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LETTER OF TRANSMITTAL.

PrrrspUureH, PA., Mareh 21, 1883,
Hon, C. W. SEATON,

Superintendent of Census. \

Stz : I have the lionor to transmit herewith my final report on the manufacture of glass.

Referring to my preliminary report, published in Census Bulletin No. 118, under date of March 30, 1881, I beg
Zo say that further investigation disclosed the fact that the returns received up 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 fnll details, but 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, though
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 & result of this a directory, believed to be correct
at its date, was prepared. Sechedules were sent out fo the names in this list, and the result is the present repors.

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 inte the various 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 reworking glass, except in the case of establishments.that cut and A
engrave in connection with the manufacture of the glass from the sand. In a word, the report covers the
manufaeture, 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 statistics of this industry in Europe and a short sketeh of its history, both ancient and modern, are
appended. For the purpose of completeness I have also added some statements regarding the classification of
glass, its properties, the materials used, furnaces and pots employed, and the various modes of glass-making, with
some quite full statements 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 hasg not been covered—indeed it was not deemed wise to consider to any extent forms or varieties
of glass other than the four kinds particularly reported upon—it is believed that the report will show with
reasonable 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 manufacturers 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
‘ 1037
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together and subtracted from product 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 eountries 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. Lobmeyer, of Vienna, Austria; Mr. Julins Fahdt, of Dresden,
Germany ; Mr. Henry Chance and Mr. Thomas Webb, of IIngland ; Hon. John T. 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. Liyon, 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 ity exactness and fullness,
I also have made free use of a number of works on glass. Inimportant quotations ereditis given in the text, butin
many cases it has not been deemed necessary, and I desire to acknowledge here my indebtedness to the Encyclopadia

- Britannica, Pellatt’s Curiosities of Glass Making, Nesbitt’s Glass, Bontemp’s Guide dw Verrier, Lardner’s Cabinct

Cyclopedia, Jarves’ Reminiscences of Glass Making, Blancourt’s Art of Glass, Sauzay’s Wonders of (lass Making in A1l
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. X should also fail in what was justly their due did I not acknowledge my indebtedness to
Miss C. V. Young and Mr. 8, C. Armstrong, the chief assistants in my office, to whose patient endeavors and
constant care I am under so many obligations.

Very respectfully, J0S. D. WEELS
o A ’

1038 Special Agent.
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CrarrER L.—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 manufactured glass is a raw material ; or, in other words, this report enly covers
establishments in which glass is made, not those in which it is reworked, and docs 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 such 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 malke it practically impossible
to separaite the statistics of the crude from the reworked glass.

CLASSIFICATION OF GLASS IN THE TABLES.

The classification adopted in the collection of the statistics isnot to be regarded as a complete classification of
glags, 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, ete. This class also inclndes rolled cathedral plate.

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

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

IV. Green-glass factories, including those producing green, black, amber, ote., 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 wounld 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 iz the census year, whether active, idle, or building.

B.—Including all furnaces that were idle during the entire census year, All the fuornaces in this table are
ineluded 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 furnaces 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 tableis that of such establishments as are entirely new, and ineludes 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 Lhave been summarized. Fhe condensed aggregate
statements for all classes of glass included in this report are as follows:

Total number of establiBMENE «eu oy ve e caaae crvee ceimeevmarne sserao et meen it samae e e 211
Total caPital INTESTEM . - .. vaeiae een eammcs cme cemeasare ceee s maae nea b mas s eesens sucens nauens $19, 844, 699
Total TUMDEr 0f FUTIACER oo n eec e o cmsnmecas cmsms srccms amrmemames ammnan smsams basans sacamesnmnan 348
Total number of POY IN SAMB - oo v ot it cvae ccnt cremnameae teamcs s cme e m o msibaans cneeans e 2,982
M8 ADOTS 16 FOATR. - - e eaeaareanceam e e e reancan sarnnncacenn snne smumnensnnamsaneonsanansonn 17,778
Fomnles Ah0VE 15 FOATE wacuunnceeeeneencnnoranneceomessamanrammsnnas sunscsenes vuvsnaane PR 741
Children and youths ... ...... A aamm amsamreaere vuan ety wanen 5, 658

24;177
Total amount paid in Wages dUTINE HH0 AT« <n wemn waenaeaaee cnne ccasres easmnscrmnsmen camomsananes $9, 144,100
Total value 0f MGEETIALE - wen oo eeemer ceee cmmoue sanens cseasammcnsmass cmns aasssmmnsssremnasemnans rann 8, 028, 621
T0ta) VAIUE OF PLOQICT .+ < et e emeae oo aee cmcean e cqns arevne sanmss cnamas smmoas saacns sas annsameannnn 21,154,571
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COMPARISON WITH PREVIOUS CENSUSES.

It is impossible to make a comparison between the results given above and those for the earlier censuses.
The classification differs materially from that adopted in the present investigation, so_ that in any event it would
be impracticable to make a comparison by classes. In addition to 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 would be of but little value.
It is possible, however, to make an approximate comparison of the aggregate of all classes between the present
census and that of 1870. Assuming that the classes ¢“plate-glass”, glassware not specified,” and “ window-glass”
of the Ninth Census include the same establishments as are classified in this report as plate- and window-glass,
glassware, and green-glass factories, the result is as follows:

1880. 1870,
Number of establishments ............ 211 154
Bmploy6a. cnee e iiiieaia e cveciactanaes 24, 177 15, 867
' [:34) 111 $19, 844, 699 $13, 826, 142
Wages paid.ceo. o oiiiiiieie e 9, 144, 100 7,580,110
Amount of materials used ... ......... 8,028, 621 5, 004, 865
Vaolue of product ...comvaceenivenennnn, 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 employés, b7 per
cent.; in capital invested, 44 per cent.; in wages paid, 20 per cent.; in materials used, 36 per cent.; and in valne of
produet, 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 product, 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.

Trom the returns received it appears that 34 establishments were idle, in whole or in part, during the entire
census year, The capital invested in the works that were idle entirely wag $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:

FURNACES.
No. of $ )
Classes. establish-]  Capital. Kind and number.
ments. Total
Other Total gg%&?
Gaa. Tauk | yinds. | nowmber.
Plate-glass. covieeeiiaiiaiaiiiiiaens e 1 1
Window-glass ..oovmviiaiis inneaian, 10 $90,000 |-..... T 10 10 83
(€3 D P 15 267, 000 i PO 19 22 201
Green glass 8 234, 000 ) S PN 7 8 58
Total 34 591, 000 - N P 37 41 349

Some of the establishments shown in this table at which furnaces were idle also had farnaces that were in
operation, and, as is before remarked, the capital of only those establishments at which no glass was madeis ineladed,

Of the 58 window-glass factories of the country, 6, with 6 furnaces, containing 48 pots, were entirely idle during
the census year. Tour worlks were also in part idle, and in these were 4 furnaces, with 34 pots, idle the entire year,

Of the 91 glassware factories, 9, with 13 furnaces and 109 pots, were entirely idle ; and in factories that wero
operated in part, 9 furnaces, with 92 pots, were not run in the census 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 should not have been reported at all.

a Seybert, in his Statistical dnnals of the Uniled States, Philadelphia, 1818, which summarizes and corrects the census of 1810, says,
Daye 6, vegarding the statistics of glass, that ““returns for glass works for five states only are given, omitting Massachusetts, in which very
extensive establishments existed, from which glass of & superior quality had long been exported to the other states”.

1040 « ’ :




MANUFACTURE OF GLASS. 8

WORKS BUILDING IN THE CENSUS YEAR.

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

. FURNACES,
Na, of . i )
Classes. estalbehe Capital. Kind and number, Total
ments. number
Gus. Tank. 1(2&‘(%: m?xg%)ae‘}r. of pats,

PIate-Elass. - aeueaneecnecmanaeenns | O ———— 1 16
‘Window-glass. . 4 $80, 600 4 4 a6
GlasswWare,.eenau.- 12 235, 000 (R 8 12 129
Grecn glass . ..o cveecerieaaiananien, 5 54,100 |ewcenenvaiaeennnn ) ] 81

Totale.onionneairrramcane s inaan. 22 369, 100 [ 2 DR, 17 22 212

From the returns received it appears that furnaces were building at 22 establishments, 22 furnaces, with 212
pots, being in course of erection, As it will be noticed, 5 of these were gas furnaces, which would equal a little
less than ene-fourth of all the gas furnaces built or bmldxng in the census year. Of those building of all kinds, 1,
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 furnaces and 84 pots, were
entirely new glassware establishments, while 4 furnaces, with 45 pots, were built at two old works. Three entirely
new green-glass works, with 3 furnaces and 16 pots, were bullt and 2 furnaces, with 156 pots, wers bullt 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 deductions from those giving the
aggregate statistics of the production of the sevela,l classes, we have the following statement regarding the
statistics of the works at which glass was made during the census year:

Cl bl Capital No.of | ol
nsges. , establish. apital, g aumber
ments, ? furnaces. | o'y ots,
Plate-glass coveve cerncinarees sinrenn 5 $2, 587, 000 8 84
Window-glass 49 4,708,155 6 (11153
Glassware ...... e 73 6, 007,278 130 1, 247
Green glass. .o iiiinvecnennaonnens 42 4, 607,166 T4 448
T 160 18, 804, 609 288 2,480

The number of hands employed and the value of materials and wages paid, as well as the total of the produet,
~ 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 rough plate, 1 rolled cathedral plate; and 3 of the 5 prodncing rough plate polished the larger part of:
their product, the 2 others making no polished plate, though 1 had the machinery necessary to the work.

The column headed ‘rough, sold”, under ¢plate-glass”, gives the amount that was sold or entered into
consumption without being polished, or as rough, ribbed, and catliedral plate. It should also be noted tha
while the first column under “product” gives the total amount of plate-glass cast at the several works, the
column of “value” 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; $4,9563,155, or 25 per cent., in window-glass; $7,409,278, or 37 per cent., in
gla.sswmre and $4,895,266, or 25 per cent,, in green glass.

The state having the 1argest amount of capital, as well as the 1argest number of estabhshments, is Pennsylvann,
which has $7,639,706, or 38 per cent. of the whole. fl;hls is followed by New Jersey, with $2,728,021, or a little less
than 14 per cent. of the whole. New Jersey is followed, in their order, rating them by capital mvested by New York
Indiana, Missouri, Ohio, Massachusetts, Kentucky, West Virginia, Illinois, Maryland, Gonnectmut bahfornm,
" Miechigan, abd New Hampshire, while the Mississippi Works, which was building, and the District of Columbia

works, which was idle, both ranked the same. .
FURNAOES. .
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; 88 furnaces, with 767 pots, were in window-glass works; 162 furnaces, with 1,659
_pots, were in glassware works; and 88 farmces, with 540 pots, in green- glcubs works. Of the total ?&?ber of
66 M M ‘
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furnaces, 21 are reperted as gas, 5 as tank, and 322 as all other kinds, these other kinds being, as & rule, the
ordinary direct-firing furnace. Of the 21 gas furnaces built and building, 3 are reported as Siemens, 6 as Gill, 8 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 varions purposes, as also considerable petrolenm and benzine for fire-polishing, annealing, and other like
operations. One or two furnaces, however, are reported as being wood furnaces. Some are coal furnaces, using
blast, and some few, instead of being direct-firing, use a patent method of charging the coal to the fire-grate,

THE PLANT OF I"ACTORIES.

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

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

L0 YN T G R 16
ADDNealINg OVOIIE u oo ot tmaie e i aseaciee e emeiaemm e aiosmmsaanascnesancensnsunsnsmnnse-nses 18O
Grinding-Ia el me8 . s e et ce e e et s e et iiabe ea s e sam s ne vee b e aaaene aae e 26
Smoothing-machines ... .. e ia e ae it ittt iren e ot cieee e teaais s iaseae iccas aemvaaaann. e 44
Polishing-mMachines. c oo i vnt e ame cei it i heee i e temeabaacsmncsaeanees csmmnn ananeanasannnan 70
Grinding-mill8 « . e e i it i eiet bt e e m e mm e i bemeas iiiac-amememanneneanneon- 10
Steam-engines cvoe coneivaneacnnas e meemmman e s A e ammma eaeesemramsesee cmmmas cman e marae s 25
HOrse-power..cuove veuame cnon e e e em e e memm e tmame e cace mare emaae e eaaamanes seeman e oacmaananns 1,570
55 R 24"
5 0] R et cmeaeme e 11
Mules...... U 9
B B B OMI8 o e et c i eeees i aeccme e mee e e same s aeaaaaensmes e cnan ammaas aecacancnanns 11
b8 et i et e ceheaims memr e heuacmes smmeae inesar A mEs eeastenean e ans maee e tomany e naa - 7
0 £ g SRR 5
TABLE SHOWING THE PLANT OF WINDOW-GLASS FACTORIES IN THE UNITED STATES.
O LT - 68
M On Oy OV OIIS e s s e e an e e tiemee eaaa emmm cseena smaas e mmmean e teees s necn e m . et mmna—— 16
Clay-grinding mills ..o e e e e e i imeecam s acm e e cmmm aenn 52
S 14 D 0 - SRR 34
oD T o) MR 5 & I
BTl e a s emmcs er et e e e it i e temamereer e e e e tnnes uneebaa o e amman samans 35
= 0 T gV 156
B T A 56
L2 0 ¢ 120
L5 R 50
) 521 g U S 21

TABLE SIHOWING THE PLANT OF GLASSWARE FACTORIES IN THE UNITED STATES.
L83 o) o Y . R - 131

g H22
8 LB 5T S 479
0 1= B 3 T g S 1,353
Grinding- and engTaving-maclines .. ... oo i iirir i erscaneie e et ceaens raanns aan 716
Clay-grinding Ml - a oo e it it it ramett wetn citacnan na s aman amm e mencn e mmmamann e anan anue amae 63
ES 1723110 BECY ¥ 0 85
T OTBC-POTVOL e ne emme oo ae o se te oo et ctotos Mumemaenmas nmc et theans s an oo manene aaameeteannaann 2,327
B8 1 R 1 §
THOTBOE 1w ss wmnmmss ama mmme mcmee mme am aman e e ase aar oaa NmEe et aaasenns mmameanm o Coanneneansacuus on 162
0L G 64
(T SR et mrar cmaetanm ameman e oaaae 124
L0 o g 46
5 T T T 29
TABLE SHOWING THE PLANT OF GREEN-GLASS FACTORIES IN THE UNITED STATES.
Glory-holes ....c.oovenno.e R et reeeninasanan. . 79
Annealing ovens ... .o ioi ity e iearain e s B e e e 1,039
G g ehINes  a e e e e e e e e et i iiieeeane e s eain aaon manan 44
Clay-grinding mills oo oot it temma e it hr it be e e mme e imen eems bmmms cann mmaih aeeeonan 46
BT g 1 T R © G5
TLOTSC-POTEL « « e e e eeee mmnn cmrmee anemnnans semnnn an R N 1,198
270 G e e me e e meae s e 58
0] T U DA 189
S 102
7 g MR
L G4
N 30
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MANUFACTURE OF GLASS ., 5

TABLE SHO\«VIN_G KINDS AND ‘NUMBER OF MACHINES USED IN THE GLASS WORKS OF THE UNITED STATES.

Kind of glass, Casting | Grinding. | Smoothing.| Polishing. | Grinding. | Clay-grind. |Crinding-and! -
‘ tables. | machines. | mochines: | machines. illa® glzgg ng;—ill;d englilq‘%ug- Presses. gy&ﬁ?ﬁiﬂi
machines. .

B FiT o LT T 16 28 44 70 16 {

Windew-glass «.ooovvvennnenniioec e "2 --------------------------------------
Glassware R R R e B R IR ST .-. ............ ;3 ------------------- ':'; .............
Grggnglass_...............................‘......................-........ ..-...............::-:. ............ 46 i ) T A 4-»;
DOLAL < e remmce s ammeesrneneeee e ennnn 1 | 2 44 70 t 0| 1o 716 ’ 522 44

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

. . Flattening | Monke Anneali ,

Kinds of gloss. ovens. ovens.y 'ovens.u £
Plate-glass..ueesnaua. MRS FERUUURTN IR 186 J
Window-glass ceoeeiiieansanennnn.. 68 b 1 O P f
(€305 1 U R SRR 479 |
[0 3 R T I SO SR 1,039 |
TS S o8 ‘13‘} 1,704 [

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

N Steam- Horse-
Xinds of glass. ongines. power. Boilars.
g FiE B U1 % 1,570 2
Window-glass ..oveeiiiinneiiiinnan, 34 517 35
GIASSWRLG «evaremnnensoninncaiinas. 85 2,827 =
Green glass coveincaniinesaemiasanns 55 1,108 58
Total covevrvannscvasveannaanss 199 4, 672 238

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

Kiunds of glass, Horses. Mules,
Plate-glass..eereierancrvaamsanaaesens 11 9
Window-glags ..oeeeecamenonnan [ 156 il
GIABITWALS < ovnnrrnnnenncunnrannensas 162 it}
GTOEN ZlOBB «ovensuananvaame e nisons , 189 102

TOHAL +eveveeememvareeannenen s % 518 231 ’ ¢

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

Kinds of glass. Whagons. Carts. Drays.
9 | Plate-glagd. .oeenereniiieniisnnes 1 7 5
Window-glass cooeeevanns [RP 120 50 ‘ 2L
GIABIWHLE < evnvranesvasaon nunnnase .- 124 08 29
Greon ZlO88 ieuuensemoesnmenneramsenael 152 64 30 ‘ -
Total vesevrracmernasrnasnen 407 187 85
EMPLOYES.

The total number of persons employed about-the glass works of the United States in the census year was
24,177, Of these 17,778 were males above 16 years, 741 females above 15 years, 5,566 males uxfder 1.6 years of age,
and 92 females under 15 years of age. Many of the operations about a glass works, especm}ly in the packing
and the gathering of the glass, are of such character that they can be performed by women, children, and 3'?11ths.
This is especially true of glassware, and, as is shown by the tables, 513 o'f the 741 females abgve 15 yems; and
8,874 of the 5,668 children and youths are employed in glassware manufactories, the ‘larger proportlo‘n of thetll)la anc(z '
being employed in the manufacture of green glags, in which many of the operations are analogous to those o
glassware,
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6 ‘ - MANUFACTURE OF GLASS..

WAGES PAID.

The total amount of wages paid during the year to all classes of employés in the works was $9.144,100. As Ihave
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 resunlt obtained would convey =
decidedly wrong impression. The total amount of wages paid, $9,144,100, 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 circumstances
under which 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 correct 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 being then' only occupation. It would also be necessary to know,
in order that such an average might be a fair one, what the occa,sml;n of such idleness was—whether it was the fanlg
of the mannfacturer 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 census year would be to ascertain
directly from the books what each man received, and for such 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 diffieult statement to make under any circumstances in thig 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 consideration of both of which the average rate can only be reached—is nrore difficult.

Ho wever, 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 if it is distinctly understood that this is only
approximate, and does not elaim to he the exact average wages of the different clas%es, no one need be led astray
Dby 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, Clagses. Number, Range. Average.
MENAZETS - cvvvenrreer cucmreenrmanenes 259 | $1 16 to $6 00 $3 00 LO1117:0:3 < N 144 | $2 00 to $4 50 $3 14
Boss PIOWOTE «vnnriieninniionniannaan 44 257 to 1200 5 47 Packexrs :
Blowers.caeeei ittt aieiaa e 424 218 to 12 00 5 30 16 years andupward ......¢...... 62 1156 to 568 214
Gatharers or tending- boya : Under 16 Fears...veenvr e, 2 , 50 50
16 years and upward. .e.o ... 424 176 to 600 272 DIiVers - vereeimneeeiaciicarearrannns 80 100 to 250 138
Under 18 Fears covveeeccmeceannnnas 84 30 to 39 a5 Laborers 261 100 to 180 118
Master ten8eIA. «cener vearriaenncnanenns 56 211 to 5400 8 35 Box makers....coeveecniiieainnnnnnn, 26 7 to 17 181
Master tensers’ helpers .ovcueeeen.aines 56 117 te 250 183 Blacksmiths ..oeeeiiiiiiiiiniannians R 13 117 to 250 195
BT N 18 | 100 to 236 174 Engineers .cueveceevrnieraaameaennnn. 51 160 to 815 18
Lime sifters. .. 34 100 to 216§ 1170 Watchmoen....oovreiiiiiniiinaracoe,. 4] 100 to 150 128
MiXOIB. i eeernnsonuseoanenicsnnnarones 65 100 -ifc 300 192 Assorters b 200 to 800 2 40
Batch wheelers or fillersdn ............ 56 100 to 200 1175 IR A5 - S 2 | 1124to, 200 1 50
Coal wheelers 46 98 to 223 163 Clay grinders ...cooiociiinieinraans 2 100 to 146 123
Tlattonors . ocveeeineeieriieerialen e 108 | 260 to 577 3 82 Carpenters ........ ceerrenseeas R 6 | 175 to 180 178
LAaYers-0nt..oeeeecoceceaicaiennesoannns 67 77 to 225 180 Wavchouse men ........ 2 200 to 2850 22
LAyersdn. ... coeueevennessnnss . 78 77 to 288§ 161 || Clerks coeeemanineiciimiieecnees, 71 166 to 400 188
Leer tendera.ccees cienieraiiian e 71 96 to 226 164 Blow-furnace teasers.......o......... 1 2 00 2 00
Roller-boya: : MASODE +evieemomnienennaiaaienaean, 4 | 2 00 2 00
16 years and npWard.. ..., venveen. 70 38 to 160 . T8 Bookkeepers ...... [ [ 1 400 4 00
TUnder 16 YeaTs. couvernnrssenannn. 22 75 to 100 88 Pot-arch men .... 2. 1128 112§
Pot makers ...... ferieseseiieaes 36 154 to 500 | 2.06 Teamsters ,omvuenunnn. SR S 2 125 125
Clay trampers «.......voeveoemmeneeoo.. 89 | 100 to 200 126 .
Boss onthers vuennnei i ieiiaaa o 22 | 28 to 700 491 Secretary «..cvcveeecnoinees P 1 5 00 500
1044 -




-1

MANUFACTURE OF GLASS.

E
o RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF GREEN GLASS,
Classes. . Number. TRange. Average. Classes. Number. Tange. Average.
MEDNAZOTS e e mreccnrniannnnnan heemevanns 21 $2 00 to $6 73 $4 74 Mastor t0ASCT8. «cvrroracuansncnnnre 32 $1 25 to $7 25 3 33
* Boss blowers ... 21 300 to 800 4 86 Tillors-dn..cevareinanaanan [, 61 100 to 200 151
Bottle blowers,...... 515 265 to 660 304 Coal Wheolers. .ovoeveenciomnanaanan, 30 100 to 223 1 46
2 Fial DIOWOTS . ceeaeerveivannsecenn 163 | 250 to 450 338 Batch wheelers,..oeeeuannns wervaenen 28 100 to 200 138
Domijohn blowers .coeceiviiiennnans . 10 200 to 500 378 Tonsers ..... beeeeeaa sesmaasiannaeas ifi] Lo0 to 417 163
Carboy blowers ........ ceerumrameeaa 3 330 to 10 00 5 53 MiXers .oeeeeone.nn- premmeaaaina, 45 100 to 250 158
+ Otherblowers...... emrmemeaaas 32 300 to 325 393 Liwme sifters......cocooout Feeveerannes 10 50 to” 200 120
Gaiberers ; : : Ware boys 62 58% to 2 00 127
16 yenrs and upward...«..oeeeeen.. 326 54 to 150 97 Pot makers.......... e, . 16 1560 to 400 2461
. Under 16 Fears. cervereamuncarerans 17 75 75 Pot makers’ assistants..... evereeaan 26 100 to 200 1380
. Sticker-up boys: Clay trampers. ... ccaecueinvamnaaaaa. 41 100 to 150 116
16 years und upward....oooveneoun 121 32 to 12 .42 Grinders:
TUnder 16 Fears.cooeveernearaase. 20 38 to 88 51 16 years and upward .....oun.oian 35 R3% to 5 00 130
7 Finishers: ' Under 168 years...... . 3 60 60
1 16 yoars and upward....... Cemeeans 63 45 to 450 273 Boss PACKOIS.cieeennt e . 22 110§ te 3 50 202
Under 16 years...oeveaeeenninn.. ves 4 50 50 Demijohn coverers :
Carrying-in Loys: ) 16 years and upward . .......... . 31 75 to 200 1400
* 16 years and upward ...oo.eeenaa. 182 38 to 59 Tnder 106 years..v-veoeuu... cenae- 10 100 100
Under 16 years . coueuneeusen-s. . 301 38 to 8 64 Packers 119 833 to 2 25 137
Laying-up boys:
16 yenrs and wpward ........ 150 50 to 160 96
Under 16 years........ 26 50 to 100 79

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

PFOUNACTS <o vvnemmcnanrrerncanacunnnen 13 $2 00 to $3 85 $3 39 ’ MIKEIS eocencianuroornonacsaans PR 13 31 25 to %2 00 $1 40
Gas makers ..-.... Ceeeeenaae PPV 7 125 to 200 176 Pot makers........o..ue PN 6 231 to 333 2 94
Tecriers or pourers..... evemmeanaca 11 115 to 250 195 Crocils MeN. v vaneessenren P 4 167 to & 00 .1 84
Rollor men..eununn. Cemeeeenianaas 12 115 to 180 153 | Cutters.......... P . . 16 200 to 208 2 54
XKiln firemen..... TR, 8 1156 to 183 160 G288 PROKETS.euvnneunn e 12 135 to 233 198
Furnace men..oeeencin.. Ceeemnaniacan. 58 115 to 183 1306 Maehinists......... 23 125 to 800 2 39
Grinders : : Blacksmitha....... .. 6 17% to 400 2 87
16 yoars and upward iH 167 to 800 . 218 Tiremoen...... revaamas wrean 10 125 to 180 157
TUnder 16 Fears..cvvueenes cnneeens 6 50 50 || Engineers,....... . 16 125 to 300 2 41
Smoothers : . Carpenters....... 13 126 to 295 191
Males 16 years and upward ....... 52 200 to 220 2 00" | Bricklayers........ 9 200 to 300 2 64
Males under 16 years..veeeee.vun. 3 50 50 [ Furnnce huilders.. ... . 1 385 385
Females 15 yeara and upward..... 13 75 5 i TeamStors . ouvseanennan 13 100 to 138 114
TFemales under 16 yenrs..aeee..n.. 4 60 G0 || Sand-guarry men ...... . 10 1460 1 50
Polishers : . Ml MeN. ¢ cenvmrareeeas s 4 167 to 175 1171
16 years and upward . ............. 65 200 to 818, 240 |} Plaster burners....-. YT PPrPPPNPON 6 100 to 150 1381
Undler 16 years..... mmemeeieanaa, 6 50 50 ] .

