was continued by
Egypt far into the Christian era, and under the various dynasties and rulers, both native and foreign, it continued
to flourish. When Egypt passed under the dominion of Rome, its glass houses found in the palaces and villas of the
the imperial city a larger and more profitable market for their wares, and even as late as the third century its
glass works were still in operation, au ordinance of Aurelian providing that glass should form a part of the

a See Pliny’s History, book xxxvi, chap. xxvii.

b Histories, book vi.

¢ Geography, book xvi.

d This river runs along the base of Monnt Carmel, and empties into the Mediterranean near the modern city of Saint Jean d’Acre.

¢ Metallnrgy is one of the arts the invention of which is aseribed by the Egyptians to Osiris, and while the first man was living
copper and iron were melted and worked (Gen., iv: 22). Some writers incline to the opinion that the discovery of glass was in connection
with the art of pottery in making the glassy glaze.

f Among the carliest traces of glass are ihose fonnd in the ruins of Memphis, built by Menes, first king of Egypt, whose reign Manetho
places at 5004 B. C. The mummies in the tombs of this city wear necklaces of paste-glass beads. Glass-blowing is unmistakably fignred
on the walls of the tomb of Mastaba of Tih, belonging to the fifth dynasty, or, say, 3000 B. C. This is the earliest representation of glass
yet discovered.

g See Origin of Nations, p. 56. For further account of glass and glass-making in ancient Egypt, see Wilkinson’s Manners and Customs
of the Ancient Egyptians, vol. iii, p. 58, and Rawlinson’s Herodefus, 2d ed., vol. ii, p. 292, Pellatt, in his Curiosities of Glass-making, gives
beantifully colored lithographs of some of the glass found in Theban tombs. See also Glass in the Old World, London, 1882.

k The enumeration of articles put into the west pyramid mention * glass which might be bended and not broken ”.

i The tomb is sapposed to be of the time of Osirtasan I, some 2500 to 3000 B. C. A late nnmber of the Saturday Revieir, discussing
the antiquity of glass, says of the Beni-Hassan inscription: ‘A much older picture, wbick probably represented the same mannfacture, is
among the half-obliterated scenes in a chamber of a tomb of Tih, at Sakkara, and dates from the time of the fifth dynasty, a time s¢

remote that it is not possible, in spite of the assidnons rescarches of many Egyptelogists, to give it a date in years.”
1097



60 MANUFACTURE OF GLASS.

Egyptian tribute. Coins and tokens of as late a date as the eleventh century are in the Museum of Paris, and a
basin of the same century, and lamps of the fourteenth, all the products of Egyptian glass hounses, are still in
existence. This long-cuontinued practice of the art of glass-making in Egypt was probably dne to the possession
by the Egyptians of a great abundance of the essential materials, sand and soda, the latter, which was of excellent
quality, being found native on the shores of its lakes. In a valley abounding in these lakes extending northwest
from Memphis the Egyptian espedition of Napoleon I found remains of ancient glass furnaces. In this locality, at
the ¢ very gates of the lakes of Nitre”, the priests ot P’tah or Vulcan, who were constantly engaged in experimenting,
placed their glass factories, and Rawlinson states that their ruins may still be found. These glass works, however,
were not confined to this valley, bnt were sitnated also in the Delta and along the Nile valley. Those of Alexandria,
however, were the most famous, especially for the production of colored hollow glass and nosaies.

PROCESSES OF EGYPTIAN GLASS HOUSES AND CHARACTER OF THE GLASS.—The processes nsed by these
early glass-makers were, in many respects, similar to those of the present day. The ¢“bateh” was melted in
crnclbles, and the glass-blower’s tool pictured on the Beni-Hassan tomb might well be taken as a representative of
those iu use at Pittsburgh to-day. Cast glass appears to have been a common product both of the Egyptian and
the Pheenician glass houses, and molds were also used both for blowing and for pressing. Some of the hollow ware
gives evidence of having been made on wire molds, and other specimens indicate that the glass was molded around
a core or “former” of sand. Pressed glass, however, was not mnade as American pressed glass is formed, a die being
used, into which the glass was pressed, or the die was pressed into a mass of pasty glass. The perfection to which
these processes were carried, however, will not compare with that attained to-day. Igypt in the days of its best
glass-making could not prodnece a cast plate approaching in size, purity of the glass, or brilliancy of surface those
of Saint-Gobain, nor wonld her blown and pressed ware approach that of the United States; but it most be
conceded, that some of the specimens of ancient glass that have been preserved, (a) especially such as are evidenily the
result of eareful, patient manipulation, are unsurpassed by the products of our modern glass-houses, as they not only
display a high degree of art, but give snch evidence of exqnisite skill and a knowledge of the most refined and
delicate processes that even now they excite unbounded admiration. Among these products may be mentioned -
embossed and molded reticulated vases, glass mosaics, imitation pearls, glass pastes in several colors, precious
stones, glass eyes, the “ut’a” of mummies, bottles, ete. This perfection, however, is only seen in articles of lnxury,
and indicates a degree of skill on the part of the workman that justly entitles him to the title of an artist in the
highest sense of the word, and the produnet to be termed a work of art. 'While all this ;may be said of the skill displayed
in working the glass when made, the “metal”, as glass itself is technically terined, was decidedly inferior to that of
the present day. White glass, as we understand whiteness, was unknown, and the clear, white, brilliant flint-glass of
our works of to-day would have excited astonishment in the Egyptian and Pheenician glass houses. Most of the
specimens that have come down to us from these ancient glass works are articles of luxury, and therefore might
give rise to the belief that most ancient glass was of this character; but snch is not the fact. Glass of an inferior
quality, for common use, was largely produced, and it is probable that it was much more extensively employed by
the ancients than it is in our time. () They had no porceliin, and were forced to use metal vessels or those of glass

for many of the uses for which porcelain is now employed.

CoMPOSITION OF EGYPTIAN GLASS.—The early Egyptian, as well as other carly glasses, appears from its
analysis to be a soda-lime glass, the Egyptian containing from 70 to 72 per cent, of silica, 17 to 20 per cent. of soda,
and 5 to 8§ per cent. of lime, with some iron and alumina. Tts composition is very similar to plate-glass made
withont potash, containing, however, more impurities.

PHENICIAN GLASS.—Second to Egypt in the antiquity, extent, and character of its mmanufactures of glass,
if indeed it did not for a time surpass it in the excellence of its products, was Pheenicia, that wonderful country
which gave us letters, and whose nantical skill and commercial enterprise made the Mediterranean, even in Ilomer’s
time, a “Pheenician lake”. The renown of the workmen of Pheenicia at an early date is evidenced in the selection of
Hiram of Tyre, the artificer, whom Hiram the king loaned to Solomon for the ornamentation of the Temnple. Both
Tyre and Sidon were famous for their glass, and the beantiful hollow ware made by them was universally celebrated
in the ancient world. As already noted, the river Belus, which was near the northern boundary of Pheenicia,
furnished a sand of excellent quality, which added largely to the renown of Pheenician glass. Mr. Nesbitt (¢) thinks
that among the earliest products of Pheenicia in the art of glass-making are.the colored beads of opaque glass in
great variety of color and pattern, called by the Ashantees “ Aggry” beads. These beads have been found in all
parts of Europe, in India, and in many parts of Asia and Africa, (d) their wide dlspersmn, as well as the abundance
of other forms of glass that are probably of Pheenician origin, bearing evidence to the extent of this industry,

a These arc chiefly articles of luxury ot personal ornament, and have been largely preserved through the custem of burying with
the dead articles which the deceased regarded highly, or which were used coenstantly.
b See Winckleman’s Origin de Uart.
o South Kensington Museum of Art Hand-books: Glass, by Alex. Nesbitt, F. S. A., page 13.
d These are the ‘‘Glain neidr” (adders’ eggs) and the “Gleini na Dreedh” (Drnids’ beads) of Wales and Ireland, which gve
regarded with superstitious veneration by the peasantry.
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and there is good reason to think that many of the glass vases found in tombs in the countries washed by the
Mediterranean are the products of Pheenician work-shops, rather than of those of the country in which they are
found. -

CHARACTER OF PHENICIAN GLASS AND PROCESSES EMPLOYED.—Speaking of the character of Phenician
glass and the processes known and practiced, Kenrick says:

They knew the effect of an addition of manganese to the frit of sand and soda in making glass clearer. They used the blow-pipe, the
lathe, and the graver, aud cast mirrors of glass. They must also have been acquainted with the art of imitating precious stones and
coloring glass by means of metallic oxides. The ¢ pillar of emerald” which Herodotus speaks of (ii, 44) in the Temple of Hercules at
Tyre, “*shining brightly in the night,” can bardly have been anything else than a hollow cylinder of green glass, in which, as at Gades, a

lamp burnt perpetually. (a)

Rawlinson says regarding Pheenician glass-makers:

What was the amount of excellence which they attained is uncertain; but the fame of the Sidonian glass in early times would seem
to imply that they surpassed the artists both of Assyria and Egypt. (b)

LATE PHENICIAN GLASS MANUFACTURE.—AS in Egypt, the manufacture of glass was continued in Pheenicia,
especially at Sidon, far inte the Christian cra, even as late as the twelfth century, at which time it appears to have
retained some of its ancient reputation. The art also seems to bave found a place in the industries of the other
Syrian cities. In the twelfth century some Jews of Antioch were known as glass-makers. In the fourtcenth
century Damascus was the chief seat of glass-making in the East, and as late as the seventeenth century
glass-making is mentioned among the indunstries of Smyrna.

GLASS-MAKING IN THE OTHER ANCIENT MONARCHIES.—In following the history of glass-making,thereis little to
note after leaving the glass houses of Egypt and Pheenicia until we reach those of Rome. The other great
monarchies do not appear to have become celebrated in this art, as the specimens found in their buried cities do not
furnish sufficient data to enable the formation of any judgment as to the extent to which glass-making was practiced,
and but little as to the character of the glass.

ASSYRIAN GLASS.—Layard found in the ruins of Nineveh, which was destroyed 625 B. C., a number of specimens
of glass, among which were a glass lens and a small vase or bowl of a transparent green glass with the name and
title of the Assyrian monarch Sargon (7190r 722 B. C.) This was blown in one piece, and was then shaped or hollowed
by a turning machine, and is regarded as the earliest specimen of transparent glass. An earlier vase, with the name
of a Kborsabad king, which Layard found, was stolen or lost. Many glass vases and bottles of elegant shape were
unearthed in the same mound, some of which were colored, some ribbed, and others otherwise ornamented. In the
palace of Babylon, at Kars, vases and bottles of gilt glass of Assyrian origin bave lately been discovered, and M.
Botta found among the ruins of Nineveh a round glass bottle or vial with oblong black spots melted into the glass,
the earliest specimen of the tear-sown bottles known, the “gafres de Venise”. The discoveries at Babylon, while
they show the use of glass Ly its inhabitants, indicate the possession of but little skill, the vessels found being of
small size, and the bottles very frequently misshapen. Egypt, however, exported immense quantities of small
glass articles to Babylon, and some of the glass found may have been of Egyptian origin.

GREEK GLAss.—Butlittleis known of the history of glass in Greece. Homer does not mention it, Aristophanes
being the earliest writer who refers to it, and the excavations by Dr. Schliemann throw but little light on the subject.
At Mycena and Troy he found but few pieces of glass, and these only beads, disks, and pieces of vitreous paste.
General De Cesnola brought to light at Dali, in the island of Cyprus, a remarkable collection of Greek glass,
containing 1,700 pieces, some of which show great skill; bnt these are by no means of the earliest Greek period, and
are placed by him at later than 100 B. C. Greek art, however, had considerable influence npon Roman glass.
The Portland vase, for example, shows marks of Greek rather than of Roman art, though it is not certain that it
is of Grecian workmanship. Howerver, it is certain that some glass was made in Greece, and many of the lovely
Greek vases of the tombs of the countries of the Mediterranean are undonbtedly of this kind of glass. The Greeks
appear also to have used glass occasionally for purposes of architectural decoration during the best period of
Grecian art, but not to the extent that it was afterward used at Rome.

CARTHAGINIAN GLASS.—There is some evidence that Carthage was the seat of glass-making. As is well
known, this city was thoroughly Tyrian, and the relations between it and the mother city were very close. It is
probable that most of the glass used in the African colony was procured in Pheenicia. At the same time M. Deville,
whose contributions to the history of glass have been so'valuable, found on a tomb at Lyons the name of ¢ Jules
Alexander Africanus, citizen of Carthage, artist in glass”. 1f this artist was from old Carthage, he must have gone
to Lyons at least as early as the sack of that city, 146 B. C. Mr. G. Rawliuson attribntes to Carthage work-
shops many of the glass objects found in the northwest of Africa. The only glass yet fonnd in the ruins of
Carthage was in the tomb of Thapsus, bnt the tomb is probably of the Roman-Carthage period.

1 ETRUSCAN GLAsS.—But little is known of the state of the glass-makers’ art in Italy prior to the Christian era;
but there is evidence from Etruscan tombs that this people, who are noted for their massive engineering works, were
acquainted with the use of glass, and some very fine specimens have been brought to light. These specimens,
however, are believed not to be of Etruscan origin, and as yet no distinet evidence of glass manufacture among
this people has been found.

a Kenrick: Phenicia, p. 249. b Rawlinson’s Origin of Nations, p. 57. pry
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INTRODUCTION OF GLASS-MAKING INTO RoME.—It is uncertain when glass-making began to be practiced in
Rome. By some it is assigned to 536 B. C., but others place its introduction as late as the time of Cicero, 106 B.C.,
and state that the first works were near the Flaminian circus. This latter statement is probably not correcb.
Though Cicero is the first Latin author who refers to glass, it was not, however, until the days of imperial Rome that
glass-making in that city attained any importance, either by reasou of the character or the extent of its products.
It is probable that a cheap glass had been made in Rome before the time ot the Casars, but the Romans had been
dependent upon Egypt for the bnlk of their glass,and with the wealth and luxury of the empire came a demand
that stimulated its manufacture and use to a degree of development that has, in some respects, never been
excelled, and perhaps never equaled. The beginning of the better period of Roman glass dates probably from
Augustus. The secrets of the Egyptian glass houres were secured by purchase or by threats, and the long
fusion, remelting the frit, and the slow cooling, that had given much of its reputation to Egypt, became the property
of Rome. With this knowledge came perfection, and gold and silver cups gave place to those of glass. Strabo
says ‘that in Rome such improvement had been made in the coloring aud process of working, especially in making
glass of a crystalline appearance, that you might buy there a cup and dish for half an as”. The degree of skill in
manipulation shown by the Roman glass-makers, as well as the taste exhibited in designing, is evident, not only in
the stories of the fabulous sums paid for samples of their work, but in the exquisite specimens of their skill that
have been preserved, such as the Portland and the Auldjo vases and the Naples amphora. These are as beautiful
objects of the glass-makers’ art as have been produced in any age of the world, and though at some of the late
expositions onr modern glass-makers have shown most elegant work in similar style the work of the Romans has
rarely been excelled. (a)

AMOUNT AND VARIETY OF THE PRODUCTION OF ROMAN GLASS HOUSES.—If these vases and other similar
works show the skill attained and the elegance and variety of the products of the Roman glass houses, the prodigious
quantity made is evidenced by the wonderful abundance of the fragments of glass found even now, not only in and
around the ancient city, but in all parts of the world where the Roman legions penetrated. Nesbitt states that
in the winter of 1858-'59, during a residence of four months at Rome, he saw in the hands of dealers fragments
of at least 1,010 to 1,200 vessels of colored glass, for the most part the crop of that season’s discoveries. ()

The number of specimens of Roman glass that have been found in Germany, France, Spain, and especially in
England, is very great, the musenms of those countries abounding in examples, and even now in some of them
it is no nncommon ocenrrence to bring to light glass of-the Roman period. The use of glass in Rome was not
only very extensive, but entered into use for some purposes to a much greater extent than in modern times. For
domestic purposes, for architectural decoration, and for personal ornaments, it was used far more extensively than
with us, and so common was its use, and so largely and cheaply was it produnced, that, as stated by Strabo in the
passage above quoted, a cup and a dish were sold for a coin worth a little less than a cent.

LATER GLASS-MAKING.—AS stated, it is uncertain when the art was introduced into Rome. It was probably
derived from Egypt, but it did not reach perfection until after the beginning of the Christian era. A company of
glass-makers established themselves in the city in the reign of Tiberius, and were assigned a street near the Porta
Capena. In the succeeding reigns marked iniprovement was made, and in A. D. 220 glass-making had become of
so much importance that Alexander Severus levied a tax upon its manufactnre in common with other industries,
which lasted until the time of Anrelian, if not later. Pellatt thinks that this tax was one of the causes of the
transfer of the art to Vemnice, (¢) but the transfer is more correctly ascribed to the incursions of the barbarians,
and the dispersion of glass-makers attendant upon them.

BYZANTINE GLASS.—With the decline and fall of the city of Rome under the torrent of the German and
Hununish hordes the manufactories fell into comparative neglect and were confined to articles of every-day use.
When Coustantine the Great, about A. D. 330, made Byzantium his capital, he attracted to the city, with other
tradesmen, the glass-makers of the world. -In the first half of the fifth centnry the Emperor Theodosius exempted
the glass-makers from all taxation. In the commencement of the eighth century Justinian II furnished tho
Caliph Walid with glass mosaics for a new mos(lue at Damascus, and in the middle of the tenth century
Romanus II sent presents of glass to Cordova; indeed, so extensive was its manufacture at Byzantinm that
one of the gates leading to the port took its name from the adjacent quarter in which the glass houses were
sitnated. As has been noted, many of the Byzantine artisans came originally from Rome, and brought with them
the traditions and customs of the art as it had been practiced there. These, as was customary in this early period,
were handed down from father to son. In the new Rome of the East glass-making for a while assume a front rank
among the arts, but from the specimens that have come to us it is evident the skill and splendor of the Roman
period was not reached, though for five hundred years at least Byzantium secnred and held the markets of the world,
This art, with others, however, fell under the adverse influence of the bigoted emperors of the East, and the ancient

a The reproductions of the Portland vase in jasper ware by Wedgwood aro well known but its reproductlon in glass by Mr. John
Northwood, of Wordsley, England, is not so noted.

b South Kensington Museum Art Hand-book : Glass, by Alex. Nesbitt, F. S. A., page 19. Those interested in the character of Roman
glass and its mannfactore will find in this work a very complete description.

¢ See Curiosities-of Glass-making, page 8, note.
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traditions were wholly lost. The glass that belongs probably to the later period shows but little of the elegance of
form and the skill in manipulation of the early Byzantine and later Roman, and the weakness of the later days of the
empire of the East had impressed itself upon its art, and with its fall its artisans were scattered, many seeking the
shores of the Upper Adriatic to renew their art and restore some of its lost glory in the rising city of the refugees,
Venice.

EARLY GLASS-MAKING IN OTHER COUNTRIES.—The details of the manufactnre of glass in other countries
prior to the Middle Ages are imperfectly known. Pliny states that the glass works of-Gaul and Spain were
established before those of Rome, and it may be possible that this is true, as in the days of the later republic and
early empire Rome was too intent on extending its conquests to give that attention to the arts, other than those
connected with war, which it afterward bestowed upon them. Wherever the Romans exfended their conquests,
however, in the western part of Europe, glass is found to a considerable extent in the ruins of their occupation.

Grass IN Fraxce.—M. Fillon considers that the manufacture of glass in France began at Poitiers (a) in the
second century. (b)) These factories were active in the Roman and Frankish periods, survived the Normau invasion,
and were left a legacy to the gentleman workers of the Middle Ages. In many tombs of the Gallo-Roman period
in the neighborhood of Poitiers large quantities of vases.of varied form, and sometimes of delicate and careful
workmanship, are found ; but the amount found in these and other tombs of France can only be described as immense.
Abbé Cochet states that 20,000 vases were found buried in the cemeteries at Terre-Nigre, Bordeaux, and in many of
the tombs glass vials, children’s glass toys, beads, twisted sticks,and tiny glass vases, some not exceeding half an
inch high, were very common, all indicating the extensive scale upon which the industry was operated. In the
Boulogne museum are preserved some curious barrel-shaped jars of a low-grade glass quite green in color, bearing
the mark of the imperial factory at Frontincennes, at Forét Eu, which is supposed to have been started in the
second century, and was the school shop of all the Norman factories of later times. It is still a great factory, and
must surely be about the oldest in the world.

It is impossible to give a suggestion even of the styles and character of early glass found in France. As
Cliristianity advaneed and spread over Gaul the character of the glass changed, aud in this way its history ean
be, in a measure, traced. Its use for church purposes also became established, a pope in the year197 having ordered
that wine should not be consecrated, as heretofore, in a wooden, but in a glass vessel. Glass chalices were used in
the fifth century, but at last glass became so common that it was not deemed costly enough to celebrate this mystery,
and the chureh found it best to interdict its use, though glass vessels were still used as late as the tenth century.

M. Fillon says that the written documents connected with glass works begin in the ninth century. Normandy
was the first country where special privileges were given to glass-workers, and in the tenth and eleventh centuries
the first dukes of Normandy bestowed special glass-making privileges on four families attached to their persons,
these families continning the manufacture of glass and enjoyed their privileges up to the last century ; and to this day
descendants of one of these families, the Brussards, are to be fonnd as glass-makers.

SpaIiN.—I1f Pliny’s statement quoted in connection with France betrue, glass was made in Spain before it was
in Rome. As to the localities of these early woiks, Mr. Nesbitt quotes Sinobas as authority that in the Ibero-Roman
period ¢ glass was made chiefly in the valleys which run from the Pyrenees to the cost of Catalonia near the Ebro,
also in Valencia and Mureia. Ruins of furnaces still met with in these parts are small in diameter”. It is believed
that the manufacture continued to exist nnder the Gothic kings, though others are of the opinion that the art did
not survive the invasion of the barbarians. Thereis evidence that in the seventh, tenth, twelfth, thirteenth, and
fourteenth centuries glass was made in various parts of Spain. An edict of 1324 banishes all glass ovens from
inside the city of Barcelona, and after this date large quantities of glass seem to have been manufactured in
Spain, both for home use and exportation.

GERMAXY.—In Germany also the influence of Rome on the early glass is marked, and it is probable that glass
was made in the vicinity of Colegne, Treves, and other places near the Rhine during the Roman occupation, but
many questions in connection therewith are as yet unsolved. As to the glass of later times there is similar
uncertainty. The drinking glasses found in the Saxon graves of Germany are similar to those found in France and
England, but it is undetermined whether these were made in the countries in which they were found, or are all the
product of one of these countries, and if so, which one. It secems probable, however, that the art of glass-making
was not wholly allowed to die out after the Roman dominion had passed away. The early glass of Germany was
inferior in color and ornamentation to that of its more southern and artistie rivals, but it was superior to them in
hardness. The first notice of glass-making in Germany in any document yet published is that to the Bishop of
Mainz, elsewhere referred to, in which the Abbot of Wearmouth, England, wrote about the middle of the eighth
century, asking him to send him workmen who ¢ can make vessels of glass well”. Window-glass was also made
in Germany at a very early period, and mirrors were made as early ‘as the twelfth century. The use of the tin
amalgam is claimed as a German invention of the fourteenth century, and German anthors claim the invention of
painted glass for their workmen.

a See Glassin the Old WWorld (page 126), to which I am indebted for much of the information abont early French glass.
b Thiscan hardly be so if Pliny’s statement is true.
1101



64 MANUFACTURE OF GLASS.

BritisE IsLANDS.—Though the evidence seems to indicate that glass was made in England by the Romans, it
is not as yet quite fully determined that such was the fact. Beads and glass vessels of various kinds are found in
tombs of the Roman period, and fragments of ornamented glass, and even of window-glass, are often met with in tho
ruins of towns and villas; but the similarity in most instances of these to Roman glass lead to the belief that they
were imported. The probabilities are that, if glass was made in England by the Romans, it was of the coarser
kind, the finer articles being the produet of other countries. The remains of a glass furnace found at Buckholt in
1860, however, if it was of Roman origin, which is doubtful, would prove that colored and ornamented glass was
made in England in the days of the Roman occupaney. It is worthy of note that some authors claim that glass was
made in Britain in pre-Roman times; but if it was, it must have been of the coarsest and most common kinds. In
Kentish graves, dating from about the time of the conversion of the Saxons to Christianity, many vessels of glass,
mostly the peculiar elongated tumblers, are found, which Nesbitt thinks there is some reason to believe were made
in England, though they resemble greatly French and German drinking vessels. At what time the manufacture of
glass became firmly established in Britain is not known. In A.D. 670 an attempt was made to establish a glass
factory at Newcastle-on-Tyne, but it was a failure, and eight hundred years passed before the attempt was rencwed
but in A. D. 675, when Beuedict made glass for his monastery at Wearmouth, he imported workmen from France, who
were probably skilled in making cast, not blown, glass for the windows, and eighty years later the Abbot of
Wearmouth asked the Bishop of Mainz, in Germany, to send him a maker of glass vessels. For some eenturies from
this glass-making seemed to languish in England.

Little ancient glass is found in Scotland. Rome had but little foothold on its shores, and but few fragments of
Roman glass have been found. Even the Druids left but few of their paste beads to be preserved in tombs. No
record of glass-making in this country exists until 1620.

In Ireland there are more evidences of early glass-making than in Scotland. The art seems to have been
practiced at an early period, and mosaic glass dating as early as 1112 exists. Some chalices are also in the
museum of the Irish Academy that are supposed to date from the ninth and tenth eenturies.

- PERsIA, that ruled Egypt so long, carried away captive its most skilled workmen and artists and employed
them in building and decorating their famous cities, Persepolis and Susa, and among the ruins of these cities to this
day are found fragments of mosaics and other glass, evidently the work of these BEgyptian captives. At least 400
B. C. the Persians made glass, as the Athenian ambassadors to Ecbatana drank ¢ wine out of glass and golden
cups”, and the remarkable cup of Chosroes I (A. D. 532) proves that the art was practlced long into the Christian
era; and cven to the present glass works are in operation.

CHINA.—The same mistiness that surrounds everything in connection with the arts of this mysterious empire
attaches to glass-making. There seems some reason to believe that glass was made in this country before the
Christian era, though it does not appear to have attained much importance. The ancient books state that mirrors
were made from pebbles and materials obtained from the sea and reduced to ashes, which is a fair description of
glass-making. A factory still in existence in Shan-tung is believed to date as far back as the third century.

INDIA —There are few traces of the manufacture of glass in India. The remark of Pliny that Indian glass
was the finest, being made from crystal, is now believed to refer to Chinese glass, as no examples of early glass of
undoubtedly Indian origin have yet been found.

CaarrEr X.—MODERN GLASS.

MODERN GLASS-MAKING DATES FROM VENICE.— We have dated the history of glass-making from the workshops
of Venice and its island of Murano. It was in the glass-houses of that ¢ gentile island ”, (a) as Howell terms it, tha¥
the art that produeed the beautiful and exquisite forms of Roman glass was revived, and from its ¢ whole street of
glass furnaces” came the knowledge and inspiration as well as many of the workmen who carried its manufacture
into many of the countries of Europe, and laid in these countries the foundations of the glass industry that has
continued until the present time.

Venetian glass did not, however, at once attain the full measure of its reputation. IFor mauny years after the
establishment of the mdustry in that city Egyptian, Pheenician, Roman, and Byzantine glass were those of most
repute in the markets of the world, while the earlier products of the Venetian glass houses were of a greatly
different character from those that in the sixteenth century gave Venice such renown.

