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PENS AND PENCILS.

By Crarres M. Karon,

¥

The statistics of the manufacture of pens and pencils
in the United States at the census of 1900 are presented
in this report under the following groups: Pens, foun-
tain and stylographic; pens, gold; pens, steel; and lead
pencils. Statistics for each of these groups are shown
separately in this report.

A summary for the combined industry, as reported
for 1900, is presented in Table 1.

TasLe 1.—PENS, FOUNTAIN, GOLD, AND STEEL, AND PEN-
CILS, LEAD: SUMMARY FOR THE UNITED STATES, 1900.

Pens,
Total fountain Pens, Pens, Pencils,
*  |andstylo:| gold. steel, lead.
graphie.

Number of establish-
ments oo aiiiiainian, 55 23 22 3 7
Capital ..... $3,671,741 || $500,620 | 496,246 | §357,460 | $2,227, 408
Land....... ..l $212,950 ,160 | $33,000 X $1561, 800
Bulildings............ $817,182 || $13,632 $7,000 | $43,000 $253, 500

Machinery, tools,
and implements...| $535,574 || $79,074 | $129,775 | $82,000 $244,725
Cash and sundries...| $2, 606,085 || 489,778 | $826,471 | $212,460 | $1,577,881

Salaried officials, clerks,
ete., number .......... 240 84 |- 62 13 81
Salaries....coieiiiniinnas $281,636 | 980,808 | $67,522 | $21,416 §111, 890

Wage-earners, average
NUMDEr- e ciieeennannnn 8,881 318 878 478 2,162
Total WABES cveevasenaenn $1,192,406 || $141,012 | $220,679 | $188, 483 $683, 281
Miscellaneous expenses.| $471,655 || $113,884 | $42,740 | $37,4 8278, 176
Cost of materials used ...| $1,747,852 || 8361,932 | $312,537 | $62,466 | $1,080,917
Value of produets ....... $4,222,148 || $006,454 | $799,078 | $204,840 | §2,222,276

It appears from Table 1 that pens, fountain and stylo-
graphic, led in the number of establishments reporting
in 1900, closely followed by the gold pen industry,
which reported but 1 establishment less. Of the total
amount of capital invested in the four industiies, lead
pencils, with 7 establishments, contributed 60.7 per
cent; steel pens, with 3 establishments, 9.7 per cent;
gold pens, with 22 establishments, 13.5 per cent; foun-
tain and stylographic pens, with 23 establishments, 16.1
per cent. Of the total value of products for the four
industries, that reported for lead pencils formed 52.6
per cent; for fountain and stylographic pens 21.5 per
cent; for gold pens, 18.9 per cent; and for steel pens,
7.0 per cent.

It should be noticed, however, that the four indus-
tries are very closely allied, and in many instances
overlap. Many establishments principally engaged in

manufacturing fountain and stylographic pens produced
gold pens and lead pencils; and establishments princi-
pally engaged in the manufacture of gold pens reported
fountain and stylographic pens and lead pencils as sub-
sidiary products; while establishments reporting lead
pencils as the principal produect manufactured pens as a
secondary product. In the tabulation of the reports
the rule was adopted of classifying establishments in
accordance with the predominating product. In fol-
lowing out this plan, in many instances a product that
appears as the principal product of one of the indus-
tries included in this report may appear again as a sub-
sidiary product of one or more of the other industries.
Table 2 shows the production of pens, fountain,
stylographic, gold and steel, and of lead pencils, manu-
factured during the census year, irrvespective of the
classification of the establishments in which they were
produced, and it seems as convenient to present thig
information here as at any place in the report.

TagLE 2.—SUMMARY : KINDS, QUANTITIES, AND VALUE
OF PRODUCTS, BY STATES, 1900.