RANGE AND AVERAGE RATES OF DAILY WAGES IN THE MANUFACTURE OF GLASSWARE.

Managers. ........ v erenann 52 | 4300 to $8 11 $4 46 || Cutters: _
Pressers. . 300 200 to 560 3 63 Males 10 yoars and upward ...... 223 | #1365 to $4 163 $2 20
Tinishers: TFemales 15 yesrs and npward, ... 7 50 50
Males 16 years and upward .. 563 76 to 600 3 55 Engravers.... . R, . 33 1663t 460 2 68
Males nuder 16 years .. v ...c... . 134 70 to 80 % Mold maleers ...lo.oes voveianns 120 150 to GO0 305
- Gatherers: Machindsts * ...y iimriiiaiiiaanncnn 30 150 to 650 2 80
Males 16 years and upward ........ 890 67 to B 50 193 Mixers. ... .. P 185, | -133%to 260§ 176
Males under 16 years .....ocovainnn i 85 to 1060 184 YT 166 150 to 2 86§ 211
Stickers.up : ) | Pot fllers. .. crareneras © 506 100 to 250 167
Aales 16 years and upward ........ 338 42 to 180 87 j Pob makers ..coarmeiiverannn-n vreeane 41 .1 1168to 3 333 2 85
. Males under 16 years ... voceeaana. 548 42 to 100 T8. i Cliyy trampers - .oce.eeeanen wmrnearans T4 100 to 240 43
Cleaning-off boys: . i Packers: :
Males 16 years and upward ........ 192 50 to 135 82 Males 16 years and upward ... ' 340 60 to 400 172
Males under 16 years -.......... .- 414 50 to 100 04 Males under 16 yoars -« oo e-.. . 19 45 to [ 53
Temales 15 years and npward...... 3 80 feemevorernne Temalos 15 years and upward. ... 19 50 to 2 33} 08
Females under 15 Years....quuu.-.. 12 50 to 62§ &8 Driverf..oereecce canaannees PP 103 100 to 2560 . 172
Carrying-in beys: . Laborers : .
Males 16 years and npward ....... 156 48 fo 120 62 Males 16 yoars and npward ...... 573 100 to 200 135
Males under 16 FEATS «...o.. cesuus T62 83} to 80 86 Males undor 16 yesrs ... .. v T 67 to 83 69
Meld-holders: ‘ Temales 15 yenrs and upward. ... 82 60 to 73 67
Males 16 years and upward ........ 132 50 to 275 83 Tomales under 16 years ......-. " bl 50 to 67 (12
Males under16 years ....-u.uvaes . 285 45 to 100 62 { TENgineerS. vees vvanrnnanoninaaniionn 54 1163to. 3 00 215
Blowers. ... rteieevniteneeioe L1M7 | 10B3to 560 3 47 ;

L3

* The machinist receiving highest rate is probably & mold maler. 1043
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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 returns have been received. In connection with each interval of payment is also
given the number of employés so paid:

WEEKLY. | mvERY TWO WEEKS. | MOXTHLY. |' ' ON APPLICATION. NO STATEMENT,
Kind of glass. Nmmber of | Numberof |, Number of | Numberof | Number of Numberof | Numberof | Number of || Number of | Numberof
J works. empluyds. 1 works. employés.. ; works. employds. i works. | employda, works, employés.
PlAte-BlA88 et canene s cmeneameonrsninas a 513 : ............ 4 P YT R R S R T
Window-glass. oo vemceinciions smannns 37 2,576 1 2 100 12 019 ‘ 3 178 4 118
GlABSWIATC. cciammen e srmcrne caanaanens 47 7,023 28 5,419 -1 180 {lovnvvrnnone]omemannnaan, 15 88
Green glags. ...oeeeiecimmneanaeinnarannas 28 4, 033 4 45 12 1,423 { 2 296 10 104
DAL eeeere e ome e emanmaneeeen. | 14,104 || 34 0,264 29 2,015 5 474 20 380

The frequéncy with which the workmen are paid is a matter, of considerable importance, 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 storg in the meantime and have the same charged to their aceount, 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 windosv-glass blowing,
owing to the peculiar character of the business it is almost impossible to ascertain 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 accordance with the quality
of the glass produced, 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. 1t is therefore customary in these works to advance to
men what is termed ¢ market money?”, equaling a certain amount a week, and to have final settlements at the end
of the “fire”., Inthe window-glass report, therefore, it will be understood that most of the skilled workmen, such
as the blowgrs, gatherers, cutters, and flatteners, are paid weekly or every two weeks on account, and full
settlements are had at the end of the “fire”, generally in June. This is also true in some few cases in glassware
manutactories, and to a greater extent in green-glass factories, . . ‘ '

Trom 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 380 no statement has becu received. '

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, NO STORTS. \ NO BTATEMENT,
Kinds of glass. Number of | Number of || Number of | Number of | Numbor of | Number of
. works. employés. || . works, employés, works. | employés.
Plate-gloss «.ooveiiivennerectianaiany 2 876 4 51211 R | PO
Window-glass. .ooouen .t messenraanan 12 1,028 36 2,403 10 360
GIRBIWAL® . ovnerivenmnnns venvemn 1 900 76 11, 563 14 175
Gireen £lass....covveinrmerrarananaan. 12 2,259 30 8,896 14 530
Total.c.oovr o.on W iienenan 27 4, 563 146 18, 634 38 1,080

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

It should not, however, be inferred from this table that at the works having stoves the men are always
obliged to deal at them. While this may be true in some instances—to what extent, however, I am no% 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 storve is only lept as an accommodation to the men, the works being so situated that this
is amecessity. The returns also show that at most of ’ohe works having stores a considerable portion of the wages

of the men are paid in cash. .
1046 '
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‘ 'Wyile &l-l the apove is true, and while the small number of establishments having stores is exceedingly
gratifying, this question of ““truck” is a burning one between employer and employed. Tn most states “store-pay”

iy 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: .
Kinds of glass. Value of produet. uﬁ)‘gzﬁ’{‘sg’ i
Plate-glass.ccvvereces irrnnnmanrannss $868, 305 4.10
Window-glags - -oooeeverniemanrnnn- 5, 047, 813 23, 86
Glagsware 9, 568, 520 45,23
GTOCN ZA8K. eerenenenrenraencnsons b, 670, 433 26, 81
Total..ocancemnsrncvcansneenns 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 tabulated statement:

Total valus of Percentage

Kinds of glass. materials, to wholg
Al Kind8.sceusonnnacannanesrermmaans $8, 028, (21 100, 00
Plate-gluss. . ccucevimnmrmncacreenmeens 438,457 5.46
‘Window-glass 1, 849, 530 |’ 21, 04
GlassWALe evennon- 3,202, 380 41.01
Green gIagS. ccave v arnrreaceavmneenes 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
produection of each bears to the total produet: ‘

Pemelntng? of Porcelntagtg of
value o value o
‘ States, Vilnetion, | Jpreduotion States. TR | grodustion
. to whole, to whole.
The United StabeB.eveaeververaveresnenas $21, 154, 571 100, 00 TRAIANG . ceaernennnscmancssansecannnrannsssasens $780, 781 3.74
West Virginia. . 748, 500 3.54
Poonsylvania 8,720, 584 41,22 Maryland...ooiveereriemeeeiareneecrans 587, 060 2,77
Neow Jersey 2, 810, 170 13,28 KeDtUuCKY.crervarnvaran varnenemnnnn 388, 403 184
New York....... 2, 420, 708 11, 44 Connectictt.nneeieeirreraee cararenteammrrnrans 160, 000 0.76
O, reevenens 1, 549, 820 5,89 1| CalifOrnim ceuriacacne sovesvemermensinraaans 140, 000 0. 66
Missouri....... 919, 827 4,35 Michigan 90, 000 0.43
T8 cvernaen 901, 348 4,20 New Hampshirs 70, 000 0.33
Massnchusetta 854, 845 4,04 ‘ Jows..ooeens N reesevamsusenrnammnansanavseanenn 3, 500 0, 0% .

* 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. About 65 per cent. of this amount is credited 'to
Allegheny county. The pre-eminence of Pennsylvarnia 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,
! Percgintagfe of
Value of pro- vaiuo o
State. s roduction
e duction. o]t)‘ each. state
) to whole.
The United States. coneeireirimarainans. $868, 305 100, 00
TRAIAN e aarennrnmersdrenms ennansnerarnaaraas 406, 400 57.17
Missouri....s-- .. amememaamaasren 322, 560 87.1a
Massachusetts. .- caoiens Nermecsrassassiunaen, 45, 843 5.28
' TONEICKY . e 2eierrraminsmsns camsesnmronresaes 3,512 0.40
1047
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WINDOW-GLASS,.

—

. Por celntagf of
valuo o
Btate ] TR | groduction
to whole.
The United States.......coaaes caaeeno.. $3, 047, 318 100, 00
Pennsylvanis. . ooivvenie e e 2,222, 513 44,03
B 13 S 729, 155 14,45
oW YOrK-uunuemnnenanieneeiiacs sanmeenacaas 540, 903 10.72
D113 To) 1 PP 378, 343 7.40
10 T 358, 000 7,00
Maryland . ooeeeeemmraiaciin e eacncae e 832, 000 6. 58
05T B T O P ST 229, 307 4, 54
MABEACHUSOLES. <o +eeasvmeeen e oaaas 104, 002 2,06
Miehigan. .o 90, 000 178
B B L U 048, 000 1.35
GLASSWARE
The Tnited States..coeeoooeaiiiin i, $9, 568, 520 100. 00
Pormsylvamit coem oo vvnenieie L 4, 881, 312 51,01
Now York ...... P 1,187,571 ¢ 12,10
Ohi0 .o vuccmaanns U 1,076,320 11,95
West Virginda, .oeevenieriiriiiiiinnenna. 748, 500 7.82 .
Massnchngets. .. .oevoii i 704, 500 7,36
R vl N 460, 000 4,18
KontEKY « v nee vmmmmaeaveerscmmcnc e cmaan 215, 330 9,95
Connesticnt «oveeevann il 160, 000 167
5 REETN ¢ N 136, 487 1.43
L% 15 o T 85, 000 0. 80
OVl s e et mceacsanaracrermeanersmaanmaanons ; 3, 500 0.04
GREEN GLASS "
The United States.....oveeiiiiiaoaaa. $5, 670, 433 100, 00
NOW JOTS8Y veemvnrenrnarmamanivrvannronnanans 1,081, 015 29, 64
Pennsyloanin. ..o ivnear o imriee i enaa e 1,616, 750 28. 61
EW YO «oommeenetcnecaeeeean ceneeeenans 722, 322 12,74
B 5110 U 528, 050 9,51
L BEE T U 302, 790 © 6,03
Muryland ...... bennanrmeeanarsetnacenrsananrn 170, 000 3. 00
LS 11 AUTLY 4 R 180, 563 2,90
Californinn < oeeirr e e eairnereenran 140, 000 2,47
L) T - 115, 000 2,03
Iew Hampshire coocunieeorcinireinniannmnund 70, 000 1.23
By 64, 084 116 |
{

PRODUCTION OF PLATE- GLASS

Axg stated, the total v%lue 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, 043 square feet, valued at $113,555, were elther sold as rough plate-glass or were in the process
of completxon ab the works on the 31st of May. The memce, 173,684 square feet, represents the cast plate that had
been destroyed in the process of manufacture. The amount of p]aJte 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 rece1ved it appears that the valne per square foot of the pohshed plate-
glass sold was 76} cerrts.

PRODUCTION OF WINDOW-GLASS.

The total productlon 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 70% per box. No attempt was made to a%ertmn the number of square feet of each
gize sold nor what proportion was single and what proportion double thick, as upon inquiry 113 was found that such
an attempt would be nseless.

PRODUCTION: OF GLASSWARE.
An attempt was made to arrive at the total number of pieces of certain kinds of glassivare made; but though

returns were received from a large nuinber of works giving the number of tumblers, goblets, lamps, hmp chimneys,
and ﬂmt bottles or “prescriptions”, they were by no means complete. Some of the fignres received, however, were
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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 recewed the make of tumblers was 2,500,000 dozen,
«of lamp-chimneys 2,719,649 dozen, and of lamps 128,090 dozen.

PRODUCTION OF GREEN GLASS. -

The same lack of statement of detailed production as obtaing 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 Now Jersey the number of green and black bottles is given as 107,547 gross; of fruitjars, 51,749 gross, and of
fbeer-bottles, 32,060 gross. In New York, 49,882 gross of green and black bottles, 28,752 gross of fruit-jars, and
12,049 gross of beer-bottles are reported as made. In Penusylvania the reports show 55,846 gross of green and
lblack bottles, 67,770 gross of fruitjars, aud 27,198 gross of beer-bottles,

LOCALITIES IN WHICH GLASS WAS PRODUCED.

The states ranking highest in the produection 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 census year. The
following table will show the rank of those counties producing more thau $50,000 in aggregate product:

Percentage Porcentage

Taluo of pro. | of value of . Value of pro- | of value of
Counties. Stotes. duetion of |productionof Connties. States. duction of |production of

county. county to county. county to

total vnhw. total value).
LAllegheny «oeeuvenannnnn. Penpsylvanin ........... $5, 008, 212 26,70 || Porbage. .ccciennrananan i ' $108, 208 0.80
Philadelphia.. ' 1, 621, 959 7.67 | Middlesex . 160, 000 0.76
Kings --..-.. . 1,318, 081 6,24 |} Berkshire.......... . atta. . 149, 845 0.71
«WCumherland .. - 1,132, 450 8,36 || 03Wag0 «caves .. . . 140,735 0471
Gloucester. ...oveveninnn. 847, 806 4.48 (] ClarIe .o cnveammmenanannns i p 140, 400 0.66
Belmont . .coninainaaas, 704, 020 8.76 || Oneldn....... 140, 000 0. 66
Ohio .... . 714, 000 3,38 || San Francisco . ...{ Califoraia. .. P 140, 600 0. 66
FIOFAecn e ermaerannnnn .. faxt .. . 650, 381 8,07 || Oramge - .eeu.-- vee| Now York -o.u.- 127,182 0, 60
Baint Louis . coveneenann. Missouri. ' 597, 277 2,82 |} Bristol..evca.e. -1 Massachusstis - . 125, 000 0, 59
Baltimore...cucoeieen.. | Maryland...... emarenna 587, 000 2,77 || Jefferson - .aceveieneean.| Xontuoky covaevannnans 128, 075 0.58
L Salle .oveencrananin.. B 1)1 523, 343 2.47 f Steuben ceeaviaiiaaaa.. New York ... . 120, 000 Q.57
BeAVET «cvrerne cavanivans Peungylvonis -..onoeaes 503, 587 2,88 | Onondaga ....... S o ..... 116, 940 0,55
Balem oo v Now Jorsey. cencesaencen 447, 580 2,12 || Lawronee...... .| Penusylvanin. . 102, 511 0.48
Fayotte ...] Ponnaylvania . .oveuelas 301, 315 1.71 || Rock Island ... -b Iinods < .v.... . 03, 000 0.44
Jofferson ...oaoiiiioaoa.. Missouri -_.o.ioenveennn 822, 550 152 || WaFI6 vovvveniinnanmans Michigan ...c..nvamvncan 90, 000 0.43
SJefferson ......iaan. s {051 (¢ SO 300,102 L40 || MOnToo ..oevncsansannans Pennsylvania ........... 80, 000 10.38
MiddleseX . vevenenaneaa.. Massachusetts. ....ooae. 307, 500 1.45 || Suffoll ....,.. Massachuselts. . 72, 000 0,34
Madison .ooeeriiiiinannan Tinods - ceeave vomnnnnnn, 285, 000 185 || Montgomery... .| Pennsylvanin _.... 74, 000 : 0.34
Konton ---uuv.uea . Kentueky cvveevervennen 2635, 380 1.25 |} Hillsborough .. ..| Now Hampshire 70, 000 ’ 0.33
Wayne .- oveeann-s .| Pennaylvania. ..o, oeeaes 267, 060 1 23 TIStOr v envereecarnannans Now YOrk ceocencesrnaces 70, 000 (%
Muskingom ... R0 232, 060 ' 1.10 |} Tompking «ueeeemncianiifuannan [ A 00, 000 0.28
Barnstable .............. Massnchusobts. .o.oano.. 200, 00D 0.95 || Niagora . 55, 000 0 28
TWADe e, New York.ecoowweoaannas 180, 664 0.85 | TiOQE cumerraaanas srcunn i 54, 000 0.28

TABLE IL—THE PLATE-GLASS WORKS OF THE UNITED STATES AT THE CENSUS OF 1880.

R . @ : 7]
4‘5 NUMBER OF FURNACES. || NUMBER OF HANDS EMPLOYED. 5& 43 PRODTCTS. *cé
> =] g8 : L=
© © @ Ak K 2
fé o 12 £ |8 g gé S, K &
tates. =] ] B |0 | P | g ] | .
States 3 2 281 8legBE -5 LE 4 4 e E
B3 2 AE TSRO I P g : e |
e ,.. B . ;7 |3 o [ 2 : | =
A BN AT-TE N Rl 0 ol RN L) 0110 U - N - B - B
#i 8] BRI |H|OS| & | H [ |& ] 3] & & 3] 3 &
Squere feet. |Squars feet. Square feet,

The United States 6 | $2,587,000 || 20} 2 gt 118 56 | 822 o1 361 7| 202,258 || $438,457 1,700,227 | 1,042,000 877,227 | *$€68, 305
Todiana.....c.eem.... 21 1,142,000 Blasifenn| B 64l 513 | 419 58 35 4] 160, 850 208, 733 976, 600 642, 000 130, 000 406, 400
Kentucky . ..... 1 250, 000 2 faeifean] 2 16 a5 32 1 1 1 1,008 2,750 20,684 |.caooliin... 20, 684 8,512
Massacha aeﬁts canensf 2 45, 000 20 Lf....] 1 20 68 s7 i Y . 10,895 24,049 200,543 |cacucnionns . 209, 843 45,843
Misgourh. coeeivenen| 1] 1, 160, 000 1] 1. afee.| 18 850 | 814 ] @36 J.ea..fooio.. 120,000 [}, 112,925 600, 000 400, 000 17,000 322, 550

* This does not include the value of cast plate in process of manufacture, nor of rough plate broken up and nsed as cullet, but includes only the value of
polished plate and that part of the rough plate that was sold. 1049
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TaBLe II—THE WINDOW-GLASS WORKS OF THE UNITED STATES AT THE CENSUS OF 1850,

& . H2 2 o
-Oé NUMBER OF FURNACES, NUMBLER OF HANDS EMPLOYED. E;E -{é‘ PRODUCTSE, 8
£ = g 5B 22 | s | %5 | =
States, 3 ] . |Bu|hE|5E 83 o = o
g g 28 | §leE 8F| &° HE 2 E8.
LA I %R gz |EIEE) Bg. | BT 2l | F
% ] gl a8 g {8 18 (A & 8 = A g
The United States -...eee-e.... 58 | $4,000,155 | B8 |........| 88| 767 | 3,800 | 8755 | 1| 182| 2| 42,150,550 || $1,840,580 || 1,804,734 | 5,047,313
TIHNOIS «eennn e e vemeimenas 4 225,000 | 6 |....]....| 8] 58] 225 b3 P IR O IO 145,703 101, 474 115,271 873, 8343
TRAADR o eememeeasaeean ene 1 175,000 || 8 yi...].--.| 8| 30 169 169 108, 000 105, 000 91, 750 220, 307
TOWR™ vermremanannnnn 1 25,000 | 1|.. 1 31 SRS SRS SORION SN PUPRURY RSP | [N | IR eeenaanns
Maryland....... . 4 805,000 || 5 |.. 5| 42 222 222 131, 454 147,277 141, 000 382, 000
Muossachusetés . 2 75,000 | 4 |.. 4| 82 99 98 44, 047 89, 245 41, 866 104, 002
Michigan ...... 1 45,000 | 1. 1 8 54 50 30, 000 35, 113 30, 000 90, 000
Missourt. ..... 1 40,000 || 2 |.. 2] 14 48 48 32, 000 27, 706 24, 000 68, 000
NOW JOIBCY - cvereerrars crmmnnenne] O 728,865 || 15 |....|-...| 16 | 118 090 622 266, 204 289, 808 200, 685 799,155
New TOrk .o cevnnnennnnns vaceens 9 575,000 (| 1L |.--.f-...{12{ 96 410 409 195, 576 2924, 568 216, 748 540,003
OMO ceeeraennmiranennreenacenneees| 8 455,000 | 6 |....j-...] 6] 56 278 269 148, 861 106, 510 127,122 358, 000
Pennsylvania....... eerereenas vo.| 20| 2,279,800 || 84 [....[....| 84| 807 1,601 1,646 1,048, 701 772, 834 780,283 | 2,222,513
) * Not in operation during the census year. ,
TABLE IIIL—-THE GLASSWARE WORKS OF THE UNITED STATES AT THE CENSUS OF 1880,
‘g NUMDBER OF FURNACES, NUMBER OF HANDS EMPLOYED, ‘Eé -og g
@ ‘g g8 A
E = 4 a B A 4 o
2 : o 12, 8g |8x *gE ° o
States. 3 g Eg (S5 hE (53| % £ 4 28
2| Z 25 ¢8| =8 |55 82, | FE | ¥°
‘g ] 3 “ = . = 2 B |52 aw g 58 : —
‘ s | . & £ 18| 2| £ || £ 13 |B|=% |88 £85 || £ $
“ & g2 | b ie | o &~ 3] A R A = 1] H =
The Unibed StRtes -ceeeenre... o1 | 47,400,278 || 102 | 17| 2| 143 ] 1,650 | 12,640 | 8,258 | 518 | 3,824 | 50 || 4,452,417 || 93,202,880 1| 9, 508, 5261
Comnectlcut «veuenee-. 41 130, 600 1 femnmeefunene 1 10 60 130 2 28 {eeens 65, 000 70, 000 160, 800-
Distriot of Columbin™...ecneaean... 1 25, 600 b O PR 1 [
Tnoi8™ oo ceeiieeieaaaiacerrenaa 1 20, 000 |20 (RS B 2 18
TOWRe e nneennranarernraninmaanserans] 2 32, 000 2 1] 1 20 35 2%l 2 9 feeenen 2, 000 8, 248 8, 500+
KONUCKY «enccaermemcamreaeanaeens 1 250, 000 3 1l 1 22 2001 106} 10 92 1 105, 202 60, 466 215, 830
Margland ... eeieamans ——ans 2 55, 000 b3S NN I 2 17 85 60 [-enuns 25 |eeeen. 22, 000 26, 000 85, 000
Magsachusetts........... remveneaed) 6 603,000 || 15 |......bl...... 15 148 789 | 673] &6 00 |......j| 828 000 266, 570 704, 500
b (1T e B 2 100, 000 3 FOUR IR B 21 217 | 120 |...... 1 61, 889 48, 085 130, 487
OW TOUSCY «wemeeemammmaamcanennn J s 310,600 | 10 |-eooiifnnans 10 89 900 | 525 25 850 |...... 230, 000 100, 000 400, GOO:
W TOUE e caermrerroenrennnnrnees | 14 775,600 || 24 Looideeooi 24| 215 1,847 1,157 30 658 7 51, 676 426,828 || 1,157,571
(01 P ceeer| 10 579,750 || 18 B leeneeef 18 01 1,295 | 781 81 308 |oeenen 452, 650 800,270 || 1,076,320
Pennsylvami . c«.eoeoeeeaeeaane.. 44! 30184081 75 gl 2| 65 727 | 6,227 4,062 | 267 1,010 | 89| 2,262,001 1,778,001 || 4,881,312
West VArginil cuueeeavarcnanrennns] 4 550, 52 8 b RO 6 82 946 615 | 100 228 3 811, 650 208, 004 148, 500

* Notin operation during census year.
.

TABLE IV.~THE GREEN-GLASS WORKS OF THE UNITED STATES AT THE CENSUS OT 1880,

4 NUMBER OF KURNACES | NUMBER OF HANDS EMPLOYED HE 2 2
g2 = ACES i ' i & &
_g i @ © = b '§ Ed E :.
3 ) j T 1B | E. 08, £E ™ o
=20 23 11 o @
States, -E 3 By |BE| M€ o E"—" ﬂ:g 5B
2 . £ 2% igo ! 8 1wg S 8 A
B ! . gl 5| o e | eB g8 ee dell S8 ’ =
| B | Elz|% |4 ¢ )% g |B%| 3% |B%| Eer | % g
Z o gl e | & & = = 1 | R 3 & 3
Tho United States.............| 56 | $4,805,206 | 88| 2| 38| 83| 540 | 6,601 4,048) 136 | 1,674 | 33 || $2,260,804 || $2, 448,254 || #5,670,48%
Californin...oesrascerenensnnrenn. 1 75, 000 B I PR PR 1 7 118 80 |vevunn b5 2 45, 924 48, 070 140,000
TNUNGIS cemeevercnnnamerannaess reas 2 190, 000 L 30 DO S .- ¢ 36 507 410 |...... 97 Joaeans 106, 824 106, 368 528, 000
TN <o e eeen e meaemnan s 1] 125,000 3 TR IR B 14 180 107 |eee... T8 |eeanns 20, 357 50, 000 04, 984
Kontuoky +eeeereemsmemrnncnsenenns 3 295, 000 Y PO N 3 17 28| 2% |...... B2 |eeennn 44, 022 70, 888 169, 563
Maryland.covemriimmrciaaiiiines . 2 76, 000 i 8 (ORI PO, 3 17 305 U4 e 68 |..en.. 80, 800 66, 405 170, 000
Masgsachusetta* cooeonnnria oo, 1 100, 000 ) A PO P 1 b | P P [§ SN Y O | P teenanen [ | P .
Mississippit crceennriiennniannal, 1 25, 000 b O FPOUTPOS D 1 - P P M S e | | P vemnmonne
B ATT-T0) 1 R 2 140, 000 L 3 PRGN PR 41 24 350 297 laave.. 123 |oennn. 167, 769 168, 205 302, 7TB0:
Now Hampshire cocevivinennaanaan, 1 50, 000 O PR PO 2 8, 102 80 8 14 [..c... 25, 600 34, 000 70, 000
Now Jersey..... armsemsansaanare .. 16| 1,604,066 31 fo..... 1 30 17% || 1,970 | 1,615 21 841 788, 744 608, 543 1, 681, ¢15-
New York coeeerivemomnncnens P 9 588, 000 13 1 1 11 a2 821 650 20 245 (1] 259, 660 293, 207 722, 322
[0) 13 1 U veenaan aes 4 160,100 [ - [P b a0 180 | . 120 |..eu.. [ T, 45, 000 48, 558 115, 000
Pennsylvanis. .cccveriannann eesnns| 147 1,381,500 18 1 1 16 134 | 1,866 | 1,201 87 408 25 590, 704 798,026 || 1,016,750
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TaBLE V.—GLASS WORKS IDLE AND BUILDING IN THE UNITED STATES AT THE OENSUS OF 1880.
1—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.