A a See Howell's Familiar Letters. TFirst letter dated Venice, May 20, 1621.
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INFLUENCE OF BARBARIANS UPON GLASS-MAKING.—Glass-making, with all other arts, felt the influence of
the barbarian delnge and that strange stupor that marks the centnries from the close of the fifth to the close of
the eleventh. The demand for glass for other than the most common uses quite ceased when the barbarians
conquered Rome and appropriated its wealth. The glass works of the imperial city were broken np and the
workmen, for the most part, slain or scattered, while those that continued the art, from lack of opportunity, soon
lost their cunning. Oaly in one branch did any of the former glory remain: the mauufacture of mosaics and
painted glass for windows. Here, as in so many of the arts, the church saved glass-making from perishing {from
the earth. A | .

REVIVAL OF ART INFLUENCED GLASS-MAKING.—Such was the condition of glass manufacture when the works
of Venice began to assume importance; but as the eleventh century drew to a close the great cities of Germany and
'Italy, with their opportunities for commerce and the arts, arose, and among them the republic city of Venice, and
the artisans in glass of reputation were attracted to this rising city and shared in the great art revival of the Italian
Renaissance. The false and debasing canouns of the art of the dark ages were cast aside, and from the study of
the pure and simple antique came those great works in modern glass that are regarded as masterpieces in form
and color.

EARLY VENETIAN GLASS:MAKING.—It is not known when glass began to be manufactured in Venice. The
Venetians place the date as early as the fifth century, but there is no evidence of its existence earlier than the
eleventh, with the exception of certain mosaics that may be of Byzantine origin. In the thirteenth century the art
had grown to considerable magnitude, and about the middle of this century codes of rules for regulating glass-
workers were drawn up. In 1291 the Council of Ten, to guard against fire, ordered that the glass furnaces in the
raty should be demolished, but that they must be reconstructed in the district of Venice. This led to the
establishment of works at Murano. This edict was afterward modified so as to allow the manufactories of small
wares to remain, provided there were fifteen paces lefi between the works. In 1275 the council prohibited the
exportation of glass-making material, and in 1295 renewed it; in addition, it levied a beavy fine upon all glass-
makers who should leave Venice to practice their art in other cities, and in 1474 death was made the penalty. At
ihis time the fame of Venetian glass had become so great that extraordinary efforts were made to induce workmen
to leave Venice and establish its manufacture in other countries, and England, Spain, and Flanders all endeavored
to secure workmen to build up their glass works. This was the occasion of the edicts of the great council to which
we have referred. () In the sixteenth and seventeenth centnries glass-making reached its highest development in
Venice, from which time it began to decline, and in the eighteenth century England, France, and Bohemia began
to compete successfully with Murano, interrupting its trade, and the works became idle, the.glory of Venetian
glass departed, and only beads and common ware came from the shops that for five centuries had given an
incountestable superiority to Murano. This lethargy remained until the art was recently revived through the efforts
of Dr. Salviati. g

EXTENT OF THE INDUSTRY AT VENICE.—The extent to which this art was practiced in Venice can be inferred
from the fact that in the time of its prosperity 8,000 men were regularly employed, and the glass houses extended in an
unbroken line for a mile along one of the streets of Murano. The manufacture was not carried on, as now, in large
establishments, bnt by artisans working on a small scale, which may account for the great varicty of form. For
the most part, the glass, with the aid of the piucette, was shaped before the blow-pipe, and the forms of the product
were vessels, window-glass and mosaics, optical glass, mirrors, and beads.

CONDITION AND RESTRICTION OF WORKMEN.—Mr. Jarves, in his admirable paper in Harper's Magazine on
Venetian glass, in speakiug of the causes that produced such a body of workmen aud maintained the superiority
of its glass through so mauy centuries, says:

As early as 1500 there were tweuty-foar glass houses at work at Marano, each having more or less its specialty. The furnacesin general
were small. Duriug the period of its greatest prosperity (the fifteenth, sixteenth, and seventeenth centuries) Murano counted 30,000
inbabitants, now reduced to about 5,000. Each ewner of a factory was ebliged to contribute annually a certain sum into a common fand
for the snceor ot vue nufortanate of their own class, poor and iufirm artisans, or those ont of employment, and for the maintenance of the
schools of invenlive design. No apprentice conld be admitted as a master-workman before passing a strict examination in his art and
proving his skill in the manufacture of certain objects. The candidate was elected into the body of masters by their secret ballots. Each
faetory was sabject to inspection, night or day, by certain officers, whoseduty was to see that the work wasregnlaraccording to the statutes,
to note the qnantity and quality of the objects, aud that no glass in fragments or cullet be expurted. Proprietors and master-workmen
of ten years’ experience, if they honorably failed and had no vther meaus of sabsistence, were entitled to pensions of 70 ducats annnally.
When there were more master-workmen than could be profitably employed, it was tforbidden to inerease their number from the apprentices
until there was a real call for new hands. Whoever became a member of the gnild was obliged to take an oath of fidelity. No oue who
had not a regualar discharge from his employer could be reccived inte the service of another, and every proprietor was obliged to seal his
cases with his own trade-mark. It was forbidden to employ strangers nuder any pretease. If there were not enongh of the Muranese at
times for labor, or to cxercise the art, Venetians only might have the privilege, but they must be daly qnalified. No employer conld hire
a master-workman who was in debt to another of the guild. Suach were some of the regulatious to keep the art in a high state of
efficiency, and which for more than five centuries gavo it an incontestable snperiority in its special aim over other establishmenis in

Europe. In fine, Murano became as artistically famous for its glass as Urbino, Pesaro, Gubbio, or Chaffagiola at the same time for
majolica, but with far greater commercial development.

alt is impossible to follow the history of glass-making at Venice. An admirable account will be found in Nesbitt's “Glass” in the
South Kensington Art Hand-book.
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GLASS IN THE DARK AGES.—As has already been stated, the barbarian invasions and the destruction or
decadence of the Roman power brought with it a decline in the art'of making glass. The conquerors of Rome had
but little in common with the taste and refinement that have sought and preserved as precious treasures the dainty
and exquisite gems of the glass-malker’s art of which so many evidences remain, and under their early dominion it
seems probable that only the commoner and more useful forms of glass were produced. Thus it would appear that
while glass-making in most of its higher and artistic processes was a lost art for some centuries, it was not wholly
forgotten, but in all countries where Roman enterprise had established glass houses the art was preserved. It
seems certain that France, Germany, Spain, and possibly England, made glass dnring the period of its decadence,
and thos kept alive the practice of the art that was afterward, under the influence and example of Venice and
by the art of its workmen, to grow in most of these countries into the glass works of to-day.

FRANCE.—It is reasonably certain that the manufacture of glass has not been wholly lost in Franee at any time
since the days of Pliny and the Romans. The glass works at Poitiers, which were of so much importance, and
which, if the evidence of the tombs in its neighborhood is to be taken, produced such enormous amounts of glass
during the Roman period, seem to have maintained a continued existence and to have been of no little account
even into the eighteenth century, when the industry declined under the competition of the glass houses of La
Rochelle and Nantes. Thereis no doubt, however, that the works of Poitiers felt the same adverse influences as fell
upon those of all Europe, and also that the new skill and the advance in its art that marked the close of the
sixteenth century came from Venice. In 1572 one Salviati, ¢ gentilhomme de Murano,” came to Poitiers to practice
his art, and was undoubtedly accompanied or followed by others. Their presence is evidenced in the efforts to
produce fine and ornamented wares, and enameled glass, pretty drinking-cups, vases, and bottles, both white and
colored, weresomeof the prodnetsof the period that followed the coming of these gentlemen of Murano. Glass-making,
however, was by no means confined to the neighborhood of Poitiers, as works were erected at Provence as early as
the thirteenth century, and attained considerable skill in the sixteenth. Large quantities of glass were made in
Normandy in the twelfth century, and the le Valliant family, upon whose ancestors Charles V111, in 1490, conferred
the ¢ privileges de verrerie”, have continued its manufacture up to the present century. In the Boulogne museum
are some barrel-shaped jars from the imperial factory of Froutincennes, which is supposed to date to the second
century, and is still a great factory. In 1598 Henry 1V permitted two ¢ gentilshomme verriers ”, natives of Mantua,
to establish themselves at Rouen, in order to make ‘verres de cristal, verres dorés, emaulx, et autres ouvrages qui
se font & Venise”, and in 1603 the same king established works at Paris and Nevers. Colbert, the great finance
minister of France, who did so much for French industry, wrote to his ambassador at Veniee in 1664 requesting
him to procure workmen for a glass house; but the story runs that the ambassador replied if he did so he ran the
risk of being thrown into the sea. In 1665, however, eighteen Venetian glass-makers were obtained, and the
manufacture of mirrors was begun at Paris. Colbert united this with another existing at Tour-la-ville, near
- Cherbourg, and in 1693 the united works were transferred to Saint-Gobain, where the manufacture is still earried
on upon a very large scale. It was about this date also that Thevart rediscovered the method of casting plate-glass,
and succeeded in making plates 84 by 50 inches.

For a time in the eighteenth eentury France seems to have lost the art of making ¢ vases de verre”, as in 1759
the Academy of Sciences offered a prize for the best essay on the means by which the art eould be revived. . If this
was true, France has abundantly recovered its prestige, and Baccarat wares are to-day the rival of any. France seems
also for a while to have been behind its neighbors in the manufacture of blown window-glass. Even in the beginning
of the eighteenth century the Irench imported from Germany and Bohemia whatever window-glass of the better
sort they used. In 1740 an association for the making of Ifrench eylindrical or broad window-glass was formed by
Drolinvaux, workmen being drawn from Germany, and a manufactory was established at Lettenbach (Saint-Quirin),
wiiich attained good repute, and became later the parent factory of ‘the modern French, Belgian, and some English
P ate-glass works.

A late German writer, from whom the above statement is derived, states also regarding the influence of
Germany on French glass-making : ’ :

DBy holding closely together, and by steadily and firmly rcpelling French apprentices, the workmen who had been attracted frosa
Sermany kept off the competition of the natives of the country during a long time, and, as a consequence, cven at the present day,

among the French artisans in glass a very great majority bear German names, while German words and phrases are very numerons among
the technical terms of the art. : ’

The first lead-flint glass melted in France was by Lambert, at Saint-Cloud, in 1784. In 1790 the crystai
manufactory of Muensthal, or Saint-Louis, was founded. In 1823 d’Artigues bought the glass manufactory of
Saint-Anne, and changed it into the world-famous ¢ Crystallerie de Baccarat”.

SpAIN.—In this country, as in F'rance and Germany, glass was made in the Roman period, and it is probable
that its manufacture did not wholly cease in the dark ages, thongh this is not as well settled as in the case of
France. Seiior Juan I. Riano (I quote from Nesbitt), in the introduetion to the catalogue of art objects of Spanish
production in the South Kensington museum, has supplied much information with regard to the later history ot

_Spanish glass-making. He commences the modern history of the art in Spain by stating that an Arab author of
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the thirteenth centnry says that Mercia was renowned for the fabrication of glass and pottery, of both which
materials large vases of the most exquisite and elegant shapes were made by the Moors; and that ¢ Almeria was
also famous for the fabrication of all sorts of vases and utensils, whether of iron, copper, or glass”. The making
of glass at Barcelona was probably ot equal, if not of’ greater antiquity.

In a maonicipal edict of 1324 is a prohibition that the glass ovens should be inside the city. In 1455 permission
was granted to the ¢ vidrieros” to form a corporation under the patronage of Saint-Bernardino, and from this
period some of the members fignre as holding municipal charges. Jeronimo Paulo, who wrote in 1491 a description
in Latin of the most remarkable things at Barcelona, says ¢ they also send to Rome and other places many glass
vessels of different sorts and kinds, which may well compete with those of Venice”. Marineus Siculus, who writes
at the beginning of the sixteenth century, says ¢ that the best glass made in Spain is that of Barcelona”; and
Gaspar Baneiros, in his Chronographia, published at Coimbra in 1562, mentions that excellent glass was made at
Barecelona, alinost equal to the Venetian. From the beginning of the seventeenth century there are several allusions
to the merit of the Barcelona glass, and to the vast quantity which was exported.

Glass was also made at Cadalso, in the province of Toledo, as early as the beginning of the sixteenth-century;
other works were at Torre de Estecban, Hambroz, in 1650, which gave the most brilliant results, and at Recuenco,
in the province of Cuenca, in the beginning of the sixteenth century, and in 1722; also in the seventeenth century
at Valdemaquada, in the province of Avilo. In a royal schedule, dated 1680, st:a,tmnr the prices at whieh things
were to be sold in Madrid, glass made at Barcelona, Valdemaquada, and Villafranea in imitation of the Venetian
is mentioned; and the glass of Valdemaquada was sold for a higher price than that made at the other places.
There was also an important manufactory at La Granja, famous for fine chandeliers, mirrors, and engraved glass.

What we have of the products of these factories scarcely seems to support the assertion that the glass rivaled
Venetian, though several pieces in the collection formed by Sefior Riauno closely resemble the products of Murano.
One reason of the success of so many factories making glass of the same character as Venetian, and of the failures
of England, was, no doubt, that the Spanish, in the interior of a country ill provided with the means for the transport
of sneh an article, did not sustain so severe a competition as the English factories.

Spain is not a country very prodnctive of fuel, and doubtless when the glass houses had burned up the wood in
their neighborhood the manufacture ceased to be profitable. It would seem that, except near the coast, the glass
must have been made with potash obtained from the lees of wine or from burnt wood, as the transport of soda,
either from Egypt or from the coast, on which it conld be prodnced from seaweed, wonld have been extremely costly,
At Barcelona and other places on or near the eoast soda may, of course, have been used.

GERMANY.—Thoungh the specimens found in the neighborhood of Cologne, Treves, and other places bordering
on or near the Rhine indicate that glass was made during the Roman occupation, it is not clear that it continued
to be manufactured after this time. From the tenth to the fourteenth century, however, it is certain that window-
glass was made in considerable gqunantities, and the letter of Cuthbert, Abbot of Wearmouth, to Lullo, Bishop
of Mainz, about the middle of the eighth century, would indicate that glass vessels were made as early as this.
Vessels of the sixteenth century, however, are quite common, among them the * wiederkoms?”, some of which are
twenty inches‘high, the oldest of which the date can be ascertained being 1553. From the wood-cuts in Agricola’s
De Re Metallica, published in 1556, we may gather some idea as to the products of German glass houses at that
time, which seem to be vases, bottles, and retorts, but he does not indicate that any fine glassware was made
in Germany. About the year 1600 glass was extensively made in Bohemia and other parts of Germany, and the
fine erystal glass of Bohemia may date from this time. In 1609 glass-cutting was practiced, and some of the work
in this century was said to be of remarkable fineness and delicacy. The invention of etching with fluoric acid is
aseribed to Henry Schwanhard in 1670. The Electoral glass works, on the Isle of Peacocks, near Potsdam, was
established id the eighteenth century, and, nnder Knnckel’s management, gained great celebrity for its gold rnby.
Then, nnder the ministry of Danckelmann, French workmen were drawn into the country, and under Moor’s
management the manufactnre for blown plate-glass was established in 1695 at Neustadt-on-the-Dosse, whose
workmen, when, after Danckelmann’s overthrow, Neunstadt for a time fell into stagnation, founded, at the instigation
of the clector, Lothar Franz, the mirror mannfacture at Lohr-on-the-Mayn, which in course of time attained to
great distinction. Similar manufactures were soou afterward established at Schleichach, near Wnrtzbnrg; at
Fahrafeld, near Vienna; at Gruenplan, near Hanoverian Minden; at Senftenberg, in the electorate of Saxony; and
at Alten-Kronau, in Hesse. TFinally, in 1710, throngh the influence of Count Rechtskron, mirror or plate-glass casting
was introduced from Franee, and a mirror foundery was established after the model of Saint-Gobain at Neuhaus
with French workmen, which, though protected in every way and defended by prohibitive regnlations, in 1728 passed
over fo the Austrian state. In fact, plate-glass casting did not prosper in the beginning any better in Germany
than in France. As little successful, too, were the attempts in various places made to obtain useful flint-glass for
optical pnrposes, and it was not lmtll 1806 that Utzschueldel, at Benedictbeuren, prodneed snch an article of the
kind as answered the ends for which it was reqnired.

BomrMiA.—It was in Bohemia that Venetian glass first found a successful rival, this rivalry being at first

manifest in the quality of the glass itself. Venetian glass had never been noted for the purity of the metal, and
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with their purer materials the Bohemians were able to produce a much whiter glass than the Venetians could witl.
their somewhat impure sand and soda from seaweed. The Bohemian erystal, therefore, soon became noted, and for
centuries was held in high estimation, and only lost its pre-eminence with the invention of English flint. But it
was not alone in the purity of its glass that Bohemia became the successful rival of Venice, for inthe beginning ot
the seventeenth century the decoration of glass by engraving, probably a Bohemian invention, which soon became
the fashion, sadly interfered with the products of the Italian city. The cut-glass was especially noted, and so sharp
and injurious did the competition become that one Briati, a glass-maker of Murano, determined to go to Bohemia
and learn the secret, and accordingly worked for three years in a Bohemian glass house as a porter, returning
to Venice in 1739 to obtain a patent for ten years for the production of glass after the fashion of Bohemia. The
excellent character of Bohemian glass is noticeable to this day, and the skill of the workmen who robbed Venice
of its glory has not departed from the forests of Bohemia.

THE LOow COUNTRIES.—But little is known of the glass industry in the Low Countries until a very recent
period, though it is positive that glass was made in Flanders as early as the fourteenth century. ¢ Crystal of
Antwerp”? is mentioned in 1509, and in 1563 glass is mentioned as among the articles of export from Antwerp to
England. In the first half of the seventeenth century several Muranese glass-workers obtained privileges for
making glass, and in 1642 John Savonetti was permitted to establish glass-making at Brussels with an absolute
prohibition of all imports. In the sixteenth or beginning of the seventeenth century were produced the glasses on
which are to be seen the paintings of John Steen, Zerburg, and others. In comparatively modern times the works
of Belgium have been quite noted, at one time the product of vases and such ware surpassing the French. I5is
stated that the celebrated Baccarat works were established by Belgian workmen.

BRITISH ISLANDS.—AS has already been noted, there is considerable doubt as to the continued existence of
the English glass works after the period of Roman occupancy, and it was not until the beginning of the fifteenth
century that they awole from their period of actual or comparative idleness. In 1447 John Prudde, of Westminster,
covenanted to ¢ use no glasse of England?” in exeenting the windows of the Beauchamp chapel at Warwick, which
would indicate that glass was made in England at that time. The vast palace of Henry VIII that formed one of
the attractions of the Field of the Cloth of Gold in 1520 was built of wood and glass. The glass-maker’s art
however, did not advanece rapidly, for, in 1557, aceording to quaint Thomas Charnock :

As for glass-makers, they be scant in the land;
Yet one there is, as I do understand,

And in Sussex is now his habitation;
At Chiddingsfold he works of his occupation.

In 1589 George Longe petitioned for a patent, in which he stated that there were fifteen glass houses in
England. These he propoged to reduce to two and rebuild the balance in Ireland, whereby the wood of England
would be saved and that of Ireland wasted. In the reign of Queen Elizabeth some persecuted Protestants from
France came to Newcastle and worked at their trade of glass-making at the Close Gate, and afterward went to
Tyne. In 1662, Fuller states that ¢ coarse glass-making was, in this county (Sussex), of great antiquity”, and
another, writing of the manufacture of- glass in that county, says:

Neither can we match the punrity of Venice, and yet many green ones are blown in Sussex prefitablo to the makers and convenient
to the users thereof.

INFLUENCE OF VENICE ON ENGLAND.—As the use of glass began to increase in England adventurers from
Venice and other portions of the continent sought to advance their fortunes by bringing schemes for making glass
of superior quality before the English government. In 1550 eight Muranese glass-makers, imprisoned in London,
who had been induced to go there by offers of no small sums of money, and who had heard of the edicts of the
Council of Ten, petitioned the council to be allowed to work out the money received. On June 13, 1550, the
council, to gratify the king, decided to allow this. For the next few years evidences of the influence of Venetian
workmen multiply, and the art began to assume importance. Early in the seventeenth century sea-coal began to
be used. Mansel secured the patents for its use in 1616, and set to work making both window-glass and glass
vessels of various kinds, having brought a Venetian to aid him. About this time one of the most imnportant
advances or discoveries in modern glass-making, and one of the very few real discoveries of modern time, was
achieved (the manufacture of lead flint), and the English workman had this beautiful and brilliant glass to stimulate
his exertions. In 1677 the Duke of Buckingham made at Lambeth ¢ huge vases”, ¢ clear, ponderous, and thick
as crystal,” as well as looking-glass plates and windows for coaches. In 1673, at the ¢Italian glass house at
Greenwich”?, ¢ glass was blown of finer metal than that of Murano at Venice.” The revocation of the edict at
Nantes in 1685 drew a number of glass-workers to England, and the manufacture continued to improve, until, in
1736, Dr. Pococke considered English glass to be superior to that of Bohemia, and only inferior to that of the royal
Prussian glass houses. From this time the manufacture of glass was of growing importance, and the details need
not be given. -

RUssiA.—In Russia the glass industry first obtained a firm footing in the course of the seventeenth and

eighteenth centuries, having been introduced by German and Bohemian workmen. As regards the details of its
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introduction and escablishment, slight information has ever reached the public. We have historieal mention of a
glass manufactory at Sehabino, near Jamburg, in 1717, and in 1720 an establishment for the making of Freneh
mirrors and dishes and plates of erystal was opened at Kiew. In the last year of the last eentury we find mention
of Lund’s plate-glass manufactory at Wyberg, in Finland, and of Bolew’s similar establishment in the Russian
government (provinee) of Rajasan. At the same-time the imperial mirror foundery at Saint Petersburg had
already begun work; and the imperial erystal and hollow-glass manufactory, which exists at the present day, had
been already established at the same place. In 1792, with the aid of workmen from Gruenenplan, the foundation
was laid of the Amelung mirror manufactory at Dorpat, near which place, in 1780, a similar establishment had been
set up by Major Lauw, but its existence had been brief.

CeaPTER XI.—THE PRESENT CONDITION OF GLASS-MAKING IN EUROPE.
| 7 9

CHIEF GLASS-MAKING COUNTRIES OF EUROPE.—The countries of Europe meost largely engaged in the
manufacture of glass at the present time are England, France, Belgium, Germany, and Austria-Hungary. Each
of these eountries not only manufacture mest of the kinds of glass needed for its own use, but the factories
supply the non-glass-making countries of the world and supplement the productien of each other and of such
other states as manufacture to some extent. This is espeeially true of the finer grades of glassware (table and
ornamental glass) and plate-glass.

EACH COUNTRY HAS A SPECIALTY.—While each of the countries named produnces most, if not all, of the chief
varieties of glass, each one has become especially skillful in the manufacture of some partieular variety, and has
seeured and maintained a pre-eminenee in its produetion that has enabled it to command the markets of the world.

ENGLAND’s SPECIALTIES.—England is especially noted for the beauty, purity, and brilliancy of her flint ware,
which is without doubt the purest and most brilliant made. Individual glass houses in other eonntries may produce
flint that may be eompared with some English flint, but none, as a commereial product, that can rival it, while in no
other country does the bulk of the flint-glass made approaeh even the bulk of that made in England. These remarks
apply to lead-flint only, as the American lime-flint is probably, so far as the metal is concerned, equal, if not superior,
to any other. In the blewing, cutting, and engraving of the flint, the regularity and perfection of the work, as
well as the beauty and brilliancy of the finished ware, England is unequaled. The exhibit of Thomas Webb & Sons
at the Paris exposition of 1878 surpasses in these respeets, and in the limpid whiteness, purity, and brilliancy of
the metal, all other flint I have ever seen, and was justly entitled to the ‘“grand prix” it received, while the vases
engraved by Mr. Nerthwood in the style of the Portland vase equal in workmanship, if they do not surpass, that
product of the glass-makers’ and engravers’ art. Certainly no medern work eqnals it.

FRANCE’S SPECIALTIES.—The artistic taste shown in the produet of the Freneh glass houses has given French
glassware a world-wide reputation. The metal is not as white as that of Bohemia, ner has it the brillianey and
fire of the English flint; but for elegance of shape, lightness of design, and beauty of glass, all combined, it is
nnsarpassed. The products of the Bacearat works have been regarded for years as models of taste,and have been
eagerly sought for and copied in cheaper wares by the glass houses of other countries. France is also unsurpassed in
the manufaeture of plate-glass, the produect of the Saint-Geobain works being taken as the standard ef celer, quality,
and perfeetion ; and te say that the plate-glass of any works equals French plate is generally considered sufficient
praise. (@) The same artistic taste that has given French glassware so enviable a reputation is displayed in the
staining and decorating of window- and plate-glass. The stained-glass windows of French artists show remarkable
ability in designing and execuntion. (b)) The decoration of fancy ware by various methods, espeeially by enameling
and etching, is also carried to a high state of perfection, both as to color and workmanship.

BELGIUM'S SPECIALTY.—Belgium is pre-eminently the window-glass manufacturer of the weorld, and thongh the
other eountries mentioned above (England, France, Germany, and Austria-Hungary) all make window-glass to a
considerable extent, there is not one of them in which Belgian window-glass does not find a market. A large
amount, equaling a large proportion of their consumption, is also exported to other countries, and even the United
States imported in the fiscal year ending June 30, 1880, 37,927,414 pounds of Belgian window-glass, valued at

a Our American works claim to have sncceeded in making plate-glass fully eqnal to the French ; indecd, some works claim to make
Yetter.
b Most marked advances in the art of staining windows have been made in the last ten gearsin this conntry, and the productions of

Yiffany and La Farge rival those of the artists of any conntry.
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$1,250,622. The excellent quality of this glass, as well as its remarkably low price, accounts for this import. The
average value of the Belgian window-glass imported into this country in 1880 was about 3% cents per pound.

GERMANY’S SPECIALTY.—Germany is especially noted in the markets of the world for her silvered plate or
looking-glass and for her cheap table ware and colored vases. The produetion of mirrors of various grades, largely
of the cheaper kinds, in Germany is enormous, and their exportation constitute a large part of her foreign trade. Of
the $2,897,747 in value of silvered plate imported into the United States in 1880, $2,746,636 was from Germany.
The eheap colored-glass vases of this country were the first (about 1830) to supplant the decorated china vases,
which until that time had undisputed sway as cheap mantel ornaments, and she still retains mueh of the trade in
these artieles, though other nations manufacture them in large quantities. Germany is also noted for a remarkable
ruby glass, whieh was brought to perfection by Kunckel in 1679.

AUSTRIA-HUNGARY’S SPECIALTIES.—Austria, or Bohemia in Austria, rivals France in the graeeful forms,
the variety of shapes, and the beauty of the engraving and decoration of its glassware, and surpasses it in the
color and purity of the glass itself. Bohemian glass has been renowned for many years, its workmen apparently
inheriting the skill and some of the peculiar processes of manufacture of the Venetians when the cunning of
glass-making left the city of the Doges, and it is this ecunning in design and ornamentation that has given it its
celebrity. It does not compare with the English flint in brilliancy, and is only equaled by the Freneh in beauty
of contour, but in purity, whiteness, and homogeneity of metal it is the best white glass made in Europe, while
their suecess in making glass of intricate design and great difficulty of mampuhtlon makes the Bohemian glass
workers second only to those of Venice.