PRODUCTS, United States. | New York. |All others,
Aggregate value.....ccoeecnaaen $4,119,809 $2,837,788 | §1,782, 021
Pens:
Total value. . ..oeenneemaamincnennns 81, 855, 668 $1,004,401 $351, 257
Fountain-
GIOSS euvrenncracanenansosnnns 8,028 3,760 4,268
Valle covvnennercnemannonss e $902, 734 $667, 667 $386, 067
Stylographic—
Gross... 1,808 1,613 196
Value .. $82,676 $71, 684 §10, 992
Gold~—
GroSS _.oceenvnannn 6,735 5,210 1,525
Ynlue ........................ $468, 376 8365, 060 $03, 326
Steel—
GIOSE e eeereermmnneeeninnns 1,764,079 .. 1,764,079
Velue .. oLollL il $411,872 {|.. $411, 872
Pencils, lead :
TOtAL VAITE..c.inernrnreennenenneans $2,264,151 | §1,338,887 8930, 764
Wood—
Gross 1,658,978 909,170 744, 803
Value 82,053,484 $1,151,495 $901, 989
Gold—
Gross 31 26 ]
Value $32,526 $32, 326 $200
Silver-—
V(e}rross 2,281 2,055 226
Value .. $111,518 $102,718 £8, 800
Plated—
g GTosS ovvnnn 3,988 3,204 784
AIUE o oevrneeciennenneaes §64,5628 $46,848 $17,676
o] arieties— .
1errgss ......................... BBL Y. eeiiimiianns 581
VAIUE vuvreennencecnranaannns 82,200 [ omeeiecenn 82,100
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The aggregate value of the pens and pencils pro-
duced in the United States during the census year was
$4,119,809, of which 45 per cent represented the value
of pens and 55 per cent that of pencils. New York
state produced 56.7 per cent of the aggregate product;
and ““all others,” comprising those states which re-
ported less than 3 establishments, and which are shown
collectively in order to avoid disclosing the operations
of individual establishments, manufactured 43.3 per
cent of the entire output of pens and pencils. Of the
total production of pens, 54.1 per cent were manu-
factured in New York state. Fountain and stylographic
pens represented 58.1 per cent of the total value of
pens produced, gold pens 24.7 per cent, and steel pens
92.2 per cent. New York led also in the manufacture
of pencils during the census year, having produced 58.9
per cent of the total output. Lead pencils inclosed in
wooden cases contributed 90.7 per cent of the total
value of pencils. ,

The lack of uniformity in the value of the products

manufactured by the establishments located in the
various states is due to the variation in'the quality of
materials used and the design and workmanship of
the articles produced. This difference in the value of
the various designs is particularly noticeable in the
statistics presented in the accompanying tables for
establishments engaged in the manufacture of foun-
tain, stylographic, and gold pens, and lead pencils
incased in silver and gold.

Attention should be here directed to the fact that the
figures reported in Table 2 possibly do not represent
the total quantity and value of pens and pencils manu-
factured in the United States during the census year.
Establishments engaged primarily in other industries
may have manufactured one or more of these articles
as a subsidiary product and made no direct mention of
that fact in their returns. Notwithstanding these facts
the figures reported may be accepted as fairly repre-
senting the quantities and values of pens and pencils
manufactured during this period.

FOUNTAIN AND STYLOGRAPHIC PENS.

Although fountain and stylographic pens were manu-
factured in the United States prior to 1890, the census
of that year was the first to publish separate statistics
for the industry. The manuvfacture was successfully
established as early as 1880, but it was included under
some other clagsification in that year. At the close of
the first ten years of its existence the industry was
established in 6 states and had in operation 15 plants,
well capitalized and reporting a considerable product.

Table 3 is a comparative summary of the statistics
for the manufacture of fountain and stylographic pens
as returned at the censuses of 1890 and 1900, with the
percentages of increase for the decade.

TaBLe 3.—PENS, FOUNTAIN AND STYLOGRAPHIC: COM-
PARATIVE SUMMARY, 1890 AND 1900, WITH PER CENT
OF INCREASE FOR THE DECADE.