. FURNACES.
No, of %
Classes, ‘eatablish- Capital, Xind and num¥er.
ments. Total
Ofh, Total nf"l mbt(;r
er o, of pots,
Gna. Tank. | 1inds. | number. r
Plate-glass.ceeeevarcaneiaiannaaiaen, Y 1 1 8
Window-glass 10 $90,000 |.ccovnren]incmnenan. 10 10 82
Glogsware ... . . 15 267, 600 3 19 22 201
Green glass. cuveeaacenneninmeieenas 8 234, 000 1 7 8 68
G 1T I 24 581, 000 4 Joeeronenns 87 41 340

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

FURNACYS,
ataien Kind and numb
Classes. egn %nt ; -1 Capital. ind and number. Total
Oth, Tpial ni}1 mbter
) er 'oia, of pota,
Gas. Tank. | yinds, | number. r
1 .,..‘...-....‘.... 11l P P 1 16
. . 4 $80, 000 |veeenreens|ornnens 4 4 86
GIRBBWATS curmmenccunsinmmnncncnencas 12 286, 000 4 livonnnnnns 8 12 129
Green glass. .ovverraaennosienrcnrnas B © 54,200 [eeeeaoann 5 6 31
TOEAL veenne ermernrevnrnnneense 922 369, 100 2 17 2 212
PLATE-GLASS,
3.~~FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
FURNACES,
' No. of
States, ' eatablish.]  Capital, Kind and number. Total
ments. '
' Oth Total mt}mbt“
er ota of pots.
Gas. Tank. | jipds. | number. ¥
Eontucky .cvune caeicarvcasconnansans 1 |eeannconveencos]oramuccne [onememanns 1 1 8
TOtAl +vrmnneeerensrnnneeneenns P PO N A 1 1 8

4,~FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.

FURNACES,
A
No. of
States. establish-  Capital. Kind snd number. Total
e R
thor otal of pots.
Gas. Tank, kinda. | number.
MIBBOUT . cuviatnrrnaineerionorcsnans 1 l..... [P b R PRI P, 1 16
b S T P 1 16
) WINDOW-GLASS. -
5—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
FURNACES,
No, of ' s
States. -~ |establish{  Capital. Kind and number. Total
ments, o Tt n?mblel‘
! er ota. 0 OLR,
Gas. Tank. | yinds. | number. »
1 I 1 10
1 1 1 8
2 2 2 16
1 1 1 8
2 2 2 14
1 1 1 8
2 2 2 18
10 90,000 iuerrenneefiereurnenn 10 10 83
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WINDOW-GLASS—Continued.

’

8.—FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.

FURNACES,
No.of .
States. g esmbltiah- Capital. Kind and number. Total
. ments. ! number
Gas. Tank. ](g)iﬂjde; HEI%%%L of pots.
TUINO0I8 cacene vevrmemnnerasommrmennns 1 $35,000 |eevaneemerfonnannnnn. 1 1 10
NewdJdersay.eeeconcneanrnnn 1 [ Y O 1 1 [i}
Now York....oooeoaoao. 1 1 1 10
[0}V 1 L, 1 1 1 10
Total .o iiieiiiniaes caereaan, 4 4 4 36
GLASSWARE.
T-FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
FURNACES,
No. of .
States, establish.|  Coipital. Kind and nureber, Total
ments. Bumber
Gas Tank. lgigltf; m’f&%‘ér' of pots.
Distriet of Columbia .ovverernvaaonn. 1 $25,000 |...oooeailiiiianiin, 1 1 6
ALE T RSP 1 20,000 |ooeiecnnns]s . 2 2 16
Massachnsetts,coaeesvieivecuanann., 3 6,000 |..ceuinniifrocmmnana. 7 7 70
New Jersey... .. 2 110,000 |.eeveenaan|s - . 3 3 26
New York .viucmmamenrnicaaeials 2 80,000 foeoonaiifeereannas 2 2 11
(000} T - IR e- 20 PPN PO 2 24
Peonsyivanin . coiieiceaananan. 4 78,000 b I P, 4 8 48
]
Total cemeaniaeriiiace e 15 207, 000 3 —as 10 22 201
8§ —FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.
FURNACES.
No. of . o
States, estallishe  Capital. Kind and wamber. Total
mnients. s number
Gas, | Tank, 1(31211&&; n:‘f&fl?én of pots.
TOW.oenennnan SOU R 1 $20, 000 T DR IO 1 18
Maryland....c....... 1 1 1 8
Massachusetts... ) O P 1 1 10
New Jersey.... 1 RO PR B e 1 1 8
Ohio ....... 3 95, 000 2 |reeennnnes 1 3 38
Penngylvanit cceeeciicieiiiniarnnnn 5 90, 000 1 Jeveanacnas 4 5 52
B 1] 2 R, 12 285, 000 - (RO 8 12 120
4
GREEN GLASS,.
9.—FURNACES THAT MADE NO GLASS IN THE CENSUS YEAR.
FURNACES.
No. of :
States. estaltish|  Capital, Kind and number. Total
ments. numbor
Other Total
! Gas iunlc. Einds. | number, | o pots.
Massachusetts.....oeeeeenii il 1 $100, 000 1 11
(0 1 R p) 44, 000 2 12
Oy o 15 110 4 80, 000 4 29
PonnsyIvanif. ccovaeiccrsaieneaanann 1 10, 000 1 8
TOtl oo e e vevarcinnaernnaas 8 284, 000 kS P 7 8 68
10.~FURNACES BUILDING AND NOT COMPLETED IN THE CENSUS YEAR.
FURNACES,
’ No. of . |
States. establish. . Capital Xind and number. Total
ments. number
Other Total
Gas, | Tank, | ode | namber. | OF POtS-
(01 T . 1 21,200 foeuemmmmareeioanion 1 1 8
oW JorBeY e caramsascaasnrnonarans 1 10,000 Joemmemiferriaanann 1 1 " 5
New York . 1 23,000 [.lvraeisi)inrmennes 1 1 5
Pennsylvanidecavnveeenn . PR - O P 2 2 15
TOEAL «vvcvnmnmnsammnmannnn e 5 54,200 feonecnions]omenceanas 5 5 81
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TABLE VI—CONSOLIDATED STATISTICS OF ALL THE GLASS WORKS OF THE UNITED STATES
' AT THE OENSUS OF 1880, BY STATES.

g ilnummn OF FURNACES AND POTS, NUMBER OF HANDS EMPLOYED. . :E% £ '§

D " g A

g © @ @ & g Eﬂ Gy el

States. 5 2 £ |59 B2 o8| 2° g8 | 2%

- >

& ” g <§ | g | BB EE g 3. B [

,H . s i =3 w | 2" ]

8 E:] 4] . ] : 4 37 |9" | 8% |ER| g 7 =

s B ] & E ] 2z 3 = g = g & RS £ =]

2 3 Elo |68 (8|a&( & [H (& (8 |[& = & g

The United States couueeruana.. 211 |19, 844, 699 34 21 5| 822 (2,082 | 24,177 | 17,778 | T4l | 6,566 92 || %9, 144,100 || $8, 028, 621 || %21, 164, 571
Coliforniseceeecvavecnuannes dmerannnas 1 75, 600 A PN 1 7 113 80 |ieu-n 83 |eeene- 45, 9% 48, 070 140, 006
Connectictt. e cvvevncarrnrecnnvovnans 1 130, 000 1 [iicunnfonmonn 1 10 18¢ 130 2 DB lanens 65, 000 70, 000 160, 000
Distriot of Columbin® ....ccnnvvune.- 1 25, 000 1. 1 [ | PO SR USRI NI AP | SPUIIIPIN | ATPRRIPI KU,
TIH00I8 coenemmnecs cceincanembe e 7 445, 000 12 |. 13| 110 13% 632 {iauv-e 100 [.co-.- 342,027 207, 842 901, 343
InRANA . o ce e cmeit cevairiarene e 41 1,442,000 10 feeoevi]avennn 10§ 108 862 605 653 108 (4] 284, 207 438, 738 700, 78L
TOWe waevaannsarmcmenennsrnns 3 57, 000 2| o8 95 94 2 9 |oe.n-. 2,000 3, 248 3,500
Kentucky..coonvraeannnnnnes 5 795, 000 8 55 522 864 11 145 2 160, 322 134, 104 388, 405
Maryland.......... 8 436, 000 10 76 619 524 |...... - 234, 254 230, 082 587, b0D
Masgachusetts.verveneeoierrerrnannes 11 828, 000 21 | 208 046 828 58 G0 |.uv-ans 383, 342 329, 864 854, 345
Michigan 1 65, 060 b A R PR 1 8 it ! 50 1...... I P 80, 000 35,113 90, 000
Migsissippit.oesreiininaiannane.n 1 25,000 |7 1 |eceorefonnenn 1 0 | T PN RPN SO PPN NP | PP R | FOUI | PO,
B 1:7:Te) o' o AP 8| 1,480,000 ) N 8 75 865 709 36 220 [ecoun- 381, 008 351,871 019, 827
New Hampshire . .oaveevoaen,noss 1 50,000 1 2 lioinfeiians 2 8 102 80 8 ) 7 S IR 23, 600 34, 000 70, DOD
NOW JerBEY ccacseemsarmsnnranananans 27 | 2,728,021 56 {oueee-r 1 655 | 877 8,678 | 2,762 48 768 2 1, 800, 038 1,088, 346 2, 810, 170
New York.ceesionruan teasscansumnans 32 | 1,938,600 48 1 1 46 | 378 3,078 | 2,116 60 809 13 1, 046, 812 944, 691 2, 420, 790
i ’
(641 1= RN 20 | 1,194,850 20 L 3 . %1 277 1,088 1 1,178 ar 487 [-.-avn 044, 520 450, 333 1, 549, 320
Pennsylvania..o...oieliciiieiaan.. 78 | 7,689,700 || 127 0 31 115 (1,168 0,784 ] 6,000 | 204 | 2,425 66 3, 807, 306 3, 350, 680 8, 720,584
West Virginia .o eveceecarinnismnan 4 650, 522 3 PR 8 82 40 615 { 100 228 3 311, 650 208, 004 748, 500
1 Building.

* Not in operation during census year.

TABLE VIL—CONSOLIDATED STATISTICS OF ALL THE GLASS WORKS OF THE UNITED STATES
AT THE CENSUS OF 1880, BY STATES AND COUNTIES.

CALIFORNIA,
:g NUMBER OF FURNACES AND POTS. j| NUMBER OF HANDE ENPLOYED, E% é ’E
E d ep “ B~
8 = © -] & 5] o
@ 4 ] a ) S .
o5 3 o 2 - . g g o a8
Counnties. w8 .é’ B 1 g g gg %:g EE]
7 4 i 3§ g2 82 ) Bg. | FE C
< - i j ] c -
S R dlgglE e 3 E R ] 2o g
& 8 g|ls |8 |8 A& & |8 |& |8 & & &
581 FIancie0 -veueeeenrvarensoacen coanns 1|  $7, 000 E T RN IR 1 7 113 T 38 $45, 124 $48,070 $140, 000
CONNECTICUT.
MidAleseX-neruremreannn T rivneonmeaen 1] $186,000 ST P U 1 10 160 180 2 28 65, 000 $70, 000 $160, 000
DISTRICT OF COLUMBIA.
Washington * cvooeiieecennriennn [ 1 $25, 000 1 ferennsfomanan 1 i35 | SR PSR FS ROV | (PRI | SRR | F- PR
* Not in operaiion dlfring Congus year
ILLINOIS.
Total for State....cueeeemrmmeracans ki $445, 000 12 feeenadnnnns 12 110 732 632 |annen 100 $342, 027 $207, 842 $001,' 343
1 .
[T P R 1 20, 006 2 2 b1 2 DU EUUIpN PPN JpREN | F e | EET TP PO TS | EPET PR,
LA 80110, e eeenrncmmrcircne i eannaaaans 4 236, 000 6. ] 60 287 837 {vanuen 50 195, 508‘ 168, 765 623,343
MadiBon . o.ieiecriniaeieiircaansran— .. 1 140, 000 2 2 14 280 280 |one--- 60 101, 519 92,707 285, 000
Rock Island. ceveeree sonnnacanna cemmenaas 1 50, 000 2 fevena- R 2] 20 05 (11578 R vempmen- 45, 000 36, 380 88, 000

* Not in operntion during census year.
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TABLE VIL—STATISTICS OF GLASS WORKS, BY STATES AND COUNTIES, Eroc.: 1880,

INDIANA,

"5’; NUMBER OF FURNACES AXD rOTB. || NUMBER OF HANDS EMI'LOYED. Eé -g ’gl

R B

2 ‘B g ]

g I A - -E E g
%}..”.15 & © 2a g b= 5 °’§ o
Counties. wd < Es |RE % g =X T
a g 28 1,8 aF g e gF

§ =5 ) : g 8 £8 é‘i o o 2

Z i 4| g ; 3 EERNCE %53 4 q

B z, g1 ;1412 4 G g =P Bg¢ | g

~

A 3 8|S | &8 & & |2 |& |8 & & &

Total for State o oeeeemeemiaaeanann 4 | $1, 442,000 10 [eeaefennnnn 10 108 862 695 | 58 114 || $284,207 ||  $433,733 $790, 781
CIATK oenocnvammaerancanae e reanaaaacena 1 142, 000 -3 DU I 2 17 163 1811 13 19 56, 850 70,138 140, 400
TIOFA ceeeremmrearamearet e ean cnnnas 3| 1,300,000 -3 Y O 8 22 699 564 | 40 95 227, 357 363, 600 050, 381

IOWA.

Total for SEALe vvaveeerreceaaneaan, 3 $57, 000 3 b IS PO 2 28 35 24 2 9 $2, 000 $3, 248 $3, 500
P VY 13 T-T) R P 1 20, 000 1 b | R R [RPUI PR | RPN | DY | P,
Keoknlk g 12, 000 1. 7 33 24 2 9 2, 000 3,248 8,500
BOOLET e eeamcrranrenecmnramranr e caaans 25, 000 1 £ | AU PRI IS U | ISP | PSP | KPP

tIdle.
KENTUCKY.

Total for State . .....covevnnecnnen. 5| $795,000 7 I R i 55 592 364 | 11 147 || $158,322 || $134, 104 4388, 405

FeffOr80N . enee vaeene s iennan cceanaannnnes] B 295, 000 7SS SR OO, 4 28 169 132 1 36 32,017 a7, 070 123,075
2 500, 000 3 1 2 27 353 232 | 10 1m 117,405 || 97,025 265, 330
MARYLAND

Total For State . ceecmeranemecanas 8| 486,000 10 [reveac]onnnns 10 78 612 624 [.ueann 88 || $284,254 || %230, 682 #587, 000
Allogany * .. ciiiiiieruiaeicanataaieieanan 1 30, 000 1 1 - 1 S e o e | | O | P
B LT SRR I 406, 000 9 9 68 234, 254 230, 682 587, 000

* Building.
MASSACHUSETTS.

Total £01 StabE - easeunucrunnnenacaa. 11| $823, 000 22 Ll 21 200 046 | 8281 68 60 || 468,342 | #8320, 804 $854, 8435
RBarnstable .. 2 206, 000 5 6 50 217 180 | 26 12 100, 000 85, 000 200, 600
Berkshire... 4 120, 000 8 5 62 197 155 12 PR 55, 842 68, 204 149, 845
Bristol.ouoeevenaaann 1 110, 000 2 2 20 180 124 4 2 50, 000 32, 000 125, 000
Middlesox caus <iuea- 8 300, 000 7 7 70 352 306 | 24 22 {1 161,000 125, 500 307, 6500
£ ) 1 PO 1 87, 000 2 2 14 90 03 3 24 27,000 24, 070 72, 000

MICHIGAN.
i
WAFDE. craeenrereamccannnenaancannnannnas 1 $65, 000 b U TN I 1 I 8 t 54 1 4 $30, 000 [ $35, 118 $00, 000
MISSISSIPPI.
FACKEON ¥ e en vt meccaeaea 1 $26, 000 1 I SO P 1 -7 FROROR FURII DRSO RUURRIPON | RPN | A ‘ ...... PRI
* Building. /
o
MISSOURL

Total or State ..e.irenansnerennnns 891,430,000 | 9 1l...... 8 5 965 700 36 220 || $381,008 | #3851, 871 $010, 827
B2 ) T N 1| 1,150,000 1 b I P O 16 350 814 | 86 j...c.o-. 120, 000 112, 025 322, 550
o 7 D S 280, 000 -1 I PO 8 50 615 805 |.oeece 220 261, 098 288, 046 597,277

NEW HAMPSHIRE.
i
Hillshorough. ..« e e cvoauecveavancansnnnns 1 $50, 000 2 .- [ } 2 8 102 80{, 8 14 $25, 600 $34, 000 $70, 000
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TABLE VIL—STATISTICS OF GLASS WORKS, BY STATES AND COUNTIES, Erc.: 1880,
NEW JERSEY.

:Eqi NUMBER OF FURNACES AND POTS. || NUMBER OF IIANDS IMPLOYED, Eé § ':j
= = a B,
3 N £
By AR T 2 E E
. . g . i +'5 . N
Countios. o i 2 g P 25 P ég 2:5 gg
gl 3 3% | o3| 5% | 2 e h
= 8 j ; ﬁ 2 $ 1 &x| EE = ;’,c & >
] = 3 . 4 : = R ] ~t 863 - -
g B |2 2 E8| & 8 le |EM|ET| 22 2 3
d o R B A & [ D & S &

Total for State - ecveaecaariaanass o7 | 2,728,021 | 56 |...... 1| 58 3717 || 3,578 | 2,762 46| 770 | $1,300,088 || 1,088,346 | 2,810,170
ARTAUEO® - caersvwennnsnmanmmnmeenmenen o1 I CTR FOURO o0 R PO FEUUUUR SOt IV | ASUUUOUUR REURRON A
Burlington* .evceeeceeeesranas ereenaeaas 3 130, 000 I3 P IO S
CAMAOL +cne e mananaen ereeaas esranaes| 4 206, 00 71 S 5 106, 622 104, 880 282, 385
Cumberlan.«..ooveimnnnn et 10 805,021 || 24 leeeur]iennn. 24 586, 632 407,835 || 1,132,450
Glousester ..... ememm e mmee e maas 6| 1,175,000 || 14 |veenn. 1 18 496, 900 873,000 | | 047,805
Hudson *.veerarrvememacanne [ 1 80, 000 ) I I I | I PO -

Salem 3 208, 000 T ecaeae]evesns T 179, 884

* Tdlo.
NEW YORK.
Total for State ...... eeeveneseeres.| 32| $1,088,600 || 48 1] 1| 46 373 | 8,018] 2,116 &0 012 || §1,048, 812 ||  $044, 601 ; $2,420, 756
[ P ——— o] 1.__, e
53 04T0) 121 1 23, 000 1 570 | PR SOOI SO, peeeneoflimanas JURRPIIR | '-
COlUMDIR - e viimaaimi e iianannana 1 10, 400 1 - . 1 1 12 [ i PO i} 6, 000 6,377 13,140
TDUCHEES e cvanrrnennse eamreeaeenaaananan 1 50, 000 1 JRRURY DU ORI 104 68 |.cuonn 36 11, 625 18,755 27,145
Brieccee. .. e e e 1 30, 000 1. 1 5 60 42 {eeenns 18 22,166 16, 974 42,900
1 4
Jeflorson t venerrraneaiaaer e innanenaiaan 1 10,000 b PR SO 1 8 Hae.s F N PO PO | P (R | D | AR P
FADES ceaanevomannrnnsannn e remem e 12 930,600 || 22 |...... 1| 21 185 || 1,854 | 1,158 | 36 660 630, 857 489,503 || 1,318,081
Monroe f.oooniinnaan deteemaeanenaasannan 1 25, 000 ) PO 1 (30| PN FORUURI DU SRPUDIY | PRRPPPINS | PRPP PO | I
IIRZALA « v vreveacermencveransnnnnssanans] 1 46, 000 b 3 FR S 1 7 120 76 3 41 18, 000 23,055 53,000
ODEIAB +areamnrrannmaaemnanas eeveemeanes| 2 160, 000 2 |evevenforaene 2 20 83 -2 1 IO IO 43,170 68,518 140, 000
ONONAAZD < e eoeaeaanernnrasnsrnnnnnnnnns 1 130, 000 b3 I e 2 16 73 P 1 41, 388 40,580 | 116,940
OTaNEB e emeanenns IUTUTOR 70, 000 N ESON S 4 29 220 119 Leeens 101 51, 062 49,773 | 127,182
OBTWOZO vvenrneeesaarasronannssonnnssannns 3 160, 000 4 |naenelinnnns 4 32l 162 152 | o wafeeenees 47, 894 63,156 149,735
SEQUDOIL ¢ v avmmemmeeenacncancnncnnmeannnnnn 1 75, 000 2 PO 2 18 1 108 167 5 IS 51, 000 48, 000 120, 000
TOMPIING < cvevnnerennnernnmeranansanacs 1 40, 000 1 {eraene veeeee| 1 10 60 B0 {verneefomeaenns 20, 000 28,257 60, 000
Ulster...... et eaereranieaaaanne eeeaes 1 25, 000 b3 RO I 2 13 l 100 60 | 10 30 25, 000 41,010 | . 70,000
VAP . ¢ eenecmeeanrinns ereieanaannn I 150, 000 [ 7 FU 2 18 | 132 113 |.ee- .- 19 58, 241 60, 634 180, 864
* Building, ' . t Idle.
OHIO.

Totnl.i'or SERED v v aeemnecanaruas veed 20 1,104,850 || 20 5 24 217 ” 1,688 | 1,170 | 81 437 || $644,520|  $450,333 $1, 549, 320
BOIMONE o emcaereerrinnnnonnn eeeeraens 9 485,850 || 15 3 1] 15 829 528 | &l 250 335, 805 925, 872 794, 920
Franklin . 1 50, 000 ;1 PUUUETN PR S | 10 50 B0 |ecvnnn]vnmmanes 186, 600 13,200 43,000
Jedforaon - «...quees 3 210, 000 ] L3 IO 3 56 386 253 | 30 108 122, 202 90, 843 309,102
Licking * .. 1 29, 000 1 TR OO 1 B lenannn [T UUUUUT FUUUUUON FUUUURUUR | IR | FUSSRIOTR
Muskingum. 3 272, 000 I I IR 4 28 250 180 |..cen- 70 90, 060 72,318 282, 000
Portage 3 156, 500 E 3 B IO 26 173 150 |eoeens 14 §0, 513 57,100 168, 208

* Idle, ' b
PENNSYLVANIA. .
[ f | ‘

Tobal £0r SEAEE varececmcrnnnmmarans 78 | 7,680,706 || 127 9 3| 115] 1,168 (| 9,784 | 6,000 | 204 2,491 3,807,300 j 93, 300, 660 4$8 720, 584
Alloghony...vovevareensecen PUD va—— 51| 5,481,000 | 8B 5 31 ™M 07 || 6058 | 4442 | 141 1,470 2,686,425 ) 2,180,638} 3 468, 212
Armstrong ¥ ...... cemmenceaen eemeereas 1 30, 000 N P B 1 (1 P ) O At R RN JO DY | B e
Teaver s 4 956, 487 7 R PO 5 79 544 35| 11 158 193, 000 211, 600 503, 587

ST - ' 310 [cvnne- 3| 187,050 84,043 361, 215
TFayette . 3 171, 800 [ F S 5 44 313 . f
"""""" ' 2% 192 foeeee 3 48, 900 42,638 104, 511
Lawrencoe 2 62, 000 bR TS NS 2 18 126 2 feuees d g
""" ' 13 75 70 {ovrmn- 5 26, 000 40, 000 72, 000
Aontgomery.. 1 100, 000 [ 30 P PR 2 s
Mom;e 1 30, 000 b 3 U PR 1 5 80 [ P 15 23, 000 36,120 50, €00
Philﬂde]ul;i.z;-. w1 r)12’ 419 | 18 -3 I 16 158 || 2,237 | 1,858 | 128 751 853, 022 606,393 | 1,621,939
Ty P 2 'Hsal 000 2 2 16 45 43 |oeunen 2 23, 000 29,515 54,000
| 571 ,000 §| 2 eaeeee]ienene ) i .
Wﬂg'ne 2 230, 060 10 N 28 s12| 24| 14 84 104, 000 71,203 ‘i 257, 000
* Building,
WEST VIRGI .
- : | goos,066 ! 748,500
Total for State ........ eaeaen eee| 4| #5050, 522 8 2 ...... i 82 046 615 100 231 || $911,650 | # ,
! 128 go| 13 25 15, 200 15, 500 34, 500
3 1 50, 000 £ 1 PN UORRIPO R | 10
Brooko s 500, 522 ) 5 72 818 525 | 87 206 908, 450 192, 564 714, 000
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TABLE VIIL—CONSOLIDATED STATISTICS OF THE MATERIALS USED IN THE MANUFACTURE
OF GLASS, AS REPORTED AT THE CENSUS OF 1880.

; AP | | . ' —
States. lg;ildngg G?‘{f‘&flg Soda-ash. ‘Niggﬁf.ﬁ of salt-cako. ‘ Salt. Lime. g#(;gg: Litharge. [Pearl-ash.| Arsenio. hﬁ‘;‘ﬂ‘gf‘“
Tons, Tons, Tons. Tons. Tons. Tons. | Bushels.| Tons. Pounds. | Pounds. | Pounds. | Pounds.