VENETIAN GLASS.—Though not a large producer of glass, Venice deserves most honorable mention in any
statement of the specialities in glass manufacture of the different European nations, and the reeent very suecessful
revival of the manufacture of Venetian glass at Murano, that ¢ gentile island which attends the cittie of Venice”,
promises to restore to that city the world-wide celebrity of its former days of glass-making. The wonderful color,
intricaey of design, and execution of the mosaics; the pastes, gem-like in color and brillianey; the murrhine of
Pliny; the remarkable enameling of the famous tazze of St. Mark’s; the aventurine or imitation gold-stone, with
its difficulties in manufacture ; vases in millefiori, others with metallic flakes and spun and twisted threads of
filigree work ; all of these products of the elder Venetian glass houses are reproduced with wonderful fidelity in
the modern Venetian glass of the Venice and Murano Glass and Mosaic Company. The glass-bead manufacture
of Venice is also a remarkable industry, 6,000,000 pounds a year being produced the markets of the world being
largely supplied from this country.

GLASS IN OTHER EUROPEAN COUNTRIES.—None of the other European countries are espeeially noted for
their glass, nor is it made to any great extent in any of them. Sweden and Norway make glass of the commoner
kinds, window, flint, and bottle, but no plate. Russia has largely increased its make of glass in the last ten years,
but does not yet supply the demand of its own people even for the commoner kinds. Holland makes large quantities
of a square black bottle. Of the glass works of Spain and Portugal but little is known.

PLATE-GLASS FACTORIES IN EUROPE.—The manufactories of plate-glass are located chiefly in England,
France, Belgium, and Germany.(a) In England there are six or seven works, in France seven, in Belginm five,
in Germany five, in Russia one, and in Austria-Hungary (Bohemia) one, possibly two, making a total of twenty-six
or twenty-seven. These differ greatly as to produetion, most of the English, I'rench, and Belgian works being very
extensive, while most of those of Germany and of Russia and Bohemia are comparatively small. Some blown plate
is made in Bohemia, Bavaria, and England, and patent plate in England.

PRODUCTION OF PLATE-GLASS.—Of these countries France is the largest producer of plate-glass, England the
next, Belgium the third, and Germany the fourth. Mr. Charles Colné () estimated the production of Europe in
1877 at 1,800,000 square yards, or 16,200,000 square feet, valued at $12,000,000. (¢) This production he distributes

as follows:
Square feet.

3058 (MO L S SIS 6 ot G, 36 CaoBod < 36 H B e G0 BE Tg0 008 2,50 BE-ooT0o - 5n 0 S-S ae - S5 o0 oo S0 e CEE I S e 5,400, 000
England s o A e AL it e e 2 TR IR0
Belginm oo e o e it iiiieic smteteeecceeemmeceateseeacccteiceaeacaoe. 2,250,000
Ot e on BN S8 e S e ey B e - = ol o ~Bio oo S 3,150, 000

FOURT L 54 e g rat s e = Bty Sl esema t A SR W N RN Y . g £ 2 11 S 16, 200, 000

This production has largely inereased since the date named. Mr. Charles Palmer, on behalf of the plate-glass
manufacturers,of England, made the accompanying statement regarding the weekly produetion of polished plate-
glass in England, France, and Belgium (d) to the commissioner to negotiate a new commereial treaty with France.

a Statistics of the European glass houses are exceedingly difficult to obtain, especially in Eugland. The statistics given will
therefore be regarded only as an approximation unless otherwise stated.
b See Mr. Clarles Colné’s Report on Glass and Glassware at the Paris Lxposition of 1878, page 329. Washington, 1881.
¢ Mr. Colué places the production of 1860 at 992,000 square yards, and of 1867 at 1,100,000 square yards.
d See English Blue Book, Commercial, No. 38, 1381, pp. 121, 122.
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PLATE-GLASS.
!l
WORKS IN BELGIUM. - | WORKS I FRANCE.
| {
Weekly pro- Weekly pro-
Companies. duction in Companies. | _duction in Total.
English feet. || -  English feet.
i - —
Belgian Plate-Glass Syndicate: Feet. i Feet. Feet.
25, 000 i Floreffo (Belgian company), at Jeamont, department du Nord..| 32, 000
25,000 || Sainte Marje d’Oigunies (Belgian company), at Recquignies, 32,000
Ronx 15, 000 department du Nord.

................................................ | 64,000
Courcelles ...uuenneeeimeienaoiaaiiiiaeiatanen.. 20,000 || Saint-Gobain Company : ! ¥
ABVEIAI8 . e een e et e eaenee 10, 000 J FAART G IDRE Y AL ATSROS Sansdoe st Sita oo o oo, ‘ ot

95,000 | Clisnngirati Adame. S0 .o % R e oo ta e o s s e e | 5
“ Cirey, at Meurthe p 50, 000
f Montlugon, At AllleL......cc.ceeeemneacnaacucaacusancchacaee. 32, 000
Aniche, department du Nord 4 18, 000
1 178, 000
’l 242, 000
Quantity of polished plate-glass Made in WaAIMAA ... .. oo oo icel caereiacececttccacaacesacssasancaceancaacsanasenncanssacncsenssncsaranas 175, 000

Assuming that these works would average forty weeks’ running in a year, and adding to the production of
these countries thus found the best estimates obtainable for Germany, Russia, and Austria-Hungary, the production
_ of Europe would be as follows:

Square feet.

g Franee ..... A e oS v T see O e e S T TEERA. ¢ eivls g fs e T SORE T, oo SR s = = s 5% 0 5 S T 5,0 v e ) OO0, 008
BRglandds.. 120 ool s s S N SR A ot ot o o Sl LS8 b LSt denere e 1wy OB 000
Belgiam =t 5. . 4 o2 2o ce S Soe A=) DR, i o b o S oLl R e e e sk e s b adefeoe o) 2183500,000
Germany ..... ele Reie ool oo SN CF = IGNIEN l SR st T s AL e P A el S T s e 5 20 0001000:
Russia..... B O S e e W - g e S St o e S ey = A S e S 250, 000
AnefniatFimmaainyt & 5 e mn skt e s oo e T e e e o e e et B N e 2 A 400, 000
Total..... g STt s ol 4 Rl B N A Y o N g e A 22, 030, 000

This estimmate agrees substantially with that of Mr. N. T. De Pauw, who estimates the production of Europe
at 500,000 square feet a week. (a)

PRICES OF PLATE-GLASS IN EUROPE.—MTr. Palmer, in his statement to the French treaty commissioner before
referred to, gives the following as the prices of plate-glass at the date of his communication: .

LONDON. | PARIS.

FRICR OF FREXCH POLISHED PLATE. 'Q PRICE OF FRENCH POLIBHED GLASS.

Saint-Gobain, English tariff, less 40, 5, and 2 per cent. {| French tariff, less 50 per cent., discount 3 per cent., and 10 per cent. premium annually, and supple-

: mentary discoun
)
| i
1 Price | . s | Price per
Size. per foot. | Size. { Supplementary discount. | ‘foot, net.
] 1 |
, i { {
s d | | ! s. d
Abont 10 feet superficial RSN o' teqe sopachpiall 2. | v [N TIMONETIN s AT M I~ A0
About 22 feet superficial 1 6% || 22 feet superfieial ......... ..| Subject to 5 per cent... 20
Abont 33 feet superficial 1 6} | 33 feet superficial ..ce. . ooaveniiicieinnene. | Subject t0 10 per cent.cceeeocceacocaacoacas | 2 3}
About 45 feet superficial 1 7 | 45feetsaperficial ... cooioieiiiiaaiacann Subject to 15 per cent .o ccceeeeno-... b oo 2 3
About 65 feet superficial 1 7} | 65 feet superficial . oneieeuneneennneannennnns | Subject to 15 per cent...eeereueeemrerennn. { 2 %

WINDOW-GLASS IN EUROPE.—It is impossible from the data at hand to cven estimate the production of
window-glass in Europe or the number of factories at work. No statistics, not even an estimate, has been obtained
from England. In Belgium there are 61 window-glass factories, with 216 furnaces, of which but 138 were in operation
recently. Thesc works produce from 3,600,000 to 4,000,000 boxes of glass of 50 feet each annually. In France
there are from 25 to 30 furnaces, producing from 800,000 to 900,000 boxes annually; and in Sweden, 4 factories,
with an annual production of 40,000 boses; in Norway, 1 factory, no product given; in Italy, 12 factories. In
Austria-Hnngary, 63 factories make window-glass; in Germany, 86, while from Switzerland, Spain, Portugal, and
Russia I have no statisties, though window-glass is made in all of those countries.

a Report of the Tariff Commission, page 941, Washington, 1882.

\
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FLINT- AND BOTTLE-GLASS.—The statistics of the manufacture of flint- and bottle-glass in Europe are even
more meager than those of plate- and window-glass. All the information that has been obtained is ineluded under
the notes of the manufacture of each conntry which follow.

MANUFACTURE OF GLASS IN GREAT BRITAIN.—The glass manufactnrers of Great Britain are, as a rule,
extremely chary about giving statistical information concerning their works, and it is a question whether any late
complete statement as to the number and production of their glass houses exists. A table published in the factory
returns of 1871 shows the number, locality, and employés of the glass works of the United Kingdom at that time
to be as follows:

i Localities. Number. | Children. M:‘;ef&“p i al?gslee;& ! Females. Total.
— ; |
S DTS W B e AT e EC TR 24 10 1,113 2,153 | 401 3,677
P11 i s et st i 37 6 1,530 l 3,602 | 927 6,065
MiddIonoxTe e e s 16 4 134 819 | 30 487
Northumberland .oeceeeeeeeecannn-. 9 7 217451 277 | 23 424
SORTOERBE o oot i et oLl aae s TR B e . e 70 | 243 | 6 319
(2 e e Wl e et o 33 1 808 | 2,75 312 3,876
Surroy, £¥ Famerel el | 00 T o o o . 2 86 | 136 5 227
WALWICK «oueeeenenns.. ot PO e 47 3 274 874 167 | 1,318
TVOTCEBEET v e oeeneeennnennnnnnns 8 2 56 | 131 [ 7 | 190
Y oris M-t i gl S R Y 20 12 877 | 1961 | 188 | 2,98
Bootland ;.o il ey ol 19 1 464 1,087 | 91 | 1,503
Treland. ..o, - 1I0C NTINOOMR. w1 8 Shle, 4 A0 iy 63 t 192 i 9 . 264
ROt T e o e NN S U 240 46 5, 502 [ 13, 680 i 2,116 \ 21,434

CHIEF LOCALITIES.—The chief locality for glass mannfacture in Great Britain is in the north of England
especially on the Tyne, plate, window, and flint, both blown and pressed, being made in large quantities. Plateis
also made at Saint Helen’s, in Lancashire, at and near Birmingham, and at London; flinl in London, the Birmingham
district, Warrington, etc.; window-glass very extensively in the Birmingham district, and bottles and window-glass
near Liverpool. .

DECLINE OF THE ENGLISH GLASS INDUSTRY.—If the statements that are constantly appearing in the English
journals devoted to this industry are true, glass-making in Great Britain is not in a very prosperous condition. A
correspondent of the Pottery Gazette says:

It is a very significant fact that nearly every trade in this country has made gigantic strides in advance during the past thirty-five
years, during which time the glass trade has been stationary, if it has not even retrograded in its productiveuess. (a)

This condition of affairs is especially noticeable in the flint-glass business. The same jonrnal gave recently a
list of 30 flint-glass furnaces, containing 296 pots, located in various parts of the United Kingdom, that had become
extinet. Commenting upon this that paper says:

It is but just to say that some of these houses have removed to more convenient works, to the extent of about 6 or 8 furnaces

and 48 or 60 pots; but still there is a great reduction in the number of works, during which period it must be horne in mind the population
has nearly douhled.

The following table shows the value of the British imports and exports‘of glass for the years 1878, 187 9, and 1880:

IMPORTS OF GLASS.

1878, 1879, 1880.
‘Window and German sheet, Inclnding shades and cylinders..-.....ccccee..-. £452, 202 £450, 647 £476, 338
) 01 A R e e N B S o 489, 518 174,113 179, 503
Plate; SlVered 0T MO, - coocio o232 ool somie s ¥ e seissls Soiniesh clolile s EEE 233, 602 163, 064 214,917
Manufactures, unenumerated, and 01d broken..-...ccoceeeiecaieccancnecnnnn- 879,733 789, 006 906, 991

EXPORTS OF GLASS.

1878, 1879, 1880.
Plate ..t cooe bl oo s 0 0 0n Lt 8T BN ET SE 0 D AL AT NG M S N £106,762 | £133, 635 £192, 607
TN, oo ae oo areioi o iom BB - o r i 5037 1 orge A B gL b g iy’ 5. A 239, 747 230, 537 248, 694
Common Botilas:-. ..o g oo 2 A8 oliate e ¥ S e R0 S e bt 310,307 | 305, 606 332, 886
Other mannfactores, nnenmmMerated. .. oo oo cuenieneiieeceeemeennnnncnnnes 99, 068 113,255 147, 321 :
Glass of all kinds not of English mannfactnre...........coooveiieiumennnn... 149, 275 190, 635 186, 980

It will be noted that the imports of 1878 and 1880 do not differ much except as to flint, which shows a decided
decrease, while the exports show in all classes of glass an increase. Part of the decline in flint-glass is no doubt

a Sce the Pottery Gazette. London, September 1, 1831.
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due to the competition of the cheaper Iime-glaés, which, for ordinary purposes, is fally as good, and is now made of
a superior quality. At the same time it is true that for beauty and brilliancy no glass ean compare with Euglish
lead-flint.

MANUFACTURE OF GLASS IN FRANCE.—For many years France, through the Saint-Gobain works, has virtually
eontrolled the mannfacture of plate-glass on the continent of Europe, and, to a large extent, its production and
prices throughout the world. The Saint-Gobain Company not only own four of the seven French plate-glass
works, produeing fully 70 per cent. of the total make of France, but they also own the only two important plate-
glass works of Germany. On the other hand, however, it is to be noted that two of the remaining three of the
French plate-glass works are owned by a Belgian vompany. It thus appears that the plate-glass production of
Europe is largely controlled by two companies, one French and the other Belgian. It is possible that the number of
plate-glass works at present in Franee should be given as eight, as a faetory was erected at Saint-Denis, near Paris,
a few years since, though I am not advised whether it is running at present. The Saint-Gobain works have made
the largest sheets of plate-glass tliat have ever been produced. At the exhibition of 1878 at Paris an unsilvered
polished plate, measuring 21 feet 2 inches by 13 feet 6 inches, was exhibited. A speeial table had to be prepared on
whieh to cast this enormous plate. The quality of the Freneh plate is most exeellent, and is the standard for
comparison in all the eountries of the world. A eonsiderable amount of the produetion of this glass is used in the
manufaeture of mirrors, some 275,000 sqnare yards.being :onsumed annnally in this way. The manufacture of
window-glass in France is relatively of the least importanee, the produetion of plate, flint (lime and lead), and of
bottles being greater in value than that of window-glass. Aeeording to Mr. Colné, there were in Franece in 1878 (a)
from 235 to 30 furnaces, with 8 pots each, produeing from 40,000,000 to 45,000,000 sqnare feet. These are found
almost entirely in the north of France, near the coal-fields. Large quantities of ronnd, oval, and square shades, for
protecting eloeks, artifieial flowers, etc., are made in France, the process of mannfacture being similar to that of
window-glass, the sheets being blown in eylinders of a very even thickness all through. The eoloring, staining,
painting, and decorating of window-glass is earried on to a remarkable extent in that country, there being in the
neighborhood of five hundred establishments in France for thus manipulating sheet-glass, and the French colored
sheet-glass is espeeially notable both for its eolors and for their madnipulation. The so-called flashed or doubled
glass is very eommon, both in sheet and flint, flint glassware being in some instanees coated with as many as four
different layers ot different eolored glass put on very thin and evenly. Most of the stained or eolored glass used
eomes from the departments of the Nord and Pas-de-Calais. The work at many of the establishments has attained
a high degree of perfection, and the Freneh stained glass, by reason of its artistic exeellence and cheapness, is in
demand in all parts of the world. As has already been stated, the Frenech glass houses are especially noted for
the taste displayed in their flint ware, both lime and lead; but the quality is not as good as the English, though
a marked improvement has reeently been made in this respeet, and the gracefulness of the forms and the beauty
of the designs have given Freneh erystal glass a reputation that is unrivaled. The deeoration of window-glass
with enamel eolors in imitation of the antique is also quite an industry in Franee. Most of the work in the French
flint houses is hand-work, the result depending largely upon the manual dexterity of the workman. Pressing on
the Ameriean system is not employed to any great extent, while that whieh is made is deeidedly inferior to the
Ameriean. -

Owing to her wine produetion, Franee is naturally a large manufacturer of bottles, producing annually from
125,000,000 to 150,000,000; indeed, the value of bottles made in this country exceeds that of any other form of glass,
Some of the bottle works have been established for a long time, one, that of J. Tumbeuf Neveu et Neven, in the
Jura, being founded in 1506. It was at this plaee in 1630 that the first gentlemen glass-blowers (gentilhommes
verriers) were made by decree of the king.

The following table pnblished in the Report on Glass and Glassiwcare of the Paris Exposition shows approximately
the value of the annual production and exportation of glass of Freneh manufaeture in 1878:

Description. | Prodaction. Export. ' oy o
Gmatall v 5. Bk BRI NSOV [ $2200,000 | $800,000
Glaseware ..........itcceececicnaonn. | 2, 800, 000 1, 600,000 |
T, B Se ST e N ] 5, 000, 000 | 1, 600, 600
Window-glass ......... cceeeeaoaaen. 3, 000, 000 ’ 600, 000
RGO oy, 2o o g St L R D | &, 000, 000 2, 400, 000

MANUFACTURE OF GLASS IN BELGIUM.—Belginm possesses excellent faeilities for the manufaeture of glass,
and in some lines, espeeially window-glass, these facilities have enabled her to produee so eheaply as to
command a portion of the trade of the most important eountries of the world. Fully two-thirds of the glass
made in Belgium’is exported. As is noted elsewhere, Belginm has five plate-glass faetories, producing about
94,000 square feet polished plate a year. While some of the plate in Belgium equals the French, this is not
true of all manufaetured. The production, however, is increasing, and the quality isimproving every year. This

a Report of Paris Ezxposition on Glass and Glassware, Charles Colné, page 345. Washington, 1831. 111
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production is controlled by a syndicate, as is also the production of plate-glass in ¥France. There are in Belgium
61 window-glass factories, with 216 furnaces, containing from 6 to 8 pots each, of which at a recent date 78 were
idle, leaving bnt 138 in operation. These works are mostly situated in Charleroi. Most of the furnaces used are
gas furnaces. These works produce from 180,000,000 to 200,000,000 square feet annually, or, say, from 3,600,000 to
4,000,000 boxes of fifty feet cach. The Belgian window-glass is, as arule, of a very good guality, free from bubbles
or impurities, of a good color, and even surface. A large quantity of the colored glass is of a superior quality and
very clear color. Their flashed glassis very good and is admirably adapted for etching or engraving. They also make
quantities of corrugated, depolished, and painted sheets. Some corrugated eylinders 73 feet high have been made
at Charleroy. Depolishing is done by the Tilghmau sand-blast. Considerable glassware, both lead and flint, is made
in Belgium, but it is not, as arule, of a high standard of excellence, though the product of some of the works, especially
that of Val Saint Lambert, is fully equal to the English and the French. The cheapness of this ware has made a great
demand forit, especially when made into objects of utility. The exportation of this grade of glass amounts to one and
a half million to two million dollars annually. The bottle industry of Belgium does not hold the same relative rank
as this industry does in either Germany or Frauce, and the production from 1875 to 1880 was only about 12,000,000
annually, not as many as the single works of Siemens at Dresden make. This industry has been much neglected
in recent years. In 187212 furnaces were at work on bottles; in 1877 but 5. 1In 1872 Belgium exported 7,568,000
pounds of bottles, and imported only 1,377,000 pounds ; in 1877, however, the exports amounted to only 1,775,000
pounds, and the importations had increased to 3,476,000 pounds.

MANUFACTURE OF GLASS IN GERMANY.—In 1882 there werein Germany 317 establishments for the manufacture
of glass, () a reduction from 329 in 1878, (b) and 348 in 1873.(¢) Many of these, however, were of little importance,
being either small works for the production of watch crystals, blown pearls, ete., or so-called * refineries ” similar
to those common in Bohemia, in which crude glass is produced, to be finished in other works. (d) These glass works
are found in nearly all parts of the empire, being most numerous in Prussia, especially in Silesia. The production
of the different kinds of glass, however, is not so widely distributed, certain districts being the centers of production
of certain kinds. In Thuringia and the Bavarian forests large quantities of both blown and cast glass are made for
the mirror works at Fiirth. (¢) Window-glass is made chiefly in the Rhine provinces, Silesia, and Westphalia;
common table ware in the Rhine provinces and Lusatia; fine table ware in the forests of Bavaria and Lorraine;
and chemical ware in the forests of Bavaria and Brandenburg. The glass works of Saxony make large quantities
of lamp articles ; and Saarbriick, Prussia, and Saxony produce bottles very extensively, one establishment, that
of Fred. Slemens, at Dresden, producmg 16 000,000 annually. .

The statistics of the glass houses of Germany other than those given above are not only exceedingly meager,
but very difficult of classification. The best information obtainable places the number of establishments at which
plate-glass is made at five. Two of these, Stolberg and Mannheim, owned by the French company of Saint-Gobain,
had for a long time the monopoly of the manufacture of plate-glass in Germany, but within a few years past at
least three other works have been established. In Thuringia and the Bavarian forests, also, according to the
German Catalogue of the Centennial Exhibition, glass is made by casting, the plates being ground by water-power
with very primitive machinery. These plates are chiefly nsed at Fiirth for the manufacture of looking-glass. There
are in the neighborhood of 86 establishments, with 125 furnaces, averaging 7 pots each, at which window-glass and
blown spiegel-glass are made, and about the same number make bottles, carboys, and demijohns. At the other
works, and also at some of those making window-glass and boftles, various kinds of table ware, articles of luxury,
chemical apparatus, etc., are made.

FURNACES AND FUEL.—A great deal of attention has been paid in Germany to the construction and method
of firing furnaces, and some very important advances have been made. Direct firing has been abandoned in many
works and systems of indirect firing adopted. The Siewmens furnace, not only with pots, but of the tank variety, has
been very snccessful. Other systems, as the Nehse and the Boetius, are in use. While coal is the chief fuel of the
glass houses, the use of wood, peat, and turf is by no means nncommon. When wood is nsed, the works are located
with reference to its supply, and as the wood is exhausted and transportation into certain districts is made easier and
cheaper these works are abandoned. The development of the glass industry of Germany is now in the neighborhood
of the deposits of mineral coal, the old glass-making districts gradnally losing their prominence.

- MANUFACTURE OF GLASS IN AUSTRIA-HUNGARY.—The beauty, elegance, and perfection of the Austrian
glassware, as well as the skill displayed in its manufacture, have given it a reputation that is second to none
other. The Bohemian glassware is a lime glass, containing little or no lead but a large percentage of silica, and is
consequently well adapted to decoration. The purity, whiteness, and homogeneity of the metal make it equal to the
best white glass produced in Europe. Not only in form and metal does the Bohemian ware rank with the highest, but

a Sec Deutschlands Glasindustrie, Julins Fahdt. Dresden, 1832,

b See same for 1878.

¢ Bulletin of the Society for the Encouragement of National Industry, page 71. Paris, 1877.

d In 1873 it was stated that but 250 of the German glass houses were of much importance. It is true,however, that though, as
stated, the number of works has declined, the output of many of them has largely increased.

¢ Very large quautities of little mirrors, called Judenmasspiegel, are made in Germany.
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in its manipulation it has deservedly a great reputation, the variety and diversity, as well as the Eeaunty, of its
engraved and decorated artieles, being beyond question. The conditions of manufacture of this Bohemian glass
are also such that it ean be very cheaply produced.

One of the specialties of Austrian glass-making is the manufacture of varions fabrics for ladies’ wear from spun
glass. Theglassis spuninto threads, like ordinary silk or cotton, and woven into different-colored fabries, sometimes
entirely of glass aud sometimes with a warp of silk or cotton. Collars, neckties, cords and tassels, fringes, pin-
cushions, feathers, belts, ete., are all made of this material. At the Paris exposition in 1878 a bounet made entirely
of spun glass, with feather and ribbons lined with silk, was shown, as well as cloaks and other artieles of wear.
This spun glass is also used for watch-ehains, broshes, etc. Glass flowers are also made to a considerable extent, but
it is difficult for these to compete with those made from ehina. As is stated elsewhere, large quantities of what is
known as ‘“‘raw glass” are made in Bohemia. This glass furnishes the raw material of other establishments, and
is in these establishments deeorated, polished, and made into looking-glasses, beads, ete.

There is but one plate-glass works in Austria-Hungary, as the manufacture of plate-glass has not been a very
snceessful enterprise in that country. The first works was established in 1700, and, after leading a peripatetie
existence, was finally abandoned in 1840. The plate-glass works now in operation is at Stockau, in Bohemia. The
glass is ehiefly used for the manufacture of mirrors. Considerable window-glass is also made in Austria, muel of
it for the manufaeture of looking-glasses, for which large sizes are blown, the workmen using levers, eranes, props,
and other mechanical means in its produetion. The finishing of this glass is carried on in the Pilsen distriet, where
there is a number of establishments for grinding and silvering. There are in Austria 63 glass factories making
eylinder glass, 46 making what is called cast glass, mainly for mirrors, and 56 making both.

The chief seat of the Austrian manufacture is in Bohemia, 169 of the 360 furnaces reported below being in that
district. The glass houses, however, are generally very primitive affairs, being in the midst of forests, the furnaces
ordinarily very small, containing seven or eight small pots,and burning wood. These furnaces, being so rude and
inexpensive, are placed in the midst of the timber. As the fuel around a factory is burned, it is found more
economical to move the furnace than to bring the fuel to it. This state of affairs has resulted in the division of
glass-making in Bohemia into two distinct branehes, the manufacture or the production of the rongh unfinished
articles aud the manipulation—the so-called refining, or the cutting, engraving, and decorating of this raw glass.
In a few establishments both operations are earried on, but the larger number simply blow or mold the articles and
sell them to the glass refiner. The result of this division has been the training of a body of excellent engravers, and
the skill has been still further eneouraged by a government museum ; and drawing- and art-schools in conneetion
with the glass industry have also Leen opened at various places. As is stated in the ehapter on materials, sand
is but seldom nsed in Bohemia, quartz, whieh is quite abundant, being substituted for it. ’

According to the last statistical reports published in 1880 there are in Austria-Hungary 230 firms, operating
255 glass bouses, in which there are 360 furnaces. In these furnaces are 2,803 open pots, 37 covered pots, and 5
tanks. Of the 360 furnaces, 15, with 123 pots, are regarded as permanently idle; 7 furnaces, with 50 pots, as
temporarily idle; 1 furnace, with S pots, and 1 Siemens tank-furnace were in eourse of eonstruction. The location
of these furnaces and the number of workmen engaged are as follows:

|

i ] i

{ Location of furnaces. h‘;"’m’& ' Furnaces. | Workmen.

2 R | 122 10 | 1502
Waraviae PoaY im0 S ! 16 27" | 9,072
L7 T o BN, S R T o | 3 3 94
gl o AT sy b e A 15 15 358
Buekowina __:......cooorveornnnn.. ' 4 ! 5 1 m

' LZower Auelris - .- .....oc.too.....t r 8 14 405
UPPer Austrif. . ..ccovnneevenannnnnn. | 3 | 4 ‘ 179
e N, W { 1| 2 300
T e N R R S S { 20 2 | 1,142
G T T e e S ST e B 2 2 | 60
J O oo R S SN R SR 4 8 b 4 169

[RREANTS . { WL 4 5 | 169

b 00T T A SR U, R R P R 1| 1 i 24
(EIRSOR = o . 5. % oo SEALL oo, 40 ' 66 2,850 |
GRpSRRESe e o AEY P B | 4 6 170 |
B E LT AR R R 3 4 135 |
TransmIvamia ¥ L. .. g.o.ooe. ’ 6 6 200 |

|
. S

Helpers are not included in this estimate. If we add to this nnmber 21,500 workmen engaged in glass refineries
and other factories of a kindred charaeter, we may put the number of workmen engaged in the glass indastry of
Anstria-Hungary at 60,000.