PER CENT
DATE OF CENSUS. || OF IN-
CREASE.
1890 to
1900 1890 1900

Number of establishments................. eien 23 15 53.3
Capital...... fesecesaetaonoaaareaonay ...| §580,629 | $142,265 315.2
Salaried officials, clerks, ete., number. 84 124 250, 0
[SENES 6 1 PPN .| $80,808 | 1828,902 179.6
Wage-earners, average number. . 318 152 109.2
WEaEZLS veriirernroresnrnacen .1 §141,012 | §78,897 90.8
Men, 16 years and over. . 128 88.8
Wages coceveviiianea.. .ol $122,777 | 867,822 81,0
Women, 16 years and over .. 86 24 175.0
VRZES vverennnnacnnnnanan .--| §16,008 | $6,07 163.5
Children, under 16 years. “ee L PO | R,
Wages ...ooiviiiiiiaaa. $2,227 |oeveeveceaflecnnnciann
Misccllaneous expenses. $113,834 | 12,880 815.5
Cost of materials used... .| 851,932 | 123,214 185, 6
Value of produets....... $906, 464 | §351, 775 1567.7

!Includes proprietors and firm members, with their salaries; number only
reported in 1800, but not included in this table. (See Table 8.)

The table shows that during the decade the industry
made rapid advancement, not only in number of estab-

lishments, but also in the amount of capital invested
and the value of products. The percentage of increase
in the number of women and children employed, as com-
pared with the percentage of increase in the number of
men employed, would indicate that some branches of
the work performed by men in 1890 were done by
women and children in 1900. Each item in Table 3
shows a good percentage of increase for the decade, and
indicates that although the industry is yet in its infancy,
it is firmly established and in a healthy and prosperous
condition. ‘

Table 4 presents, by states arranged geographically,
the number of establishments actively engaged in the
manufacture of fountain pens in 1890 and in 1900, and
the increase for the decade.

TapLe 4.—PENS, FOUNTAIN AND STYLOGRAPHIC: COM-
PARATIVE SUMMARY; NUMBER OF ESTABLISHMENTS

1890 AND 1900, AND INCREASE DURING THE DECADE,.

BY STATES ARRANGED GEOGRAPHICALLY.

STATES, 1900 1800 |Increase,

United States v ooomiieiiicenvinecncannnnn 23 15 8

New England states .......... M eecceaeeereesaenan 5 [ 3 (O,
Connectient. . ooamiiii i 2 1 1
Massachusetts 2 3 11
Rhode Island 1 N P,
Middle States. . i iies e, 11 9 2
New YOrK.ea.aimeeiiiieeianneieacnaiaaans s 9 8 1
Pennsylvania..... . e 2 1 1
CENEIR] SEALES s avvmeneurrnanrsnereneaeeaeneanenes 7 1 8
1 11

1

1

4

1

1Decrease,

s g R
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It appears from Table 4 that there were 8 more
establishments engaged in this industry in 1900 than
in 1890, showing an increase of 53.3 per cent for the
decade. 'The largest addition to the number of estab-
lishments was made by Ohio, which reported 4 establish-
ments in 1900, having none in 1890. Massachusettsand
Illinois reported decreases of 1 establishment each.

Table 5 is a comparative summary of capital as re-
turned at the censuses of 1890 and 1900, with the per
cent each item is of the total and the per cent of in-
crease for the decade.