Grand totalecemueiiennnraaraarnans 165, 447 39,500 49, 620 2, 859 7,817 12009 | 869,880 2,607 | 2,313,208 | 592,982 | 718,074 191, 146

CAlifOrmi ceurnevunen coemanans PR 1,200 fooeenennns B20 [oecmecnan|cinennns 55 LN/ O IO [OOSR RO SO

Connecticub .vveenen- cascnesasnernonmen|iionnannasfenoiiocnns - e B PR A O A P

TIHROIE cvevernmncanconcnncarsssunsnnnns 0,767 |oeeruenens 2,405 |.eoeiaennn 048 611 | 49,607 B00 luuenemneneasfommenann 26,100 |.reveernn-

IndioRteeseeonnacsicasonssarsnconmnenn 7,124 82,800 P 7. S RPN RN €3 47,842 | vevrmener]iemree e remna e 82,000 |.oovnmnen
TOWilererenaucencannnsasosnansnmmrnavnns 95 lienraenens 10 2| . 511 e 400
Kentuoky.ecerrcavecssincasanecnnrannas 3,048 |.- ....... 840 49 337 25 10, 300 - 12 7,000 20, 000 302 1, GO
MALFINL vereeerreneeaeeassosmnesnnnns 5,844 [cerernrnns 1,902 36 30 40| 02,865 [ eerervers]encrecnenanifoenaeen ol BT 1, 600
Massachusetts. .-.... e ereesnan . 9,905 892 75 955 leenannnuan 2,348 346 208,260 | 130,111 6, 697 0, 040

MichEFAD vaevenacraseinsarcanmmmcnecnan 650 225 | ooeiaos . 2 3,500 [voverenmar]ommmrcammmeatimniiaaans 030 |..avueann
MigS0uTri. ceceienncnaansnersncasarrann 8,042 7,200 3,071 13 N RO 233 47,275 860 |oourermmenac|snmennnnn 24, 000 3, 006

New Hampshire ,..... 500 200 |oeeriennn 200 focmenniun. 11 I O g e O
Now Jersey -. 26,282 loaaeiaiens 8,274 120 1,320 168 | 174, 680 455 20, 000 100 88, 453 12, 000
New York . 16,122 |.coiiianns 5,865 104 20 204 98,854 [veeernnnn 559, 267 | 148,456 G, 600 27, b05
[0) 15 U R 10,008 foooiianns, 3, 244’ 332 233 101 45,6385 [..eeennn.. 210, 000 28, 000 28,010 16, 430
Pennsylvania 01,462 loeevnenonn 18,419 1,841 4, 822 302 | 309,122 1,124 | 1,218, 680 208; 4008 | 547,206 110, 178
West Virginid voeeeeemercucneenaianaa, 3,183 |.--ianann 1,815 b {1 (RPN P P K355 N PPN NN 8,760 [..covvninns 8, 618+
TFire cly, Fire cla; Tive dla; ' — . | Cnsks and . Straw andk

States. America";;. Fn g‘lishy.r’ Germnnxr’ Pots. Coal. Coke. | Wood. | Lumber. |~y e Nnils. hay.
Pounds. Pounds. | Pounds. | Nwumber. Tons. Tons. Cards. XM, feet. | Number, Kegs. Tons.

Grand total.eevne coneeernenenna-.| 8,186,055 110,000 | 7,037,230 13, 655 040, 808 28, 410 63, 867 53, 585 014, 619 15,160 21, 208
Californif....cviveacacancnncanacsicasas 120,000 24, 000 66, 000 a0 1,080 {iecinannn. 875 128 100 60 7w

COUnNEEtioNE crererrrerncnsnmeccvaneacan|oseson concea]oonnseunaansfrnmmacaanans 16 1,800 300 G0 fevenevennonn|ovanarranan snnonnansuliosrennn .
TINOIS +vvnnnncnceermvmnnenaemeasenanas 817,000 |. 16, 000 627 a5, 242 400 4,212 2,612 4, 500 Bdd 941
Indiana 662, 080 |... 30, 000 1, 100 61, 060 71 460 LT |vveerinmnnns 1, 040 407
JOWNeuennernnnnnrevonmnnnnnssssonenenns BT, 500 |ieereearnnasficmananncaes 1 400 40 {cennennnns 18 200 10 1
Kentueky cvvveeenne seemmasaccacanaoenn 165,000 [tenvnronnenn 1, 000 202 12,820 982 60 1,115 400 600 1, 165«
Maryland..oeeecerecmennoasnsnas e 68,000 [heoreeunnnnn 624, 000, Bb87 15,728 |..evetnn. 1, 848 2, 210 1, 200 6o 409
Massachugebls, coveecuromecccncneiaaan, 253, 679 60, 000 152, 800 150 10, 800 1,017 1,184 301 58, 475 148 B26
Michigan covvevunnnan ammmereurans e, 75,000 [veevunnanns 100, 000 120 3,600 {eaanen.... 600 © 300 {eanen serenan 60 40
ygssouri ............................... 951,850 feumvrrarmenafinmnannmanas 601 36, 070 781 8,208 1,164 1, 500 512 81T
New Hampshire ceceeecvceenrrrorcneves]orinun coniafiaennnaaa. 25, 000 % 1,000 200 1,000 80 [rewnnaianann 26 25,
NOW JOIIOF +evmucmrmnnnnsnasssnnnnnne 620,000 [-eeeceacnnns 2,261, 998 2,118 61,580 [oeveernnn 29, 144 10, 529 81, 000 3, 506 3,602
NeW XOrKeemeervurenervanmcencsansnnns 242,000 | ceevrnenne. 1, 595, 6560 1,661 52,266 2,484 11, 247 5, 201 147,977 1, 698 2,828
OhIO eeececcenceeamanncasenaraeannnans 708,425 |oeeernranann 147, 600 835 54, 045 3,035 1,488 3, 088 86, 835 670 1,875
PennSY VAN, e e aseaecs e earennrnnaan * 8,541, 981 26,000 | 2,927,168 5,170 278,676 | 16,217 8, 990 24, 884 516, 520 5, 062 9,787
West Virginis .. ... varmnan renesemannn 983,720 |uveven cemncfonannnennans 832 19, 818 1,928 [-aeennnnes 838 70, 812 452 754
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MANUFACTURE OF GLASS. | 19

Caaprer I1.—GLASS: ITS COMPOSITION, CLASSIFICATION, AND PROPERTIES.

] M .

DIFFICULTY OF DEFINITION.—I$ 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.

(GLASE, CHEMICAT, AND COMMEROIAL.—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 luster called
vitreous is chemically known as glass, Commercially, however, the word glass is; with few exeeptions, 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. TIn the
process of manutacture, 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, though 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 continnity of the process, these simple silicates are
fused in the same pot, and at the same melting, into the vitrified, non-crystalline material we kunow as glass. (@)

CHIEF CONSTITUEBNTLS.—It will thus be seen that the prinecipal 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 zine, 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 nsed 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, though
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

a8 a silicate of potash and lead. In a word, while glass is regarded as a ehemical 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 given kind, but little success has been attained, except, perhaps, at times
at the celebrated plate-glass works of Saint-Gobain, France. The conditions of manufacture, especially in
melting and the varying quality of the ingredients, preclude this. (D)

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: ‘

Kinds of glags. Silica. Sods. Lime. Potash, Oi‘ggﬁ."f O’ﬁ_‘;g.ot Alumina.

Per ceit. | Percent, | Percent, | Per 031'51':. Per cont. | Percent. | Per cent.
2. 6. 50

Cost plate..oveverrimnermeieinninens 74.0 12.0 0 T 1) O P
WIDAOW - cervieimnnemmactananennaaans 73.0 13.0 L | D ) ERT LT RTeTes teeenceavaas
Lead flint.ceaee s onmvuciencaenarannns 2 . 13, 67 83,28 Jeviiccecacae]nrannennanns
Lime flint. .ot caveanncncicnenaaenns 73.8 4.0 hEIR S DU PRSP PR R
Green bottle..conrevemniiaiinnnnaans 60,0 |.aeevannnnnn 20,0 800 beeevivaanas R | 10

DIFFICULTY OF CLASSIFICATION CHEMIOALLY.—Tt 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 considéring glass from different standpoints, some regarding it chemically, others commercially. The

a Ure defines glass as 3 transparent solid formed by the fuslon of siliceous and alkaline mabter”. (See Ure's Dictionary, article,
Glass.) Fownes, in his Chemistry, says: * Glass is anixture of various insoluble silicates with excess of silica, altogether destitute of
crystalline structure.” Lardner, in his Cabinet Cyolopadia, includes ©all mineral substances which, on the application of heat, pass

~through a state of fusion into hard and brittle masses, and whiel, if then broken, exhibit a Instrous fracture”. The definition of Dr,

Benrath, of Germany, recently published, is perhaps the best. Ho-says: ““ By glass, in the technical sense of the term, we understand a
silicate or silicate mixture which at a high temperature is thin fluid, and which, as the temperature falls, passes gradually through the
ténacionsly fluid into the solid condition; in which, furthermore, the unassisted eye can perceive no crystalline structure, and which is
impenetrable to both lignid and gaseous fluids,”
b A gri[suussion of the reasqns for this lack of uniformity of composition belongs properly to chemistry. 1057
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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
chemical classification, it is neither that nor a commercial classification. It seems well-nigh-impossible to malke a
chemieal classification that shall be satisfactory. (b)

DIFFIOULTY OF CLASSIFICATION COMMERCIALLY.—A similar difficulty, though from other causes, presents
itself in any attempt to classify glass on any basis, especially on a commercial basis. The names that have
attached themselves to the different kinds of glass are almost innumerable. Without attempting a’ classﬂicatlon,
then, that shall be complete, it will be sufficient for the purposes of this report, as it chiefly considers glass as an
a,rmcle of commerce, t0 mention some of the most prominent of these commercial varieties. (¢) N

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 country, 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 heavyrollers. Without bemg allowed to cool, the plates ave laid in annealing
ovens. It is chemically a silicate of lime and soda or potash.

Rough plate is the erude plate-glass as it comes from the annealing oven.

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

Ribbed plate is a rongh plate, with regular corrugations 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, smoothing, and polishing to prepare it for use for windows, mirrors, ete.

These are the only varieties of plate-glass produced in this country, and are all the varieties that are produced
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 extent. ‘

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

2, WINDOW-GLASS.—This is more properly termed sheet or cylinder glass. Tt is the ordinary window-glass of
commerce, 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 used 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

- applying the color. It is termed pot metal (d) when the color permeates the whole body of the glass, Sflashed or
double glass () 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,

Orown-glass is also a variety of blown window-glass that is no longer made in this country, though it is still
made in England. It is first blown, and then by peculiar and very skillful manipulations formed into a eircular
table with a bullion or bulVs-eye in the center. From this table moderate-sized window-plates are cut which shew
a crowned surface.

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

@ This olassification is asfollows (see Dictionary of Arts, otec., article, *“Glass”).
. Soluble glass: a simple silicate of potash or soda, or both of these alkalies,

. Crown-glass: a silicate of potash and lime. :
. Bottle-glass: silicate of lime, soda, alumina, and iron.
. Common window-glass: silieate of soda and lime, sometimes also of potash.
. Plate-glass: silica, soda or potash, lime, and alumina,
. Ordinary crystal glass: silicate of potash and lead.
. Flint-glass : silicate of potash and lead. '

8, Strass: silicate of potash and. lead, still richer in lead.

9. Bnamel: silicate and stannate, or antimoniate of potash, or soda and lead.

‘Wo must remember with regard to this table that crown-glass always contains soda, that alumina and iron are aectdentn] not;
essentinl, constituents of hottle-glass, and that enamels vary greatly in their composition. Tin is not present in transparent ennmels,

b Tomlinson’s elassification, quoted in Lippincott’'s Ineyclopwdia 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 artnﬁcml glass, and these are again subdivided,
Natural glnss is that produced entirely by natural agencies, without any assistance from man. It includesthe mineralobsidian, an impure, -
semi-transparent glass; varying in color from gray to blaclk, found in the vieinity of voleanoes, and which was used in the manufacturo
of works of arts by the ancient Romans.and Egyptians, and in Jater times by the Mexicans; and the fine capillary glass called Pelé’s hair,
found at the voleane of Kilauea, in the Sandwich Islands, and water glass, found in certain gprings. Water glass is also found abusorbed
in cortain basalticrocks, and attempts have heen made, with considerable suceess, to use decomposed basalt for mannfacturing botitle-glass.
Artificial glassis that produced in the arts, - It includes, in addition to that made in the glass houses, various slags resulting from
matallurgical operations, as blast~furnace slag, which is a lime glass with an excess of lime, and slag-wool, which is an artificial Pelé's
hair. It also includes many chemical glasses. A classification of glass according to method of manufacture is also sometimes made as.
t gast glass ”, “Dblown glass,” and “pressed glass”, A classification according to use also sometimes obtains as window-glass, hettle.
glass, ohemwsﬂ glass, and one, according to place of manufacture, as Venetian, Egyptian, efe,

d Pot metal and flashed glass are also made in fAint glass.
1058
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It includes lime gl‘ass or ?he COMIMOT Jlint, sometimes algo called German Jit, and, by many Ambrican manufacturers,
orystal glass. 1t 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 snbdivision of flint glass is:

Lead glas&»—-—Thig is a silicate of potash and lead which has literally the ring of metal, and is distinguished front’
the lime glass by this ring and its greater specific gravity. It is also, as a rule, more brilliant, This glass is the
erystal (eristeur) of the French and the true flint of the English.

Strass is a glass very rich in lead, nsed 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 differing 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 GLASS.~—This is a coarse, greenish glass, often termed bottle-glass, it being used chiefly for common
bottles. It is called in this country hollow ware, though the German Aohlgias, 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 would exceed the scope of this report to mention.
There are some varieties, however, that deserve wotice. 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 vehicle in painting, a
mordant in fixing colors, in the preparation of artificial hydraulic cement, and in the silification of calcareous stone.

HBramel is a silicate, borate, staunate, or antimoniate of potash or soda and lead.

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

Spun glass is o glass drawn into threads finer than silkk 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 & movable rack with pebbles or little stones, water, and sand, or by the sand-blast, or by the fumes
of hydrofluorie acid.

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

Atehed and embossed glass.

Iridescent glass is a reproduction by art of the beautiful irideseent colors of ancient glass that has been long
buvied. ' ‘

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

SPEOIFIC 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 inecreases with ‘the
increase of its specific gravity, though density and power of refraction are not strictly parallel. '

‘ The speciﬁc gravity of glass, ag well as its brilliancy, varies with its composition, the heavier glasses 'bemg
the most brilliant, as well ag the softest. Lime glass is the lightest, bottle-glass comes next, aa?d le.ead gla_ss is 'the
densest. Tts density is also influenced by the degree of heat to which it has been exposed durnlzg‘ its vitrification,
being always least when the temperature has been greatest. The following are the specific gravities of the glasses
named:

Lime glass:
BOMGINIALL « .« s semwms cecmsaracas rmnsas s s ommes smmma s tn s no snomoe e nne s e s e SR 2 .396
© Plate-glass: ) T o
(ST BT € 700 17275 WS CPETPPP S PP PRTORAN _
................ e crnnnonicccnmneas & B0G
() 1% 115270 S UPPERSpRRS SE S R
T P PP TPRPPRUREPPEPPPSPT P PPEER TP PR EEE PE RS L 2.732
I ADAOW-ZIAHE ¢ - o ee o wmme s emmns em e smasbnmann Ao o e cantme s ans s i
Bottlo-glass.cce caecuuns cnrecannss U PSP ERPP PP PPFEEL . 73
’ Le&d glﬂ.lss : o eeestammesamesemay emes ean 2. 9 to 3' 255
COMIMON UM e 2 as cmemmnaecamcmnvmnsnenmns manecmomanasamneansnes in PR
B TR . . ‘

CONDUCTIVITY AND TENSION.—Glass is a bad conductor of heat and electricity, _but all kinds are not’e'quiilly
adap‘ted to become insnlators, glasses rich in alkali being bad insulators. Th(_a tenspn and enfo;rced eqml}bnum
in the interior of a mass of glass rapidly cooled, as exhibited, for example, in Prince Rupert’s drops, is well
known. C - ‘ |

TENSILE AND ORUSHING STRENGTH.—The tensile strength of glass is given at frqm 2,500 to 9,000 pg%lf}ls p}(;r
square inch, according to kind; crushing strength, 6,000 to 10,000 pounds per square inch. A sample 010591 ville
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(New Jersey) ﬂoorin-g glass, one inch square and one foot between the end supports, broke under a certain load o7
about 170 pounds. These facts would indicate that glass is considerably stronger than granite, except as regard-
erushing, in which the two are about equal.

DrviTRIrI¢ATION —The devitrification of glass is one of its most important properties, not only hecause of
its bearing on the manufacture and manipulation of glass, but because the devitrified glass, often called Reaumur’s
porcelain, can replace porcelain for most of its uses. Devitrification is a crystallization of glass, the ordinary glass
being non-crystalline. In the manufacture 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,
80 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 '\d[ANIPULATION.—ThlS property exerts a great influence in the
manufacture of glass. It explains, indeed, why, in the making of botfles, so mueh care is taken 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, aund 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 wlich 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 infusible.

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 obseured 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 chzummg 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
$0 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 ganze-like thinness as to float upon theair. 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 subgstance by the most frequent use. ()

EXTENT OF THE USES OF GLASS.—IFor 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 housshold
in the days of the empire, when porcelain was unknown, as it is of our homes to-day. Not only is it thus 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 medieval churches,
and the rave color and graceful design of the well-nigh imperishable mosaics. To use the words of Dr. Johnson:

‘Who, when he first saw the sand and ashes by casual intenseness of heat melted into a metalline form, rugged with excrescences
and clouded with impurities, would have imagined that in this shapeless lump lay concealed so many conveniences of life as would in
timo constitute o great part of the happiness of the world? Yet, by some such fortuitous liguefaction, was mankind taught to procure
a hody 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 existence, and charm him at one time with the unbounded extent of
the material creation and at another with the endless subordination of animal life, and, what is yet of more importance, might supply
the decay of nature and succor old age with subsidiary sight. Thus was the first artificer of glass employed, though without his own
knowledge or expectation. He was facilitating and prolonging the enjoyments of light, enlarging the avenues of science, and eonferring
the highest and most lasting pleasures, and was enabling the student to contemplate nature, and the beauty to behold herself. (c)

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

r

« Ono 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 strietly true of glass only under circumstances of ordinary use. All glass is affected Dy caustic allalies, especially in
concentrated solutions, as it is thus deprived of silicic acid. The action of mineral acids upon well-compounded glass is less energetic,
though not only sueh acids, but cven pure water, exerts a decomposing influence upon glass, producing its effect, however, very slowly
under ordinary eircumstances.
¢ Rambler, No, IX.
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ANALYSES OF PLATE-GLASS.

Kinds of glass. Analysts. Silica. Soda, Potash, Lime. | Magnesia, [Manganeso, Se: ?:gl;ﬁde Alumina,
French :
Soint-GobaiN . cociviviiiiiii i Peligot coooouovnnnnan. 73,00 B & 1 I RN 5
Snint.Gobain (sulphate).uecnee e cranns Pelonze.covevnronsan-. 78,05 TR0 |evinamenens,
French 75,90 1750 |ocenennanans
5 PP PN 73. 80 < 12,10 5,50
English:
Chanee's. cevveannan.n B L Benrath..,..ccoonoes 70.71 18,25 Jocmecaneaans
Chance's (second quality).vouee veaennn. R 1 72,90, 12,45 | eevennnneans
British Plate-Glass Company ----vevn.. Mayer and Brazier.... 77.86 13. 06 3.01
i London-Thames Plate-Glass Company .| ve. @00 vesnreeecnenns. 78.68 11.36 1.84
i Belgian ] ‘
ChAIETOF e amerentmrevmsnnraneaens Bentath oemns ceena. 73.81 18.00 |+ evnvnmanons :
! German Jaeekel . wuaeenennen.. 72,31 11,42 L300 95 5 (AU DR UP R (VMR PR ”- 0.81
HAROVETIAT. « e veen cneeiaatcnraecieniananes Emmerling . 7879 18.94 0. 60 8.01 0.12 0.82 0.08 0.58
’ Venetian covee oo niiiei e Berthier.coevaieas..-, 68,80 8.10 G. 00 11,00 2,10 0.10 0.20 1,20
ANALYSES OF WINDOW-GLASS.
} - Kinds of glass. ' Analysts. " Slica. Sods.. Lime. | Alumina. (Se3quioside
! . :
Freoch vevunnen wreameummaserneaaan Nremmrenmannas DUMAS. ceamrricnemcreicnracnrotcesnseaasuann veene 68, 00 10,10 14.30 To60 [eeemnnennnns
Do Y TR [ PP - 69, 65 15,22 13,81 LB2 [ieenreeannns
'3 T3 -1 PR R PR+ S, - caane 69.00 11,10 12. 50 740 |ovneeermannn
Chance's Cowper .. 7140 15,00 12,40 Q.00 Jonenenamennn
Mot i e
PR 1 . TBem'm:h . 71,27 20,10 8,14 1.98
ANALYSES OF FLINT-GLASS.
N ‘ . ' .Mn .| Manga. | Sesqui-
Kinds of glass. Analysts. Silica. Soda. | Potash. Lime, Load. nes‘ . neag oxide of | Alumina.
. iron.
LIME GLABS. :
Frenchccevenenas coenaecirinunnciacinannn o Pelonz8.ceeivnvnnnn. 72.10 15,50 Jeanmecacaifocomnmmasiameneaeafonanannaas . -
1 RPN PR [ R, reneas 77. 80 6. 40 |eevaimmvneifommnmmenns]ummnaaos A P,
French ubes covveerrennreneciinvenaacens cenenn Berthier sveeeecveeeen 60. 20 700 feenanannn. R, 0. 50 1,20
Bohemian tUHE8 cwevvennerrenrancriceimiiarsennn. ROWNEY -ccmee vvennns 73.18 10.48 |cecnanan 0. 46 0.13 0. 30
Poheminn drinking-glags....cmeeueevareamananaan Berthier.......... 71,90 10.80 |eennuenand] 0,20 |eoeellln 0.30 0. 40
Boliemian common glags cocvevrencenraviavninenns Dumas ceevenvennnne, 60. 40 0,20 Jouneerraecfoannnnecnifonaniennnifonariinna 9, 60
American, O'Hara Glass Company, Pittsburgh. ..{ De Brunner.......... 71,92 514 |ecnncennns 2.04 | Treace. Trace. 6.22
LEAD GLASR,
Ernglish erystal coven i mr et Taraday 51. 93
English crystal, London .. Berthier.. 50, 20
B T Salvétat .. 57,50
. English erystal, Newcastlo . .| Berthier.. 51,40 |.
French erystal. oo covnnir et Sauerwein 48.10 |.
B8 1 TR e tieeemammmeeoeans Salvétat covueerncn- 51, 00
TN FR 1 T, 54,20
- DOttt ce e cuas Benrath coacee vamen 50.18
FHDt- IS8 e i cvrm e Taradey conaerseemens 44. 30
L RPN P DUMAY wrvmn canemnns 42. 50
American, New England Glass Company........ FletcheT verivnrrnanas 53. 08
Do..-.... 4 e avmeeeeaerercsanar e~ PR . U S 54,12 .
ANALYSES OF BOTTLE-GLASS.
’ Sesqui-
Kinds of glass. Analysts. Silica. Soda. Potash, Lime, Magnesia. 3};{;1;5@- oxide of | Alumina.
iron.
French: ' —
Sauvigny «-cocevevmeeaennerenaea. -, | Berthier..... 60,00 3.10 92,30 feecnreoncn-- 120 4.00 8.00
Saint-Etienne. .. Jeeerdlo ouot 60.40 C 320 20,70 0.60 |ooomuueensss 3.80 10. 48
BPIDAC cane veeranrnnns A PR ( 59,60 |caveencnnnen 3,20 18,00 T.00 0. 40 4.40 G, 80
SOYTE8 vaennnennannn Dumas... 68,65 |oaeeacnaminn 5.48 LI RN I, 5.74 6. 0L
Clehy veeeneniiinann . Y (. I 48.60 | uoyacoannan . 8.10 28.10 |. 6.20 14,00
Bohemian ¢hampagne bottles . Manmend .- 58, 40 9. 00 1.80 18,00 8.80 2.10
DOunareeianaiannaainceananeas R 1+ 62.21 5,69 1.91 22,93 6. 10 1.16
63, 34 4.17 2,10 | 21,84 |iannecenanncliracanurnaaa . 4,42 4,72
German ... .oiirnieriiere e Bewrath ooovueemroaennn. 60. 82 18, 28 1.50 7,82 9,58
L U 1 O Pt 62.78 19.14 1L.2¢ 6.11 0.73
U SN . SR Ceremaaeanis 64.41 15.76 10.50 5.81 3.52
. | ’ e et
RUSSIAN e veee e iiiie e PPN : {« T A ©85.77 11.75 16. 58 |. 5.90
B 1 T O AP i 68, 88 19,03 ' 10,19 2.40
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CuarTER IIT.—SAND.

“154 i

DIFFERENT PROPORTIONS OF SILICA IN ¢LASS.—The chief constituent of glass, as well as the only one that
enters into the composition of all its varieties, is silica. Thongh preseut in all glass, its relative proportion differs
greatly, not only 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,
¢lass is a most capricious substance.

SITI0A IN DIFFERENT KINDS OF GLASS.—Lead glass contains the least percentage of silica, ranging from

42 o 60 per cent., and cast-plate contains the greafest percentage, some analyses showing as high as 79 per cent., the
average being about 74 per cent. Window-glass averages about 70 per cent., lime-glass 72 per cent., and green
bottle-glass 60 per cent.
' HArDNESS.—The hardness of glass depends, as a rule, on the percentage of sﬂmzb it contains, though it
is somewhat affected by the alkali or oxide used as a base. ILead, for example, tends to make glass softer and more
fusible and lustrous, while lime renders it refractory and less susceptlble 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 melf which has the most. It would follow, from what has been said, that green
glass is the hardest, followed in their order by lime-flint glass, window-glass, plate, and, lastly, lead glass,'which iz
the softest.