Of these 360 works, 1 manufactures plate-glass, 1 cathedral glass, 63 window-glass, ineluding blown
looking-glass and colored glass, 71 table ware, 131 hollow glass, iucluding erystal and fine glasses, 20 lamps, 50
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green glass and bottles, 15 colored raw glass (9 of these are window-glass, and are included in window-glass
manufactare), 15 raw glass sticks and pipes for beads, and 2 pressed glass. As stated above, wood is the chief fuel
used. Of the 360 furnaecs, 244 use wood as fucl, 86 peat, 18 coal, and 12 turf and wood.

One hundred and forty-six glass houses manufacture cut glass and other fine ware. Of these, 47 use foot-
power, 57 water-power, and 16 steam-power. The total annual preduction of Austria reaches in value about
$12,000,000. I find a statement in the Bulletin of the Society for the Encouragement of the National Industryin
France to the etfect that, in 1873, 70,000 to 30,000 quintals of blown window-glass were made in Bohemia in that
year.

MANUFACTURE OF GLASS IN ITALY.—The recent revival of the manufacture of Venetian glass, while it has
not added largely to the amount or value of the production of Italy, has given to its glass a reputation that has
been wanting since the fires of Murano went ont. In 1866 the Venice and Murano Glass Company was established
by a few English gentlemen for the purpose of restoring the manufacture of Venetian glass, and the result has
been a degree of exccllence in produet not unworthy of comparison with that which in former days eharaeterized
the productions of the glass works of Venice and Murano. Through the kindness of Signor G. Castellani, to
whose skill the modern glass houses of Veniee are so' mueh indebted, I have received the following statement
regarding the works at Murano: :

Murano, asmall island twenty minutes distant from Venice, contains 4,000 inhabitants, 2,000 of whom are employed in glass works.
In these works are made beads, sheet window-glass, blown-glass articles, (¢) vases, table ware, etc., ehandeliers, bottles, green druggists’
ware, and enamels for mosaies. There are ten or twelve furnacesin these different establishments. The most important of the Murano
works,in a eommereial point of view, is Le Fabbriche Unite, where beads are made, about a thousand workmen being employed. The Venice
and Murauo Company, which is the principal factory for blown and artistie glass, employs about seventy men, part of whom are
ealled maestri. Its production is limited, the number of macstri being very small and not easily inereased. The production amounts to
about 500,000 franes ($96,500) a year. Theentire product of the island does uot exceed 5,000,000 francs ($965,000) a year. All the materials
used on this island are drawn from other countries: the sand from Dalmatia, soda from England, eoloring matter ehiefly from Germany.

As to the details of the manufacture of glass in other parts of Italy but little information is obtained. The
following statement was obtained from the minister of foreign affairs of Italy througl the late Mr. Marsh, American
minister: :

[
No. of | Average num- |

Kinds of glass. establish- ber of em-

4 ments. ployés.

PR te-ginga S AN S L o Il (0 Ml o e ).
Window-glass oo covivennacvnnnnn. 12 1,200 |
GIABBWALRE ..oois?oh e aloilile s s siasoieisies 49 3,000 |
GUoOn ZIP9E .. cos - oo spussre onnstaspe 14 800 |

Totals., paens ral® soamis o 75 ' 5, 000

MANUFACTURE OF GLASS IN RuUssiA.—The development of the glass industry in Russia in the last fifteen
years has been very marked. All kinds of glass are made in this empire: plate, window, glassware, and bottles.
As a rule, however, the works are quite primitive. In the Wilna, Minsk, and neighboring districts only wood is
used. The furnaces are very primitive, and average but from four to six pots. In the central district, however,
where there are fifty-eight works, the establishments are somewhat larger. The plate-glass establishment is in the
northeast distriet. The entire production of Russia can be placed at about 10,000,000 rubles, or $7,779,000. The
number of glass factories in Russia in 1879 was 202, the number of persons employed 14,480.

MANUFACTURE OF GLASS IN SWEDEN.—Sweden manufactures glass somewhat more extensively than Norway,
supplying not only the larger part of its own demand, but having some surplus to export to Russia. Its quality,
however, is not remarkable, and but little attention is paid to the production of anything but the eommoner grades,
though some painted glass is made. There are in Sweden 33 glass works, produeing window-glass, glassware,
and bottles, no plate-glass being made. Of these, 4 manufaeture window-glass, making 19,602 cases yearly, (b) 15
glassware, and 14 are green-glass factories. In these 33 works are 38 furnaces, with 280 pots and 1 tank. Seven
furnaees use gas, 3 coal, 2 peat, and 2 wood, and 31 are direct-firing, using wood as a fuel. The statistics of these
factories for 1879 are as follows : (e)

| i i
R ’ ! NUMBER OF EMPLOYES. [
Kinds of glass. estal'xlésh- ! ﬁgx?a.\gefs No. of potvs.! - % N Valut‘algf prog:|
‘ments. 1 en omen sles i
over 16. over16. | mnder 16. I
‘ - | , |
Window-glass........ ooeeeeernenncs I e 1| T R Fan e hy AT, ' $93, 955
Glasdware . . g8 3o 0 8310 15ttt . I Sy e ‘ ........................ [ 293, 547
Grocn glAss. - fiom.r ooben b ) e R [ e . . ot - Dt o vt e S 265, 323
\ ' W |
Toldlf, 3.3 rarea s e | 33 | 38 { Qf‘{g’és}l 1,200 50 | 800 654,825 1
‘ 5 1

a Known as Soffiati.
b These eases are probably of 100 feet each.
¢ For these figures I am indebted to the eourtesy of Mr. Fredr. Brushewitz, of Limmared, Sweden.
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MANUFACTURE OF GLASS IN NORWAY.—But little glass is made in Norway. There is but one window-glass
factory which uses wood as a fuel in a direct-firing furnace; two flint works making table ware, one using a Boetins
and the other a wood-gas furnace, and three bottle houses nsing Siemens furnaces, two with pots and one tank.
The latest statistics at hand, which are only approximately correet, are as follows:

No.of | = - | -
N No. of No.of | Value of prod-
Kinds of glass. | ﬂigﬂfm' i farnaces. | employés. | uct.
| .

ot (T i ' 1 | 1 | 35 $27,000 .
(2 79 B R L SO SR & 2 n' 300 86, 500
Green glass.....cccoccnecicniannnn. | 3 3 | 270 ’ 86, 500

TEIN T S SRTTNC AR E A Pl 6 | 6 I 605 i 200, 000

Of the employés 25 are women and 112 are children.

MANUFACTURE OF GLASS IN SPAIN.—Though Spain was one of the first nations of western Europe to make
glass, the present condition of this industry by no means justifies the promise of its beginning. There existed in
Catalonia, Spain, in the last century many works famous for their beautiful glass, but these are nearly all closed.
In the whole of this kingdom at the present time there are only some 23 or 24 glass houses, making bottles, lamp
articles, and window-glass, mostly for local use, though some little is exported. At these factories, also, some
rude and strange shaped vessels and drinking-cups are made, and these, compared with the specimens remaining,
show that the old forms and the old systems of ornamentation are still in use.

GLASS IN HoLLAND.—There are in Holland 19 glass works, all but one of which are engaged in the manufacture
of the peculiar square glass bottles used for bottling the Duteh spirits. Many of these bottle factories are in
connection with the distilleries, and consequently have a steady business, but little affected by foreign competition,
The total production is about 19,000,000 a year, all colored. In addition to these bottle factories there is a
glassware works at Maastrecht.

The province of Zealand farnishes a substance largely used in the manufacture of plate-glass, ‘bergasche?,
supposed to be the remains of a salt-boiling works which once existed in that province. This substance takes the
place of soda, but requires especial preparation.

GLass 1IN PorTUGAL.—In Portugal there is one establishment for the manufacture of erystal and fine glass,
and some glass of other kinds is made, but not enough for the needs of the country.

CarTErR XIL.—HISTORY OF GLASS-MAKING IN THE UNITED STATES.

GLASS-MAKING IN VIRGINIA AND WEST VIRGINTIA.

One of the first attempts at manufacturing within the limits of the thirteen original colonies was the production
of glass. The hopes of sudden wealth from the discovery of gold and silver, or from finding the fabled passage
through this continent to the South Sea, were doubtless the chief causes of the formation of the London Company
and its early attempts to colonize Virginia. At the same time this was a commercial venture, with the hopes of
profit, and with a shrewdness characteristic of the English merchants, not only of that but of subsequent centuries,
they did not forget entirely the possibilities near at hand in their search for what they believed would be greater
ones in the near future. The vessel which carried Captain Newport to this colony on his second voyage, in 1608,
also bronght out eight Poles and Germans to make ¢ pitch, tar, glass, mills, and soap-ashes”. Stith wisely remarks
that ¢ had the country been peopled they would have done well, but they only proved a burden and a hinderance
to the rest”. (a) After the return from the fruitless expedition to the conntry of the ¢“Manakins”, the president
of the colony, Captain Smith, dispersed as mauy as “were able, some to inake glass, and others for pitch, tar, and
soap-ashes”. Between the arrival of Captain Newport and the return of his vessel,in 1608 or 1609, some glass was
made, and part of the return ecargo, the first that conveyed any exports of mannfactures from what is now the
United States, was the trials of glass thus made.

Stith states that the glass house in which the glass was manufactured, and which was probably the first
maunufactory erected in the English colonies in America, being erected late in 1608 or early in 1609, stood in the
woods about a mile fromr Jamestown. This enterprise was one of some daring. Glass-making at this time was by

= a Stith’s History of Virginia, page 77. Williamsburg, 1747,
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no means well established in Europe. Flint-glass was not yet invented, and plate was not cast, while the art of
blowing window-glass and bottles and making glassware was imperfectly practiced in England. 'Wood, however,

was becoming scarce, and the alkalies needed for the mannfacture of glass high priced, and those of a good quality

were brought from a distanee. Allof these materials were not only abundant in the new eolony, but the wood was-
a burden and potash eould be made readily from the wood-ashes. The great bulk of glass bottles made their .
importation expeusive, and it is'possible that the first glass house in Virginia made bottles only. What window-
glass was used was imported.

The eraze for the raising of tobacco, which had such a disastrous effect upon the colony, interfered with glass-
making, and in 1617 Captain Argall, ou his arrival as governor, found the glass house fallen to decay.(a) In 1620
an attempt was made to restore manufactures to the colony, and a large nnmber of artisans was sent to Virginia.
In 1621 a roll or subscription was opened to raise funds for the ereetion of a glass honse to make beads for the
Indian trade, and Captain Norton and some Italians were sent over for that purpose. The subseribers to these
rolls were to participate in the profits. -These beads were eurrency among the Indians.

The London Company, in its letter of J uly, 1621, sent in the ship George, commended this Captain William
Norton to the governor. He was direeted to be lod"ed in the Guest Honse with his ¢ gange” until he had found a
convenient place.for his furnaee, and in the choice of place eare was to be taken that he and his ¢ gange?” be as
secure as possible from surprise, ‘‘so that the commoditie of glass and beads should not be vilified by too
common a sale to the Indians”. (b)) At the time of the massaere, in 1622, the glass house at Jamestown was
destroyed, but it does not appear that these Italian glass-workers were massacred, as they must have been had
their glass works been at this place. They are referred to in June, 1622, and again in February 20, 1623, by the
governor and eouneil in a letter to London, in whieh they state that a gentleman who was returning to London
would inform the eompany what had been done. This would seem to indieate that the manufacture of beads was
not carried on at Jamestown, but that the house that was destroyed was the first one.

What was the history of glass for some years after this date is not, so far as I have been able to discover, a
matter of record. No doubt the eolonists found that the cheapness of fuel and of alkali was more than offset by
the scareity and high price of labor and its tendeney to -seek other employment, and it is probable that glass-
making was abandoned.

The next aceount of a glass works in Virginia that I have found is of one that was in existenee in 1787 at
Alexandria. M. De Warville, who visited this state in the fall of 1788, states that this works exported the previous.
year glass to the amount of 10,000 pounds and employed 500 hands. This is the last notice of a works in eastern
Virginia until early in the nineteenth eentury. Mr. Jarves states that a Dr. Adams, of Richmond, Virginia, ¢“made-
large offers of inereased wages to the workmen of the Essex-street works, who were indueed to abandon their
places of work and violate their indentures. They snceeeded in reaching Riehmond to try their fortune under the
auspices of the doctor. A few years’ experience convineed them of the fallaey of inereased pay, for, after very
heavy losses, the works were abandoned and the workmen thrown out of employ”.

This is the last record I have been able to find of a glass works in eastern Virginia, or what is now Virginia.

In the census of 1810 Virginia does not appear as a glass-making state. In 1815, however, a glass works for
making white flint, hollow, and other glassware was established at Wellsburg, in the western part of the state,
at whieh glassware of an excellent quality was produeed. In the census of 1820 a glass works is reported in
Brooke eounty, which was no doubt the Wellsburg works. It madethat year $20,000 worth of glass, had $12,000
capital, and paid ont $8,000 for wages and $12,000 for material ard contingent expenses, or exactly the value of
produet. It employed 14 men and 12 youths. In 1827 it is reported that glass decanters of great beauty and
solidity were made at these works, ‘“while white flint and green glass wares made within a few years rivaled the
foreign.”

At the tariff convention of 1831 there were two flint-glass furnaces, with 12 pots, reported in operation at
Wellsburg, Pennsylvania, evidently a misprint for Virginia, and one with 6 pots at Wheeling, Virginia. Two
window-glass works are alsoreported at Wheeling. In 1840 one glass works is reported in Brooke county (the
Wellsburg), and three in Ohio county (the Wheeling).

Regarding the history of the Wheeling factories, Mr. W. Leighton, jr., in an article contributed by him to the
Wheeling Sunday Leader of March 28, 1880, in some reminiseences, states that—

The first glass factory built in Wheeling was for the manufacture of window-glass, and the business was commenced some time in
the year 1821. I findin the History of the Pan-Handlethat *“in 1829 a flint-glass house was crected in Wheeling by John and Craig Ritchie,
located on the side of the hill opposite the second ward market-house. This establishment was operated for several years with great
activity and success, and had a widespread reputation for the manufacture of fine-cut glassware. This success and the unrivaled
advantages for procuring cheap fucl at Wheeling encouraged other firms to embark in the business, and in 1835 the Messrs. Sweeney put
a large flint-glass works into operation in the northern part of the town, which was followed in the course of the next few years by the

ercction of another largo establishment at the extreme south end, built by Plunket & Miller, now owned and operated by the firm of J.
H. Hobbs, Brockunier & Co.”.

a Captain Smith, under date of 1615, states that for along time the labor of the colony had becn misdirected in the manufacture of
various articles, among them glass.

b Neal’s Virginia Company of London, page 231.
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The veteran glass manuafacturers of this conntry, Mr. J. L. Hobbs, and his son Mr. J. H. Hobbs, of the South Wheeling glass works,
have been, I believe, for a longer time nninterruptedly running their furnaces than any other glass mannfacturers in the United States.
These gentlemen eame to Wheeling in 1845 and purchased the glass works built by Messrs. Planket & Miller, since which time there
has been no break or iuterruption to their bnsiness.

Whether or not the introduction of glass-making at Wheeling encountered the same difficnlties as are described to have met Mr.
Bakewell at Pittsburgh I do not find set down in the records, but the probabilities are that a similar experience was had. The
factories, however, ultimately surmounted all difficulties, and went on to good success. In1863 the Central Glass Company was established
by a number of workmen from the South Wheeling glass works and snccessfnlly operated. At later dates several other factories have
been built in this valley; among which are the Belmont Company and Goblet Company at Bellaire, the La Belle Company at Bridgeport,
and the Excelsior Company at Martin’s Ferry. Beside these, window-glass factories and lamp-chimney houses have been located here,
and the amount of glass business in this vicinity is assuming year by year greater proportions.

The obvious reason for the establishment of glass factories in Wheeling has already been mentioned—its cheap fnel. This has
always been an important consideration; but the snceess of glass-making here has not been due to this canse alone; it owes much of its
prosperity to the enterprise of those engaged in it. While the first great step of progress in glass-making in modern times, the invention
of pressing, is claimed, as before mentioned, to be American, so is the second not only American, but had its origin here in Wheeling.
This second step was the improvementin the composition of lime glass, which enabled manufacturers to substitute that material in place
of the old flint-glass.

For the manufacture of bottles, window-glass, jars. and shades in England and on the continent of Europe lime glass has always
been used, and can boast an antiquity perhaps as great asthat of flint-glass. The first factoriesin this country made window-glass, nsing,
of conrse, the lime composition ; the mannfacture of bottles followed, bnt flint-glass making was commenced, and, as in Europe, only
inferior grades of ware were made of lime glass. Tn Pittsburgh, at an early period, common tumblers and cheap table ware were made
of lime glass, and some improvement had been made in 1864; but still the lime goods were so mnch inferior to flint-glass as not to come in
competition with it, their lack of purity and luster being very conspicnous faults.

In the winter of 1364 Mr. William Leightou, sr., of the firm of J. H. Hobbs, Brockunier & Co., made a course of experiments in
the composition of lime glass, the result of which was so successful that the manufacture of lime glass was commenced by his firm, and
ware was produced equaling in beamy the finest fliut-glass. The most important feature in the composition of this new lime batch was
the use of bicarbonate of soda in place of soda-ash, nntil that time nniversally nsed in lime glass; and this nse of bicarbonate, and better
proportion of all the materials, constituted the improvement, and led to the most important results. As the improved lime glass was
mnch cheaper than flint-glass, being less than half its cost, other factories commenced using the same material and learned the new
composition. The ware thus mannfactured could only be distinguished from flint-glass by its less specific gravity, and by the pecnliar
tone of its sound when struck, the flint-glass having a full metallic tone or ring, while the lime glass emits a dull, dead sound, destitute
of vibratory tone. From the time of this improvement in lime glass the flint-glass factories began to languish. The larger number of
them, perceiving that the era of flint-glass was past, gave np the old composition and commenced the manufacture of bicarbonate glass,
as it was then called. But a few factories still clung to the old lead-glass composition, fondly hoping, and perhaps believing, that lime
glass would run a brief course, and that there would be a return to the time-honored flint-glass. It soon became evident, however, that
lime glass had gained the ascendant by merits that would stand the test of time, and those who still persevered in the manufacture ot
1sad glass found their ware counld no longer be profitably made, and gained the experience that, in an age of progress, whoever clings to
the methods of the past will soon be neglected and forgotten.

Beside advantage of cheaper material, lime glass has the property of chilling and becoming rigid more quickly than flint-glass, thus
enabling, and even compelling, the workmen to finish the ware more rapidly, and hence making a greater production; and as the specific
gravity of lime glass is less than that of flint-glass, articles made of the former have the advantage of this lightness of weight. The result of
all these advantages, together with improvements in furnaces, tools, and methods of manufacture, has been to reduce the cost of glassware
to about one-fourth part of what it was when the invention and introduction of bicarbonate glass took place in 1864. With this reduced
cost, and consequent reduced price, the use of glassware has been extended correspondingly. New factories have been built; old factories
have increased their capacity ; and a sufficient supply of glassware has been prodnced to meet the demand which the reduced prices created.

No kind of ware, even if composed of the most common materials, can now compete in cheapness with lime glass for drinking-vessels
and table ware; while for beaunty of material, finish, shape, and ornamentation glassware is more than equal to, and for cleauliness far
beyond, any other.

Speaking of gas turnaces, Mr. Leighton says:

Although Wheeling took no part in exi)erimental gas furnaces, yet as soon as it became evident that a safe form of construction had
been reached, that form was at once adopted here. The largest gas furnace for melting glass in this country, and probably in the
world, was built and put into operation last year by Messrs. J. H. Hobbs, Brockunier & Co., at their South Wheeling glass works, and after

six months’ trial they were so well satisfied with its results that they put up another of the same form of constraction, which has just
been completed.

GLASS-MAKING IN PENNSYLVANIA.

The first mention of a glass works in Pennsylvania is found in a letter written in Angust, 1683, by Penn to the
Free Socicty of Traders. In this letter he alludes to their tannery, saw-mill, and glass-house, “the last two
-conveniently posted for water carriage.” Where this glass house was located, or for what kind of glass it was
intended, is not known; indeed, it is doubtful whether the works were ever used for the purpose for which they
were erected. If they were, they proved unsucecessful, as did most of the early glass works in the colonies, and
were soon abandoned. (a)

a Budd, who wrole in 1685, does not mention them. Dr. More’s letter, printed in 1637, mentions a number of industries, but not
glass-making, and the same is true of the pamphlet printed some time in 1691, entitled Letters and an Abstract of Letters from Pennsylrvania.
Tu this pamphlert all the trades which flourished in Pennsylvania are mentioned, but glass is not one of them. Holme, who wrote in
1689, and who refers to a number of trades that were carried on in Pennsylvania, speaks of the scarcity of window-glass. He writes:

The window-glass is often here
Exceeding scarce and very dear,
So that some in this way do take
Isinglass windows for to make.
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There is a statement in Bishop’s History of American Manufuctures to the effect that a glass works was built
shortly after this one at Frankfort, neav Philadelphia, by the English Friends who settled there, but this is
probably a mistake, as there were no English Friends in Philadelphia at so early a date. (a)

From this time until just before the Revolution the record of glass-making in Pennsylvania is a blank. Governor
John Penn, in a letter to the Lords of Trade and Plantations, dated Philadelphia, Janaary 21, 1767, wrote:

The other is a glass manufaetory, which was erected abont four years ago in Lancaster county, seventy miles from this city, by a
private person. It is still carriod on, tho’ to a very inconsiderable extent, there being no other vent for their ware, which is of a very
ordinary quality, but to supply the small demands of the villages and farmers in the adjacent inland country. ()

This was probably Baron Steigel’s establishment, referred to below, who established himself at Manheim
in 1762; but bhowever this may have been, there is evidence that Steigel soon after this built a glass house.
In June of the same year that Penn’s letter was written (1767) Townsend’s scheme for raising revenue from the
colonies passed the British parliament and was met in this country by a storm of denunciation and agreements
of non-importation. At public meetings it was determined to stimulate by all prudent ways and means the
manufactures of the eolonies, and glass and paper were particularly mentioned as articles deserving of domestic
encouragement. Townsend’s revenue act was repealed in 1770. At that time a flint-glass manufactory on a much
larger scale than any before attempted in the country had been built at the village of Manheim, near Lancaster,
by a German baron, Henry William Steigel, and Mr. David Rittenhouse, in a letter to Mr. Barton, dated the 4th
of February, 1770, speaks of his intention when he next visited Lancaster to have some pulse-glasses, then just
introduced by Dr. Franklin from Germany, and other things he wanted, made there. In another letter, written in
the following summer, acknowledging the receipt of a barometer tube made at this factory, he says

I am obliged to you for the glass tube; it will make a pretty barometer, thongh the bore is somewhat too small. I have compared it
with an English tube, and do not think the preference can with any reason be given to the latter. (e¢)

This enterprise did not prove rvemunerative, as the war interfered with remittances from Europe and
embarrassment ensued, and the glass works were abandoned. (d)

About the time that Steigel built his factory at Lancaster the first glass works in Philadelphia of which we
have any details was established at Kensington. The repeal ot Townsend’s act did not remove the determination
of the people of the colonies to establish domestic manufactures in their limits, and though workmen skilled in
the manufacture of glass were by no means common, some gentlemen engaged in trades quite foreign to glass-
making were found who were willing to risk their capital in this undertaking. In October, 1771, Robert Towars,
skinner or leather-dresser, and Joseph Leacock, watechmaker, purchased a piece ot land on the east side of Bank
street (now Richmond street) and built upon it a glass house, furnace, and other improvements. (¢)

This works must have begun the manufacture of glass late in 1771 or early in 1772, and it certainly made green
. bottles, and perhaps flint ware. In Franklin & Hall’s Pennsylvania Gazette of January, 1772, appears the following
advertisement : :

The glass facture, Northern Liberties, next door .to the sign of the Marquis of Gra,nby, in Market street, where tho highest price is
given for broken flint-glass and alkaline salts.

This would indicate the manufacture of flint-glass. The place designated was the store of Robert Towars,
which was in Market street, between Second and Third streets. In November, 1772, Towars and Leacock sold the
premises to John Elliott and Samuel Elliott, druggists, who took into partnership and interest Isaae Gray. These
partners built an additional furnace and continued the manufacture of bottles, earrying on the business for eight
years, and as the Elliotts were apothecaries and Gray was a wine merchant, it may be supposed that in this venture
the manufacture of bottles for use in their business was an object. The property was sold in May, 1780, to Thomas
Leiper, a tobacconist, who must have needed many bottles for the reception of snuff. The latter was owner for
twenty years, and sold the glass house on March 6, 1800, to Joseph Roberts, jr., James Butland, and James
Rowland for $2,333, subject to £15 ground-rent, who carried on the works under the firm name of James Butland
& Co., and in 1801 had their store at No. 80 North Fourth street. Roberts soon sold out his one-third interest to
Butland and Rowland for $2,548, who dissolved partnership in 1804, Butland disposing of his interest to Rowland
for 2,548, and the latter advertised in 1808 that his store for the sale of bottles made at the Kensington glass
works was at No. 93 North Second street. He was also in business as an iron merchant. James Rowland died
before the year 1833, and on July 10 of that year James Rowland, jr., who had purchased the interest of his
brother, Joseph W. Rowland sold the works to Dr. Thomas W. Dyott.

Though the records are very meager, there are evidences that several other glass works were built in eastern
Pennsylvania between the breaking out of the revolutionary war and the close of the century, and no doubt the

a Mr. I, D. Stone, the librarian of the Historieal Society of Pennsylvania, writes we that Pastorious was the agent of the Frankfort
Land Company, and Bishop probably eonfonnds this name with the little town of Frankford, now a part ef Philadelphia. :

. b Pennsylvania Colonial Records, ix, 354.

¢ Barton’s Memoirs of Rittenhouse, page 206. '

d In Frauklin & Hall’s Pennsylvania Gazette for January, 1772, in additiou to the advertisement for broken flint-glass, elsewhere
referred to, is one from the Southwark china faetory for flint stones and broken glass. This may have been for “‘cullett’> for the
Lancaster works, or for some other factory of whieh we have found no record.

¢ For most of the earlier details of this works I am indebted to Thompson Westcott’s history of Philadelphia, published in the
Philadelphia Sunday Dispatch.
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scarcity of glass during the war led to the erection of works in this and other states. That there were glass
works of some importance in Pennsylvania at its close appears from Lord Shefficld’s letter, written shortly after
peace was declared.(a) In November, 1787, the Society for the Encouragement of Manufactures offered a gold
medal for the best specimens of flint glassware and bottles. It is hardly to be supposed that a $20 gold medal was.
offered as an inducement to parties to undertake the manufacture of flint-glass, but rather as a premium to works.
already in existence for the best samples of their products, and the fact that window-glass is not mentioned would
indicate either that window-glass was not made, or that its manufacture was so well established as not to need
encouragement. Some time between 1780 and 1786 Robert Morris and John Nicholson erected works at the falls of
the Schuylkill for the manufacture of some kind of glass, probably window-glass. The glass house was about
opposite the dwelling of Governor Mifflin, and a row of stone houses a little lower down the river was built to-
accommodate the hands working in this establishment. John Thoburn, about 1808, altered the glass house for the
purpose of a calico-printing establishment, and the building was still standing in 1856. (b)) Mr. Eichbaum, who had
charge of the erection of the Craig & O’Hara window-glass works at Pittsburgh in 1797, was “superintendent of
glass works at Talls of Schuylkill, near Philadelphia”. (¢)

Thomas Harrison, Philip Jones, and Robert C. Martin, who were interested in other business (which, however,
they did not abandon), invested a portion of their capital in the manufacture of green and flint glass, which they
made at the glass house, South strect, near the Schuylkill, in 1806’07, and manufactured largely in 1808 green
and white half-gallon, quart, and pocket bottles. This establishment consisted of a brick glass house, forty-three
feet square, a brick warehouse, fifty by forty-three feet, and a small house and stable. Philip Jones & Co. were
proprietors in 1810. (d) It is doubtful if this ¢ white” glass could have been what is known as white to-day; for if
it was, it must have been made in the same farnace as the green glass—a difficult operation.

The Schuylkill glass works, “two miles from Philadelphia,” which were in operation in 1819, were the same
South street works, and Edward Lowber, drug and color merchant, at No. 144 North Third street, had for sale in
September, 1819, window-glass from those works. Caleb Foulke was agent for these works at No. 19 Minor street;
but in 1820 George and Jacob Peterman, flour merchants, were agents, at No. 366 High street, for the Schuylkill
window-glass manufactory, in South street, near the Schuylkill river. In May, 1822, H. & W. Lawrence advertised
that the Schuylkill glass works were to let; and in February, 1823, George and Jacob Peterman gave notice that
they had again undertaken the ‘“agency of the Schuylkill glass works at South street wharf, recently called the
Philadelphia works?, and that they had for sale window-glass of all sizes. (d) Thum & Bitters, of North Third
street, made, in 1808, pint and half-pint pocket bottles and vials. (d)

Regarding the attempts to manufacture certain kinds of glass at this time and later and the canses of failure,
Dr. T. W. Dyott (e) states that “the manufacture of ordinary deseriptions of glassware, such as apothecaries’ vials
and bottles and the common varieties so extensively used for domestic and other purposes, was not suceessfully
prosecuted in this country until long after the period of the-late war (1812)”7,

Owing to the extravagantly high prices of imported vials, many efforts had been made previous to this time’
in the county of Philadelphia and in the state of New Jersey to establish this business, bnt in all instances they
were unproductive, and were finally abandoned, with a heavy loss to those who projected or were concerned in them.

A number of causcs interposed to prevent success in this branch of industry, and the failnre of those who had first attempted its
introductien among us afterward operated to discourage capitalists from engaging in it. Our knewledge of the business at this peried
was theoretical, without practice ; and our workmen were equally deficient, having but an imperfect acquaintance with the mechanical
part of their profession. The metal of our factories was inferior in quality and strength, yet produced from the finest materials and by
the most expensive process; the articles we manufactured were also limited in quantity te ene-half of what cught to have been preduced
out of the same amount of materials, yet se runde and shapeless in their appearance that purchasers seldom could be found if a foreign
article could be obtained. Daring the war (1812) I hecame interested in a factory in New Jersey, which was the first establishment that
continned ‘in operation for any number of years, and which afterward became the principal school of instruction te the workmen who
were snbsequeutly employed in the bnsiness. At a later period two other factories were established, and were in successful eperation
until after the conclusion of the treaty of peace, when they were compelled to suspend business, owing to the impertation of the foreign
article, which was designedly sacrificed at auction by the British agents, who publicly acknowledged at the time that they were instrueted
to sell at any prices for the purpose of breaking up enr facteries. (f)

The furnaces at this time were rude affairs, designed to run only about six months in the year. In 1831, at the
date of the tariff convention, several times referred to in this report, the Dyottville factory was the most extensive
glass works in the United States, consisting of four furnaces, melting about 8,000 pounds of batch a day, and
producing about 1,200 tons of glass per year, which was blown into apothecaries’ vials, bottles, shop furniture, ete.

a His statement is: ‘ There are glass works in Pennsylvania;” but he gives ne further particulars. Had not the works been of seme
importance he wonld hardly have known ef its existence.

b Early History of the Falls of the Schuylkill, etc., pp. 33 and 34. By Charles V. Hagner. Philadelphia, 1869.

¢ These works were managed in 1796 by Mr. Nicholsen, as appears from a maouscript letter now in my possession from Mr. Eichbaun
to Major Craig.

d Westcott's history of Philadelphia in Priladelphia Sunday Dispatch.

¢ Sce An Exposition of the System of Moral and Mental Labor Established at the Glass Factory of Dyottrille. By T. W. Dyott, M. D,
Fuiladelphia, 1833,

J Sec Dr. Dyeott’s Exposition.
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It was stated that this glass was composed of ‘“materials altogether the produetion of American seoil, about 15,000
barrels of rosin from North Carolina being annually eonsumed as fuel in preferenee to wood or eoal”. From 250
to 300 men and boys were eonstantly employed. In 1833 this works had five furnaces, wood and coal, as well as
rosin, being used for fuel. It may be well to follow out the history of these weorks in this place. They were
operated for several years after this until the disastrous failure and eonvietion of Dr. Dyott in 1838 for fraudnlent
insolveney, when the works passed into other hands, and after being idle for some years were leased in 1842 by
Henry Seybert, who became interested in the glass business principally for the purpose of assisting Eugene Roussel
in obtaining a supply of bottles for the manufacture of mineral or aerated water, then just being introduced into
the United States. He also made flint in one furnace. In 1843 they were leased by a partnership, of whieh Mr.
Henry B. Benners, the present proprietor, was a member. This works is still in operation, the oldest glass works
in Philadelphia, and probably in the United States, with a record of one hundred and eleven years of work.

Returning to 1810, the date of the first censns of manufactures, we find reported in Pennsylvania, outside of
Allegheny county, five glass houses—one in Philadelphia eity, two in Philadelphia county, and one each in Lycoming
and Wayne ecounties. The value of the produet of the Wayne county worksis givenat$36,000, while that of the three
Philadelphia works was only $26,000. The Lyeommg county works, which was probably at Williamsport, had
. a produet of $20,000. This would indicate that glass-making in Philadelphia was not a prosperous business. : At
the census of 1820 but one works is-reported in Philadelphia eounty, ¢“a flint-glass works, that had been out of
operation for some years”, while in Wayne county a window-glass works, with one furnace and six pots, is reported,
whieh had been “in operation for five years with good success”. Jarves also states that in 1820 a number of
workmen left the New England Glass Company at East Cambridge, Massachusetts, and established a co-operative
flint-glass works at Kensington nnder the title of the Union Flint Glass Company; but after a few years this works
passed into other hands, and the first recorded attempt at eo-operative glass-making in this country failed.

In 1831, as already stated, the Dyottville works were the most extensive in the country. There was also in
Philadelphia a flint-glass works with six pots. No mention is made of the Wayne eounty works at this time, thongh
it appears at the eensus of 1840. There were, however, two works in Lycowming eounty, at Williamsport, one for
the manufaeture of window-glass and the other for hollow ware (green glass, ete.). 1n 1840, according to the census,
there were but two glass works in the eastern distriet of Pennsylvania: one in Philadelphia and one in Wayne
county. But it is not neeessary to follow the history of glass in this section further. While there has been glass
made in increasing quantities in eastern Pennsylvania sinee 1840, the industry has not attained the importance it
has reached west of the mountains. It may be interesting to state, however, that thongh window-glass was at one
time made in Philadelphia, none has been made in that eity for seven years.

Of early glass-making in western Pennsylvania quite full aceconnts remain, and at least four of those eonneeted
with the earliest works, Albert Gallatin, Colonel James O’Hara, Major Isaac Craig, and Major Ebenezer Deuny,
were prominent in the affairs of the nation. Their journals and papers have been saved from the destruetion or
oblivion that usually overtakes sueh decuments, and from these very swtlsfdctory statements of these early
undertakings can be obtained.

The generally received opinion for some years has been that the first glass works west of the Allegheny
mountaius was built by Albert Gallatin at his settlement of New Geneva, on the Monongahela river, some 90
miles south of Pittsburgh. Here Mr. Gallatin established a number of industries, and among them that of glass-
making. Various dates have been assigned to his glass works, the most eommon one being 1787; but the evidence
is quite eonclusive that this is an error, and that the works was not started until 1797. (a)

Not only is the date usually assigned to this works incorreet, but it is very probable that it is not entitled
to the eredit of being the first west of the Alleghenies, Craig & O’Hura making glass about a meonth earlier. ()
As the Gallatin werks was isolated and so remained, not forming, as did Craig & O’Hara’s, the nucleus of a great
industry, it may be well, though it was not the earliest, to give its history first, that the account of the works at
Pittsburgh may be a connected one.

The Gallatin works was used for the manufacture of window-glass. The furnace was a small one, with eight
pots, using wood as a fuel and ‘“ashes for alkali”. The glass house was 40 by 40 feet, three sides frame and one side
stone. The most eredible story regarding its ereetion is that a number of glass-workers, mostly Germans, left
Amelung’s faetory (¢) at Frederiektown, Maryland, and erossed the mountains for the purpose of building a glass
works at the point that is now Lonisville, Kentueky. Gallatin aceidentally met them at Wheeling and persnaded

a In Adams’ Life of Gallatin, Philadelphia, 1879, it isstated that the businessof ‘‘ glass-making ” at New Geneva began ‘ dnring Mr.
Gallatin’s absence in the spring of 1797”. This is confirmed by Mr. Isaac Craig. (See note below.)

b I am informed by Mr, Isaac Craig, of Pittsbnrgh, the grandson of Major Craig, who has in his possession many of the letters that
passed between Major Craig and Colonel O’Hara on the snbject of the glass works, and who is one of the hest authorities on the history
ot western Pennsylvania living, that as the result of a correspondence between himself, Mr. Henry Adams, the author of the Life of
Gallatin, before referred to, and a son of Mr. Gallatin, he is convinced that the Craig & O’Hara works began to make glass a month
eanlier than Gallatin’s. The Pissburgh works began in 1797 without donbt, and this would fix the date of Gallatin’s as 1797 also. Mr.
Craig has kindly allowed me free access to his grandfather’s letter-books.

¢ See acconnt of this works under ‘‘Glass-making in Maryland”. It is probable that Mr. Amelung was at one time a glass-worker
at Pittsburgh. In Cumming’s Journal, about 1807, mention is made of A. F. Amelnng, a glass-worker in Pittsbnrgh.
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them to turn baeck to New Geneva and establish the works there, Mr.-Gallatin agreeing to furnish capital and they
" to do the blowing.(e) The title of the firm at ﬁrst was Gallatin & Co., but it was afterward changed to the New
Geneva glass works.

For a time the business was exceedingly profitable, more so, Mr. Adams tells us, than any other of "\Ir.
Gallatin’s enterprises. (b)) There were but two, possibly three, other window-glass factories in the country, most of
the window-glass used coming from England. These works, as well as Craig & O’Hara’s, were on or near the route
, of travel between the East and the rapidly developing West, and the glass commanded areadymarket. There seems
to have been considerable discussion between Mr. Gallatin and his partners, among whom were a Mr. Nicholson
“and two brothers by the name of Kramer, who were skilled workmen and had charge of the manufacturing of the
glass, as to the price at which it should be sold, and it was fixed at $14 a box of 100 feet, (¢) though Mr. Gallatin,
fearing ruinous competition by reason of the proﬁt at this price, favored a lower rate. The glass, however, by
reason of the character of the materials used, was probably of an inferior quality. The works was removed in 1804
to the other side of the Monongahela river, and in 1814 it was operated by Nicholson & Co. (d) As late as 1832 a
glass house was reported at New Geneva, and glass was made some years later than this. When the works was
finally abandoned I have not been able to learn.

‘In 1796 preliminary steps were taken by Major Isaac Craig and Colonel James O’Hara toward the erection of
the first glass house at Pittsburgh. (¢) This was also the first works west of the mountains to make glass, Mr.
Peter William Eichbanm, a German glass-worker, who was superintendent of glass works at the Falls of the
Schuylkill, near Philadelphia, being engaged to direct their erection.(f) Various causes delayed the work,
and it was not until 1797 that the active work of building the furnace was begun, when, as appears from a letter
written June 12 of that year by Major Craig to Colonel O’Hara, (g) search for coal in the upper part of what is now
Allegheny City not showing a vein of workable thickness, a location on Coal Hill, on the south side of the
Monongahela river, just above where it unites with the Allegheny to form the Ohio, was purchaeed and the erection
of the furnace was begun. This site, or part of it, has ever since been continuously occupied by a glass house, the
Point Bridge works of Thomas Wightman & Co. occupying it at present.

This was one of the first, if not the first works in the United States to use coal as a fuel; (k) indeed, as late
as 1810 coal was not used in any glass works in this country but the Pittsburgh houses. () It was not the force ot
circumstances or lack of wood that led to the use of coal, but it was the deliberate design of the promoters of this
enterprise to melt their glass with coal, and it was the character of the coal in Coal hill that determined the location
of the works. (j) The use of coal in the state of the art at this time required considerable determination and risk,
and it is to the credit of these gentlemen that they dared use it.

The generally received belief that this was the first glass works in Pittsburgh was called in question a few
years since by the statement that in 1795 there was a window-glass works, known as “Scott’s”, at Glass House
riffle, on the west bank of the Monongahela. (k) This is without doubt an error. Mr.Neville B. Craig, in his History
of Pittsburgh, speaks of the O’Hara works as ¢ the first glass house here”, and as his memory went back distinctly
to 1796, if not earlier, it is hardly possible he would not have known of this ¢ Scott’s” works if it existed in 1795.
It is probable that the works referred to was the ¢ Ohio” works, built about 1800 by Denny & Beelen, which
was on the north side of the Ohio, and which gave the name to Glass House riffle, as it appears from a letter of
Major Cr'lig’S, in connection with the experiment of Mr. Price, that Dr. Hugh Scott, from whom it.got its name,

a HlStOTJ of Fayeite County, Pennsylvania. Philadelphia, 1882.

b Life of Gallatin, p. 176. Mr. Adams writes me, however, that the glass works were ‘‘a constant matter of anxiety” to Mr.
Gallatin.

¢ This does not seem so extravagaut a price when it is known that at the census of 18I0, when there were at least fifteen works in
the country making about o,L‘OO 000 square feet of window-glass a year, the marshals estimated the value of the glass at 16 cents a square
foot.

d Cramer’s Navigator, #th ed., p. 40. Pittsburgh, 1814.

e History of Pittsburgh, p. 276. By Neville B. Craig. Pittsburgh, 1851.

f I have before me a letter from Mr, Eichbaum to Major Craig, dated Falls of the Schuylkill, Augnst 18, 1796, from whichit appears
that negotiations had been in progress for some timne between these gentlemen looking to the building of the glass house, and “four
different sorts of clay” from near Pittsburgh had been sent Mr. Eichbaum for his judgment as to their adaptability for pot-making. He
writes they ¢ do not look amiss” with the exception of some roots, and gives directions for the digging and ripening of 20 or 25 tons
weight. This letterisin answer to one from Major Craig, of June 6, 1796, in which he had evidently made a proposition to Mr. Eichbaum
to go to Pittsburgb, which the latter accepts conditionally if Messrs. Craig & O’Hara’s resolve to build glass works is ‘‘absolutely fixed”.

g Craig’s History of Pittsburgh, pp. 276, 277.

k Gallatin’s works used wood, as did Denny & Beelen’s, the third west of the mountains,

i See Gallatin’s Report on Manufactures in 1810.

J The Glass House riffle works referred to below used wood, its location on the north bank of the Ohio rendering this necessary.

k See Pittsburgh as It Is, by George H. Thurston, Pittsburgh, 1857 ; also Bishop’s History of American Maunufactures, which probably
follows Thurston. Mr. Thurston’s authority isa statement of the late Mr. William McCully, a well-known Pittsburgh glass manufacturer,
who learned the trade of window-glass blowing in the Craig & O'Hara glass house. Ithink there can be no doubt but that Mr. Thurston
either misunderstood Mr. McCully, or that Mr. McCully was mistaken. Mr. Mark Watson, Mr. McCully’s son-in-law and his successor in
business, authorizes the statement that in their many conversations on the subject Mr. McCully always spoke of the Craig-O’Hara house
as the ﬁfzs{. Mr. Isaac Craig also states that, as early as 1845, Mr. McCully told him that the Craig & O’Hara works was the first.
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was in 1800 connected with this works. There seems to be no doubt that the Craig & O’Hara works was
the first glass works not only in Pittsburgh, but west of the mountains, and was the pioneer of Plttsburgh’s
glass industry.

The building erected was frame, and contained an eight-pot window-glass furnace using coal as fuel, three boxes
being made at a blowing, the box at that time containing 100 square feet. What is now known as a bex, 50 square
feet, was formerly, even as late as 1860, termed ¢“half box (H. B.)”, and the rates of wages for blowing are still based
on the box of 100 feet. Some idea of the pots in this pioneer factory can be obtained from the output. A box of |
100 feet did not probably excced 125 pounds in weight, which would give 375 pounds as the finished product of.the
blowing or of one blower at each melting, and allowing that the weight of preduct was four-fifths of the weight of
batch, the amount of material charged into each pot would be but 500 pounds. Now the weight of bateh in each
pot will average 1,500 pounds, and the average of a blower is nine to ten boxes of 100 fect. An old glass
manufacturer expresses this differenee in the size of the pots very graphically in saying: ¢ One man could casily
lift an old-style pot, now it takes four men.”

As was generally the custom in the window-glass houses of that day, one or more pots in the furn'\cc were used
for the manufacture of bottles—“hollow ware,” as they were termed. Among Colonel O’Hara’s papers, found after
his death, was a memorandum in his handwriting stating, ¢ To-day we made the first bottle, at a cost of $30,000.” (a)
This remark has led to the belief that the works was a bottle house, but it was a window-glass factory, making
some bottles. The partnership between Craig and O’Hara lasted for seven years, when Major Craig was persuaded
by his relatives, who feared financial loss, to withdraw. (b)) The works were continued by Colonel O’Hara.

The difficulty and expense connected with this first attempt at glass-making west of the mountains were
such as must have discouraged a less determined man than Major Craig, who seems to have had the immediate
management of the works, he being in Pittsburgh most of the time, while Colonel O’Hara’s other interests called
him frequently from Pittsburgh. The men employed as superintendent and blowers did not always prove to be
as highly skilled as their own assertions would have indicated, and many of the workmen seem to have been petulant,
easily angered, and constantly threatened to leave the works. For some such reason as this, in December, 1798,
the works were leased to Eichbaum, Wendt & Co., a firm composed of workmen who do not seem to have been very
successful financially. Great trouble was experienced also in obtaining the proper materials. The clsy which was
found in the neighborheod, and whieh, as appears from a letter previously quoted, was supposed to be of the
proper quality to make pots, proved unfit for use, and clay had to be brought from New Jersey in barrels over the
mountains at great expense, and frequently the delays were so great that the furnace had to go out of blast for
want of pots. When the clay came the whole foree would be put to work making pots, which would be dried
hurriedly, and the furnace would be put in blast again with the result that every glass-maker of to-day would
have anticipated—the pots were lost. In one ease, in an 8-pot furnace, threc pots were lost at the first melting,
and the next day four more, leaving but one in the furnace. Great trouble was also experienced in getting sand,
and Major Craig’s letters constantly refer to the different localities from which specimens were procured and the
success in their use.

The trials and the results obtained at this works are set forth in the following letter, dated August 5, 1803,
written by Major Craig to Samuel Hodgson, of Philadelphia:

With respect to our glass manufacturing, the establishment has been attended with greater expense than we had estimated. This has
bec¢n occasioned partly by very extensive buildings necessarily erccted to accommodate a number of people empleyed in the mauufacture,
together with their families, and partly by the ignerance of sonie people in whose skill of that business we reposed too much confidence.
Scarcity of some of the materials at the commencement of the manufacturing was also attended with considerable expense. We have,
however, by persoeverance and attention, brought the manufacture to comparative perfection. During the last blast, which commenced
at the begimning of January and eontinued six mouths, we made on an average thirty boxes a week ef excellent windew-glass, beside

bettles and other hellow ware to the amount of one-third of the value of the window-glass,8 by 10 selling at, $13 50, 10 by 12 at $15, and
other sizes in propertion.

In the fall of 1800 the ¢ commissioner of the city of Washington”, then just made the seat of government,
applied to Craig & O’Hara to make for the public buildings some glass of larger sizes than had ever been produced
in this country, but the attempt was nnsucecessful. Glass of the size required, to the extent of some 400 square feet,
was made “of a transparency tolerably good ”, but it was too nneven for the purpose, or was spoiled in flattening,
and the glass required was.obtained from England.

The second glass house built in the vicinity of Pittsburgh, and the third west of the mountains, was that of Denny
& Beclen. This factory was situated on the north side of the Ohio river, in that part of Allegheny 10w known
as Manchester, and gave the name to Glass-Honse riffle on the Ohio. (¢) It used wood as fuel, its location being
such that coal could not be procured without boating it across the river from the south side of the Monongalela,
while wood was easily procurable. The exact date of the erection of this works has not been ascertained, though

a Military Journal of Major Ebenezer Denny, p. 487. b Craig’s Hisfory of Pittsburgh, p. 278. ¢ Major Denny’s Journal, p. 228,
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it was probably built in 1800. (a) Window-glass was made, whether crown or blown is not certain, though there
is a legend that an attempt was made to manufacture the former. A Frenchman by the name of La Fleur, commonly
known as ¢ Falure”, was brought to this country to have charge of the works; but they were unsuccessful from
the first, and being compelled to cease operations after a short run, the furnace was abandoned, La Fleur entered
the employ of Craig & O’Hara, and Beelen () gave up the glass business.

As has already been stated, the manufacture of green-glass bottles, or “hollow ware”, was carried on in these
early glass houses in connection with that of window-glass, the *“corner pots” in the window-glass furnaces beiug
used for the manufacture of bottles and flasks. The history of the manufacture of bottles in the West is, therefore,
for many years the history of the window-glass works. It was nearly forty years before furnaces for making
bottles exclusively were built, and the records of the make of glass at Pittsburgh and of the works in that city as
late as 1837 combine window-glass and green glass or bottles as one branch of manufacture. In 1837 there is a
record of a ¢vial works” and a ‘Dblack-bottle factory”, (c) the latter ¢ the only one of the kind in the western
country”. This factory made wine, porter, and other black or amber bottles, as well as demijohns and carboys.. The
custom of using the ¢ corner pot” for bottles is now entirely discontinued in this section, bottle manufacture being
a distinet branch of the glass industry.

The first attempt to manufacture flint-glass west of the Alleghenies was made in Craig & O’Hara’s window-
glass furnace in September or October, 1800, by Mr. William Price, of London, who had then lately arrived in this
country, and who “had been employed altogether in flint-glass”. September 5, 1800, Major Craig wrote Colonel
O’Hara that Mr. Price had arrived, and had “offered to show us a specimen of his abilities without charge”, and
arrangements were made with Eichbaum, Wendt & Co., who were operating the works under lease, to allow him
the use of a pot in the furnace and such assistance as he needed to make the experiment. On September 11,1800,
“one hundred pounds of pearlash, refined in the best manner, so that it may be perfectly pure, as it is to be applied
in the composition of crystal glass by a man just from London”, was ordered from Aaron Aimés, at Funk’s tavern,
on Franklin road. October 29, 1800, Major Craig sent a specimen of glass made by Mr. Price to Colonel O’Hara,
and on November 17, 1800, in a letter to Colonel O’Hara, which he sent by Price, he wrote: ¢ He [Price] has satisfied
me, as well as others, that his ability in white-glass manufacturing is equal to his professions.”

These extracts from Major Craig’s letters leave no doubt but that at this early date an attempt was made to
prodace flint-glass in Pittsburgh, and, further, that the advisability of building a furnace for its manufacture was
seriously considered. Mr. Craig writes that he had hopes that some part of the wmdow -glass house could have
been used for the manufacture of flint-glass, but Price told him it could not be done. Major Craig seems to have
had some doubt as to obtaining workmen and. materials, and also as to whether the business would pay; but Mr.
Price was instructed to make an estimate of the articles needed and drafts of buildings, and submit them to Colonel
(’Hara. Nothing seems to have come from this attempt at the time. A careful examination of Mr. Craig’s letter-
books gives no evidence of the prosecution of flint-glass manufacture, and as late as 1803, as will be seen by the letter
previously quoted, flint-glass was not made at these works. .

*  There is, however, a statement that should be quoted in this connection, to the effect that in 1802 Colonel
O’Hara built an additional furnace at his works and attempted to establish the manufacture of white and flint
glass, sending an agent to England to procure the necessary workmen ; but this agent is reported to have failed in
his mission. (d) I have not been able to verify this statement, and a careful examination of Major Craig’s letter-
books of 1802 and 1803 gives no evidence of the existence of such a house, though they refer quite at length to
Mr. Price’s attempt at flint-glass making and to Mr. Edward Ensell, who afterward built a flint-glass works. Noris
any evidence of the existence of such a works found in Cramer’s Almanacls In the Almanack for 1807 O’Hara’s
“pglass factory” is mentioned, not his factories, as would have been the case were he making both flint- and
window-glass, these requiring separate furnaces. (¢) In the Almanack for 1808, which would give the establishments
for 1807, the only glass works mentioned is *‘1 green-glass works”. In the Almamwk for 1809 Robinson & Ensell’s
works appears for the first time, and is the only ¢ white-glass” works, and the first one, mentioned.

In Cramer’s Almanack for 1804, among the amounts for each article made from raw material in Pittsburgh in
1803 are mentioned * jars, decanters, tumblers, blue glass”. 1t has been argued that this proved the existence of a
flint-glass house at Pittsburgh, as tumblers and dccanters would hardly be made out of green glass; but this supposition

a The memoir prefixed to Major Denny’s Journal, page 2:8,statesthat they were built ¢ about the beginiding of the present century .
In a letter from Major Craig to Colonel O’Hara, dated March 20, 1801, he writes, referring to this factory: ‘‘The Ohio glass works have
stopped.” These two statements would fix the date at least as early as 1800, and it seems from a number of letters that they were bnilt
in that year.

b Beelen was a Belgian, son of the Austrian minister ¢ Baron de Belen Bartholf”.—Denny’s Journal, p. 228. It thus appears that
in the early glass works of Pittsburgh were represented the chief glass-making eountries of Europe.

¢ Lyford’s Western Directory. These houses were on the south side, and have been known in reeent years as ¢ Thmsen’s”.

d Thurston’s Pittsburgh and Allegheny in the Centennial Year, p. 128; also, Bishop’s History of American Manufactures, vol. ii, p. 96.

e A flint-pot eould not have been used suecessfully in the window-glass furnace, as pots for bottle-making were, the method of
working precludiug this. 1123
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is not borne out by the facts, as green-glass tumblers and decanters were quite common at that time. (¢) In the
Almanack for 1804 also appears the oft-quoted statement about glass-cutting ¢ equal to any cut in the states of
Europe” which was carried on at Pittsburgh, and it has been claimed that this indicated the presence of a
flint-glass house. The amount reported ent, $500 a year, and the fact that the specimens of Mr. Eichbaum’s gkill
at this early date seem to have been chandeliers, the beautiful clear glass of the prisms of which could hardly have
been made in Pittsburgh, indicate that the glass came from east of the mountains, if not from Europe. The
evidence I have found is against the existence of such a works. (b)

If such a factory as is mentioned ever existed, it must have been short-lived and of but little note, and cannot
be regarded as marking the beginning of the flint-glass industry in Pittsburgh, which dates from 1808. In the fall
of 1807 (¢) Mr. George Robinson, a carpenter by trade, and Mr. Edward Ensell, an English glass-worker, who had
been a manufacturer of both window- and flint-glass at Birmingham, England, and had sold his works and come
o this country to better his condition, commenced the erection of a flint-glass works at Pittsburgh, on the bank of
the Monongahela, at the foot of Grant street, under the firm name of Robinson & Ensell; but the partners appear to
have lacked capital and were unable to finish the works, and the establishment, in an incomplete state, was offered
for sale, probably without having made any glass.