TORMS OF SILICA USED.—Silica is now used in glass-making almost 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 process of crushing 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 prepared. In some parts of Germany and Austria, especially in the making of Dottles, certain
siliceous rocks, as basalt and trachyte, containing large percentages.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 ﬂmt and quartz sands. (¢)

USES OF THE DIFFERENT GRADES.—For the finer grades of glass, especially where freedom from color, perfect
" transparency, 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, hewever, color is
secondary to cheapness of production, as in the manufacture of green bottles, sands with considerable iron and
" ¢lay are not only used, but in some cases are preferred, as these materials are fluxes, and congequently reqmre less
flux in the “ batch” or mixture of materials.

IMPURITIES AND THEIR REMOVAL.—The chief impurities in sand are oxide of irom, alumina, generally in the
form of clay, loam, gravel, and organic matter. Most of these can be removed by burning and washing, (d) but the
iron and part of the organic matter can only be removed or neutralized by the use of chemicals. Of these impurities
iron is-by far the most dreaded, as it not only destroys the “color”, the limpid whiteness of the glass, giviyg it a
greenish cast, but it is exceedingly difficult to remove or neutralize its effect. Manganese is used to correct this

& Thisis notuniversally trune., Agricola 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?.
) From this use of flint in its composition is derived the term *‘Aint-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
Oyelopadia, Tondon 1832, article, ‘‘Porcelain and Glass,” page 28, gives an analysis of flint which he terms ‘‘silicain a state nearly
_approaching to purity®. ‘Fhis flint contained 98 per cent. of silica and 0.25 per cent. of iron. Compared with the Berkshire sand, whieh
containg 99, 78 per cent. of silica and virtually no iron, this flint was very impure silica.

d Burning is necessary where the sand contains muech organic matter. Generally the heat of the furnace in the melting of glays is
sufficient, the carbonized matter being carried away as carbonic acid by the aid of arsenic. In washing the sand to remove the olay, guwe]
loam, and similar impurities, it is first crushed and pulverized, if necessary. The pulverizer used at some of the works of this country is
the well-known ore-mill of the rolling-mills, which consists of g large eirenlar pan, in which revolve, like wagon-~wheels, two large cast-iron
wheels four feet in diameler. Running water pouring into the pan facilitates the grinding and carries the sand to a sieve, where the
larger picces and the gravel are separated. The sieve is cylindrical or octagonsl, made of brass wire, about three feet inlength and a
foot and ahalf in diameter, and revolves like a flour-bolting machine. = After passing through the sieve the sand is carried along a trough
by water into the washer, where it settles to the bottom of the box, while the water wastes? over the top, carrying away the clay uud
loam. The sand is then elevated and discharged into anothor trough at a higher level, where it is again washed. "Sometimes this
operation is repeated several times, The sand is finally carried to the draining-room, where it is drained of water, and then fo the
drying-room, where it is dried by artificial bheat. As the sand dries it drops into a funnel-shaped trough, and from that passes into »

¢ nveyer, and thence to an elevator. The sand comes from the drier fine and alimost as white as flour,
1062 : : ‘
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greenish color, and is often termed ¢ glass-maker’s soap?”, but glass so decolorized is liable under the action of
sunlight to acquire a purplish tint or *high color”. Window-glass in which manganese has been used often
agsumes this tint to such an extent as to lead to the belief that it was originally eolored. 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-malking, 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 neighborhood of Pittsburgh and near Boston contains only a trace of iron.

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

TESTS OF SAND.—In examining sand as to its value for glass-making the best test iz microscopic examination.,
Sand should Le perfectly white, not very fine, uniform, even grained, with angular rather than rounded grains.
Sand which is very fine, or the grains of which are smooth and rounded, can only be used with difficulty and great
uncertainty as to the result. Such sand is liable to-settle to the botiom of the batch, 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 presence of clay, loam, or other foreign substances, while effervescence indicates
the presence of lime, Oxide of iron can be discovered by boiling the sand in hydrofluoric acid and dropping into
the solution thus formed a few drops of yellow prussiate of potash in solution. The beawtiful blue precipitate
indicates the presence of iron, even in the most minute quantities. '

ANALYSIS AND COLOR NOT ALWAYS INDICATIVE OF THE QUALITY 0T SAND.—These are simple, qualitative
tests, but only indicate in a general way the quality of the impurities present. For an accurate knowledge of the
quantity a gnantitative analysis is necessary. It should, however, be noted that while such an analysis,aided by the
appearance and color of the sand, indicates in some measure its purity and value, it is by no means conclusive as
to its adaptability for glass-making, as a sand of o yellowish tint may be purer than one much whiter. Mr. Henry
Chance, of Birmingham, England, whose two papers on crown and sheet glass are the Dest in the language, speaking
of color and analysis as indications of purity and value, says:

The sand used by our firm js obtained from Leighton Buzzard, and, although of a yellowish tint, is more free from iron 2 than many
kinds of sand which are whiter in appearance, The whiteness of a sand is o 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 hoth color and qualtty
of glass, ()

Mr, Chanee suggests that; this may e due to a difference in the power of the sands, ausmg from the coadlmon
in which the silica exists, to neutralize the bases.

MODE OF OCCURRENCE OF SAND.—Most of the sand used in glass-makmg oceurs as sandstone, and is quarried
in blocks, and must be crushed and prepared foruse. The Fontainebleau (France) sand and some of the Berkshire
{Massachusetts) and Juniata (Pennsylvania) sands are of this character. In other cases, while the sand occurs
as rock and must be quarried, it rapidly disintegrates 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-rock 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 (Massachusetts) 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 rule, 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
mauufacturers, and the possession of a pure sand well adapfed to glass-making has determined in many cases
the location and successful operation of the glass houses, not only of antiquity, but of modern times. The sand
used in the earliest glass works was river or sea sand, and these ancient factories were, therefore, generally
placed at the mouths of rivers, as at Belus, Alexandria, ‘Oumes, and Velterno. Thesge locations were selected, not
only becaunse they furnished an abundance of good sand, but because they were the great doorways of commerce,
and offered a ready market for the produets 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, ag well as the purest, was that of the river Belus, which flows from Mount Carmel and enters the sea
near Tyre a,nd Sidon, the sand made famous by Pliny’s oft-repeated fable of the discovery of glass. Not only was
glass made in great guantities from this sand by the skillful Sidonians (¢)—the lovely Greek and other vases, the
varied beads and amulets found in the tombs so thickly scattered over every shore “washed by the Mediterranean

o For the results of a most ingeniovs and long-continued series of experiments on the action of sunlight on glass those interested
are weferred te the monographs of Mr. Thos, Gaffield, of Boston, Massachusetts, especially to his paper on ““The Action of Sunlight on
(Hass”, read before the American Association for the Advancement of Science at Boston in 1880,

b On the Manufacture of Glags. A lecture delivered before the members of the Chemical Society, March 19, 1869, by Heurgr
Chance, M. A, London. Harrisons & Sons; 1868.

¢ Homer ascribes every object of art or ornament: to the skill or genius of a god or a Sidonian, 10 6“
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sea ’—but 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 8o much honor upon Venetian glass, owe some
of their marvelous color and beauty to the purity of the Pheenician sand; indeed, it was believed at one time
that it was the only sand that could be vitrified. (a)

" OTHER RIVER AND SEA 8ANDS.—The sands from the banks and coasts of other rivers and seas were also used
largely in the ancient glass-honses. Those of Egypt used Nile sand; the Volterno and the rivers of Gaul and
Spain furnished sand for the glass made on their banks, while in lattel times the Tyne, in England, has been &
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 Cume and Liternum which produced “ vitrum purum ac masse vitrs candidi”. He adds that
in Gaul and Spain sand was similarly nsed.

EARLY USE OF FLINT AND QUARTZ.—Though sea and river sand was thug 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. ¥rom 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 transmuted into glass.

Blancourt, who wrote at the close of the same centmy, states that the Venetians make use of a white flint
from the river “Tjcinus, where there is a great abundance of them as also in the river A1nus, 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 onght to be chosen out which is very white, which has no black vems, nor yellow
nor red stains in it”,

Terrandus Imperatus makes mention of a glass stone called ¢ quocali”, “like in appearance to white marble,
being somewhat transparent, but hard as flint, and put into the fire it turns not to ltme, 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 lfxmentsr
‘ Nothing,” he says, “ but the Parcimony and 00vetousness of the times has brought sand into use agmn, because
glasses made of that may be afforded cheaper.”

SUPERIORITY OF AMERIGAN 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 nniversally 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.” (0) 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 pest flint-glass exhibited at
the Paris exposition of 1867, that of Messrs. Copeland, of Stourbridge, *surpassing in purity of color all other
specimens of ghss, whether British or foreign, (d) was made from American sand.” But little of this sand, however,
has been used in England. The great expense of importing, and the discovery of the excellent German sands,

which are referred to on page 27, which can be supphed to the Enghsh glass works at a much less eost, have
interfered with the use of the Amel ican sand.

ENerLIsa saND.—But little sand suitable for the finest grades of glasb, such as plate-glass and the lead flint,
is found in Great Britain. One 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 of 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 Geography, Book XVI,
b Reports on the Parts Universal Exposition, Part IX, Report on Glass, by G. Bontemps, pages 384 and 385, London, 1856.
¢ See Guide du Verrier, Gt Bontemps, pages 46 and 532, Paris, 1868,
d On the Menufacture of Glass, by Henry Chance, page 3.
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contributed sand to the English glass houses at different periods, and perhaps the best England has produced,
except the Alum Bay variety, was that from Hastings; but ap 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 INGLISH PLATE-, WINDOW-, AND FLINT-GLASS.—The makers of the best flint-glass now use the
French and German sands exclusively. The magnificent exhibit at the Paris exhibition of 1878 of Thomas Webb
& Son, of Stourbridge, was made from these sands. Some of the manufacturers of plate-glass use Belgian sand;
others the sand which is found in large quantities in Lancashire: () 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; but 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 alumina, 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. : v

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

The laws of this country (England) till lately prohibited the use for malking common bottles of any fine materials. Nothing but
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 impoxrtance, use whatever sand of a snitable charaeter may be nearest
totheir works. Or, to put it in another form, a bottle-glass maker will place his works where he can have his sand and other materials as
near at hand as possible. ’ : ‘

FRENOH gAND.—Of the French sands, that taken as sandstone from the quarries in the forests of Fontainebleau
is the best and the most widely used. Much of the finest glass of England and Belgium, and, until 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 irom, trace. Sand from the quarries in the
forest of Compidgne, and also from the vicinity of Nemours, is largely used, and is stated to be “almost chemically

‘pure and scarcely inferior to that imported at great cost from the United States”. (@) In the south of France
prepared quartz is still used. (¢) 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 purity of the sand. (e) ,

BELGIAN SAND.—Concerning Belgian sand but little has been learned. Bontemps mentions a locality near
Namur which he classes with the French sands of Fontainebleaun, Compidgne, 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 use 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 Hohenbocka, in the provinee of Brandenburg, in Prussia. These sands are exceedingly pure,
one rivaling the Berkshire (Massachusetts) sands, as will be seen from the analyses on page 34.

o A recent English journal contains the a.p{)roximate dates at which these several deposits of sand became available,
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It further vemarks that it is more than probable that some of the northern manufacturers on the Tyne and Wear used sea-borne sand
ab the earliest period of glass-making. ¢ It is possible that Venice may have sent us 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 has written to me very fully en this subjeet.

¢ Ure's Dictionary, vol. 1, page 925. New Yorlk, 1854.
d Bontemyps’ Report on the Egxhibition of 1355, page 3805.
e See Bontemps’ Guide du Verrier, page 48.

S Idem., page 46,
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Some of the German flint-glass works still use the IFontaineblean sand, and a feW wmdow -glass and lamp-
chimney works, especially in Silesia and Westphalia, find it more profitable to use & white sand found near their
works ; but most of the German glass, with the exception of green glass, is made from sand from the two deposits
of Whlc]l analyses are given above.

USE OF ALKALINE ROCKS FOR BOTTLE-GLASS.—IFor bottle.glass the same conditions 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 Glashiitte, Dresden, to whose courtesy I am indebted for much of the information
regarding German sand, writes regarding the siliceous material used in bottle works :

The most favorable deposits are of thanolite, found on the frontiers of Bohemia, on the banks of the Elbe; granite is also used, and
is found frequently with 5 per cent. of alkalies (potassium andsodinm); basalt, fluor-spar, dnd trachyte aveused. Granite and trachyte are
caleined and ground ; Dasalt, fluor-spar, and thanolite are not caleined. Sometimes for hght-colowd glads a small proportion of white
sand is used. :

Mr. Friederich Siemens, who, in addmon to his well-known scientific attamments, is the largest manufacturer

of bottles in Germany, if not in the world, writes as follows regarding the use of these rocks:
. Tor common green bottle-glass the German and Austrian glass-malers use natural stonés, such 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, Leing
both cheap and fusible. I began the use of these rocks for making bottle-glass at the time of the introduction of my continuous glass-
melting tanks, some ten years ago, and other glass-makers very soon adopted my method of making glass from these rocks.

The success that has attended the use of these alkaline rocks 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 npon 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 itis carried long distances,
" and is used in close 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 most carefully prepared quartz,
bLut, notwithstanding the great distance over which it is transported, it is much cheaper than the prepared quartz.
Mr. Fahdt gives the relative cost of sand and prepared quartz in Vienna as follows: 1 centner (123.46 pounds) sand,
including freight, 1 reichsmark (24 cents); prepared quartz, 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
manufacturers use only the prepared quartz sand.

SAND FOR COMMON AUSTRIAN GLASS.—For the common grades of glass the works depend on the sand-beds
in their immediate vicinity. The remark in regard to the use of thanolite, basals, etc., in Germany, will apply
to Austrian bottle manufacture as well.

SWEDISH SAND.—In Sweden quartz is still used to some extent the glwss houses having been located Wlth
reference to the supply of this material. Most of the native sand used 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 France,

QUALITY OF AMERICAN SAND.—The superiority of American sand has already been referred to. Not only
does this country furnish the purest and best sand, but extensive deposits of a grade suitable for the manuvficture
of the finest glass exist in many localities. If in the quality of the metal, or in brilliancy of our glass, we are
behind our Furopean competitors, it is not attributable to our sand. These deposits are also in many cases
- well situated in reference to fuel and to transportation, As examples of these deposits, those of Berkshire county,
Massachusetts; Juniata county, Pennsylvania; Hancoek county, West Virginia; Fox river, Illinois; and Crystal
City, Missouri, may be instanced. These are all exceedingly pure sands, as the zmalyses given will show. The firgt

named is used very extensively by the flint-glass makers of the Bast. The Juniata and the Hancock sands supply
1066 ' :
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many of the works of Pittsburgh and Wheeling. Fox River sand supplies the plate-glass works of New Albany,
Jeftersonville, and Louisville, and Orystal City furnishes the sand for the fine plate-glass made at that place.

Negw ENGLAND SAND.—At present all of the sand used in the glass works of New England comes from
Berkshire. In this section sand for some works, being of a good quality, was af one time procured from Demerara,
brought as Dallast. The war of 1812 cut off this source 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 whichk .
prepared flint was used. Berkshire county 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 York, as well as part of that used in Ontario, comes from Oswego and Oneida counties; that used for
common glass near New York city, as well as all through New Jersey and eastern Pennsylvania, is mined in
New Jersey. Some sand for the Philadelphia glass houses is procured in West Virginia.

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

MARYLAND SAND.~—A good glass sand is found at WilPs mountain, near Cumberland, Maryland, of which
Dr. Chandler, of the School of Mines, Columbia College, New York, says: I am satisfied that the sandstone isin
every respect well fitted for the manufacture of glass of the best quality.” _

 SAND FOR THE PITTSBURGE AND WHEELING: GLASS HOUSES.—The large quantities of sand required in
Pittsburgh and Wheeling and the factories in their neighborhood come from various points in the Allegheny
mourtains, mainly from Juniata and Fayette counties, Pennsylvania, and Hancock eounty, West Virginia. A new
deposit is reported from the latter place, which it is claimed analyzes 99.90 per cent. 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 resultis 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, Thereis also a deposit of considerable
importance at Pacific, Missouri, which seems to be of the same formation as that at Orystal City. The sandstone
from this mine hardens instead of disintegrating by the action of air, but water, to a certain extent, breaks the bond.
This sand is regularly supplied to the glass works at Oincinnati and many of the works in the West, except those
making plate-glags. The mine produces about 1,750 tons per month. ‘

EXTENT AND LOCALITY OF OTHER AMERICAN SANDS.—I have only referred to the most important of the
sand-mines from which our glass houses draw their supplies. The extent of the deposits of sand snitable 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 through some ten eounties, the vein
varying from 80 to 133 feet in thickness. At Minneapolis and Saint Paul a rock 175 feet thick is found, furnishing
a good quality of glass sand. () In many states other than those named glass sand has been discovered and
reported upon by the state geologists and chemists, and these reports contain descriptions 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 character 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 Burope and this country: :
ANALYSES OF FOREIGN GLASS SANDS.

FRANCE. ENGLAND. GERMANY.

Constituents. Fontaine- | Fontaine- | Leighton | Alum | Herzogen- | Holen.

: blean* blean.t | Buzzard.* Bay.t Tath.g ‘booka.§
3] 1 L T P UL U APPSO ‘ 90. 00 08, 80 99. 00 97.00 00,240 | . 89,760
N1 o I SN ceamevananas 0,80 |-eevreaanann 0.200 0.040
TID0 .. s eeeceeceaeneaneensanescncansymsateeoionssasan o ennnsaasacemccnrunanarers neninsnneo]ennnn sanenn B} SO PN 0. 058 0.011
BUOUBTIONIR « e as e o e e e eee s ams e en cemam e e smsaemsam st soanns masarasanarmomatssnnsnssan-nmmass|orosasceadon|aannsonnsassfonaacnatansiloanacroonans 0. 033 0, 012
Manganese........ U TN DIPTSR PO I 0. 016
Seaquioxide of iron wane T PR 0,50 foaneranuanns 0. 005 0, 055
HOATDONALE OF TII8. o uu e crnaes e s s caerevaraannenmasactasaaueavossesasnarsnntadenssuanansasonne [ 311 I P 020 [eeciammenmes]ioaiiaaianas cvererunnan
Magnesin 0nd 808qUIOTIAG OF IT0M .« .r - vvavrnerenersinsonceronsmmrmsasaemsasmmnssnmmnssvrasvesfannsssosans [V [/ 1) R PSRRI PSS PSPPI
L T U SRR TPPRPPPII PRI 0,50 {aconeeaanann 1,00 0.469 |ceeruiiunnn
Aluming, magnesin, and 568quioxide 0f ITOD vuoonurecriicernmaanennneiranieascasarceiannanslionamenimnacliosinorriaifioainacnoaas 2000 [aenimaevemar]evencionnen
PHOSPHOTUS e ee el venvnme i cranmncsmannn fememeemernanied e eeteaneaneeeesansentrnenonnans|enencnresancfianmraanaacen eeamaeie ESTUUU LR NSO 0.089
Ta088, ettt e dacavs aeeauannetae e csenienesennsntaanrnyannfnnsenrsaeanenaranrionnssransesananncfioemonaraaanfomrannas U ISV PRSI AP 0. 240
Total .ocvvnneienaannnn s ‘...........................; ................................... 100.00 7 100. 00 100, 00 100.q0 100,00 100.172

* Authoerity : H. Chance. t.Authority : Spon. iA.uthoi'it.y: Juliug Fahdt. § Authority: Bischof.

a Reminisoences of Glass Making, by Deming Jarves, second ed., page 111, New York, 1865,

o, Report on Glass, by Mr. Charles Colné, assistant secretary of United States commission to the Paris Exposition of 187186613age 314,
) 1067 .
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. . ANALYSES OF GLASS SANDS OF THE UNITED STATES,

MABBACHUSETTS, BERKSHIRE COUNTY. NEW JERSRY. PENNSYLVANIA, ’é' B MIBSGURL,
T — &5 |-
@ *
< A S 8 3 wn b g ,:4"5 4
£ £ |8 g E 2| 8% | 8B | = 5
Constituents. | o g‘ g - S, [ H £H 3.5 . =
% * = & -'ED Py + g 58 g~ {? a
. * o = @5 . 51 S . Hy [ &3 3
4 “ @ 2 2 58 | &2 B 2 =L g :
g g Il =] = ¢ g BE Rk + w g - = A
S-S - N EO O O U= | B SO O N I B
=] ) o I3 S E
& 3 3 8 8 A i & i B & 8 3
33 L 98, 84 08,35 89, 90 0. 62 98, 55
Aluming oo vevnseens cvrnnenn
TAMe v iiacirrrcneaean.
Magnesin.......... S
Chlorine. cueeerecsannunn...
Manganese .
Sesqnioxide of on. ..vvuie foeeeinens Trace. | Trace. |-ccocveeelorannennns 0. 165 0,180 | Trace.
1530 DTN FOUUTIOUIS APVOIIIN IR SRR FE S PO S
45 U T NP SRR RSP SR IO SUUUTI NS serreerleanerannan
Undetermined ......o....... T R R LT LT T o PR TUN PRI FPNIPIUN FUNITSR AR
Ja08B i veammn s emmennan jemnee e B B L S Y [ 0.030
Totalieeoeeciacnnnann. 100, Q0 100,00 [ 100.00 [-ccaemrnaiferrnennnns 100. 00% 100. 038 { 100, 000
* Authority: 8. Dana Hayes, § Authority: A. S, McCreath. 7 Authority : Crystal City Plate-Glass Compaxny.
t Anthority: Profesaor Cook, Il Authority: C. F. Chandler. ** Authority: Chanvenet.

1 Authority: Otte Wuth.

CoartEr IV.—ALKALIES AND OTHER MATERIALS.

.

CHIBDEF 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, either alkahne or metallic, The bases most
commonly found in glass are soda, potash, lime, and oxide of lead. These bases, however, are not mixed in the
“batch?,as the combined materials, ready for melting are termed, in the form in which they ave 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 silica, forming the glass, the balance of the compound
passing off as gas or in the * glass-gall” or “sandiver”, as the scum on the top of the melted glass is called.

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”, Anecient glass
was a soda glass containing I‘rom 3 to 8 per oent of lime, the lime being present as an impurity, and not as an
ingredient purposely used in its manufacture. If is to this impurity, however, as will be seen furthér on, that we
doubtless owe the preservation of many of the specimens of ancient glass that hwe come down tous. Soda glass,
or glass with an excess of soda, is really soluble glass, even dampness in course of time disintegrating it
Blancourt, in the amusing preface to his Art of Glass, states that Venetian glass ¢ will dissolve in the earth or
in cold and moist places it 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 aseribes 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 ecome to us buried in fumuli or tombs, itis probable that even the fragments of most of this.
ancient soda glass have dissolved, and that only has been preserved which contained considerable lime and was.
buried in loecalities caleulated to preselve it from dampness.
SOURCES OF SUPPLY OF SODA FOR ANCIENT GLASS HOUSES.—The chief source of supply for soda for the
carliest glass houses was Egypt. Pheenicia obtained its supply from that country; and Pliny, in his description
of glass-making at Rome, states that ¢sand and Egyptian soda in the proportion of one part of sand to three
of crude soda were used”. Not only did these very early glass houses obtain their soda from Egypt, but until a
somewhat recent period the * natron of Egypt” waslargely used in glass-making in Venice and the south of Fraunce.

This Hgyptian soda, which contained carbonate, sulphate, and muriate of soda, is found native on the banks of the
natron lakes that abounded in a valley extending northwest from Memphis, and by reason of its abundance wis

the seat of a large glass industry, remains of ancient glass works being found there by the scientists of the

Egyptian expedition of Napoleon I.
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_ MODERN SOURCES OF SODA.—In modery times, and until withinh 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 salsole plant; the Scottish and Irish kelp, which
as late as sixty years ago furnished the soda for the English crown- and sheet-glass; the barvec or varec of Bretagne
and Normandy; and the Spanish soda of Alicant and rochette of Syria. These produets 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 produced, compared with that of to-day, was inferior, being exceedingly variable in character and poor in
-color.

LEBLANC'S DISCOVERY OF SODA-ASH.~The unsatisfactory quality of these impuve sodas (the best, the Spanish
barilla, containing only from 14 to 30 per cent.), as well as the limited quantity produced and uncertain supply, led
the French government to offer a prize of 12,000 francs for the discovery of a method of converting common salt into
soda. Leblane not only secured the prize by his discovery of 1792, but opened a new era in glass-making. («) The
plate-glags manunfacturers 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 or _SALT-CAKE.-——-The carbonate of soda prepared by Leblanc’s method contains a considerable proportion
of undecomposed sulphate, and the glass manufacturers 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 began its use in the glass houses 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 sulphate 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 country, though many
experiments had previously been made, but little sulphate was used until about 1875, seda-ash being the form of
8oda employed for window-glags., Messrs. Robert . Schmertz & Co., of Pittsburgh, were the first to use it
regularly and continuously, but it is now largely consnmed. 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 lability to “sweating”. It is of a bluish color, while the carbonate glass is of a yellowish tint.

SOURCE OF SUPPLY OF S0DA.—~The chief source of supply of the soda of the present day is the alkali WOI‘kS
.of England, which are mainly located in Lancashire and near Newcastle-on-Tyne. It is estimated that the total
annaal soda production 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 cent. of the total soda of the world
are produced by the ammonia method. The English soda enters into the manufacture 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 manufacture oi‘ 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 Leblanec soda. Of
twenty-five alkali works which were in operation in the neighborhood of Newcastle-on-Tyne, England, a very tew
years ago, twelve have been closed, and of these no fewer than eight were actually dismantled, in despair of its ever
again beéing possible, except at a loss, to manufacture soda in them by the Leblanc process. The alkali-making
«listriets 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 Leblanc 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-product, hydrochloric acid. There are now eighteen ammonia-
soda works running in Egrope and one in the United States, and seven more are approaching completion. (o) 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 prospeet that we may make our own soda for our glass works, The importance of such an industry tous may
be gathered from a statement of the imports, which, for the three calendar years 1879, 1880, and 1881, were as
follows :

1879, 1880, 1881,
i uantity in ’ uantity in
Q;%nutl}g'm Value. Q poun & Value. Q Y oundi. Value.
81,072 $1, 825, 450 08, 766 $2, 345, 461 74,158 $1, 655, 328
44, 980 648, 269 48,274 | 635, 894 47,180 056, 588
86,471 | 424,414 33, 896 155, 407 48,797 138,768

a A full account of this discovery and its results may be found in Mr. Henry Cliance’s lecture *On the Manufacture of Crown and

Bheet Glass”, Journal of the Society of Arts, February 15, 1856.

b See paper by Mr, Walter Welden before the English Society of Chemical Industry, 1069
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MANUPAOTURE 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 Merrimae Chemical Company, of South Wilmington, Massachusetts, and B. Gressili & Sons, of Cleveland,
Ohio, were also producers at the close of the census year. The product of these works is used for window-glass,
and is equal toany of foreign make, that of the Tacony works analyzing from 97 to 98 per cent, 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 manufacturers who have examined these localities.
Recently a small works using the ammonia process in a modified form has been successfully operated in Michigan,
and it is stated that the Solvay Process Company is erecting extensive works at Syracuse, New York,

USE OF 0OMMON 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. - : ‘

NITRATE OF s80DA.—Nitrate of soda is used 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 provinece of
Tarapaca, Peru; but some immense deposits have also been found in Nevada.

Poragm.—The use of potash in glass-making is comparatively recent, 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
specimens 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 century, 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, about 20,000
tons being thus produced annually, the Canadas and Russia furnishing the larger part, though the Bohemian glass
manufacturers procuve 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 calcined and refined, the quality of ‘the glass depending upon
the degree of purification. Refined potash is known ag pearlash. Pure carbonate is also obtained from the
alkaline residuum of the manufacture of nitric 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 BEurope from the beet alone. Carbonate of potash, the form in which it is used in glass-houses, is also prepared
artificially from the sulphate by Leblanc’s method. Of the remaining salts of potassinm, only tartar, the bitartrate
of potassa, which is decomposed, when heated, into carbonate of potassium and carbon, findy 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 copper, 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 glags industry.
LiME is, next to silica, the most important of glass-making materials. Itisa 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 lime, however, makes the glass too hard. In the manufacture of table ware lime farnishes a cheap snbstitute
for lead, and, though as a rule the lime-flint is less brilliant than the lead-flint, many of the recent specimensg of
lime glass, especially those that are “fire-polished”, are exceedingly beautiful, approaching in brilliancy the true
cerystal of the English flint houses. The makers of lime glass, however, do not, as a rule, seék 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 country 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 proteet it from the weather
and prevent its ¢ sweating ”, which is so marked a fault of glass with an excess of alkali, ' ' ’
i USE OF LIME A MODERN DISCOVERY.—Though the true relation of lime to the mannfacture of glass as a

harden%%nd preserver is really a very modern discovery, and though 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 glass they begin to add the magnetic stone; then they joined shiny stones of all kinds; then shells and fossil
sAIs,

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 diffienlty 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 ununecessary to speal of the sources of supply of lime, as all glass-making
countries have it in abundance, and it is used in the batch as chalk, lime, or limestone. Lime, however, that
contains ferrous 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 pure as possible. Mr. Chance
notes that glass made with limestone is harder and more difficnls 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
general use, some of the Pittsburgh window-glass works using no lime at all, but only powdered limestone.

TEAD.—The use of lead as a glass-making material, except in the production of artificial gems, is an English

invention of the seventeenth centur);, (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 many sections of the
world. () This fuel required coveredl 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 beantiful and brilliant. of all glasses, the
Hnglish flint. Tead is used both as litharge and as red lead, and is & 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.. Tt is soft and is easily worked and scratched, bubis of
surpassing brilliancy, being only excelled by the diamond. - The glass used for the manufacture of artificial gems
is a load 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 seratched ; a fact that soon becomes apparent to the wearer of
these gems. It is very probable thab the use of lead in a small way in the manafacture of these gems, which
antedated its nse in flint glass, was the suggestion to the English that resnlted in the discovery of i'che 1&?1;31“. L'ead
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 GLASY, WHERE MADE.—Lead is nsed in the manufacture of glass to a greater extent in England tha_»n
anywhere else, though France and Belgium, and, to a less degree, Germany, Ifuake some true }ead flint, In this
country lead glass is made but to & limited extent. 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 Bast Cambridge, near Boston. The first lead furnace
in the United States is believed to have been puilt by Mr. Deming Jarves, of the New England glass works,
East Cambridge, in 1818, for the manufacture of lead for glass.. This'fumace was @ success, and enabled I:h;
company to continue the manufacture of glass at @ period when 1no forelg';n‘ I:ed lead was to be.z procured. (a? . e
lead is generally preferred to litharge on account of its finer state of subdivision, and because its decompogtlox}tm
the glass pot assists in purifying the materials, as an excelss of lead not only makes the glass soft and gives 1t &
ish ti acts injuriously upon the melting vesse:s. o

yenog;filEgnIiZI?;gI;ﬁZsszmong* tl?e other ingredients found in glass are the following: »I'ron, W'hlch is almf)s}tl: :
always present in several of the materials, especially sand, and .is a wosbunwelcome eleme,nf;, 1mpa1;1j1ng a glr)einéﬁ .
color to the glass. Manganese in the form of the black oxide i.s introduced to correct the aofmon. of the u:on, ut td)
researches of Mr, Thomas Gaffield, of Boston, show that the action of manganese as a decolorizer is not permanent.

o Dr. Lardner, in lis Cabinet Cyclopadia, says: it The manufacture of flint glas.s was be?g‘unin England in 1]1551;1 f;t. SfWOY I':I%:Ztee’ $
the Strand, and in ’Crutched Triars.” Bontemps, in his Report on Glass at the Gfégm Exposiidon of 1855, shows that this is a mis y
; i 1665,
far as velates to lead flint, and states that it could not have been made prior to . . L o
b It ;;e:m(s’ t;{:mfh 1elzmcl’was used in the manufacture of glass much earlier than this, certainly in the Roman period; but it is still true
that the English ave entitled to the credit of its first use in lend glass as now made.
¢ Reminiscences of @lass Making, gecond edition, page 110.

& Thig is prebably the magnetic gtone” of Pliny, and its u

ge as & decolorizer has been known for centuries. Lo
N I
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-Carbon in the form of powdered charcoal, coke, or anthracite is used in ¢ batch” of sulphate of soda to facilitate
the decomposition of the sulphate. Aa-senw promotes the decomposition of the other ingredients and the removal
of carbonaceous matter. In excess, however, it produces milkiness. Alwmina is almost always presen{ in gluss,
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.

CearrER V.—GLASS FURNACES AND POTS.

FARLY FURNACES AND GLASS HOUSES.—But little is known regarding the form or construction of the furnuees
used by the earliest glass-makers. Omne of the paintings at Beni Hassan, one of the earliest records of the nyt
remaining, pictures an Egyptian glass-inelter seated before an upright circular furnace about 2§ to'3 feet high ainl
one-third this in diameter, from which he is evidently gathering the molten glass through a square hole at the hottons.
This would indicate that the glass materials were charged at the top of the furnace and drawn at the hottem: wn
operation somewhat analogous to smelting iron, but one that would give very impure glass. If this was the practice
of the early glass-malkers, 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 glasa -making farnaces contained until long after the beginning of the Christian era but «
single small pot, the entire work of mixing, melting, blowing, and finishing being done at each little establishmeny
by a single glass-worker, assisted in the earlier and less skilled part by slaves or servants, and the minnis
division of labor which is so distinguishing a feature of modern industrial life, and the aggregation of eapitul nint
wvorkmen in one large establishment, were unknown in these early days, especially in industries in which so mnel
depended on individual skill, and where the art was regarded as a mystery or secret not to be divulged, 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 establisliments,
producing, as at the present day, guantities 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 carly glass furnaces, it is well
Tmown that those of four hundred years ago did not differ much in principle or in constraction from the ordimy
-divect-firing furnace of to-day. The description given by Agricola, one of the earliest of modern writers on gliss,
.of the furnaces used at the beginning of the sixteenth century is so near like that given in Dr. Lardner's Cabinet
Cyclopwedia of fifty years ago that the latter can almost be regarded as'a translation of the De Re Mefulliva.
Agricola describes three forms of furnaces as in use in the glass houses of his time. In the first, called the % Fornux
C%lca,rla”, a small furnace somewhat resembling a bee-hive coke oven in shape, the materials were dried, purified e
far as they conld 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 vy
working have made this preliminary purlfymg and ¢ fritting ” nnnecessary, and the term “frit” is now applivd tss
the unmelted mixture of sand, soda, lime, ete., which is charged into the pots, or, in other words, to the #huteli™,
Fifty years ago, however, this process of hlttmg was still in use. At the present time the calear furnace or trvh
is only used to dry and calcine the sand, unless it may still be retained in some glass-making sections where thes
old methods are still in vogue, or as an annex to the bottle furnace, where impure materials are used. In sume
cases the calcar arch is used to heat the “bateh” prior to “filling in”, it being thought better to charge it hvatwd
into the hot pots.

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

The second furnace or oven Agricela mentions is that where the workmen labor, or the working furnace; but the degeription o
gives us of it is not just, for he makes all these ovens round, whereas they ought only to he round within, but oval w1thout Moreover, e
adds two mouths in form of chimneys, wherein a servant ﬂnovss coals day and night, which is no more now in use, since wao only e ket
wood asThave observed, which also malkes the iron grates he mentions for the mouth and ash-hole of no more use among ug,  Thin e,
whose diameter ought to be always proportional to the height, is divided into three parts, each of the three parts heing vanlted. That beduws
isthe place where the servant flings in the wood to keep a continual fire, and without smoke ; and thislower ovenis called the crown, tml 1t

mouth the Bocea; but there is neither grate nor ash-hole, the wood being cast in on the coals, care being taken to take them out wie:s
-there are too many with a great iron hollow shovel. = This oven, made like n orown, to which Arrmcola allows but one lhole in tho midiiisxm

a

1072 . a See Blancourt, 41t of Glass, London, MDOXCIX, pages 20-23,
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of its height, abont one foot in diameter, has, notwithstanding, several Lioles 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 whieh that lame perpstually
reverberates. The second part of this oven, wheveof the vault is round, serves for the workmen. Agricols allots 1o each of these ovens
eight arches} nevertheless we cominonly make but six. Between each arch there is an opening or hole, made in fashion of a window,
archwise, called the great work-hole, through which the pots are put in and those 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 eyes from the too vehement
heat, and likewise to keep it the stronger in the oven. In the middle of every one of these covers thers is & hole somewhat more than a”
palm wide, which is called the little working-hole, through which the workmen take with their hollow irons the eolored or finex metal
out of the pots, wherewith they make what sort of vessels they please. It serves also to scald their vessels when they have occasion, and
whieh rest upon hooks mads on purpose on the sides of those holes, which are ealled, according to their terms, the little working-holes,
The upper vault of this furnace, which is above that where the metal is melted and the workmen work, serves to put the vessels that are
new made upon, thers to cool by degrees, that place having only a moderate heat; otherwise tho 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
the other might be made Balnw Maric, of diverse deprees of heat, sand furnaces, or of ashes for purifieations, digestions, distillations, and other
uses, and may serve for the preparation of the ingredients wherewith we make tinetures for glass and crystal, whercof we shall treat in the
sequel of this book. The ovens of the great glass houses areround within and oval without, lilke those of the little glass houses whereof wehave
already made mention; but there is this difference : thatany ingeniousworkmen can build those of the little glass houses, bntthereis only one
race of masons in all France who have the secret of building the greaf ones. They came from Caunle, in the county of Eu, and those only can
. succeed in i, 'What and how nice observations soever othiers have made to imitate them, there was never any one yet conld arrvive to it,
_insomuch that all those who have any great glass houses throughout the whole kingdom are obliged to have reconrse to that family to build
their furnaces, and that for want of a duoproportion which must be observed, because they must have three degrees more of heat than the
little glass houses, and one inch Aifference in the arch and lody of "the oven is enough to spoil the whole process. These ovens are built
like those we lhave before mentioned, except as to the propertions which angment the heat three degrees beyond the others; they have
six arclies—two of whichserve to heat the matier before you put it in the potsyand another to heat the pots before you put them into the
-oven when there is occasion to change them, In this oven each working-hole has but one pot in it, and in the farther end of the oven on”
the other side of the workmen there is a great pot, whercin the matter (or ingredients) is prepaved, out of which you take it with an
iron ladle of 10 or 12 feet long, to fill the pots of the gentlemoen who work atthe 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 brieks for
the outward parts, and for the inner parts a sort of fuller’s-carth, which is gotten from Beliere, near Forges, and whiech is the only earth
in France which has the property of not melting in this excessive heat; and it is of this samne earth that the pots are also made, which
will hold the melted metal for a long time. .

It will be noted that this oven of Agricola and Blancourt is virtually the direct-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 same purposes as described by Blanconrt.

MoDERN FURNACES.—The glass-melting furnace of modern times is a meodified form of the reverberatory
furnace, which assumes different shapes, and is built of different sizes, according to the kind of glass to he mads or
the fuel used. Yurnaces 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 cirenlar or elliptical. In the eonstruction of
furnaces the prineipal ends to be attained arve the produetion and maintenance of an intense bheat, (a) its uniform
distribution through the furnace and around the pots, and its direet aud most intense application to the fusion of
the plass-making materials. Without entering into a detailed deseription of the varying shapes and sizes of the
ordinary fornace 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- gmte and ‘“siége”, the raised bank or narrow platform in the melting chamber on which the
pots are placed. The grate or fuel-space is sqguare, and ocenpies the center of the furnace, and the fuel is charged
generally from both ends. The grate is usually on the same level as the floor of the glass hounse. Under, and
connected with it, is the arched subterranean passage or chamber known as the cave or ash-pit, extending the entire
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”, onwhich the pots are
placed. The fire thus lies below the bottom of the pots and in the center of the furnace. The number of pets-in
& furnace varies from four to eighteen ormore. Rach.pet is reached for. charging:or.working the metal by.a small
arcbed opening or working-hole in the side of the furnage; sitnated directly ovier:tha pot; except inthe flint.furnace,
wlere covered pots are unsed. In this case the mputhiof . the pot.is on.a leveliwith.the working-hole, and.the
number of working-holes in a furnace thus equals the nymber.of pots; . I‘ummces other, than - flint frequeutly
have no chimneys or flues, the only exit for the products: of .combustion being.the working-holes.: As thefire:isin
the center, and the pots are around the sides, the flame is; thnsimade: to, play aroand. the pots, seeuring.a most dmeqt
and intense heat. In some furnaces, however;y there are! as-many flues.on.chimpeys ias. bh@re,.:ym DOtS, the ;ﬂq_e.s

a There is a Wide difference of opinion as to the'heutlbf a gl't}sé‘mtﬂtiixg'furnace. -

- New York, 1875,

furnace at 20, OODc> F This last f igure is doubtlass a:t ‘guess” uu( g 11 all I;a, 1] eep; .P‘W a,t y
{Massachnsetts) glass works, gives the heat of a (r]ass farnace as bebwoen 2,800° and 3, 6000 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. Turnaces are often counstroctéd with a double arch, 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 reception of the
products of combustion, which pass out by a common flue at the top. Frequently, instead of this outer arch, the
outside walls of the furnace are curved up in the form of a trancated cone or open chimmney, and in others the
separate flues open into the glass house itself, which thus becomes achimney, discharging the products of combustion
atthe top of the house. The roof of the furnace is arched, the arch being built as low as is consistent with stability,
in order to reverberate or throw theheat with the greatest intensity upon the pots. The inside dimensions of these
furnaces vary se much that it is possible to give only a general idea of their dimensions. A ten 44-inch pot windew-
glass or green-bottle farnace would be about 20 feet long by 12 feet wide ; a ten 36-inch pot fling furnace about 12
to 13 feef, in diameter, the materials used being fire-brick or sandstone, or both, '

Fuern usep.—The fuel used in the early glass houses was wood, (¢) which was dried or baked to expel all
moisture before using. Inview of the fact that even at the present time it is difficult to secure the intense and
even temperature necessary to properly melt and “fine” glass with Wood the success of the ancient glass-workers.
is all the more commendable. It is possible that when only one pot or crucible was used this may have been
surrounded with charcoal, and a wore intense and even heat produced than with wood ; but when furnaces with
more than one pot beecame common, and the glass was thus melted by the flume playing on the pots, it would
greatly inerease the difficulty of melting with wood, and preclude the use of charcoal. Itis 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 manutheture of flint-glass in consideration of his being the first person who employed pit-coal instead of

*Wood in his fornace, 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 nuch,
better; for, being {irst of all thoroughly dried, it does not smoke like coal, Wluch always malkes the glass dull and obscure.

As Agricola published his De Re Metallica in 1:'516 Mansel’s claim to being the first to use pit-coal ean hardly
be sustained. Indeed, it is disproved by the English’ ILCOI'db themselves, as before 1611 Sir William Slingsby hadi
obtained a patent for making glass with sea-coal ; and in 1615 a royal proclamation was issued 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 to another. 1n England at the present time coal iy almost
exclusively employed, but of late years it has been found that oven-burned coke can be used to advantage, as it
produces less smolke and soot, and is therefore better adapted to some of the finer glasses. In France both coal
and coke, and sometimes wood, dare used. Belginm uses coal exclusively. In Germany wood is largely employed,
beside considerable peat and turf, Both coal and lignite are also nsed. 'Where wood is used, it is baked until hrown,
to expel all of the water, and peat must also be dry and afford only a small amount of ash. In this country coal is
used almost entirely, though as late as 1865 wood was still used in Boston. It was the excellent quality of the
coal at Pittsburgh that led to the erection of the first works in that city. \ -

GAS TURNACES.—So far the deseription and remarks coneerning furnaces apply more properly to what are
known as ¢ direet-firing” furnaces, or those heated by fuel charged divectly into the fire-pot or heaxrth of the
fornace. In 1861 the first successful gas furnace for glass, the now well-known Siemeéns furnace, was first used.
In this and other forms of the gas furnace the solid fuel is first converted into gas in a producer outside of the
furnace, and is then burned, g,ener‘Llly in connection with heated air. This apphca-twn of gasis one of the most
marked and important improvements in glass-making of modern times. DBesidé the saving in fuel and the
possibility of using inferior fpel which the gas furnace permits, it reduces the time of melting and increases the
produetion as well as greatly improves the quality of the product. )

THE SIEMENS FURNACE.—The first nse to which the Siemens’ regenerative gas furnace was put, now so well
known in all parts of the world, was the manufacturing of glass in pots. In using this furnace the prineiple and
construction of the ordinary furnace werechanged only so faras was necessary to apply the regenerative principle and
heat with gas, In these furnaces the gas andair employed are separately heated by the waste heat from the flame:

By méans of whatare called ¢ regenerators” placed beneath the furnaces. These are four chambers filled with fire-
'briek j'stakked loosely in- eheckerwork, thé‘wasiﬁé"gases passing through one pair of regenerators and heating them,
rwhﬂefthe aft aid pas arebeing hddteds ‘priorto biriing, by passing through the other pair, which had been similatly
Theatedi ~Whenw this “sevond paithias Ween séntewlad! cooldd the direction of the draught is changed, the waste g%
passtug threiglythé cooled pair; Heating'théni ;) while'the aif addigas ave passing through the heated pair. This is.
THonitt eliniged wheh the: regeneﬁator g dobleﬂ and solthd coolipim and gas are passed alternately through each
Ipailf offeganetatorsy which are ithius alt’emf'uhély govled’and heitedd: The economy of fuel is not only great, but the
Fedt px’otlt‘t@ui ig mteme; fnﬁd »aLtua,L worling; il is:elaimed; showsh saving of 473 per cent. of fuel over the direct-fiving
I i b) “The: lossé in pots 15 rcduced and there are no * cutting drafts "

ViR

nd 48-often as high as 75 per cent.
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on the outside, the pots only cutting from theinside. The durability of thefurpace is also increased. The following
table shows the extent to which these furnaces were used in 1879: : ‘

SIEMENS FURNACES USING POTS.

' Window. s
Qountries. :Plate-glass. angl&ggfc_ g]];];::
Great Britain....... et 5 5 2
PrANCO. cuaeancncrassnnareunosananues 7 4 11
B0 T LT 4 | 1 1
Other countries.....ovvrneaemoeiaaaes 8 ‘ 10 16
@ : .
SIEMENS’ FURNACES WITH TANKS.
GIOAL Bt . oo e e o oeee veeeme anemms cacaen ammcesasea e amm e smmea eramaa T S eEae e maessemms e rsat s R 6
SIEMENS FURNACES WITH CONTINUOUS TANKS.
GEOAE BIHAIIL e+« +evms vmns e erae eemnee smanmn cxmase cmemis smmommmeemeeeeaeoaatesscosasanonassuaeieanoais 4
T S P U U R RPHPPPPSP 1
HET) UL PP P R LAR ALY 1
OBHOD COUDETIOR . « vz en wommes saeaoe —oumne omm s masneeaemmey sme eame smsesmamnsansansnmas usenre sseasvanusnannsans 3

USE OF SIEMENY FURNAGES IN THE UNITED STATES.—Though, as this table shows, the Siemens pot-furnaces
ave used to a considerable extent in all glass-making countries of Burope, but few have been built at the glass houses
of this country., Oue reason, no doubt, is that good coal is so cheap at our glass-making centers a8 not to make
economy of fuel a necessity, and in 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 coniined almost exclusively to
plate-glass works. ' .

Other forms of gas pot furnaces, however, have been recently introduced to some extent, especially in the
vicinity of Pittsburgh. These ave known locally as the Nicholson and the Gill furnaces. Of the prineiple 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 DMessrs.
McXee & 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 containg 12 pots, each -
44 by 60 inches, of a capacity of 3,800 pounds each, or 45,600 pounds at o single melt. It is expected to make four
rounds and a half per week, equal to 1024 tons of metal. There are three large gas-produeers, in which ordinary
coal dust or slack, a very -cheap material, is used. The so-called Gill glass furnace is an improvement on the
Boetius principle, which has been so successfully used in Germany. This furnace has flnes arranged around the
outer walls of the fireplace, or in the walls befiveen the fireplaces, for the purpose of conveying uir 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 farnaces 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, 31-11(1 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 glassimaking, 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 influence on the future of the industry. In this furnace the
use of the melting-pot is entirely abandoned. - In the first Siemens tanlk furnace of 1861 the batch was charged,
melted in, and worked from & 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 of which the batch was melted, in the second the
glass was refined, while the third held the thoroughly purified glass, from 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 Lridges. In this latest form the bateh is charged from time
to time through 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 parfially 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 dompartment prepared for that purpose, from whence, on sinking, it can only flow into the
working-out compartment, From this last compartmeut the glass may be worked out continnously, the flow of the
metal therein, and its assortment in the different stages of its manufacture, being entirely effected by the varying

deunsities of the.particles subjectéd to the heat of the furnace. Owing to this important feature it Wiléé)@ seen
. : 1
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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 produced. 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 constructed so
as to be easily removed when worn out. By the employment of these refining vessels dividing bridges in the tanks
are no longer required, and thus that part of the structure whichsin the first forms of continuous glass-melting
furnaces was subject to the most wear is done away with. Another advantage is found in the circmmstance that the
ends of the blowing-eanes, which 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 dlscolored 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 ohly necessary to cease
charging Latch into the furnace for a few hours, when some of the new glass mixture is introduced, and further
charges are made at regular 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 iormed which las to be ladled
out. TFor works requiring the regular production of glass of different colors or characters,in insufficient guantities -
of each sort to warrant the erection of a special furnace for each variety, the tank may be divided into two or more
compartmentss 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 wﬂl therefore
be of interest to all glass manufacturers.

The prineipal advantages resulting from the use of the continuous-melting 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, Beonomy in working, as only one-half the number of men are requu‘ed 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.

8. Convenience to the men and advantage to the manufacturers, as owing to the contmuous 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 ean work without mterferuw 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 tempemture maintained, but also to the
cireumstance that the batch is charged in such quantities at a time as not to come into gontact 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 gqthenn g-holes, while others of greater capacity-up to thirty-two gathering-
holes—are now in operation, the latter being worked with a consumption of oneton of lignite per ton of glass
bottles produced, which, having regard to the calorific power of that fuel, is equivalent to the small consumption
of 10 hindred-weight of coal to the ton of glass melted, molded into bottles, and annealed. Asshowing 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 consecutive 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. Numbor |10 o BOTTLES DRAWN. BOTTLES DRAWN,
of chairs bﬁﬁﬁ?
used onall il .
‘Week ending— Batch. per chair Coal in 1
shifts dur- or gas-pro. T{)tjn
Producers.| Kilns, | Total. Dozen. | Woight, | Im8We | ohip | Dozen. | Weight. | ducars, adine | Dateli.
wee. exclus-ve eluding
ilns. leilng.,
' " Pounds. | Pounds. | Pounds. | Pounds. Pounds. . . Pounds,
Fobruary 19, 1875 ...ccveenn-- 90,720 26,880 [ 117, 600 70, 000 8,873 55,272 40 06.8 3, 608 51, 828 3,042 5,017 8, 146
February 26, 1876...cvveen--. 84,000 | 26,880 | 110,880 | 101,860 4,124 | 58,408 40 108.1 3,867 | 54,600 3,440 4,547 4, 144
MATEh 8§, 1875 wrerencenmmneans 80,640 | 20,880 | 107,520 ) 84,000 4,087 | 57,008 40 101. 4 3,788 | 52,416 3,497 4,592 3, 584
Mareh 12, 1875 73, 920 26, 880 | 100, 800 88, 480 4,450 66,276 | 45 98. 9 4,070 56, 364 2,912 3,987 3, 616
Muarel 19, 1875 78, 400 83,0600 | 112,000 f 112,000 4, 060 67,872 491 *10L.2 4, 609 62, 608 2,800 3,087 . 3, 087
. : * ‘One chair missed a journey,
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'The accompanying diagrams, from drawings kindly furnished me by Messrs. Richmond & Potts, of Philadelphia,
give an idea of this furnace, Figs. 1 aud 2 showing a four- or ‘six-hole window-glass furnace, 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. : ) )

These double-end furnaces are in use in Europe with the best satisfaction, No Siemens’ tank furnaces were in
operation in this country in the census year. One was building at Poughkeepsie, and has since been started, but
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not with very good results. One has sinee been built in Ilinois, and its operation has been attended with good
success. A number of tank furnaces of various designs were in operation or building during the census year,
however. These fornaces were generally oblong, resembling an iren-puddling furnace in construetion and operation,
or were simply a large round pot. - I have no specific details of their construction or operation, but they seem to
have Deen quite successful and economical. .