In August, 1808, Mr. Thomas Bakeowell and bis friend, Mr. Page, who were visiting Pittsburgh at the time,
were induced to purchase the works on the representation of Mr. Ensell that he thoroughly nnderstood the
business. This was the beginning of the firm of Bakewell & Page, that by itself and successors has continued
the manufacture of flint-glass to the present, Bakewell, Pears & Co., their direct successors, reporting to the present
census. (d)

Mr. Bakewell soon found that the representations made to him as to the skill of the workmen he relied upon
were not borne out, and he was forced to rely upon his own good judgment and his diligence in obtaining information
about the business. The difficulties he met with would have disheartened a lessdetermined man, and the lack of skill
on the part of his workmen and the inferiority of the material interfered at first with his success. His farnace
was badly constructed; his workmen were not highly skilled, and would not permit the introduction of apprentices,
and his materials were procured from a distance at a time when transportation was difficult and expensive, pearlagh
and red-lead coming from Philadelphia, and pot-clay from Burlington, New Jersey, all being transported over the
mountains in wagons. The sand was obtained near Pittsburgh, but was yellowish, and up to this time had only
been used for window- and bottle-glass; the saltpeter from the caves of Kentucky until 1825, when the supply was
obtained from Calcutta. These diffienlties were in time overcome. Good clay was procured from Holland, and
purer materials were discovered; and he rebuilt his furnaces on a better plan, competent workmen being either
instructed or brought from Europe, and through his energy and perseverance the works became eminently successful.
There can be no donbt that Mr. Bakewell is entitled to the honor of erecting and operating the first successful
flint-glass house in the United States. .

The furnace built or completed in 1808 held six 20-inch pots. This was replaced in 1810 by a 10-pot fnrnace, (e)
and in 1814 another furnace of the same capacity was added to the works. The establishment was burned down
in the great fire of 1845, but was immediately rebnilt. The site is now occupied in part by the Baltimore and Ohio
railroad depot, the brick part of the depot being a part of the old warehouse. ‘

The success of Messrs. Bakewell & Page induced others to embark in the business. In 1809 another flint-
glass house was built, which produced glass on a limited scale, and in 1810 another company was formed, but
failed in a short time. In 1812 another works, making the fourth in four years, was built. (f) It would thus
appear that the manufacture of flint-glass increased much more rapidly than that of window-glass, as at that
time there was in Pittsburgh only the O’Hara window-glass works, started in 1797.

In 1810 the manufactures of the United States began to attract considerable attention, and for the first
time the census returns include a statement of manufactured articles. In this year Mr. Albert Gallatin, then

a These decanters were known as * big-bellied bettles”, and were made out of the ¢ corner pots” of the window-glass houses even later
than 1837. Mr. Isaac Craig writes me: ‘‘I recollect distinctly seeing both tumblers and decanters made of green glass. In old times
decanters were used in every house, most co.uuonly by the poorer families, who could not afford cut glass. Whisky was set eut te every
vigitor in these decanters, and before and after every meal. Although of, green glass, they were not cut, but ornamented by beads around
the neck.” These beads were probably pinched on whilo the glass was still plastic.

b The enly evidence I have been able to find that this works ever existed is that centained in Thurston and Bishop. Mr. Themas
Bakewell, who came te Pittshurgh and entered into the glass business in 1808, and who was authority on the early history of glass-making
in that city, seems to have had ne knowledge of such a works, and speaks of Robinson & Enscll’s attempt as the first.

¢ Jarves, in his Reminiscences, who got his information from Mr. Thomas Bakewell, says 1808 ; hut in Cuming’s Tour, published in
Pittsburgh in 1810, is a statement, p. 222, in regard te Pittsburgh, that “an acconnt of the manufacturers and tradesmen was taken in
the fall of 1807, the result of which was * * * a glass works for green glass on the oppesite side of the Monongahela, anether just
erected for white glass en the tewn side of the same river”. This latter undoubtedly was the Robinson & Ensell works.

d Since the census year the firm has gene out of existence, after nearly three-quarters of a century of business life.

e See Jarves’ Reminiscences of Glass-making, to which I am indebted for many of the facts about Mr. Bakewell and his werks.

f Jarves’ Reminiscences of Glass-making, p. 72.
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Secretary of the Treasury, made a report to the House of Representatives on our industries, in the course of which
he mentioned that “two works, employing together six glass-blowers, had lately been erected at Pittsburgh, and
made decanters, tumblers, and every other description of flint-glass of a superior quality”.

The Pittsburgh window-glass works is also mentioned, and it is stated that all of this kind of works i in the
country, with the exception of “that of Pittsburgh?”, used wood as fuel, the latter using coal. According to the
census returns for 1810, there were three glass works in Pittsburgh that year which produced $62,000 in value. If
Gallatin’s statement is correct, two of these were flint works, and one manufactured Wmdow-glass and green
bottles. (a)

Concerning the condition of glass-making in Pittsburgh in 1813 and 1814 Cramer’s Navigator (D) states:

The manufacture of glass hassucceeded as well as the most sanguine had expected. The situationof this place is particularly favorable,
notwithstanding some disadvantages in procuring some of the materials. The first was established by Colonel O’Hara about the year
1798. (¢) There are two glass works on the opposite side of the Monongahela, erected by Trevor & Ensell, and one in the new town of
Birmingham, under the firm of Beltzhoover, Wendt & Co. These, with the three before erected, to wit, O’Hara’s, Robinson’s, and
Bakewell’s, will be able to manufacture to the amount of $160,000 annually. Both flint and green glass are now made here to great
perfection. Messrs. Bakewell, Page & Bakewell have lately built another flint-glass works in addition to their former one. There are
now in the town and opposite two white and three green glass honses. Glass-cutting is likewise executed in this place not inferior to
the best cut-glass in Enrope. The furniture of the apothecaries’ shops is altogether of home manufacture.

This extract would indicate that some of the flint houses had gone out of existence and capital invested in
glass-making was wisely turned to the branches that promised profit.

The number of glass houses after this increased so rapidly that it is impossible to enter into the details of the
history of each. In 1819, according to the memorial adepted at a town meeting and sent to Congress, the
manufacture of glass in Pittsburgh had rapidly declined since 1815. At the latter date 169 workmen were
employed, producing $235,000 in value of glass annually, while in 1819 the number had fallen to 40, producing but
$35,100, and the statement is made that in flint-glass alene the reduction was $75,000.(d) In 1820 the census reports
the product of ¢ glassware and colored flint” as $20,000,and of ¢glass, window and hollow”, as $24,000. In Fayette
county, at the same time, there were three establishments making windew-glass and hellow ware. In 1826 there
were cight window-glass works in western Pennsylvania, producing 27,000 boxes (100 feet) of glass per annum,
valued at $135,000, and, in additien, $30,000 worth of flint ware was made In 1831 (e) there were four flint houses,
with thirty-two pots, a,nd four window-glass houses at Pittsburgh, four or five at Brownsville, one each at New
Geneva, Bridgeport, New Albany, Perrypolis, and Williamsport, making window-glass, and one at the latter place
making hollow ware. Mr. Bakewell at this time estimated that the value of glass produced in western Pennsylvania
was more than $500,000 annually. In 1837 there were thirteen factories in Pittsburgh and its immediate vicinity,
six flint and the balance window-glass or green hollow ware, making about $700,000 worth. Among these were
the Sligo works of William McCully, established in 1828, and continued at the present day by W. McCully & Co.;
the flint-glass works of Curling & Price, known as the Fort Pitt glass works, established in 1830, now carried on
by their successers, E. D. Dithridge & Co.; and the window-glass factory of F. Lorenz, now continued by Thomas
Wightman & Co. Twenty years afterward, in 1857, there were thirty-three factories at Pittsburgh, of which
nine produced flint-glass and twenty-four windew, green, and black glass to the value of $2,631,990, empleying
1,982 hands, whoese wages were $910,116, consuming material to the amount of $2,078,734 40. In 1865 there were
fifteen bottle and vial factories, fifteen window-glass factories, and fifteen flint-glass works in Pittsburgh, being
forty-five glass houses in all; an increase of 36 per cent. in eight years. These fifteen window-glass works,
located immediately at Pittsburgh, had a capacity to make 520,000 boxes of glass in a year, but their average yield
was about 400,000 boxes, whose entire valne at that time was $2,600,000. The fifteen green or vial works
produced annually abent 420,000 gress of vials and boettles, worth, at the then rate, $2,100,000. The pressure upon
these works at that time is best shown by the fact that, although only customary to run them for ten months in
the year, yet many of them had run twenty-one months without stopping. The fifteen flint-glass works then in
operation at Pittsburgh produced abeut 4,200 tons of glassware, worth then, in round numbers, $2,000,000. Their
capacity was, however, deuble the amount produced, or about 8,000 tons. (f)

a Cramer’s Navigator, published in 1814, states that in 1810 there were two white and one green glass works in Pittsburgh.

b The copy of Cramer’s Navgator from which this statement is taken bears the date 1814, thongh the preface was written in 1811.
The statement probably refers to 1813 or 1814, as the work was revised and published in several editions.

¢ This should, of course, be 1797.

d Address of the Philadelphia Society for the Promotion of National Industry, p. 257.

e Report of the New York Tariff Convention, 1831, p. 121.

J Pittsburgh and Alegheny in the Centennial Year. By G. H. Thurston."
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Below, I give in a tabulated form such statistical information as I haye been able to gain as to the glass works

of Pittsburgh from 1797 :

! WINDOW AND BOTTLE. WINDOW. FLINT, GREEN BOTILE. ALL KINDS.
Date. ' = ‘
Works. | Value. Worka Value. Works Value ‘Worka Value Works. Value.
I |
NGeTIe RS T g L Pt ok AR W S il $10,000 23 teieeaflfiia el all cone L ho ool L2 e 20 ESERET 1 *$10, 600
B T e I o Y f .......................... ! 10,000 -2t e e o e o A Sl ol T . a e 1 *10, 000
V.. YA W A s, Sl B | 1 $12, 500, JR - - - e e it e f T e IS e L N L L S I 1 12, 500
18109 Ly (M e l 1 40,000 7ffees 4. 2o 02| e MR 00 2 TN R RIS I LW 8 3 70, 000
BOUB 2 cine s oo ok SB5le o 0t elniap oleto ] #5'n citlciotte | ............................................................................................. 3 62, 000
1818500t .7 48 T2 ot G T T N R L o o Al e SRR o A At B PR At 2 et - S ot e A N 3 i s e S R 6 170, 000
1815 %, Aie R e I R P s e || ML S e O Pt T 8 oono | | e R e (3 285, 000
1817 M, A §) e 3 1000001 ([T KAl S BT B 2 VOTNL T [ AL, § {4 5 240, 000
TG0 Fod T80t S tn o3 e e P s U M e ] A St s e A MRt R e ] s s 5 35,100
1086 Y. .. 3. cegearirtaamnd S b Al L1y 1185, 00801« . o atee J Lot s bl b de L et 2004000ME At T T, 0 e 7 235, 000
10012 1Y, o o Y oo YT o Ao s e ST TS S S 1R Sk TR P o B et on T e O anll o RNy 8 500, 000
L A, S s Sty | e A o i B0 Bl Mt ety Lt et AR D N r 13 728, 000
I820. 0 ice 2ol catveosssnscdes|ieeactonen]osoosonssenscnchBineesss clalkionhsnes o e el | TRRISINe NS Saoelolsis Vetsiae o dlvabn ko slost[Mideic oo oa siocones 0. | T OTEBREAE. .
0 O e A ey UG S $ 0 ' M85 855E 0B oo U EAT SO0 L e e HESIEEE R 12 St . 28 |, T
18RI, IR s S SR e S 7 feoh, LR e gilie sation O34 | Y A 25 2, 631, 990
1) iy gt St Bt s R4 It )N it g £ v 5 L AT N by o e || AL et 18 12,075,148
200 I N T cee bl | e e o 15 2, 600, 000 15 2, 000, 000 15 $2, 100, 000 45 § 6,700, 000
FOTE o g e R e e L O e e L, e L O N S NPT R 4 S § s 32 15,832,429
1986 Sl MM TEN. o Bl e el s i Se N S DTV orettm N ML IS NN o e T | A (GG O ey
HLOP0 pe st anS s R 8. B o Tl S i [ b S i e 12 1, 632, 687 30 3, 215, 038 9 820,487 51 5, 668, 212
4
* Esatimated. § Evidently estimated.

t 27,000 boxes made.

|| Number of furnacea, not of works.

$ From the census, and evidently incorrect.

At the present census, as will be seen by an examination of the tables, Allegheny county stands first as a
glass-making center. Its statistics are as follows: :

] 1] |
| NUMBER OF EMPLOYES, i '
No. o il
. No. of | No. of Total wages | Valueof ma- || Total value
Kinda of glass. %‘;‘gh Capital.  |lriinaces.| pots. Males | Females | Children [~ paid.” | terlals used. || of produot.
Total | Cor16. | over 15. aund ’l |
| 1 youtha.
N | f | : L]
Window-glass «veeeeeeacennnannns | 12 | $1,880,000 23 216 |51, 130581 471611 B | SeSEE, 2 | $809,842 $576,638 | 81, 632, 687
Gla8SWATre - .ccoe iniienieienannn. | 30 2, 744, 500 51 406 4,069 2, 691 129 1,249 1, 500, 833 1, 180, 851 3, 215, 038
Gresn glass..c.c.ceevennnnnnnnnn. I 9 | 850, 500 { 11 85 851 650 12 189 I 375,750 l 382,169 | 820, 487
IMopGINE- N~ N7 [ l 5,481,000 | 85 797 6,053 4,442 141 1,470 i 2, 686, 425 ‘ 2,139,658 | 5,668,212

It will thus be seen that this county had 24.17 per cent. of the total number of glass establishments of all
kinds in the country, 27.62 per cent. of all the capital invested, and produced 26.79 per cent. in value of the
products. It had 20.69 per cent. of the number of window-glass establishments, but 37.96 per cent. of the capital
invested in window- glass, and produced 31% per cent. of the boxes of glass made, and 32 per cént. of value of product.
In flint-glass and glassware Allegheny comnty had 32.97 per cent. of the number of cstablishments, 37.04 per cent.
of the capital invested, and produced 33.60 per cent. of the valuc of this kind of glass made. In green glass this
county had 16 per cent. of the cstablishments, 17.50 per cent. of the capital invested, and made 142 per cent. of
the green glass produced. Of the total of the entire country in the three classes named—window, flint, and
green—Allegheny county had 24.88 or 25 per cent. of the establishments, 31.76 or 32 per cent. of the capital, and

made in value 28 per cent. of all the product.
It should be noted that these calcmlations do not include plate-glass, of which none is made in this county,

nor do they include the works in Fayette and Beaver counties, which have their offices in Pittsburgh.

While the figures show that the proportion of the glass of the United States made in this county is not so
great as has becn supposed, it indicates that of all the great industries of the country it is the one that produces
at Pittsburgh the largest proportion.

GLASS-MAKING IN MASSACHUSETTS.

The history of the beginning of the manufacture of glass in Massachusetts is involved in some doubt.
Bishop, in his History of American Manufactures, states that the earliest works was built in a part of what iz now
the town of Quincy, but in this he is probably mlstaken, as the Salem works were undoubtedly the first. He
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assigné no date to this Quiney works, but Appleton’s Cyclopedia gives it as about 1750. This works was, like
most of the other early ones in this eountry, built by Germans, (a) and its site is known to this day as Germantown.
Oaly black bottles were made, some speeimens of whieh still exist, which are of very poor metal and of rude make.
The proprictors failed some years before the Revolution, and the house having burned down, it was never rebuilt. (b)

The first glass house in Massachusetts, and the first to which a date can be assigned, was ereeted in Salem about
1639. In this year Ananias Concklin, Obadiah Holmes, and Lawrenee Southwiek received two acres of land each
“adjoining to their houses”, which was granted to them as ‘‘glass men?”, for the purpose of promoting the
manufaeture of glass. The next year John Concklin, another *glass man”, was allotted five acres more bordering
the previous grants.

In December, 1641, the gencral eourt, for the encouragement of the enterprise, authorized the town of Salem
to lend the proprictors £30, which was to be deducted from the next town rate, and the glass men were to
repay it, ¢ if the work sueceeded, when they were able.”(c) The works having been neglected for three years,
the Coneklins, in 1645, received permission from the court to form a new eompany to carry on the business. (d)
Glass was for a eonsiderable time afterward manufaetured at that place, which is mentioned in the Colonial
Records, in 1661, as the Glass House field. In this, and those which for many years succeeded, it is probable that
nothing more was attempted than the manufacture of bottles and other coarse descriptions of glass. (¢)

Assaming the date assigned to this works to be correct, it certainly displayed a great deal of enterprise in
the infant colony to thus early undertake the manufacture of glass, and, though the produets were coarse, they
answered the purposes of the eolonists. Window-glass eould be imported from England of a much better quality
than could be made, but bottles were so bulky and so liable to breakage that they could be made to advantage
ir competition with the works of the mother country.

The history of the glass works of New England is involved in doubt for some years after this, but it is probable
that a works was builtat Boston just prior to the Revolution, as Lord Sheffield, writing at the close of the war, says: “A
considerable glass manufaeture at Boston failed there several years ago.” In Deeember, 1752, the general court
passed au act granting Isaac C. Winslow and others the sole privilege of making glass in the province. It is
probable that this works was established at Boston, and that it was this failure to whieh Lord Sheffield refers.
However this may be, Boston again began the manufacture of glass shortly after the Revolution, and this time
with great and long-eontinned suecess. This new enterprise, the Boston Crown Glass Company, which was the
first really snceessful glass works in the conntry, was greatly encouraged by the very liberal action of the state. 1In
July, 1787, Messrs. Whalley, Hunnewell, and others received from the legislatnre a charter conferring upon them
the exelusive right to manufacture glass in Massachusetts fer fifteen years, and a fine of £500 was attached
to any infringement of this right. The capital stock was exempted from all taxes, and the workmen from all
military duties. Jarves also states that to eounteract the effect of the bounty paid by England on the exportation
of glass from that kingdom the state paid the proprietors of this works a bounty on every table of glass made.
A pyramidal faetory of brick was ereeted on a large scale at the foot of Essex street; but being found ill-adapted to
the purpose, it was afterward taken down and a wooden one, lined with briek, differently eonstrueted, was put up in
its place, its dimensions being 100 feet in length by 60 in width. On account of difficulties in procuring workmen'
and other embarrassments operations were not fully commenced until November, 1792.(f) The corporation
commeneed with the mannfaetnre of erown window-glass, whieh was of a quality equal or superior to any imported.
Materials were found to be abundant, and some six years later they produeed about 900 sheets per week, worth
$1 75 per sheet, or $82,000 per annum. (g)

This works was incorporated as the Boston Crown Glass Company in 1809. Regarding the success ot this
company Mr. Jarves says:

The state hounty bad the effect to encourage the proprietors and sustain their efforts, so that by perseverance many difficulties were
overcome and a well-carned reputatien supported for the strength and clearness of their glass; a glass superior to the imported, and well
known thronghout the United States as “ Boston window-glass”. This reputation they steadily sustained, nntil they made glass in their
new works at South Bostou in the year 1822,

The early success of this works led to the establishment of others iu various parts of the eountry, and many of
the workmeu of the Essex-street house were enticed away by flattering offers. In 1811 the proprietors of the
Essex-street works creeted large and improved works oun the shore at South Boston, and to supply the workmen
enticed away, as also to meet the wants of their faetory, an agent was sent to England to procure a set of glass-
workers. By the time they reached this country the war with England broke out, and the euterprise was defeated;

a It is an interesting fact that some or all of the workers in the first glass houses of Virginia, Maryland, Pennsylvania, and New
Hampshire were Germans.

b See Jarves’ Reminiscences of Glass Making, p. 53. Also Mass. History Col., vol. iii, p. 276.

¢ Ilelt’s dnnals of Salem.

d Colonial Records, vol. i, 344; ii, 137.

e See Bishop's History of American Manufactures, vol. i, pp. 233, 234.

J Mr. Jarves says in 1303, upon the arrival of a German by the name of Lint (probably Lindt).

g See Bishop’s History of American Manufactures, vol. i, p. 241.
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for it became difficult to procure fuel and the various means for carrying on the Essex-street works. After the
war operations were resumed and continued until 1826, when from bad management the company failed.

In 1802 glass works were established at Middlesex village, then in the town of Chelmsford, but now a part
of Lowell, by Hunnewell & Gore, of Boston. Window-glass was the chief product, though some other glass was
made. Allen’s History of Chelmsford, pnblished in 1820, states:

On the cast bank of Middlesex canal, a distance of 200 rods from Merrimack river, a large building, 124 feev long and 62 feet wide,
with necessary appendages for manufacture of window-glass, was erected in 1802.

Near it is a two-storied house, handsomely fiuished, designed for the residence of the overseer, and around it, at convenientdistances,
a number of smaller houses for the accommodation of the workmen aud their families.

There are appertaining to this manufactory about 20 families, consisting of 40 men, 20 women, and 40 children—100 in all. Itis
now in a flourishing state. About 330,000 feet of window-glass are annually made, or 3,300 boxes of 100 feet each, which, at $13 per box,
will amount to $42,900.

The situation is very favorabie for transportatiou to Boston, and those raw materials from thence which it would be expensivo to
convey by land. A ready and cheap supply of wood is also easily ohtained, of which it is estimated that about 2,000 cords are a.nnually
consumed in the manufactory and houses attached to it.

The manufactory consists of two fornaces, threo flattening ovens, two fempermg ovens, six ovens for drying wood, cutting, mixing,
and pet rooms, a kiln for burning brick, a mill-house, and saud-house,.

The proprietors failed ahout 1827 or'1828; the works were also burned about this time. In 1828 a corporation

was formed and the works rebuilt, but it is uncertain if glass was made before 1829. In 1839 the works were
abandoned and moved to Suncook village, Pembroke, New Hampshlre The process of manufacture at this
works is thus described : ()

‘The process was to mix Morris river (New Jersey) or Massabesic lake (New Hampshire) sand with lime, sal-soda, black and white
salts, etc.; no sand was, ever procured for the purpose in this region. Ten large pots were heated from one furnace, each pot making
about 500 surface feet of glass per ‘‘melt”, and there were on an average about twenty-five ““melts” per month, runuiug nine months of
the year. The glass was first blown iu cylindrical shape, like a long picce of stove-pipe, then cut along one side lengthwise and flattened.

Various other attempts have been made in eastern Massachusetts to establish the manufacture of window-glass,
the details of which I have not been able to ascertain. Tn 1860 a iarge establishment, the Boston ecrystal glass
works, was erected at South Boston for the manufacture of sheet window-glass. This was followed by several
smaller ones, hut they all failed to make glass at a profit, and were abandorned. As an illustration of the losses
frequently met with in these manufacturing experiments, it may be stated that the plant of this Boston erystal
glass works, which cost about $186,000, after lying idle for fifteen years, was sold in 1881 for $60,000 to the
Walworth Tube Manufacturing Company. All the window-glass works in this section have been abandoned, and
in the census year the only one in operation in the state was in the western part, in Berkshire county.

Through the kindness of Mr. A, T. Servin, of Lenox Furunace, who has been closely identified with the glass
industry of that section, 1 am enabled to give some details of the attempts to establish its manutacture in western
Massachusetts. In 1812 a window-glass factory was started at Cleshire, prebably the first attempt at the
mannfacture of glass away from the seaboard, and about the same time another was built in the near town of
Chester Factory. These were brought into existerce by the war of 1812, and owing to the superior quality of the

'sand were located at this place. Both of these ran but a short time. In 1850-51 a window-glass factory was
started at Cheshire, ran about two years, and was changed to a plate-glass factory. It has since been used for
windoyw-glass, but is now abandoned. In 1853 a factory was started at Berkshire. This is still in successtul
operation, and is the only works that muade window-glass in New England in the census year. In 1853 another
factory was started at Lenox Furnace, but this was changed to plate-glass; and in 1869 still another works was
built at this plaee, which ran for about two years, but is now abandoned.

The beginning of the mannfacture of flint-glass in Massachusetts was an outgrowth of the Essex-street
factory. Among the workmen brought to this eountry to operate this works were a number who were not only
skilled window-glass blowers, but were flint-glass workers as well.  When the window-glass works were compelled
to suspend operations in part, owing to the diffienlty of procuring materials during the war of 1812, a number of
blowers were thrown out of oceupation. Among these was Mr. Thomas Caines, who was still living when Mr.
Jarves wrote his Reminiscences. Mr. Caines, who was not only a skilled blower, but an admirable manager,
and was also well acquainted with| the art of mixing glass and the proportions employed, prevailed upon the
proprietors of the window-glass works to build a small six-pot flint furnace in a part of their unoccupied works
at South Boston. This establishment fonnd full employment during the war of 1812. It, however, was compelled
to cease operations, and though several attempts were made to operate it between 1820 and 1840 they were
unsuccessful. About the same time that this South Boston factory was built the Poreelain and Glass Manufacturing
Company was incorporated and built a flint-glass house at Bast Cambridge. The furnaee was a small six-pot one,
and workmen were brought from abroad to work it; but it proved a failure. In 1815 some workmen left the South
Boston factory, leased this furnace at East Cambridge, and commeneed the mmanufacture of flint-glass under the
firm name of Emmet, Fisher & Flowers; but want of harmony among the members of the firm led to a dissolution,
and in 1817 the Porcelain Company disposed of their works at auction. These were bought by the New

a Sce Vox Populi, Lowell, Massaclhusetts.
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England Glass Company, which was incorporated in 1817, and from these works has been produced glass the equal
of that made in the best English flint houses. This works, when it first started, had a small six-pot furnaee, each .
pot holding about 600 pounds of bateh. Some forty hands were employed, and the yearly produet was about $40,000.
Bishop, in speaking of these works in 1818, which he calls ‘one of the most extensive flint-glass manufactories in
the country ”, says: ¢ -

"~ Two flint-glass furnaces and twenty-four glass-cutting mills, operated by steam, and a red-lead furnace, capable of making two tons
of red lead per week, enabled them to produce every variety of fine, plain, mold, and the richest ent glass, as Grecian lamps, chandeliers
for churches, vases, antiqne and transparent lamps, etc., for domestic supply and exportation to the West Indies and South America.
Virginia eoal, New Orleans lead, Delaware sand, and other native materials were used. The capital was abont $80,000, and the annual
product $65,000.

In 1823 it is stated that 22.400 pounds of glass vessels per week were made, many of which are beautifully eut,
.and were sent into Boston and other places for sale. Writing of these works in 1865, Mr. Jarves states that five
furnaces were run, averaging ten pots eael, with a capaeity of 2,000 pounds to eaeh pot. Five hundred hands were
employed, and the yearly product was $500,000. This works is still in existence, but is leased to Mr. W. L. Libby,
who runs only a portion of it. Its reputation for the excellent quality of its glass is still very high.

In 1825 ground was broken for a flint-glass works at Sandwieh, and in three months they commeneed blowing
glass. These works also commenced in a small way with an cight-pot furnace, the weekly melts being some 7,000
pounds; but at the time Mr. Jarves wrote his Reminiscences the weekly melts had been increased to about 100,000
ponnds, and the one furnace, with eight pots, to four with forty pots. '

In 1865 Mr. Jarves states that two flint-glass establishments were in operation in East Cambridge, three in
South Boston, and one in Sandwich. At the present time there are six glassware establishments in Massaehusetts,
of whieh one was entirely idle and virtually out of existence and another idle in part.

Some of the most interesting chapters in the history of glass in Massachusetts are those recording the suecesses
and defeats eonneeted with the manufacture of plate-glass. These are given in detail in that part of this chapter
treating of plate-glass. Here it is only needful to say that these attempts began at Cheshire in 1852-1853. The works
was changed from window-glass to plate-glass, run'for about two months,and was then moved to Brooklyn, New York.
The second effort was at Lenox Furnace. These works, after passing the vicissitndes narrated elsewhere, are still
in existence.

Thongh at one time Massachusetts was in the foremost rank of glass-producing states, the lack of fuel has
cansed it to fall in the rear as to amount of product. In some lines as to quality, however, it is still unsurpassed.

=

GLASS-MAKING IN NEW HAMPSHIRE.

-

Glass-making in New Hampshire dates from near the close of the revolutionary war. In May, 1780, Mr.
Robert Hewes, of Boston, began the ereetion of a glass works in the town of Temple, and in the autumn or early
winter he started his fires. At this time glass was in good demand in the rebellious colonies. England, of course,
prohibited all exportation from Ler ports, and the severity of the bloekade prevented the glass of other countries
from reaching this in any quantities. Indeed, the holds of the bloekade runners would scarcely find spaee for glass,
when powder and shot were more in demand. :

Mr. Hewes, who had been left by his father quite a fortune, determined to undertake the manufacture of glass.
Having secured a number of Germau Hessians aud Waldeckers, who were skilled glass-workers in their own eountry
and had formed part of the mercenaries sent to this country with the British army, and who had deserted from it, he
started this Temple works; but the building was hardly eompleted when it was burned down. This was a serious
blow, but to prevent the abandonment of the enterprise the people of Temple came to Mr: Hewes’ assistance, and
the works were reconstructed. Then frost shattered the furnaces so that they would not stand the fire, and they
gave way at the first melt. (a)

To add to his diffienlties as a result of these delays and loss his eapital was seriously impaired and money
was needed to continune the enterprise; but the people of Temple had no money to lend, and did not choose to invest it
if they had. Mr. Hewes petitioned aid from the state, asking “freedom from taxation on his buildings”, exemption
of taxes for his men, and the granting of a bounty npon the glass produeed. January 2, 1781, the house of
representatives of New Hampshire voted to receive and accept Mr. Hewes’ petition, but postponed the paying of
bounty till good window-glass eould be successfully produeed.

The persistence of Mr. Hewes is best illustrated by the following petition made to the seleetmen of Temple-in
the winter of 1781, written from Boston: -

GENTLEMEN: After ducrespeets, hoping these will find yourselves aud families«ell, they are to inform, that, being almost discouraged
by 1he misfortunes T have met with & the little spirit of the People to enconrage me, I am almost determined to drop all thoughts of
proscenting the Glass-Manufactory in Temple, for why should I strive to introduce a Manufactory to benefit a people that has not spirit

enough to subseribe a trifle to encourage it, when I have met with a misfortune—for if the Business ever conies to perfection it will be a
greater service to the country than it possibly ean be to me, even if I make my fortune? But, Gentlemen, it was not smoney only, that

a These facts eoucerning Mr. Hewes’ enterprise are condensed from a paper on ‘ Glass-making in the Merrimack Basin”, published
in Contributions of Old Residents’ Historical Association, Lowell, Massachusetts, vol. ii, No. 2. 1129
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indaced me, but it was because I was satisfied I could do it, & in so doing serve my country mest cssentially—rmore especially your Town.
You will do well, Gentlemen, to consider this is not a thing for a moment, but it is laying a foundatien for the goed of Posterity; for
certain I am if my Glass-works are brought te perfection, they will soon be as universal as the Iron works, or many others; as I said to
Esquire Blood the other day, ‘‘ that the Glass-makers should be cmpleyed, if it were only te steal their art.”

1 think the Town of Temple, as a Town, will be highly culpable if they let this matter slip witheut a struggle. But it is not for me
to point out the advantage you are all sensible of.

What I have to say is what will your Town do to cncourage the matter? I shall have to send 60 miles for stones to build my melting
furnace, which will take eight teams, & then all the other furnaces are to be rebuilt; but all this while, the Glass-makers and famiiies are
to be supperted, which will be a costly affair.

Your ceurt will make a Lettery, I suppose, but that will be a thing of Time. Can I be credited for ene or two Carcasses of Beef,
till the Lottery is drawn, or what way can you think of to help me till the works are set a going?

1 sheuld be glad to know your opinion of the matter as soen as possible, se that I may know what to determine.

Frem Your Friend and Humble Servant, L .

P. S.—Mr. Ashley will wait upon you with this and receive your answer, and transmit it to me as soou as possible.
R. H.

P. S.—If I could be properly encouraged, I would come up in the Spring and work at it myself till it comes to perfection.

MARCH 5, 1871.—The Town voted to advance upen a lean to Mr. Hewes £3000, with geod security, to be assessed in two months,
and collected as soen as may be.

On the same day, March 5, Mr. Hewes’ agent at the glass house wrote to the selectmen “ requesting provisions”.

Mareh 11, Mr. Hewes writes to the selectmen from Boston, declining the loan of £3,000, if security is required;
states he will not assume any farther risk or responsibility; that ten times that sum could be secured in Boston if
he wanted it, but that he had determined to recede immediately, and proposed to sell his interest in the works at
a low price; had resolved to do nothing further except bring down the workmen, if nobody appears to purchase
the houses and tools.

March 24, in a letter from Boston, Mr. Hewes proposes to the selectmen that he be supplied money ou a loan,
on the strength of the lottery, for which he seems to have petitioned the general court of New Hampshire, and
requests that his glass-blowers be furnished with supplies for subsistence.

It was not till March 30, 1781, that the lottery act was passed, giving leave to raise £2,000, new emission, for
the Temple glass works, and appointing three men to conduet the lottery and report their proceedings and aceount
to the gencral court within one year. A fac-simile of the lottery tickets may be found on page 171 of the History
of Temple.

The tickets wonld not sell, and I have no statement what their prize was to be. I infer the great obstacle to the
success of the lottery to have been want of faith in the glass works, and as a result Mr. Hewes abandoned the
enterprise. The works made both window-glass and glassware, and some of its prodnets, among them a glass plate,
are preserved in Harvard University. ; ¢

There is no record of any fnrther attempt to make glass in New Hampshire until 1814, when by an act of
the legislature, passed on June 24 of that year, the New Hampshire glass factory was incorporated at Keene.
This works made only eylinder window-glass, and the census of 1820 reports it as having a capital of $25,000,
paying out $11,400 for materials, $10,000 for wages, $500 for contingent expenses, employing twenty men and five
youths, and proaucing $30,000 worth of window-glass from 1,825 bushels of sand, 200 barrels of lime, 547 bushels
of salt, and 36 tous of potash. In the hands of jts original owner the enterprise was not successful, and passed
under the control of other parties, who, in turn, disposed of it to others. From 1847 to 1851 the works were operated
by J. D. Collony, when they were finally abandoned, no part of them remaining.

_In 1817 a factory was started in the same town (@) for the manufacture of “black and flint bottles” by Justin
Perry. This was operated until 1848, when it ceased work, for the same reason that the window factory was
abandoned—the high price of fnel. '

In 1840 Mr. William Parker, who had been operating a window-glass works at Middlesex village, Massachusetts,
then a part of Chelmsford, but since annexed to Lowell, removed it to Pembroke, New Hampshire, where he built
a brick glass house for window-glass. The motive for moving the works from Chelmsford to Pembroke was the
reduced cost of supporting the workmen, ease of obtaining cheap fuel, and close proximity to an abnndant supply-
of sand at Massabesic pond, in Chester, now Manchester. These works were carried on from 1839 to 1850, but
were by no means a success in their new location, the expected supply ot suitable sand proving a delusion, that
from Massabesic producing glass of so dark a color, by reason of iron, that it was unsalable, and sand from the
‘Maurice river, New Jersey, was the only resort, with increased cost for transportation. The revision of the tariff
in 1845 brought another disaster, the duty on imported glass being made so low that the eountry was supplied
with European glass at less price than the cost of production here. In 1848 the manufacture of sheet window-glass
was abandoned and that of crown glass undertaken, but with no sueccess, and in 1850 its manufacture was
abandoned.

a This is the account I have reccived from Mr. William S. Briggs, of Keene. Bishop, in his History of American Manufactures,
published in 1868, vol. ii, p. 206, speaking of the year 1814, says: ‘‘A glass manufactery was this year incorporated in Keene, New

Hampshire, where it is still (I868) a principal business.” This is probably an error.
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In March, 1866, a glass house for the manufacture of bottles was built at South Lyndeborough, New
Hampshire. This works is still in existence. Its characteristics and product will be found in the tables of this
report.

GLASS-MAKING IN NEW YORK.

According to Bishop’s History of American Manufactures, among the early settlers on Manhattan Island was a
glass-maker, Jan Smeedes, who is supposed to have been among the first to receive an allotment of land on the
present South William street, between Wall and Pearl. He probably carried on the business of glass-making on
the east side of the street, just north of Hanover square. This street formerly bore within the above limits the
name of ¢ the Glass-maker’s street”, and afterward Smee street, from its original oceupant. Of the history of his
works no account has been found. In addition to this early works at the southern end of the island there seems to
have been a glass house located between Eighth and Eleventh aveuunes and north of Thirty-fourth street, as on
De Witt’s farm map of New York about 1732 there is an cstate called ¢ the glass-house farm”. The first of these
works must have been built early in the seventeenth century, at least during the Dutch occupation of the island,
which ended in1664. It would thus appear that New York, equally with Virginia, Pennsylvania, and Massachusetts,
counted glass-making among its very earliest industries, dating not much after the first colonization.

Trom this time fornearly a hundred yearsnorecords of the existeneeof any glass works have been found; but no
doubt there were some factories in operation at various points and at varions times in this state, as well as in other
states, though glass-making flourished but poorly in these early times. In 1754 a glass works was erected by a
Dutch gentleman by the name of Bamber in Brooklyn, probably the first in Kings county, which now ranks second
as a glass-producing center in the United States. The Historical Society of that city have in their cabinet a glass
bottle having blown on it the name of Mr. Bamber and the date 1754, (a) ‘“the first one,” so the reeord reads,
“manufactured at the glass works started in 1754 on the site of the present glass works on State street. This
enterprise, we are informed, was brought to an untimely end for want of sand; that is, the right kind of sand.”
From this stateinent regarding the sand Mr. Jarves is led to believe that the bottle must have been of flint-glass,
and the works a flint-glass works, as sand suitable for green or black glass abounds on the shore near its loeation.
This, however, would not be conclusive evidence of the fact that they were flint works, as we have no doubt that
in those days, as at the present time, reasons which are not at all the correct ones were frequently given for
the failure of manufacturing establishments. -

Governor Moore, in a letter to the Lords of Trade and Plantations, dated I'ort George, New York, January 12,
1767, says: -

Tbe Master of a Glass House, which was set up here a few years ago, now Bankrupt, assured me that his ruin was ewing to no other
sanse than being deserted in this manner by his servants, which he had imported at great expence; and that many others had suffered
and been reduced as he was by the same kind of misfortune. (b)

To what works Governor Moore referred does not appear.

From this time until 1786 I have not heen able to find any other record, when, as the evils of large importatiens
began to be seen and felt, and the advantage of cstablishing domestic indnstry became impressed upon the minds
ef the imhabitants of this country, efforts were made in New York, as in the other colonies, to re-establish the
manufacture of glass. In April, 1786, specimens of white glass made at the glass house that had lately been erected
in Albany were presented to the American Philosophical Society. Mr. Elkanah Watson, in his Reminiscences of
Albany, published in 1788, mentions a visit to the new glass house, erected by John De Neufville at a place about eight
miles from Afbany. Mr. De Neufville; who was a Dutch gentleman, and had been active on behalf of the American
colonies during the revolutionary war, having sacrificed in thei behalf nearly the whole of a fortune of a half-
million sterling, invested the small amount remaining in what Mr. Watson terms the ¢ hopeless enterprise” of a
glass house. (¢) In January, 1785, Leonard De Neufville and his associates, the proprictors of a glass factory
situated at Dowesborough, in the midst of a well-wooded pine forest, described as 10 miles from Albany, and
which was probably the same works as that referred to by Mr. Watson in his memoirs, applied to the legislature
for aid in their undertaking, urging as a reason for this assistance that £30,000 were sent abroad annually for
glass. (d) They also stated that they were able to manufacture any size superior to English glass. This expression
would lead to the belief that the works was a window-glass works. In 1793 the legislature of New York voted a
loan of £3,000 for eight years to the proprietors, three years without interest and five years at 5 per cent; but by
this time the works had passed out of the possession of the De Nenfville family. In The Appolo, published at
Boston, under date of September 28, 1792, appears the following regarding this works:.

We learn from Albany that the glass works erceted several years ago within a few miles of that eity, aud whieh has been deserted
ever sinece for want of cash, is now owned by Messrs. MeCallen, McGregor & Co., who have completely repaired it, supplied it with every
material, and are now manufacturing and advertising for sale window-glass of every dimension. They want a good flint-glass maker. As

this manufactory must be of great public utility, it is to be presumed they will receive the greatest encouragement from all (American)
glass dealers. (¢)

a Stiles History of Brooklyn, vol. i, page 309. d See Munsell’s Annals of Albany, vol. ii, p. 205.
b New York Colonial Documents, vii, page 889. e Quoted from The Appolo, p. 416, by The Historical Magazine, 24 S., vii, p. 16.
o See Munsell’s Annals of Albany, vol. x, pp. 219, 220. :
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The new proprietors, McCallen, McGregor & Co., offered in 1793 a reward of 850 for the discovery of a bank of
sand suitable for their use situated within ten miles of their works. In 1796, for the purpose of consolidating and
extending the operations, a village ten miles west of Albany was laid out and named Hamilton, in compliment to
Alexander Hamilton, and in the spring of 1797 the Hamilton Manufacturing Company was charteréd by the state,
and the company and its workmen exempted from taxes for five years. This works was one of the most extensive
glass works at that time in the United States. DBeside other enterprises in other lines of industry, they had two
glass houses, with three large furnaces, employing about thirteen glass-blowers, and making an average of 20,000 feet
of window-glass per month, beside bottles and flint-glass. It is stated that they substituted kelp for pearlash in the
mannfacture of glass. Their glass, however, was in good repute, and the business was actively carried on for some
years. Mnnsell states that this works suspended in 1815 for want of fuel. (a) b

The next factory of which I.Lave been able to find any record is the Rensselaer glass factory, which was
incorporated by the legislature of the state March 21, 1806. 1n 1809 two more glass works—the Madison and the
‘Woodstock Glass Manufacturing Associations—were also chartered, but I have not been able to find any details of
either. In the census for 1810, however, four glass works are reported : one in Albany county, two in Rensselaer,
and one in Ontario. These works made that year 3,805,000 square feet of glass, which was valued by the marshals
at 16 cents per square foot. In 1810 or 1811, according to Mr. Jarves, a company was formed in Utica for the
manufacture of window-glass, and quite a number of workmen from the Essex-street works (Boston, Massachusetts)
were induced to leave their employment and break their indentures by the offer of increased wages, but while they
were on their way to the New York house, and just before they reached the state line, they, with the agent of the
Utica works, were arrested, brought back, and an expensive lawsunit resulted. Mr. Jarves states that the latter
works were abandoned and never revived. In the private journal of De Witt Clinton for the year 1810, when, as
one of the commissioners of the state of New York, he examined the country between thelakes and the waters of the
Hudson, appearseveral references to the glass works of the state,and under date of Geneva, August 9, 1810, he writes :

A glass manufactory is erecting about two miles from the village. It was incorporated last winter, and a little village is already
rising np around it.

One week later he writes :

We entered the town of Vernon,in which three glass houses are in contemplation ; ore has been in operation some time. It israther
to be regretted that this business is overdoue, Beside the glass introduced from Pittsburgh, and from a glass house in Pennsylvania, on
the borders of Orange county, and the glass imported from Europe, therc are ten manufactories in the state already, or about to be
established ; one in Guilderland, Albany county, one in Rensselaer county, three in Vernon, Oueida county, one in Utica, Oneida county,
one in Rome, Oneida county, one in Petersborough, Madison county, and one in Woodstock, Ulster county.

In 1818 the manufacture of window-glass was begun at Sand Lake, in Rensselacr county, by Messrs. Crandall
& Tox. This locality was selected on account of its abounding both in sand and in fuel, but a few years’ trial
convinced the proprietors that the place was ill-chosen, and the location was abandoned. () In 1845 Mr. Samuel
H. Fox, a son of one of the proprietors of the Sand Lake works, built a factory at Durhamville, which was in
existence in the census year. The Utica Observer, in an article published some months since, claimed for Mr.
S. H. Fox, one of the proprietors of this works, and one of the oldest living glass-makers in the country, that he
was the first in the country to introduce soda-ash into the manufacture of glass, as he was the first in the state to
utilize coal in the furnaces and to introduce wheel ovens.

From the census of 1820 it appears that there were two window-glass factories in Madison county of this state,
each containing two furnaces, with ten pots each. In Oneida county there was one cylinder window-glass factory in

- operation, and one crown-glass factory idle. In Ulster county there were two window-glass factories, manufacturing
800,000 square feet a year; but of these works I have not been able to find any further details. In 1820 some
workmen left the New England glass works at Cambridgeport, Massachusetts, and built a factory in New York
city, the business being conducted under the firm name of Fisher & Gillerland; but in 1823 the partnership was
dissolved, and Mr. Gillerland built a works in Brooklyn. In 1823 there was a manufactory of glass globes at
Albany “on a scale which promised to supply the United States with the article”. At the tariff convention which
was held in New York in 1831 three flint-glass factories, with twenty-two pots, were reported in existence in New
York and vicinity, and two cylinder window-glass factories : one at Geneva, and the other at Hamilton; but of
these, except the fact of their existence, no details were given. In 1832 the Redford Crown Glass Company was
incorporated and began the manufacture of crown glass in Clinton county, making a very good quality until 1841,
when it failed. In 1846 crown glass was again made at these works. Of the establishment and history of the later
glass works no record at all has been procured.

GLASS-MAKING IN CONNECTICUT.

Information regarding the early history of glass-making in Connecticut is exceedingly meager. It appears,
however, that in 1747 a patent was granted by the legislature to Thomas Darling for the exclusive privilege of
making glass for twenty years. This act appears to have becoine void because of the patentee’s tailing to fulfill its

a See Munsell’s Annals of Albany.

b This is Mr. Jarves’ statement of tho close of the works. It would appear, however, from a newspaper paragraph regarding the

Durhamyville works, that the Sand Lake factory was in existence until 1852, when it was burned down.
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conditions, and at various times after this special grants were made to others .to introduce its manufacture; but
how successful these were I have not been able to find out. It seems that a few years after the organization of the
Essex-street factory in Boston, which was built in 1787, a glass house was in operation in Hartford, Connecticut,
and from a reference in Washington’s diary (1789) it would appear that glass was made in. New Haven. In the
census of 1820 two glass works are reported in existence in Hartford county, Connecticut, producing $27,360 worth
of glass annually. Bottle-glass is also reported as made in Hartford county at the census of 1820 to the extent of
$3,350 annually. At the tariff convention held in New York in 1831 a window-glass works is reported as in
operation at Wellington. In the census of 1840 two establishments are reported in Tolland county, making $32,000
worth annually; one of these was probably the Wellington works. In 1850 but one establishment is reported; in
1860 two establishments in Windham county; and in 1870 three establishments. Of these works I have been able
to get no information other than the fact of their existence.® At the census of 1830 but one establishment was in
existence in the state, the flint-glass works at Meriden.

GLASS-MAKING IN MARYLAND.

On May 26, 1790, Mr. John Frederick Amelung presented a petition to the national House of Representatives,
asking that the patronage of the government be extended to his glass manufaetory at New Bremen, in Maryland.
This is no doubt the works to which Mr. Carroll, of that state, alluded in his speech of April 17, 1789, when he
moved that a duty be placed on window and other glass, with the exception of black quart bottles. Mr. Carroll’s
reason for his motion was that the manufacture of window-glass had been begun in Maryland, and had been attended
with considerable success, and he believed that with small encouragement it would be permanently established.
Mz. Carroll’s motion was successful, and in the first tariff law passed under the present Constitution a duty of 10
per cent. ad valorem was levied on the kinds of glass mentioned. The patronage that Mr. Amelung desired was a
loan from Congress. The investigation and discussion that followed is memorable as raising, and for the time being
deciding, the policy of Congress relative to bounties and protection. The committee to which was referred Mr.
Amelung’s petition for ¢patronage” reported June 30,1790, authorizing the Secretary of the Treasury of the United
States to make him a loan, not exceeding $8,000, Mr. Amelung giving satisfactory security for the reimbursement
of the saume within a certain number of years. In the debate which followed the presentation of this resolution a
history of this gentleman’s exertions in endeavoring to establish an American glass manufactory was given by
Mz, Carroll. He commenced in 1775, brought into the country upward of 200 persons, mostly glass-workers, and
had expended at that time over £20,000 in the undertaking. Owing to a variety of accidents, and particularly to
the extraordinary rise in the price of grain, he now found himself ¢ greatly embarrassed in prosecuting the business; .
but stated if he could be so far patronized by the government as to be favored with a loan of 15,000 or $20.000 it
would afford him such relief as would enable him to surmount every difficulty”.

Congress, however, did not look upon this appeal favorably. Some of the members doubted the constitutional
power of Congress to loan money in this way; others objected to it on account of the precedent it would establish,
while others urged that the encouragement and assistance could be asked for with more propriety from the state
government. Mr. Boundinot gave an account of the manufactory, and said: “I have seen the glass made in it,
which is superior to any ever produced in Amecrica.” He contended that Congress had a right by the Constitution
to loan the money, and cited several instances in point. He enlarged on the merits of the petitioner ¢in embarking
such large property to prosecute a business of so general utility”, and pointed out the consequences which would
result from a ‘“failure of this application, which would be greatly injurious to the petitioner and to the public?.
The report, however, was negatived, and the question between bounties and protection was virtually decided by
this debate. In 1794 Mr. Amelung presented a petition for an increase of duties, and in this he was joined by
others, among them Thomas Whalley and his associates, of Boston, Massachusetts. Mr. Amelung’s works appears
to have been originally built on Tuscarora creek, four miles above Fredericktow, and were known as the Etna
glass works. Window-glass and wine-bottles were made, and it is probable that some of the workmen from this
factory were among those that erossed the mountain to New Geneva and aided Albert Gallatin to establish their
manufacture on the Monongahela. The works of Amelung were moved to Baltimore “in 1788, and located on the
south side of the basir”, and an acconnt of Baltimore, published some years since, declares * they still continue ™.
In Lossing’s Homeof Washingion (pages 204-205) is an extract from a letter of a gentleman of Cincinnati deseribing
the presentation to Washington by Mr. Amelung of two flint goblets bearing the general’s coat-of-arms. Amelung’s
ventures did not succeed, and it is possible that he crossed the mountains to Pittsburgh with some of his glass-
workers. (a)

In 1790, according to Howard, a factory known as the ¢ Baltimore glass works” was established on Fedcral
Hill. Colonel Scharf, in his Chronicles of Baltimore, page 236, makes the date 1799. This was the window-glass
works at present operated by Baker Brothers & Co., and still known by the same name. This firm also have flint
and green glass houses. Concerning the latter, they write me that it was originally established in 1790, though
the present works date only from 1852; the flint works date from 1873.

= —— b——

a Cuming’s Journal, page 66, speaks of a Mr. Anelung, a glass-worker, at Pittsburgh.




6 - MANUFACTURE OF GLASS.

The eensus of 1810 gives statements of three glass works in this state, two in Frederick county, at whieh 40,000
square feet of window-glass and 7,000 bottles were made, and one in Baltimore county, at whieh 500,000 square feet
of window-glass were produced.

The census of 1820 reports a glass works in Alleghany eounty, at which both window-glass and hollow ware were
made, and gives the date of the establishment of the works as 1817. The value of the products is given as
$30,000, thirty men and eight children and youths being employed. The same eensus gives statistics of a window-
glass works in Baltimore county that had been in operation twenty years, and was produeing 3,400 boxes annually,
valued at from $8 to $10 a box.

At the tariff convention held in New York in Oetober, 1831, two flint-glass furnaees, with twelve pots, were
reported in operation in Baltimore; also one cylinder window-glass faetory in Baltimore and one in Cumberland;
but no details are given of the same.

The works other than the above at present in existence in Maryland are of comparatively recent date, and are
all situated in Baltimore, with the exeeption of a glassware factory building at Cumberland.

GLASS-MAKING IN NEW JERSEY. (a)

The first glass factory in New Jersey was located about 2§ miles from Allowaysﬁown, Salem county, and was
built some time from 1760 to 1765 by a German named Wistar, who brought a eompany of workmen with him from
Germany. He carried on the works a few years, and failed about the outbreak of the revolutionary war, and upon
his failure, in 1775, the workmen went to what is now known as Glassborough, Gloucester county. Two objeets led
to the seleetion of this place as a site for works: it was so far inland that the operations were not interfered
with by the armies, and it was a yellow-pine eountry, which wood was better for melting glass than the oak of
Allowaystown. Mr. Bodine is of the opinion that “the principal kind of glass made was hollow ware or bottles;
but from some recolleetions of an old man that descended from and knew some of the old Glassborough settlers
and heard them talk when he was a boy, I think part of them, if not all, could make both bottles and window-glass,
such as was used in those days”.

The blowers at these works also made the pots, cut the glass into lights, and paeked the same. In the scheme of
division of labor in more modern works each of these operations is a separate branch of work. At this works the
bottles were made without molds, and erown-glass was made. Mr. Bodine says:

I knew some blowers, when I was a small boy, that were then old men, and could make both bottles and window-glass. I have been
unable to fix a time when window-glass commenced to be made in cylinder form. I find that about 1812 or 1813 a crown-glass (window-
lights) factory was started up the Delaware river, 10 miles from Belvidere, at a place called Colnmbia, in what was then Sussex county,
.now being Warren county. This factory rnn until 1833, when it ceased operations. I personally know of cylinder window-glass being
made in 1827 or 1828 at Millville, About the time of starting the Columbia works a factory was started at a place called Clemonton, now

in Camden county, where bottles were made part of the time and window-glass the balance. My informant worked at Clemonton in
1814 as an apprentice, learning to blow.

About the years 1814 and 1815 there were factories started at Port Elizabeth, Cumberland county, and at Malaga,
Gloueester eounty. Both of these were run as window-glass factories, and in 1816 to 1819 Tuckahoe and Hammonton
were started and manufaetured prineipally window-glass. :

The next works was Millville, started in about 1822. For some years after this no new works were started,
until 1827, when between that date and 1832 Waterford, Jackson, old Brooklyn, and Winston were built. These
last- mentloned places were in what was Gloucester, now Camden county. The next loeation was Squankuom,
now Williamstown, built in 1835, making bottles; then Estilville, Bridgeton, and Temperanceville (now part of
Glassborough), built in 1836 and 1837 ; then Jersey City flint-glass works, built in 1840 or 1845. Somewhere about
this date there was a flint-glass works built at Kaign’s Point, now part of Camden. Then Greenbank, 1840 to 1845;
New Columbia, 1845 to 1848 ; Jansboro’, 1848; Balsto, about 1850 ; Crowleytown, 1850 to 1851 ; Clayton and New
Brooklyn, about 1851 to 1852; Medford, Milford, and Lebanon, 1855; Bulltown, 1858; Quinton, 1858 to 1860; Salem,
1863; Westville, 1868; Riverside and Herman City, about 1870.