Por-crAy.—The pots used in melting are made from certain varieties of fire-clay, termed- pot-clay, from its
use for this purpose. The clay adapted to the manufacture of pets should be as pure as possible, and be very
refractory, breaking with a clear, smooth, bright fracture, unctuous to the toueh, free from lime and sulphide of
iron, and the less oxide of iron the better. The shale or slate-clay from Stourbridge, England, which is brown in
color, las a wide reputation, and is largely used in British glass Louses, but the foreign clays most generally
employed in this country are German, thongh American clays are, to alarge extent, taking the place of the foreign.
The clays most largely used in the European glass houses are those from Forges-les-Faux, 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-clays in many
localities. Those that are nsed, however, are chiefly drawn from western Pennsylvania, Missouri, and New Jersey,
though the clays of Maryland, Ohio, and Indiana are to some extent used. When American clay was first

used it did not give the satisfaction that its analysis would indicate. This was owing to lack of skill in its
# ' . 1077



40 MANUFACTURE OF GLASS.

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

and American clays, as follows :

About three-fifths of the clay nsed in this country is foreign elay, principally German. Window-, bottle-, and plate-glass houses uso
the largest proportion of Glerman clay, some malking their pots entirely of German, others of a mixture of Gérman and American. Nearly
all the flint houses use pots made entirely of American clay, althongh a few mix some foreign. Itis found by experience that the
American (Missouri) elay will stand a more intense heal than any other, but that the German clay resists the action of the flux better;
hence the mixture.of the two to overcome as nearly as possible the two difficnlties. American clay is fast superseding German clay
because of the hotter-running furnaces that are now being used.

Our American clay is mueh purer than the German, and is more refractory, but not as dense. It is much less
costly, however, and must eventually supersede the German. ‘

COMPOSITION OF POT-CLAY.—The composition of pot-clay from different localities is given in the following

tabla:’

&
P g g
Localitlesoli;'z;d kinds of | opemist or authority. _EE 4 i 8 2 % 5 .
. @0 g < R 2 g a g g £
| @ 4 8 3 = S g @ & B g
Stourbridge, England: Por cent.| Per cent.| Por cont.| Per cent.| Per cent. | Per cent.| Per cent,| Per cent.| Per cent.| Per cent. | Per sent.
Homer's Dest........ B T 67. 34 21, 63 2.03 [ 824" 100, 00
Best Pob..ciewneuen..| Richardson ..eomeeaoenn- 1 BL05 23.15 185 10. 00 100, 00
Chance's .... B 1) o, R 65,18 22,22 Le2 9. 80 09. 60
Doeneenannn .| G TookEY +eneeecanraven 83,30 23,80 1.80 . 10. 30 09, 43
Scoteh Glen-borg ....| Professor Cook ......... 61. 435 24, 68 1.67 . L 20 |ienevareonfenmmuannn. 16.90 |eeeenuenn,
Belgium:
Andennes....oa......! Bigehof. .cicavivuanaa o] 46.04 84,78 1.80 0.08 0.4L feoeennnnn, [R5 A PR (. 1.27 00, 78
German: .
German. ........ .. D. Tal Aran 46,44 36, 95 7 S 0. 69
Doverennnan [ I e I Y 11 23,60 |.eaiinvnn. 0.36 0.45
Coblentz - vuwureveann. | Pr ofeasar Cook ... 71,81 | 15.60 119 |..... - 0.28 : - .
Ebernhabm.......... P (€3 U 4G. 97 37,05 0.95 0,04 {175 0 R O 3.00 foeeaennnn. crmeaeeea 10,02 [aeevunnns,
Grunstadst ... .o ....| Bischof c.iueriananrenns 47,33 85, 05 2.80 0.10 b P s O O, B.18 fiawecovonsfrnavansans 10. 61 |iceveiemen
Fremeh: ‘ e i .
LaBouchads......... JETES o A B 56,40 26, 40 [: 211 S RPN DRVSRICUORPY FPUISPDN PSPPI [, ceecaaeens] 12,00 {iiiiciian B
American ' .
Cheltenham, Missouri: .
CCrudoecveeniny wo] Litbom cceao il 61,02 25, 04 1.70 070 0.08 [eeecnnnnn. 0.48 0.05 0. 45 9,08 100, 00
‘Washed...... 59, 60 26,41 1. 61 1.00 0,07 0. 28 0,16 0.88 10,48 100, 00
Dixon, Missouri:
Crude...cuavanan. Chauvenet and Blair....| 56.02 28. 88 167, 170 L N Y EE T Ty, 1L12 |eeians
Washed. -cuoeaan. RSP U Rt I+ Y *30, 02 L6567 2.20 L1 R PR PR (RN RPN T [ - T P,
Blue Ridge, Missonuri...] Weiss. .ieviirvmneerannn, 63.70 26. 60 0.75 Trace, 0.85 |.eeeeaannn 0,40 |eavninnnn 2,25 7.40 100, 04
QOak Hill, Missouri..... Chmweuet and Blair. . 64.32 22, 82 175 8,45 0.12 |ieveennnn. 0.23 0, 54 0.12 10.26 100, 68
Cliristy's, Missouri... |ceccveeiiiiiiiicinannan, 63. 10 23.70 2,20 0.09 0. 00 10,78 foeeerinoar
Thomas, Penusylvania.| McXKeown .ceeavena.o..l  43.88 40, 90 0.82 | Tracea. | Traces. 18.99 00, 05
Blair county, Pa.-teeoifoaeeno il 70,18 20,90 |eceenna- 0.65 0.18 [ 21 T TR
Dixon's, New Jerscy .. I?mi‘cssor Cook .........] 69,02 26, 85 124 |eeeeaooao. 0.07 . vemell 10,20 '
Near Newcastle, Dela- | Salvétat ..........c..... 72,33 16.75 129 2,00 (U7 R R PR P, T.08 foeeivnunns
Waro,

MANUFACTURE 0F POTS.~~The manufacture of the melting-pots for a glass furnace is one of the most
important, careful, and tedions of the operations about a glass works. From the digging of the clay till it is 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 diffienlt and expensive; and if they are improperly
made or speiled in drying, heating, or setting, and break, the entire batch frequently is lost, and in many
instanees consequential damages ensue from the delays and loss of output. The importance of baving good pols
is so great that many manufacturers are not willing to depend upon outside makers to supply them, thongh this
opposition to ontside 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 notmade at the glass works. The clay, having been allowed to ripen
or putrefy a sufficient time, ix 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 thoronghly kneaded by tramping until it is of the toughness of putty.
This mixturs 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 intolong rolls and built up by hand, little by little,
into the solid compaet pot, no machinery being used, and care being taken to keep it free from air cavities. Thepots
aro not built up at onee, but after placing a layer, cach pot is permitted to stand and set, being kept carefully covered.

A good pot maker fmd his ﬂSSlSt’bﬂtb can furnish one pot a day. Aft;er the pots are made, great care is taken o
1078 [ ‘ : .



MANUFACTURE OF GLASS. 41

dry them thoroughly. In summer the natural temperature is sufficient, but in winter they are kept at from 60°
to 700 F., 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 gradnally and cautiously increased, first in a warmer
room and then in f/].l(} annealing arch, until they reach the temperature of the working furnace, when they are
immediately placed i the furnace or “set”, The sounduess of the pots is tested by throwing a small lump of eoal
against the side. If it rings well, it is regarded as a good pot; but if dull, it will probably be short-lived, though
this test is not always conclusive, :

' TR SETTING OF THE POTS is one of the most difficult and laborious of the operations at a glass works.
Mr, Henry Chance remarks: ‘

Tha terrible task of sotting these pots in the furnace falls upon the glass-house crew, and the nicety with which these enormous
vessels aro adjusted in their place, in the teoth of o consuming five, is, perhaps, that operation whieh, in the many marvels of glass-making,
wonld most astonish o stranger to such scenes,

Lrrw ov rors.—The average duration of open pots when thus fixed is about seven weeks; but some attain the
aga of ten ortwelve weeks, while others, as every manufactarer well knows, terminate their existence prematurely,
either from the naturally deéfective 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
Iasting ten months. In a ten-pot lime-fint furnace at Pittsburgh but 21 pots were set in a year. “Misfortunes
never come singly” is an adage applicable to the eatastrophes 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 &
pot often disturbs the furnace to suel an extent that the breakage of others frequently follows, and many weeks.
will sometimes clapse before the disorganization thus produced can be rectified. The loss of & 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. .

Sz or rors.—The size of pots, not only in different countries buf in the different works of the same country
and in the manufacture of different kinds of glass, varies. The pots for the plate-glass housesgf 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 Tnglish pots for blown window-glass arve from 42 to 65 inches outside
dimmeter; the French 1.10 meters (43.41 inches) at top; 0.92 ‘meter (36.223
inches) at bottom, and 1.12 meters (44.09 inches) inside height; the Belgian
about 48 inches (say 1.10 by 1.30 meters); the German contain from 140 to
180 cubie feet; and the Aunstrian from 500 to 600 millimeters, Tlint-glass
pots are generally smaller, say from 36 to 40 inches, while those nsed in the Boliemian glass houses are stated by
Mr. Colné to Liold only 160 pounds of bateh. Pots for colored glass are also very small. _

STAPE oF POTS.—Dots for all glass but flint are open truncated cones, the smallest diameter being at the .
bottom. Iiven somo fint-glass pots are used uncovered in the gas furnaces, but usually they are covered as
represented in the accompanying cuts.

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

INFLUBNOBS THAT DETERMINE THE CHARACIER OF GLAss~—The materials for the manufacture of glass
when properly mixed and ready for melting are technically known as the ¢ bateh” or “mix?, but it is linpossible to
lay down any standard and invariable proportion of these materials for the several hjmds o.f glass._ As has al'ready
been shown, glass is by no means a definite compound when made, and the proportlon:_s »ot 1nf}ter1als are subject to
even greater variations than the product. The bateh not only differs for the several kinds ot. g}asg, but makers of
the same kind use the materials in widely varying proportions, and even the same malker iy often coxppelled to
vary his mixture from day to day, either by reason of the varying character of his materjals or the melting power
of his furnace. A variation in the sand or alkali will change the color and call for & el.mnge of the amount of the
decolorizer used, When the fornace draught is good, or the furnace works “hot”, fz»s It‘dOGS on a cold, clear day,
them elting is more perfect and 16ss alkali need he used; but when it works ¢ c.old”, from msuﬁj.cleu‘t dl:z‘mft 01‘fh§avy
atmosphere, more alkali is needed, and the glass is inferior. To p}fopel'15r man.lpulat.e. the mel-tmg, in 11er o-. tl hese
varying cirenmstances, is the worl of the teaser, and his suceess in thus‘n‘mmpula»tm g them‘lndmatef; %ns skil :

CONSTITUENTS OF THE BATCH.—AS indicating the general coxppomtmp of the patch. for the different I'ln‘nds
of glass in different countries we have selected the following receipts, Whl‘ch are gl\'m{ in tabulalf form. ].‘ltigstz
must, however, be regarded as only approximate, for the reason .:ﬂ:ready given, and f(fl tizl& iurt er rf?s?nthzf
manufacturers guard with the utmost jealousy the special composition they use to obtain the best results in their

furnaces. 1079
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PROPORTION OF MATERIALS USED FOR PLATE-GLASS.

Challe. cvenvicnsinnnn-

CHATCOAL. «nemneermnsemarmeemameeenns
AYBENIC.ceiiiirnieciinairieeians,
MANEaANeRe. caser sanneesannre [

FRENCH. ENGLISH.
Constituents. P Saimt
ain ning.
Gobiant | Gobaint | Jo1% No.24
Pounds. Paris. Puarts.

*A’abhoi‘ity: TKnapp. tAuthority: Bastinaire. piuthority: Pellatt. § Authority: Lippincott’s Cyclopmedia.

PROPORTION OF MATERIALS USED IN WINDOW-GLASS.

FRENCIL, 'ENGRISILT
Constituenta. Pittsburgh.* -
‘ No. L.t No. 2. No. 8.3 No. 1. No. 2. No. &
Pounds. Purts. Parts. Parts. Pounds. Pounds. Cwt.

TR T O 8,000 100 100 100 560 448 | .16
Sulphate of soda. 2,200 foeeeeriiniaon. 44 | 58 to 7D 63 17 1.25
Carbonate of 80do 1o acvecreaanniioroifieiancinanan. 281035 [vtee-ecerenoficiniiiinienn, 119 168 5
LiAIM@. ceneetemann caaceaanaesnanan .. §2,500 fooemoninnianns 6 | 18 to 15 Jeueerrnnionc]ecniennennnn e
Chalkt. ot saen e mcrccneincnin [eraencnaee, BF 040 feeoomviciiaifirim it 184 146 5
Powderad coal or €oOK6..enuernnnnnnn, 40 fooeenninniona, 4 4,580 B0 Jieeeniiiiiiiainiiiaaneeirrr s
ATBeniC. oot iiiicir e aan 50 (151 I U R 2 2 . Bl
MADEANEEG s v cavreennvncrasrsaernnee]inmenaniinans L e e oS

v

* Anthority: Pittsburgh manufactuvers.

1080

* Auathority : Pittsburgh manufacturers.

t Lippineott's Cyclopmdia.
.

PROPORTION OF MATERIALS USED FOR FLINT (LEAD) GLASS.
['The usual rule for flint glass is expressed 8:2:1 or 3 of sand, 2 of lead, and 1 of potash.]}

{ Authority : Dumas.

FRENCH.
Constituents. Pitteburgh.*|{ English.{
. Optical. § No. 1.§ "No, 2.}
Pounds. Parts. Parts. ~Parts, Parts.
7% 1T AN 1,500 |- 336 43.8 100. 0 300
Lond e e eea 60q 224 43.5 80 to 85,0 215
Carbonate of potash ... ...l 500 . 112 10,0 85 to 40.0 110
) N 2t0 3.0 |oeneniiinaaan
Baltpetor. ..o ceer e 150 14 to 28 F: 7 T R 10
MANGATEEB. oo ansremmnnnrnns sanmenanns 1} 401202 [.evnienrannnn. (10 T D
2103 ' OISR PRI PP IIE FOUURIPORIPPIN P 12
ATEONIB. crenarerimnencirnreennns S R P PO s

t Authority: Pellatt.  {.Authority: Bontemps.  §.Anthority: Loyael

PROPORTIONS OF MATERIALS USED FOR FLINT (LIME) GLASS.

[Sometimes a few hundredths of saltpeter, borax, and red lead are added.}

|| Authority: Dumaos.

Constituents. Pittsburgh.*| Bohomian.t | Trench.i v%li{?g.-f i gﬂ‘l;‘éf Clhemieal. t
Pounds.
BANA coirnricrriictirn e rtam e aiaans 1, 500
LARIT: D o - R RN PO
Carbonate of potagh_ ... .. oie oo ioaieiaiaaan
Carbonate of soda. .. ., 500
)3T T A D 150

Challe .o oomee i
Manganese. .
Charcoal ....
Argenie ... IO

Nitrate of 80da . .cvvvrone waneivasnns

* Authority : Pittebnrgh manufacturers.

fAuthoﬁty: Lippincott's Cyclopadia.

t Authority :

Colné,
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PROPORTION OF MATERIALS USED FOR BOTTLE GLASS.

Constituents. Pittsburgh.*; TFrench.t English. ¢ Belgian.
Pounds. Parts. ‘ Parts, Parts,
1S 120 T S 8, 100 100 160 10
Sulphate of 008 e ircruemrereaifieanane vennen 2 P 15
Carbonate of soda c.aeeenniain.. eees 11 R DO FRRISUIN RO
Peoat-ashes...ccviearmarivenaieniidininin i N 20
B0 LTI 1) 31 PN Y 24 11
Timestons . ccvvernaiiiiiincnnnine., 2,400 eeeiere e 5
[T N 250 ficeieniiinann. : S PR RN
Soapers’ Wasto..coeor it i cerrensnnness [<51 R S
L ) PR I [ T PPN
* Aut}xox-i ty: Pittsburgh manufacturers, f Authority: Colné, The sand contains about 20 per cent. of calcareous matter. ¢t Authority: Pellatt.

MIXING THE BATCH.~Upon the thorough mixing of the materials depends in some degree the homegeneity,
and, consequently, the structure and value of the glass. ™ These materials differ so much in their specific 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 sieve and shovel, the mixing is generally done by hand. Many attempts have been made to introduce *
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 high-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 eylinder with a number of revolving oblique beaters; but Cooper’s mixer is a
revolving barrel, similar to those used in powder works. . ‘

PRITTING.—AL the present time the materials thus mixed are charged directly into the pot or tank, as the
case may be. When the impare alkalies obtained from sea-weed or wood-ashes were used the bateh was submitted
to a preliminary refining process termed «fritting”. This consisted in stirring the materials together under the
heat of a veverberatory furnace, called a “calcar arch”, which effected a partial decomposition and the burning of
any carbonaceous 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 batch in the arch may be
desirable. ‘ ‘

CmARGING.—The pots having been heated to a white heat, the materials, mixed with a proportion, generally
one-third, of 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 bateh is not charged at one time. The pots are filled as full as possible at first, about
two-thirds of the wholé bateh being charged, and the remainder is shoveled in as the melting and sinking of
materials permit. Two or three shovelings ov 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 furnaces to their
utmost intensity and determining the fitness or unfitness of the metal for working, as there are signs which
indicate to the practiced eye when the metal is ready, such as the color of the flame 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, especfall‘y in the
manufacture of window-glass, the mass is stirred with a pole of green wood, or a piece of arsenious acid is th{'ust
into the bottom of the pot, thus causing a forcible 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 covel“ed
with a thick scum of unvolatilized salts, called “glass-gall”, or “sandiver”, which was skimmed off\ E[jhe relative
proportions and the purer materials of modern glass houses render this skimming }mnecessary; mdeed,' the
appearance of “sandiver? in any quantity is regarded as an indication of impure materials or wrong 'proport:qns.

FUSION AND FINING.—The melting may be divided into two periods, fusion and fining or ‘reﬁmng, 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. For this purpose the glass must be bronght to the most fiuid

state possible, and the heatistherefore raised to the highest point.  This process of‘ﬁuing, reﬁnin'g, or+ hot-stokmg n,
as it is called in this country and in England, or heiss-schiiren, as it is termed lu‘Germany, involves a very high
temperature, which is estimated in certain eases to reach from 10,0000 to 12,0(_)00 I’ () Though the z'xuthop;y for
this statement is very good, it is doubtless too high, about 3,200°to 3,600 B. be:mg the av_era-ge. CI.‘he mm(ioi ﬂufsmn
and refining ghould be as short as possible, the shorter the better, as long-cox_ltm.ued m(_altlng or fining detmct? {‘f)m
the brilliancy of the glass and favors the formation of threads. Thetime occupied in mel?:mg varles.greatly, depu}c 1ngi"
apon the construction and character of the furnace, the proportion and the character of the materials, and the size o

b Encyclopedia Britannica, 9th ed., article, Glafs:”

« The word"n.ppears t0 be derived from the French ¢ tiseur”. s
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thepots. Gas furnaces will, as a rule, make a “melt” in less time than the old style, and those of the old style that
use coal ag 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, holding, as some English ones do, 5,000 pounds
of material, will consume 48 to 50 hours in melting, while the French pots, of from 1,000 to 1,200 pounds, will melt
the batch 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 dae to the construction 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 window-
glass houses is stated to be from 16 to 20 hours, and the time of fining from 4 to 8 hours. In ¥ I‘ran(,h and Belginm
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 houses 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,
twice as much time is occupied as in the melting of window-glass. "In England the time is from 48 to 60 hours,
the batch being very large, the melting eonsuming 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 fining from 1 to 2 more; and, as already
stated the Bohemian houses require 18 hours for a melt of a 160-pound batch. In this country, in hme-«lass houses,
the melting of a 3,200-pound batch consumes from 20 to 24 hours, the fining from 2 to 4, and the cooling one-half an
hour to an hour, the latter process Leing hastened by opening the mouth of the pot and blowing the bLLst into it.
In France thin pots, with a small amount of batch, have been used to hasten the melting.

CoLp STOKING.—When the' fining is completed the molten glass is very fluid, and in this condition could not
be worked, as it must by eooling be brought to a viscid or plastic 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 ecoke. In
some cases the blast is turned into the pots. This is called ¢ cold stoking ” or ¢ standing off”, or by the Germans
“Lult-schiiren”, cold covering. In window-glass works this process requires from one and one-half to three hours;
in flint works, ﬁom one to two hours.

Loss IN MELTING.—As already mdlcated the process of melting results in the disengagement of the gases that
are contained in the materials, as the nght of the glass is considerably less than that of the bateh., This loss,
however, is chiefly in the gases other than oxygen, though this is expelled to some extent. Mr. Henry Chance ()
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 cent. between the alkaliin the mixture and that in the glass
produced, and this includes the waste that must necessarily arise in mixin g, in carrying 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 case may be.  Some manufacturers thinlk a
larger proportion is lost. I am indebted to Ml‘ Julius Fahdt for the following very interesting and complete tablo,
showing the practice of the Austria- Hungarmn glass houses: , "

DIMENSIONS OF POTS AND TIME OF MELTING AND WORi{ING.

RXTERION DIMENSIONS. : CONTENTS IN— B DURATION IN HOURE OF-—

‘ Proportion,
Height. ‘Dinmetor. Weight. Heating. | Melting. | Fining. | Cooling, |Working,
Batch. Cullet,

.D’illimetm-s.1Millimewrs‘ Millimeters.)! Kilograms.

Plate-glass (only one factory)*. ........ 550 600 600 150 1920 ' 30 1 8 G U IR

Sheot-glass (fow exceptions with pots, 550 600 500 150 100 B0 1 8 G 1 12,00
asin Ger m:my) . ]

Flint withlimet., . . 450 450 400 ki 60 25 % 8 6 3 10, 12

BOtHRS e emme e rmrenaseannes eiieaeans 550 600 500 160 120 30 1 10 6 1 10. 00

* Small plate of from 50 to 60 sqnare feet.

t According to articles. ) :

1 Bottles are nearly all made in two large establishments with Siemens’ tank furnaces. Lead glass is only manufactured in some works for fnlse jowelry inflint
and colors, in very small pots, not exeeeding 50 to 40 kilograms, which arsé worled out m lumps, cub and ground. About one-third of the Austrian glassamelting
establishments produce raw glass, which is pressed or worked out in heavy pioces for prisms, chandeliers, and heavy ground articles, These are finished by the
go-called rofiners, who buy the raw glass and flnish and sell it. A good many sheet-glass works only make a vory thin sheet-glass, which is uged in looking-glass
manufactnra. The Austrian window-glass, with a very fow exceptions, is alse very thin, generally not much above one millimeter. This is the reason why the
small' pots require & much longer time to melt and work ont. Austrian factories in general Llow their articles mueh lighter than in Germany. They require a
longer time for melting, Decause their metal is very hard.

FAULIS IN THE METAL.—The faults in glass that occur in connection with its melting are chiefly those from
air or gas' bubbles, imperfeot fusion, aucl foreign substances. When the fining has been obstructed by too grmt

1069 a "On the Manufacture of Glass, a lcctule delivered before the Chemwa.l Society, March 19, 1868, page 8.



MANUFACTURE OF GLASS. | 45

difficulty of fusion, the mass becomes thick or viscid and the hubbles are retained

as ¢ geed”, “Dblibe,” or “Dblister”. When the fusion is imperfeet, and the glass is not uniform throughout, the
density of various parts of the glassvaries and refraction of light is not equal, and consequently images of objects
seen through the glass are distorted or out of place. These faults are termed *strim”, and when they show on
the surface they are termed “waves”. ¢Threads” or « strings” are produced by cold ,glass dropping into the
metal and not undergoing fusion. “Tears” are vitrified portions of the side or roofs of the farnace thag drop into
the pot. Mr Henry Chance’s rdsumé of the defects of erown glass and their cause is so indicative of the many
difficulties in the way of producing perfect glass that I copy it: ()

Perhaps the glass has been badly melted and is seedy, that is, full of little vesicles, to which the rotary motion has given a cirenlar
shape ; or the gath(_bmr may have inclosed air within his “ metal 7, and a gatherer's blister is the result—or a pipe blister, or pipe scales,
or dust from the pips-nose, or dust from the marver, or dust from the bottoming-hole, or dust from the nose-hole, or dust from the

flaghing furnace, or bad bullions, or scratehes, or music lines, may disfignre the table, or the glass may be crizzled, or curved, or bent, or
hard, orsmoky, or small and light, defects to explain which would be s long and dreary task.

, giving rise to what are known

&

OmaprEr VIL—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. Ihave only endeavored, while giving full and correct statistics of the trade in the
United States, to glance at the history of glass-making at home and abroad, and to give some general idea of the
processes employed and of the materials which enter into the composition of glass. Tor these reasons I shall
here only deseribe in a general way the most important processes used in the manipulation of the melted glass.
The chief methods of working glass are three: (1), casting; (2), pressing; (3); blowing. Casting and pressing are
closely related processes, and blowing and pressing are often combined to produce certain forms of glass, but the
processzes are generally so distinet as to justify the classification 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, strictly speaking, reworking glass.

PrATE-GLASS.—The most important form of cast glass, and the one most largely produced, is plate-glass, or, as
it might more properly be called, cast 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 east plate furnaces and pots of the ordinary construction are used, the
melting-pots, however, sometimes holding as much as 2 or 23 tons of bateh. In French works, and in some ot‘h.ers,
two forms of pots are used, which are placed side by side in the furnace: the ordinary melting-pot, and an aumhar.y
pot, called a “euvette”, large cnough to hold sufficient glass to cast a sheet of a given size. The molten glass iy
ladled from the pot into the cuvette, allowed to clear, if necessary, aud is then cast. In most work's,‘however, the
practice now is to pour or cast directly from the pot in which the glassis melted, and in other cases it is ladled from
the pots to the casting table, .

CASTING AND ANNBALING.—The easting table, formerly made of bronze, is now made of one piece of cas!:—
iron, (b) heavy amnd thick, and in width and length exceeding the dimengions of 15he largest sheet of glqss. ) It is
commonly mounted on wheels, ranning on a track laid down the center of th.e casting h.all or reom, on eagh side of
which are the annealing ovens. A heavy cast-iron roller the full breadth ot.the table is arranged to ?'011 1t's \sflnale
length by means of a spur-wheel on the roller working in gearing on the side of the table. ’_.[‘he height from the
table at which it rolls, and consequently the thickness of the glass, is .x'egulntecl by nmjl“:)w St;;ll)s 'Of_lﬁeta} placed

- along the edge of the table, while the width is determined by What is known as the “gun?, two plates of c'ldstz
metal bolted together, adjustable to the breadth desired and moving w1t%1 the roller and before it. Allybem% fe‘l t)
tor casting, a pot filled with the molten glass is removed from the meltmg‘furuace, placed on a truek, l.qncl 1f1ln‘ io
the casting table. The pot is lifted from the truck by a crane, is suspended over one end of the table m( tl tu',
and the viscid, semi-fluid mass being poured out, the roller is moved forward, fiattenmg ’.Lhe ghss and r\ol.lmg %t'toha,
uniform thickness, while the ¢gun?” prevents it from spreading to ﬂx’greater width tl::om 1s”desn"ed. 'flb sloou J:ﬁ :he
plate has solidified sufficiently to bear moving, it is 1aid in the annealing oven on the flat’ tOfll)(l)Wl)hcool" a1 th:
operationy are performed with the greatest rapidity, that t.he p}ate may be as‘hot« as ?os;; ew ;a'n' (;1 ; 21 the
oven. The number of plates that can be put in an oven varies with the size of the plates. But one layeroit

a Mr, Henry Chance On the Manufacture of Crown and Shect Glass,

J i ing” of it i de in a number of pieces.
b In some ¢ases, in order to overcome the “powing? of the plate, it is ma P
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designed for polishing can be placed in it; consequently a large number 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 placed’in the oven, all the openings are carefully closed and the oven is allowed to cool
gradually to a point where the glass may be safely removed, generally requiring from three to five days.

Rovuaen rLATE.~—The cast plate as it comes from the oven is rough and irregular on its surface, constituting
the rough plate of commerce, and in this form it is used for roofs and floors, and even for windows where light without
transparency is desired.

GRINDING, SMOOTHING, AND POLISHING.—The plates h'wmg been examined for defects, such as spots, air-
bubbles, ete., and, if necessary, cut into such sizes as these defects réquire, the selected pieces are then polished,
which operation consists of three processes: (1), grinding; (2), smoothing; (3), polishing; but it is exceedingly
difficult to deseribe these operations without the aid of drawings. Various machines have been invented for these
purposes. “The waechine 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, according to their
size, are imbedded in plaster of paris, spread upon a table. Other®plates are imbedded in the nnder side of two
runner-frames or swing-tables, which by a strong fixed bar are cansed to move with a transverse motion back ward
and forward, a circular motion being at the same time imparted by means of a vertical crank-shift, pivoted to

" the central and upper part of the table and actuated by bevel gearing. Four other cranks, one at each corner of the
frame, serve to guide and limit its motion, causing its central point to describe a circle about 4 feet in diameter, so
that'different portions of the faces of the upper and lower glass plates are continually applied to each other. Sharp
river sand, sifted into two different sizes, is used as an abradant. When the surfuce of the lower plate lias been
ground quite flat by the coarser sand it is removed, and after careful washing finer sand is substitnted. To this.
succeeds 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 canse seratehes on its.
surface. The plates are then turned over, and the same process is repeated on the other side. The smoothing process.
is carried on with similar machines, the only difference being that emery powder of inereasing degrees of fineness is.
employed. The polishing is done with reciprocating rubbers covered with fine felt and supplied with rouge. 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-fourth to three-cighths 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 Ly 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 Irance and Belgium. This iy 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 thewn 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 improession
of the pattern or lines emgraved 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 thick, 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 process numerous “air-bells” and imperfections are inclosed in the glass, but as it is obseared by
its roughness they do not affect its usefulness.

Ori11cAL ¢LASS.—The flint-glass used in the manufacture of optical instruments is also in a certain scnse &
cast glass, or at least & massive glass, not manipulated by blowing or pressing. Tor this purpose a glass of the
utmost purity, transparency, freedom from color, striee, 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 successfully, congisted in constantly stirring the mass while in w
molten coundition to prevent the heavier lead silicate from falling to the bottom. After the glass is thoroughly
melted the stirring is eontinued until the contents are” cooled 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 cast
in slabs from one-fourth to one inch in thickness. The crown optical glass is made with as great care as the flint,
but it contains no lead, and has about the same composition as window-glass,

STrASS.—This is the glass used in the manufacture of the remarkably faithful imitation of precious stones,
which 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 malerials,  Formerly it was believed that only rock crystal could
be used in its manufactare, This belief, however, is wholly without foundation, sand which is pure making cqually

good Strass.
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PRESSED GLASS is, strietly speaking, one form of cast glass, the molten metal being gathered and cast in a
“mold which would correspond 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 classification as a separate process. Pressing by mechanical
means in metal molds, which is an American invention, is & 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 cheaper materials can be nsed. Labor as highly skilled ag that required
in glass-blowing is not necessary, as intelligent men can be trained in a short time to
perform the work, and a glass rivaling lead flint in whiteness and clearness, but not
in brillianey, can he made with lime. In the pressing process as usnally practiced
a metallic plunger is driven into a metallic mold, into which molten glass has l:een
placed 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 outward, The chief parts of the mold are termed the ¢ collar”
and the ¢“Dbase”. The ordinary form of press used is shown in the accompanying
cut, the mold, with its handles, being shown on the table of the press. The molten
glass having been gathered and dropped into the mold, a snfficient quantity is cot
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 of
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 anncaled. If too much glass is cut off, the article is too thick; if too little, it fails
to fill {he mold, and the article is spoiled. Though this is quite a simple ope.mtion, and though us 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 cut it off so as not to waste glass, and also to keep the mold at the right temperature. If it is too
lot, the glass will adhere to the die and plunger; if too cold, the surface will not be clear and transparent. ’

IMPROVEMENTS IN THE PRESSING PROCESS. (¢)—Since pressing was firgt introduced many improvements
have been made; indeed, the improvements in glass-making during the past ten years in connection 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 onter film of glass is roughened by contact with the mold, and the film is repolished
by a siight reheating. Some of the recently invented mechanical devices for this reheating are most ingenious,
and- have made the production of certain articles possible which it was believed could not be produced by pressing.
‘One of the chief difficalties in pressing glassis the production of sharp angles, which are so ecasily obtained in
«cub glass, If thesdé 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 uneven
surface of flat or fluted articles the molds have heen constructed so asto make the flutes deeper in the middle, and
with angles slanting toward this point. It will readily be seen that a flute ecomposed of two angles tending to
the center is not as likely to show defects asifit was of aflat surface. Another importantimprovement in connection
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 defect of pressed ware is the marks left on the glass ab pomts where the different
pieces of the mold are joined togebher. However skillfully the molds may be made, in course of time the joints
will work loose through the expansion and contraction of the metal, and the glass will gradually be pressed in the
loose spaces of t11630111ts, thereby imprinting on the surface of the articles ribs or sharp threads, marring the
beaunty of the work., To*obviate thiswolds are made to open at snch places and parts of the design that the marlks
left.can searcely be seen; 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 scallop made by the top of fiutes in a goblet
or tumbler. Tumblers, however, are rarely made in ‘‘joint molds”, but in solid ones.

MOLDING ARTICLES "WITH LATERAL DESIGNS.— Various mechfmlcal devices have Dbeen adopted that have
permitted of the production of forms that at first seemed beyond the skill or ability of the glass-presser. Pieces
requiring to have designs pressed in the side, which would prevent them from coming out of a mold made in one
piece, have been made by baving sliding lateral picces.” These pieces are moved forward and withdrawn by
suitable means, leaving them free to come out of the mold. Improvements in the same order have also been
made for molding handles, forming holes in handles by means of sliding pieces, which are pushed through the
side .of the mold and withdrawn to take the pieces out. When articles are so shaped on the outside as to
present.a few protuberances, and it is not thought advisable to open the mold, in order to avoid mold-marks the

«a Many of the following facts about pressing are condensed from Charles Colné's report on glass and glassware. 1085
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molds are so combined that the protuberances are made by sliding lateral pieces, which, when withdrawn, allow the:
objeet to be taken out.. Letters, mohograms, and ornaments have been made by introducing lateral pieces in molds.
containing the proper designs. . These pieces are changeable, and the same shaped article may be made having,
different lettering, ete.

MOLDING CURVED HOLLOW ARTICLES, LAMPS, GOBLETS, AND TAPER ARTIOLES.—Curved tubes and glass
slippers are made by giving the plunger a descending curvilinear instead of a vertical motion, and lamps, goblets,.”
and similar articles are frequently made by first pressing the foot, then blowing the head or body upon it, placing
the foot in suitable bearings to connect 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 them, and then pressing the foot and stem upon them. Pieces which are wider at the top than at the bottom,
as a decanter, cannot be pressed in the usual way, since the plunger is always a cone, which must be pushed into
the mold and withdrawn. These pieces are pressed bottom up, and lips or projections sufficient to form the bottom
are formed in the mold. The piece, after being pressed, is withdrawn from the mold the bottom is heated, and
with a tool the lips aré brought together to close it up.

MOLDING MOUTHS, NEOKS, ETC.—In shaping tools for the mouths of bottles, jars, ete., there are several
combinations to produce effects not to be obtained by hand. The ordinary neck-shaped tool for ma]nng bottle necks
is made of a central pivoted piece to form the inside of the neck and two stationary pieces to form the outside..
Sometimes the necks of certain jars require to have a serew shape molded in the inside, and to accomplish this the
central piece of the shaping tool is made screw-like, the two outside rabbing pieces of the desired shape, according to.
the style of jar. It is sometimes desired to form cavmes or prO]ecmons in or on the necks of jars, and this is usvally
done by having laterally-moving pieces attached to the inside former or the outside jaws, as the casemay be. These
sliding pieces are operated when the tool is at rest after shaping the neck. In the same order of tools may be
classed the formers for making pouring-lips on the necks of cruets. These tools have suitably shaped jaws, whicl.
are pressed against the neclk 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 ]d:Wb, whieh are pushed in
through the metal to pierce it. The middle piece fitting the inside of the bottle-neck in some of the forming tools
is 80 made that at the time of entering it is very narrow, but is gradually widened by forcing 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 can again, the whole being closed by a metallic cover, To form the glass lip the piece
is molded upside down, with bottom flaps to close up the can. In this position the can forms a cone, 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 pluu ger is so combined 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., can be made.

HANDLES.—Handles can be pressed in one mold, and the body of the object subsequently blown upon them in
another mold, the operation ¢eménting the parts togenhex while the metal is hot. Small hand- Lunps have been
blown in ordm'u'y 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 FEBT AND SCREW COUPLING.—Lamps are sometimes made with the foot-and bowl fastened.
together by means of a metallic casing serewed 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 screws is to avoid the mold-marks which are made when.
the mold opens.

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

InsunATORS.—In telegraph 1n311]aL01 s, however, requiring \a hollow screw, a rotating retreating bottom.

" piece becomes a necessity, as the plunger cannot be pushed and withdrawn, owing to the prejecting screw- threads.
Barrs.-—Round glass balls, used for castors or for shooting at, are now made by using molds containing several
sections, which leave only a small connection of glass between the balls. A rod of hot glass is prepared, then.
rolled lengthwise over the different sections of the mold, and is gradually shaped into several balls, slightly.
attached together by thin connections. These balls are easﬂy severed, and are then perfectly round.
MoVABLE:BOTTOM MOLDS.—Molds have been made with 111ovable bottoms, to allow. the smplus glass, when
in excess, to torce the latter down, thereby increasing 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 equahze(l ;
BATTERY JARS.~—To manufacture battery jars having tubular formations running from top to bottom a ring-
plate is used 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 come down, and by its pressure 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 pulled out, and the tubular cavities now appear properly formed.
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MOLDS FOR FLARING ARTICLES.—Articles wider at the bottom than at the top on the outside n:xa-y 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 plunfrex" may be
withdrawn. It will be understood that the plunger having been withdrawn, the article being wider at :,he bottom
than at the top, it cannot yet be taken out of the mold. To do this the intermediate cylinder is withdrawn, and the
article is now left free to come out. . ,

. MOLDING ARTICLES WITH BULGING BODIES.~—A combination mold has been made to press molasses-cans
and sach articles which are wider in the middle than at both ends, and it is plain to be seen that to make such cans
no plungef can be used to press the article all the way down, on account of the belly of the ean. 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 & mold having a movable bottom piece, which is run up past the belly of the can, but ounly
to a proper distance, so that the bottom may be left thick enough to farnish sufficient. material to form the body.
The planger is provided with air-passages, to admit of the bodies Dbeing blown, and the lower part of the mold,

* threugh which thebottom 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 introdueced in the mold, the plunger is
brought down, thereby formning the neck and the handle of the ean and a thick glass bottom. The mold Lettom
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 ARTICLLS WITH OPENINGS.—It is sometimes desirable to make certain articles with openings, such
as on the top of a lamp head to leave an opening for filling the lamp, These holes or openings are producéd as
follows: After the lamp head has been properly shaped, & 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 plastie; a tool
gsomewhat in the style of those for forming bottle necks is used. This tool consists of an annular piece, which is.
brouglit over the hiot Tump of glass and shapes the outside. 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
the 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
by the foot for fire-polishing or for giving them a final shape. It has been eustomary, heretofore, to fix the foot to a
piece of hot glass on tlie end of an iron rod, and then to put on the finishing. To detach the pieces itis necessary to
part the two by giving a sharp blow on the iron rod. The foot frequently retains pieces of broken glass, which
must he removed by grinding, and to avoid this spring ¢“gnaps” are used. These consist of & couple of jaws mounted
on springs, 50 that they -can open and shut. These jaws are fastened ab the end of an iron rod like a blow-pipe. If
a goblet is to be finished the process is as follows: The jaws are made to open, and, by the action 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 ATR-BLAST—When pressing glass continuously 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 ineonvenience is now done
away with by a gystem of blowing air into the molds. By means of arevolving fan or other device and tin pipes
arrauged around the furnace a continuous stream of air is furnished. India-rabber pipes are attached to the tin
pipes at sunitable 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 circulating in the pipes may also be nsed for the ventilation and
cooling of the glass house. .

APPLICATION O STEAM TO GLASS-PRESSING.—Attempts have been made of late tp use presses for pressin g
glass by steam or compressed air. One 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, lowever, is applied to the presser -by mweans of an auxiliary
steam-engine, which is continually at-work., Whenever an article is to be pressed, by suitable leverage the presser
is forced down, then released, the bed-plate revolves far enough to bring another mold under the presser, and the

_operation is repeated as often as desired. Mechanism is attached and operated also by steam, 50 a8 to push the

pieces out of the mold after they are pressed. These are the prineipal features 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 carrying the molfls 'has a
rectilinear motion. 'When an article is to be pressed, the mold is brought under the presser, an_d by nfeans of snitable
valves and pipes air is sent to a cylinder piston carrying the plunger, the p.ressure of the air forcmg the pressex:
down into the mold and reversing the valves, and the piston and presser flying ‘back. A ngw mold is now under
the plunger. This operation may be repeated as often as desired by §i‘m1)1y opening and elosing the_ a.lr-valves.t ) In
this press, as in the other, the pieces are forced out of the molds by xising plugs or bottoms. The different motions

are entirely automatic, with the exception of operating the air-valves. Though steam and air have been used, the

success reached has not Dbeen great. 1087
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INCLOSED ATR-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.

Browing is nsed in the production of cylinder or sheet glass, of table and similar ware, with or Wlthout the
use of molds and of bottles.

WINDOW-GLASS.~In the production of wmdow -glass a square or an oblong furnace is used. Radiating from the

- work-holes, 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 elongated cylinder. When the
glass is ready for blowing the workmen take their stations, eacl baving 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 Tump 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 cylindrical mass, water in the
mean time being applied to the block to keep it from burning and to give brilliancy to the sarface 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 7569, 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 bLegins 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 diffienlt 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 bis head, still keeping it filled with air, and then
by dropping elongates and thins it. The cylinder 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 Dby 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 eylinder bursts open, this being the hottest and most
yielding part. The aperture thus made is widened out to the diameter of the eylinder by subsequently turning the
cylinder to and {ro with the opening downward. Tle thicker cylindersare sometimes opened by attaching a lump
of hot glass to the end, which 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 seissors. This method is used in prefercnce
to opening it in the furnaces, as it occasions less waste. The other end, which is attached to the pipe, is now
eut off by the workman, who, having gathered a small quantity of metal on bhis pontil, draws it out into a thread
and wraps it around the pipe end of the eylinder, letting it remain for an instant, withdrawing it suddenly, and
immediately applying a cold iroun to the heated part, when it cracks where the hot string of glass had been placed.
The weight of the eylinder, as finished, is about two-thirds that of the lump of glass which the gatherer collected.
The finished cylinder 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 cylinder, the e(loe 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, which is generally a circular oven with a
revolving bottom, composed of & 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 instroment, 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 tlattening-stone
is now moved to the coolgst portion of the furnace, the sheet is delivered by means of the flattening fork to the
cooling-stone, and fromw this, when sufficiently rigid, it is lifted and is piled on its edge and annealed in an annealing
kiln or Jaid flatwise on iron carriages, which are conveyed through a long annealing chamber, called a leer. When
annealed they are examined, cut into a size that the defect will permit, and packed.

DEFRCTS OF WINDOW-GLASS.~—Mr. Chance thug descubes the many vicissitudes through wlnch window-glass
passes in the processes of manufacture:

The matner in whiel a sheet spared by one process is dxsﬁgurea by another is sometimes curiously provoking. Standing before
the table of the ‘‘ assorter”; your eye lights upon a piece which, blown under an evil star, has imbibed in the glass house every possible
defect. .The founder, sklmmel, gatherer, and blower have all stamped their brand uponit. Xtisseedy—the vesicles, which were in the crown
tablesrounded by the rotary motion of the piece, here elongated by the extension of the cylinder; itisstony, disfigured with stony droppings
from the furnace; stringy, thin threads of glass meandering overits surface ; ‘““ambitty,” covered with stony speckles, symptoms of incipient
devitrification ; conspicuous with gatherers’ blisters and blxsters from the pipe; badly gathered; Ladly blown-~thin here, thick there,
and grooved w1th a row of scratches; and on this abortion the flattener chances to have exerted his most exquisite slkill; it has passed
through his hards nnseathed, fat as a polished mirror, yet, from its previous defects, entirely worthless.. Next comes lhefore you a picee
whose beginning was wiraculous-—no seeds, no blisters; it prospered under the hands of the gatherer and blower, and left the glass house
a perfect eylinder. But the croppie of the flattener 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; thestone seratched it; and the heat of the annealmgr chambor

bent it. Such are the diffienlties to which every cylinder is sub_]ect—t.hose of the glass house and those of the flattening kiln, Not
all, kowever, are auch as these; there are good as well as bad, but the good are generally in the minority,
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SIZE OF WINDOW-GLASS.—When the manufacture of glass was new in England the size usually blown was 36
by 20 inches. This is now somewhat increased, and cylinders 85 by 49 inches have been blown, and in some ecages
blown cylinders 158 inches long by 26 inches in circumference and 70 inches long by 60 inches in cireumference
have been made, but such large sizes, and indeed any over 60 by 40 inches, are exceedingly difficult to make. The
thickness is computed by the number of ounces to the square foot. The average size of 15- and 21-ounce glass is
48 inches by 34 or 36 inches.

PLOWN AND PATENT PLATE.—In various parts of England thick blown glass is often ground and polished
in 2 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 Chance, who
conceived 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 them by means of a most ingenious machine. The two
surfaces are rapidly rubbed one against the other in all directions and ground and afterward polished. :

BLOWING FLINT WART.—AIll glass when in the plastic condition 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 eountries.
In blowing and working the various glasses of these countries into the many forms of blown wares the process is
essentially 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),
which is a slab of cast-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 thickness of the metal. This lumnp of glass is then expanded by
blowing and lengthened by swinging. A pontil, puntee, or ponfy, a solid iren 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 pow takes the pontil from his assistant and ldys it on the chair,
which is a flat seat of timber about 10 inches wide, each end being fixed to a frame conneeted with four legs and two
arms, the latter being inelined. This pontil is rolled backward and forward by the workman with his left hand, thus
forming a throwing-wheel of great delicacy, while with bis right he wolds the glass into the various shapes reqmred
by means of a very few simple tools. By one of these, called pucellus, the blades of which are attached by an elastic
bow, lilke a pair of sugar-tongs, the dimensions of the vessel can be enlarged or contracted at pleasure. Any
surplus matter is eut away by a pair of seissors. For smoothing the sides of the vessel a piece of wood is used,
and for flattening the bottom of tumblers or similar purposes the battledore, a flat square of polished iron with a
wooden handle, is used. In these operations the article operated wpon 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 orleer, which is a low arched farnace, generally of considerable length. In this oven small tracks are laid, on
which Wawons mounted on four wheels are placed, the articies to be annealed being filled into such wagons. These
are slowly pushed through the ovens, and are removed at the opposite end.

FLINT-GLASS OUTTING, ENGRAVING, AND ETCHING.—The sparkle and brilliancy of flint-glass are developed
Ly the process of grinding and polishing, technically called glass-cutting. Motion is communicated to the glass-
cutter’s mill, which is of wrought- or cast -iron, by a pulley and band. Over it is suSpended a wooden trough or
cistern, con‘ramm g a mixture of sand and water, which, for the operation of rrrm(hu g, is fed on the wheel as required.
Smoothing is done on a wheel of fine sandstone, fo Whlch water alone is applied, and for polishing a wooden wheel,
supplied with emery, and finally with putty powder (oxide of timn), is employed. The trough uider the wheel
receives the detritus of the grinding and other.operations. The articles are held in the hand, and are applied to
tie mill while rotating. The punty marks on tumblers, wine-glasses, and the like are ground off by boys holding
them on small stone-mills. Ground or obscured glass is made by grinding the surface 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. Tron tools, fixed on a lathe and moistened with sand and water, are used to rough
out the stoppers and necks of bottles, which are completed by hand polishing with emery and water. Engraving
is the production of ornamental surfaces by a fine kind of grinding, mostly done with copper disks revolving in a

lathe. - Etching is variously done by submitting the portions to be etohed or bitten to the influence of hydrofluorie
acid, the remainder of the glass being stopped off or protected by a coating of wax or some pitehy compound. (a)

LLOWING IN MOLDS.—In blowing Dottles or other articles the same method is pursued in gathering the glass
as is described above. When sufficient glass has been gathered by the assistant, it is handed to the blower, who -
volls it upon a mar ver, blowing into the metal and forming the rough outline of the article. 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 meld, and the mold is shut, the workman -
blows into the glass to cause it to fill all parts, The glass immediately solldlﬁes, the blowing-iron is broken off,.
and the article carried to the annealing furnace, the mouth, if it is a bottle, having previously been fashmned

a See Encyelopedia Britannica, } ‘
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The great objection to molds is the injurious effect on the surface of the glass. This objection has been overcome
by the use of wooden or carbon molds fitted in metal frames, the use of which is quite common in France and
Belginm.

FASHIONING ART-GLASS. —~To describe 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 scope of this report. Those interested in these matters, however, are referred to various works on this
subject, especially that of Mr, Apsley Pellatt on the Ouriosities of Qlass Making, Mr. Alexander Nesbitt’s Hand-book
on Glass, and the recent publication, Glass in the Old World, by M. A. Wallace-Dunlop.

Tam PORTLAND VAsE.—Though I have not deemed it advisable to enter into any extended description of the
different processes employed in the manufacture of what I have termed art-glass, this account would be incomplete
without some reference to the Portland vase. This vase was found in a marble sarcophagus of a sepulehral
chamber under the Monte del Grano, about 3 miles from Rome, on the road to Laurentium. The inscriptions on
the. sarcophagus showed it to have been dedicated to the memory of the Bmperor 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, out of which the figures have been sculptured in the style of a cameo with astonishing
skill and labor. Tor 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 centuries before Christ.

- Immediately after its discovery this vase was placed in the library of the Barberini family, who sold it to Sir
William Hamilton, by whom it was brought to England and disposed of to the Duchess of 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 Ly her son, who permitted

. Wedgwood to copy it. Fifty copies were made in jasper ware, which were sold at 50 guineas apiece, but the
sum received didl not pay for the reproduction. The vase is now in, the British musenm, where it is carefully
guarded. (a)

It was for a long time believed that modern skill was inadequate to the 1eproduetlon 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, has not only succeeded in reproducing this vase, but in
producing smnlar vases fully equal, if not superior, to the Portland. The reproduction of the Portland vase by
Mzr. 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 Dlue of the original. ITe coated the copy w
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 proceeding was to cul
away the opal by hand with chisels and gravers and carve upon it the entire design of the original in the same
manner as the finest cameo engraving. Tor the entire ground of the design the opal has been literaily chiseled
away and the surface of the blue glass pollshed The figures, trees, etc., composing the design are left in relief
in the opal, and are carved with consummate skill and unapproachable dehcacy Mr. Northwood devoted three
entire years to the work. In addition to the skill required on the artistic part of the work the artist met with

~ unexpected difficulties in contending with a flaw in the metal, The character of the work was such, also, that the
ordinary glass-engravers’ tools would not answer, and new ones had to be invented. The result has been, however,.
that again it has been shown that modern art, in many respects, is equal to ancient. This eopy is valued by M.
Pargeter at £1,000.

Since reproducmg the Portland vase, which was finished in 1877 Mr. Northwood has produced others of a
similar character that are regarded by some critics as even saperior to that work. At the Paris exposition of 1878.
@ vase was shown in the exhibit of Thomas Webb & Sons, representing the trinmph of Galatea and Aurowr. 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 believed 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 material
would be increased. In his first experiments he endeavored to produce this result by mechanical compression
while the glass was in a fluid or viscid state. Being unsuccessful in this, he was led to malke use of a modification
of the method by which the well-known Prince Rupert’s drops have so long been produced. In the manufacture of
these drops & piece of very fluid glass is dropped into water, assuming, as it falls, the shape of a tear or drop. The
outside of the glass cools at once, the inside remaining partly ﬂmd for some time, but ultimdtely the mass becomes-

a After being placed in the British museum it was left uncoverad, and was dashed into a2 thousand pieces by the cane of a madman..
The pieces, however, haNe been so skillfully joined as to leave no tmoe of the accident. :
1080
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