There was a glass works started at Elizabethport some twenty-five years ago and run for a short time; also,
one started in Camden about 1868, and run for a short time.

This makes in all thirty-seven locations in New Jersey. Of these the following have gone out of existenee
entirely: Allowaystown, Columbia, Clementon, Tuekahoe, Hammonton, Jackson, Old Brooklyn, Estilville,
Greenbank, New Columbia, Balsto, Crowleytown, Kaign’s Point, Milltown, Bulltown, Lebanon, Westville, Jersey
City, and Elizabethport—nineteen in all; two run two years, one three years, two five years, two ten years, four
fifteen years, four twenty years, two thirty years, one thirty-five years, one forty-five ycars, while Waterford,
Medford, Camnden, New Brooklyn, Riverside, Herman City, and Port Elizabeth, seven in all, have not run for several
years.

The balanee of the loeations, eleven in all, have forty-five furnaces, of which thirty-nine furnaces have run the
past year, to wit: twelve window-glass, twenty-one green hollow ware, and six lime or white glass. Four of the
green hollow ware and the six lime or white glass furnaees are situated at Millville, and are run by one firm,
Messrs. Whitall, Tatum & Co.

a For most of the data contained in the very interesting account of glass-making in New Jersey I am indebted to Hon. Jobn T

BOdine’]%ﬁ Williamstown, New Jersey, whose personal recollections extend back fifty-three years.
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About four miles below Millville are located the largest beds of glass-house sand in the state, sand being dug
for the Millville and the Philadelphia, New York, and Boston factories. The pits have been opened for more than
fifty years. There are also large sand-beds near Williamstown that sapply twelve factories a thonsand tons each
per year. There is sand in very many other localities in south Jersey, but there is none better than the Maurice
river, Millville, or Williamstown sand.

Up to 1855 care was taken to locate glass works upon or near to large tracts of woodland. About the year
1856 the factories in New Jersey commenced to use anthracite coal, and since that time the pots have heen enlarged
at various times until they are more than three times the size they were when wood was nsed for melting. Mr.
Bodine says:

The nse of coal has made locations of glass factories at places other than upon water navigation in New Jersey very expensivo,
even with railroaas. The cost of freight in getting coal and materials to and manufactured products from the marketable points of
Philadelphia and New York is about 9 to 10 per cent. of the gross receipts of manufactured goods, while the only offset thereto is about
2 per cent. in the cost of sand and wood for annealing the ware, Many of the New Jersey works have been located where wood could be
used. If the locations were abandoned, and the works removed to the large consuming points, the whole plant, so far as the building
is concerned, wonld be lost. I find twenty-six of the factories among the forty-five contained in the eleven locations npon water
navigation, and but for the advantage of water transportation we should not have as many glass factories as we now have.

GLASS-MAKING IN OHIO.

The information regarding glass-making in this state is exceedingly meager. It does not appear among the
manufactures of the state at the census of 1810. In 1811 Jobn Mellish, in his Travels, suggests that a well-
organized manufactory of glass bottles would succeed, intimating that no such works existed. An account of
Cincinnati, of date of June, 1815, states that a manufactory of green and window-glass and hollow ware was about
to go into operation, to be followed the ensuing summer by another for white flint. Palmer’s Travels in 1817
speaks of two glass houses in operation. The census of 1820 enumerates  glass, window, and hollow ware,
chemical and philosophical apparatus”, as among the manufactures of Hamilton county, the value of the product
being $19,000,and the statement is made that the works are languishing, owing to the supply overrunning the demand.
Glass, both cut, flint, and window, was also reported as made at this census in Muskingum county. (a) At the tariff
" convention held in New York in 1831 a window-glass works is reported at Zanesville and another at Moscow,
while at the censuis of 1840 none are reported. In 1850 Ohio is credited with six works; in 1860 with four, and in
1870 with nine, three of which are reported as plate, probably window-glass, and six as glassware. Of the history
of these several establishments I have no details.

GLASS-MAKING IN MISSOURI. (b)

As early as 1842 efforts were made to establish the manufacture of glass at Saint Louis. In that year a
company of gentlemen, with Mr. James B. Eads, who has since become known in connection with the magniticent
Saint Louis bridge and the jetties at the mouth of the Mississippi river, established the works now known as the
Saint Louis glass works. This works at tirst made flint-glass tumblers, ete., and it is stated that Mr. Eads, finding it
impossible to get the proper workmen, himself made the pots used in this factory. Five years of toil and vexation
was the only result, and he and his associates, finding success impossible, were forced to suspend payment and
abandoned further effort. To the credit of Colonel Eads, it should be stated that in after years he paid up every
dollar of indebtedness incurred. Thus the first glass-making venture west of the Mississippi river passed into
history as a failure. The factory was changed to a green-bottle works by Mr. Eads’ successors, and then in 1854
back to a flint works. In 1855’56 a green-bottle house was added, and in 1861 Bayot & Cummingstook the works,
since which it has been a flint house, now manufacturing only flint bottles.

The second works, those of the Missouri Glass Company, began operations in 1851, making window-glass,
but ceased after running two years, remaining idle until 1856, when they were purchased and changed to flint-
glass; but after sinking considerable sums in fruitless efforts the parties owning them sold out and abandoned
the field. These works, then, like the Saint Louis glass works, became the property of various persons, who
at different times encountered unvarying failures, until at last, in 1863, operations were wholly abandoned and
the building taken for the manufacture of agricultural machinery. The other Saint Louis glass works have all
- been established since 1870.

GLASS-MAKING IN OTHER STATES.

As to the history of glass in other states but little has been learned. Glass has been made in Vermont, but there
is none made at present. Two glass-houses are reported in that state at the census of 1840, one in Addison and
one iu Chittenden county, but none are reported iu 1850, 1860, or 1870, nor at the present census. In Rhode Island
1o glass, as far as I have been able to learn, was ever made, and the same is true of Maine and Delaware. In the
southern states, with the exception of Virginia, Kentucky, and possibly Tennessee, I can find no record of glass-
making.

a I bave seen a statement that this Zanesville works was the first in Ohio, but I have been nnable to verify it.
b For the factsin this sketch I am indebted chiefly to an article in the Saint Louis Trade Review and to Mr. J. K. Cummings, of Saint

Louis.
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It has already been stated that the glass-blowers that Albert Gallatin indueed to aid him in starting the New
Geneva works were on their way to establish a glass honse near Louisville, Kentucky; but it seems to have been
many years before any other glass-makers sought this state to practiee their art. Cramer’s Nawvigator for 1814
states that a glass house had lately been built at Louisviile, but neither the eensus of 1820 nor that of 1830 gives
any evidence of the existence of this factory. At that of 1840 one glass-cutting establishment is reported in Kentucky,
but no glass works. In 1850 no glass works is reported, though the Covington flint-glass works was established
in 1848. In 1860 statisties of one glassware establishment are given in Jefferson eounty, in which Louisville
is situated, but no faets are given regarding Kenton county, in which Covington is located, though the Covington
glass works inform me that their flint-house was established in 1848, and their green-glass house in 1860. In 1870
three works are reported.

The statement is frequently made that the first glass works west of Cineinnati was built at Alton, Illinois, and
in the returns received from the Alton factory the date of establishment of this works is given as 1867. No glass is
reported as made in this state in any of the censuses until that of 1870. A similar statement ean be made of
Indiana. Michigan has no place in the several censuses as a manufacturer of glass. No glass is reported as made
in Wisconsin at any census, though an establishment was started shortly after the elose of the census year 1880.
Mississippi was building a works during the census year. Glass-making was established in California in 1863, or-
at least a works was in operation, but of the details of its history I have no reeord.

HISTORY OF THE MANUFACTURE OF PLATE-GLASS IN THE UNITED STATES. (a)

It is probable that the first attempt to mannfacture in this country what is now known as plate-glass was
made at Cheshire, Massachusetts, though some rough east plate may have been made earlier at some of the window-
glass works. The extensive deposits at this place of exeeedingly good sand, which was at one time supposed to be the
only sand in the country from which good glass could be made, no doubt had mneh to do with this early attempt
to make plate-glass and determined the location of the works. In 1850 a window-glass factory was erected at
Cheshire, which was run for two years on blown glass. In 1852-733 this was changed to a rough east-plate factors.
A large amount of money was expended in fitting up the works and putting in the necessary machinery and tools,
but it was operated pnly for about six months, when the tables, tools, fixtures, ete., were removed to Brooklyn, New
York, and a factory was there fitted up and operated through 1854 and 1855. Very little glass of a merchantable
quality was made, and in 1856 the works were abandoned, () one of the chief causes of the failure, no doubt, being
the small scale on whieh the works were projected and operated and the inexperience of the promoters. The
manufacture of plate-glass requires large capital and experience, and it was not until these were brought together
that the plate-glass industry was firmly established in this eountry and the produet eould compete with the
foreign. A )
The second effort was made at Lenox Furnace, Massachusetts. In 1853 a glass works was erected at this place

at a cost of $30,000 for making window-glass by the Lenox iron works, a corporation owned by William A.
Phelps, Oliver Peck, and James Colling, who ran the works for about two years on window-glass at a loss. In the
fall ot 1855 the window-glass business was abandoned. This property was leased with eontract to sell to James
-N. Richmond, who organized a company called the National Plate Glass Company, and was eonverted into a
plate-glass factory. The company spent a large amount of money in reorganizing the establishment and
experimenting, having bought the tables and tools of the Brooklyn company. In 1856, after a heavy loss, the
company failed, and in 1857 the property eame back to the original owners, who started up the works and
continued to run them with suceess till the spring of 1865. In 1862 the faetory buildings, with a large amount of
glass, were destroyed by fire. Therc was no insurance, and the loss was over $25,000. In 1865 a eompany was
organized, called the Lenox Plate Glass Company, consisting of the old parties with Messrs. Theodore and James
Roosevelt, of New York city. Up to this time only rough plate was made, but it was the intention of this company
to commence polishing as soon as suitable machinery could be obtained. It is worthy of notice that, although
for a number of years plate-glass had been produced in England and in France, there had been scarcely any
improvements in the machinery used. Some few yeais previous to this parties in the western part of the state of
New York had invented and patented a machine for grinding and polishing marble slabs, and this was found to
work admirably in polishing glass; but through the influenee of Mr. John R. Platte, then agent for the British
Plate Glass Company of England, the owners of the patent were induced to put up one of these machines for the
company, on condition that if the working was satisfactory they were to buy the patent. The machine worked
with satisfaction, doing its work in much less time than the old system. Mr. Servin states that the company paid
about 850,000 for the patent. The principle of this maehine is now generally used, thongh with improvements, in

a The statements ef fact contained in this histery are derived chiefly fromn letters from Mr. A. T. Servin, of Lenox, Massachusctts,
Mr. E. Ford, of Jeffersonville, Indiana, and Mr. E. A. Hitchecock, of Saint Louis, and from Mr. W. C. De Pauw’s testimony before the
tariff commnissien.

b This is Mr. Servin's statement. Mr. Feord, however, states that the first attcmpt was made at Williamsburg, New York, in: 1850,
on a small scale, for tho manufacture of rough plate-glass only, but was abandoned. The next effort, he states, was by the same party
at Green Point, New York, but this was also a failure. This, Mr. Ford states, was the parent of the Lenox works.
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polishing plate. About this time the Lenox Plate Glass Company was organized. The inventor having patented
another machine in 1866 and 1867, this company bought the patents and put up some costly machinery, which
was not completed till 1868 and 1869. About this time, and for two or three years previous, a company in
Philadelphia held patents for making cryolite, a mineral from Greenland, into a material called cryolite or hot-cast
porcelain, resembling white marble when worked, but having all the qualities of glass. This material was worked
in the same way as glass. Through statements of great profits in this manufacture the Lenox company were
indnced to allow a new company to be formed January 1, 1870, called the Lenox Glass Company, which took all
the property of the old company and gave the Philadelphia company $200,000 for their patents, also purchasing
a large amount of cryolite from them. This new company expended a large amount in preparing for the eryolite
manufacture, but after six or eight months working it was found to be a perfect failure, resulting in a total loss
to the company of the eryolite and patents purchased, and in 1871 the company failed. The furnace has since been
run on rough plate for a part of the time. In 1879 a large proportion of the glass property was sold at about one-
thirtieth of its cost, and a new company has been formed, called the Lenox glass works.

The next works built in the United States were at New Albany, Indiana, and it was here that polished plate-
glass was first suceessfully and continuously manufactured. In the year 1869 Mr. J. B. Ford econceived the idea
of erecting works for manufacturing polished plate-glass, and with this in view he visited Lenox, gathered what
information he could on the subject from the workmen there who had been employed abroad, and returned to New
Albany with a determination to make polished plate. e immediately entered into negotiations with mahufacturers
of plate glass machinery in Europe, and purchased one cach of the best machines for grinding, smoothing, and
polishing, and while waiting for their arrival, in company with his assoeiates, built a works for rough plate.
About the time the machinery arrived the works was burned, but a new one was built on a more extended scale.
This new plant was measurably successful, but had to undergo the reverses that seems the fate of all plate-glass
houses in this conntry. In 1872 Mr. Ford withdrew, since which time it has been run by Mr. W. C. De Panw, who
stated Defore the tariff commission that until 1879 the works made no money, though the quality of the glass for
some time had eqgnaled the imported.

In the same year that he withdrew Mr. Ford organized and built another works at Louisville. These he
managed until 1875, when he left there and organized a works at Jeffersonville, Indiana, the city having offered
him some ground valued at $20,000. These works have been largely increased, make excellent plate, and were,
with New Albany and Crystal City, Missouri, the works that made polished plate in the census year.

Shortly after the organization of the New Albany plate-glass works Mr. E. B. Ward, of Detroit, and others,
induced by the very extensive deposit of sand of an excellent quality at Crystal City, Missouri, organized the
American Plate Glass Company, with a capital stock of $250,000, and began in 1872 the erection of works at the
point named, this sum being increased in January, 1874, to $500,000. In 1875 the manufacture of plate-glass was
begun, though with appliances much inferior to those now in nse, and a considerable quantity of glass of good
qnality was produced. The usnal difficulties, however, which attend new industries, by reason of lack of the
requisite experienee, were enconntered. The production was irregular and uncertain as to quality, and in 1876 the
work was suspended for several months, with a view to its resmmption under more favorable conditions. Iu
October, 1876, the enterprise was reorganized by the formation of a new corporation (the present Crystal Plate
Glass Company), composed of most of the stockholders in the old company, in which additional capital was
invested, and which acquired the entire premises, plant, and a large stock of materials on hand. Mr. E. A.
Hitcheock, of Saint Louis, president of the old company, continned in charge as president. During the winter
of 1876’77 preparations were made for resuming work under sueh conditions as to profit by the experienee already
gained. ~Convineed by thorough examination of its superior advantages, a Siemens furnace was erected. These
works have sinee been largely increased, and are producing plate-glass the equal of any made in the world.

An extensive works for the manufacture of plate-glass is also being built at Hite’s station, on the West
Pennsylvania railroad, near Pittsburgh, by Mr. Ford, who built the works near Louisville. (a)

Regarding the manufacture of plate-glass in this country, Mr. W. C. De Pauw, in his paper before the tariff
cominission, made some statements which he sumimnarizes as follows : E

First. That all money put into plate-glass works in America prior to 1879 had been a total loss.

Second. That some of the shrewdest, most energetic, and successful bnsiness men in Boston, New York, Philadelphia, Detroit, Chicago,
Saint Louis, and Louisville had in the aggregate invested millions in plate-glass enterprises and lost the whole of it.

Third. That no plate-glass had been made iz America withont loss to the maker prior to 1879.

Fourth. That I, instead of having made a large fortune in a few years, as represented, have actually lost more than half a million
dollars over and above all (very small) profit made since 1878.

Fifth. That after a long, earnest struggle, I have sueceeded in making good glazing glass at a small profit.

Sixth. That Americans are paying about half as mueh for plate-glass to-day as they paid prior to the time plate-glass was made in
the United States at my works.

IMPORTS OF GLASS INTO THE UNITED STATES.

. In .order to show the amount of glass received into this country, I append a table giving the imports of glass
into this conntry iu the years 1876 to 1880, showing guantities and values so far as they are given in the reports of
the bureau of statistics, and also the value of cach unit of quantity.

a It is now (April, 1883) in suceessful operation.
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TABLE SHOWING IMPORTS OF GLASS INTO THE
1876. r 1877,
Articles. \ Valne ||, Value
Quantities. Value. m?ﬁ:rof Quantities. Value. ik
quantity. quantity.
2 |
Potal ZIAns, 2D INADINGEOTOB 0L - 5 oo o oe seseenisesbhboreretennsoronsloots ot teoiuomet $4,803,001 25 |.......... RN 2 $3, 052,703 22 | .-........
Bottles: -
1 EINPEY cevmeecmoceesmmmnacemceteereecetetiocerncioreaccanvacanecccacn- 25,306 44 ; ! ................ 22,125 84 |..........
2 Containing 1iquors....ccceceieiieecricieccecicveeccueeceo...number..;  3,740,473.74 |.ccoenaennnaaa.. g 3,313, 967.78 ciet.p..oo. . |.....
3 Or jars filled with articles not otherwiee provided for...........c...loaaiai it 3 } ..........................................
4 Crystale for watches.coeenveeiacniniciiaiinecaa, L7 OO (S | | | R g el 10,078 00 |-.........
5 Disks, or plates nnwrought, for optical instraments............ IN74glega s y .. . .2 Rt o INLIOO0NR . - L e s
| Glaseware:
6 Porcelain, Bohemian, cut, engraved, painted, colored, printed, stained, [................ oty TRl MR AR | MR s 8 | £06,705 0B, 10 o -
r silvered or gilded, not including plate.glass silvered, or looking- '
glass plates. |
7 Plain, mold, and press, not cut, engraved, or painted .occ.eceeiiaeianificiiiiiininaea 00, 898 OTR| e eE T L 3. € S50 54,319 15 Joeoennoenn
Plate-glass, cast, polished, not gilvered : - [
8 Not 8b0ove 10 by 15 inChe8 «-nuuer vommenaeiiaeiaeaaasas aquare feet 15, 500. 00 2,82200 | 0.182 17, 365. 00 2,830 00 | 0.163
9 Above 10 by 15 inches, and not above 16 by 24.................. do... 8,117.75 3,615 00 0.445 13, 643, 00 5,113 90 0.404
10 Above 16 by 24 inches, and not above 24 by 30.......ccaoo.o..a do 101,949.00 | 67, 008 00 0. 657 ” 88, 802.75 55,781 00 0. 628
1l Above 24 by 30 inches, and not above 24 by 60........ccccocaaee do... 442, 705, 50 340, 998 00 0.770 | 458, 704. 00 326, 150 00 0.711
12 Above 24 by 601inches ... ccccceeiiaiiiaiiaciiiinetiincinanens do.. .‘. 1, 024, 318. 33 943, 958 00 0. 922 f 1,017, 317. 55 871,744 00 0. 857
Plate-glass, cast, polisbed, silvered, or looking-glass plate: !
13 Not above 10 by 15 inches............ B S e e equare feet. . 250, 895. 50 52,791 00 . 0210 219, 531. 00 40,437 00 0. 184
14 Above 10 by 15 inches and not above 16 by 24 .......c.....c..es do... 812, 671. 33 223,407 00 0.275 || 755, 919, 00 175,798 00 0. 233
15 Above 16 by 24 inches and not above 24 by 30............cc...... do... 838, 507. 00 319, 964 00 0.382 | 821, 439. 00 268,274 00 0. 327
16 Above 24 Ly 30 inches and not above 24 by 60...... Goboboacaonas do.... 168, 753, 19 117,096 00 0. 694 102, 536. 00 35,450 00 0. 541
17 Athoxe24 by 60 dnahesit .o s R e e S T do... 65,778.75 76,467 00 1162 12,149.25 17,064 00 1.405
Plate-glass, rough, fluted, or rolled (excoss of 1 pound per squaro foot in i
proportion):
18 Not above 10 by 15 inches. ..... R Tt el e ... aquare feet.. 2,265, 00 120 00 0.053 || 4, 077,00 395 00 0.097
19 Above 10 by 15 inches and not above 16 by 24.......... ot ol do.... 2, 668. 00 75 00 0.028 | 2,787.00 96 00 0.024
20 Abovo 16 by 24 inches and not above 24 by 30 ...cevueenennaa... do.. 23, 838. 00 1,800 00 0.076 1 20, 832. 00 1, 610 00 0. 078
21 Asvedt by doimaiaas ... Bl N o e S ey do... 870, 783, 50 33,741 00 | 0.089 i 258,708, 00 13, 261 00 0. 051
‘Window-glass, cylinder, crown, or common, nnpolished: g [
22 N0t 8bOYO 10 bY 15 I0CHES - eevnnevumnnncarnneennrasancennnnns pounds..| 6,330,449, 00 215,619 88 0,034 || 4,677,124.00 154,815 00 0.033
23 Above 10 by 15 inches, and not above 16 by 24.....cceeeanaann.. do... 7, 542, 537, 50 304, 205 46 0. 040 il 5, 662, 851, 00 202, 878 00 0.036
24 | Above 16 by 24 inches, and not above 24 by 30.......cccnvreenn. do... 8, 083, 927. 00 376,706 34 | 0.047 || 7,220, 534.80 288, 382 47 0. 040
25 ADOVO!24IbY F0TRNGE - - ae o oe e e e B s tho B oiete 2 o e S Am e do....| 6,879,206.00 425, 486 00 0,062 ] 7, 378, 928. 00 381,517 00 0.052
‘Window-glags, cylinder, and crown, polished: |
26 | Not above 10 by 15 inches...c..ccenieeienienriciannann square feet. . 539. 00 117 00 0.217 1 5, 438. 00 * 1,144 00 | 0. 210
20 ' Above 10 by 15 inches, and not above 16 by 24 ... ..ccueeennnan.. do... 1, 244. 00 477 00 0,383 || 6, 208, 00 1,704 00 |+ 0.274
28 Above 16 by 24 inches, and not above 24 DY 80 ceeevrceauccraanes do.. 72, 084, 75 8,391 00 0.116 ‘ 15, 662. 00 5,288 00 0. 338
29 I Above 24 by 30 inches, and not above 24 by 60.....cccevvuencn.. do....L 2, 316. 00 1,221 00 0. 527 1 2, 404. 00 1,078 00 0. 448
30 | AboVa 24 BYe80 IN0oRes. . o= s oot sate nt sehenebhie doTeis sofe e n 0% o o[ e T T b s BN e | e e ol fo o e L &2 sa da'a o] o o o svsis malaeao e B o
31 | Manufactures of, not otherwise provided forecaeececceaciece covaracccafecorrnncrasaanas 624,877 99 |.......... ’ ................ 497,528 14 |..........
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UNITED STATES IN THE YEARS 1876 TO 18820.
' T ‘ ——
1878, ‘ 1879. 1880.
| Value | v Value Value
] spe
Quantities. Value. ml:i‘;,rof | Quantities. Value. m};je‘rof Quantities. Value. mfi%rof
quantity. quantity. quantity.
T 1
) |
.................... | #8,330,,867, 26! 17 L SPERERIA R L 00 $8:9815 180000 E ST Sseellee DT o o T $5,133,272 42 |._....._...
! {l
23,710 40 ’ ............ " .................... 20, 676 00
.................... | e
____________________ Il (a0, 56,412 00
7,271 00 |eueeeneenn- 11, 049 00
428 00 |oeven S i 1,607 00
i f
.................... 458,447 95 |l‘ 501,541 38
i o i
.................... 30,005, 00)-- ... ... I& 41,958 80 ' 38,351 36 |............' 7
i " '
10, 252. 00 1,858 00 | 0.181 | 14, 338. 00 l 2,711 00 0.189 108,732.00 ! 16,200 00 0,149 | 8
12, 601.16 441300  0.350 | 27, 317. 60 8,724 00 0.319 46,185.80 | 14,721 00 0.319 | 9
58,340, 50 33,106 00 | 0.567 | 90, 434. 91 32, 888 00 0. 364 i 157, 804. 92 ‘ 50,326 00 0.319 ‘ 10
392, 594.16 | 286, 537 00 0.729 | 562, 071 08 240, 480 00 0.428 | 719, 373. 06 285,419 00 0.397 | 11
756,779.29 | 658,560 00 | 0.870 ' 869, 635. 12 421, 401 00 ! 0.485 | 874, 521. 64 ’ 390,741 00 0.447 | 12
i ' | ,
! ] ! { ) [}
121, 213. 00 18,607 75 0.154 128, 904. 75 23,992 00 0.186 || 230, 728. 42 50, 823 00 0.220 13
~ 619, 379. 50 133,430 00 | 0.215 | 697, 652. 50 165, 437 00 0.227 || 1, 000, 349, 42 | 269, 421 00 0.269 14
912, 375.50 | 277, 113 00 0.304 1, 081, 357. 00 342,750 00 | 0.317 | 1, 648, 187. 31 557,998 00 0.339 | 15
85, 545. 00 41, 865 00 | 0. 489 102, 961. 00 45,460 00 | 0. 442 153, 637.00 | 75,218 00 0.490 | 16
1,284.50 | 1,251 00 | 0,974 |\ 1,034. 66 1,245 81 1204 | 6, 020. 60 4,274 73 0.710 | 17
'
| [t |
! 1
80. 00 Loy ord MEERAST 7= A | Sy s, Foatlll ner . i ol SRR 18
2, 441.00 163 00 - 0. 067 405.00 | 29 00 l 0.072 ” 10,785, 00 | 196 00 0.018 | 19
3, 585. 00 153 00 0.043 | 7,202.00 | 365 00 0.051 || 3, 957. 00 89 00 0.045 20
78, 588. 00 5,432 00 0. 069 173, 354. 00 7,69 00 | 0.044 || 757, 908. 00 25,426 00 | 0.034 | 21
! | r' | i
4,330, 949.00 | 124, 033 91 0.029 3, 582, 364. 00 90, 356 62 \ 0.025 || 12,041, 215. 00 | 308, 978 11 0.026 | 22
5, 903, 795. 00 176,184 84 | 0. 030 5, 045, 243. 00 | 140, 367 05 | 0.028 11, 077, 758. 00 383,063 23 0. 03 ' 23
6, 576, 448, 00 | 296,396 85 | 0. 034 5, 838, 463.00 | 184, 885 64 | 0.032 | 10, 693, 808. 25 351, 463 90 0.033 | 24
6, 242, 560. 50 274, 624 61 0. 044 6, 225, 791. §3 237, 232 87 | 0.038 | 10, 137, 070. 00 | 412,472 44 0.041 25
3, 563. 00 826 00 0.232 || 1, 675. 00 395 00 | 0.194 || 11, 900. 66 | 2,110 00 | 0.177 | 28
8,724. 00 | 2,601 00 0.298 || 15, 460. 50 3,256 00 0.211 26, 575. 58 | 4,153 00 | 0.156 | 27
10, 779. 00 | 4,185 00 0.388 | 21, 031. 00 6,023. 00 0.286 36,938.75 | 10, 605 00 0.287 | 28
1, 661. 00 690 00 0.415 4,039. 00 1,690 00 0.418 12, 651 66 4,229 00 1 0.334 | 29
.............................................................................................................................................................. 30
.................... (IO B | £ St 000,968 02 | floconnei e 951,047 68 |..eveuennn.. 31
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