TasLe 5.,—PENS, FOUNTAIN AND STYLOGRAPHIC CAPI-
TAL, 1890 AND 1900,

1900 1890
Per cent
P P thi >
er cent er cent | increase,
Amount.| o' yopg), || AWOUNLY o),

Total. e iicianineanns $590, 629 100, 0 §f $142, 265 100.0 315.2

B 7. ) o 8,150 1.4 3,100 2,2 162.9

Buildings .. 13, 632 2,3 3, 600 2.5 278.7
Mavhmery, 100]5 “and im-

Plements, oo veri e, 79,074 13.4 36, 625 256.7 115,9

Cash and sundries.......... 489,778 82,9 98, 940 69,6 395.0

The most important item reported under the head of .

capital, both in 1890 and in 1900, was that of cash and
sundries, including cash on hand, bills receivable, un-
settled ledger accounts, raw materials, stock in process
of manufacture, finished products on hand, and other
sundries.
of the total, and in 1900, 82.9 per cent, the increase
for the decade being $390,833, or 895 per cent. The
items of land, buildings, and machinery, tools, and
-implements, each show a large percentage of increase
for the decade, but represent a smaller per cent of the
total in 1900 than in 1890. The smallest increase and
the most considerable reduction of percentage of the
total is shown by machinery, tools, and implements,
indicating that there has been but little progress made
during the ten years in the way of application of new
and improved machinery in thisindustry, Theamounts
reported for land, buildings, and machinery represent
only such as are owned by the establishments engaged

In 1890 this item vepresented 69.6 per cent
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in the industry, and do not include the value of leased
property. ’

Table 6 shows the cost of materials for 1900, and the
proportion of each item to the whole amount.

TapLe 6.—PENS, FOUNTAIN AND STYLOGRAPHIC: COST
OF MATERIALS USED, 1900.

Per cent
Amount.| o t4tal,
TOAL .« - eeeeetre et aa e ceeeeecoaem e aaaoaas $351, 982 100.0
Principal materials coveoeiveeeiiiiiiiai et acaenaeans 847,201 98,
Purchased N Taw Stale. coee v i errierensrcrmcaosenes , 000 2,
Purchased in partially manufactured form1.. 887,201 | | 95,
Fueloiooeioiurimireenoans 864 0.
Rent of power zmd heat 3,224 0
Freight. e sestseveane et aaaeintarsr s annans 643 0

B3SO D 002 T

1TIncludes mill supplies and all other materials, which are shown separately
in Table 9.

Materials purchased in partially manufactured form
represented 95.8 per cent of the total cost of materials.
This item includes those reported under Table 9, as
“mill supplies” and ‘‘all other materials.” ¢ Mill
supplies” consisted of materials, such as oil, waste, belt-
ing, and other articles which did not enter into the
product, but were necessary to the process of manufac-
ture. ‘‘All other materials” comprised those not other-
wise specified in the schedule of inquiry and included
such articles as boxes, bags, and packages. Materials
purchased in raw state are those upon which no manu-
facturing force has been expended. The amount paid
for fuel included that used both for motive power and
for heating purposes, and is correlative with the amount
paid for rent of power and heat leased from other
establishments. Some establishments found it impos-
sible, in making returns, to separate from the cost of
materials the amount paid for freight, and reported the
two together. Tor that reason, the amount of freight
paid, as shown in Table 6, does not represent the entire
cost of freight and should be considered only in con-
nection with the cost of materials. '

Table 7 shows in detail, by states, the quantity and
value of fountain and stylographic pens manufactured
during the census year, and the subsidiary products
reported by the establishments engaged in this industry.

TasLe T.—PENS, FOUNTAIN AND STYLOGRAPHIC: QUANTITY AND VALUE OF PRODUCTS, BY STATES: 1900.

PRODUCTS,
Pens.
AGGRE-
BTATES, GATE ]

VALUE. 'grx%s? \"1;332 : Foungf“;g)(com’ Gold. Stylographic, |Other varieties.

| ' " | Total | Total ’

gross, | value. "
Gross, { Value, { Gross, | Value, | Gross, | Value, | Gross. | Value,
§906,454 8,095 ( $842,248 | 8,113 | §832, 748 | 5,836 | §707,028 584 847,045 | 1,680 :$77,280 7 $500
524,079 3,896 | 502,363 | 3,396 503,3()3 1,806 | 417,128 80 [ 18,000 { 1,510 | 67,240 |.......leevineas
52, 000 65 38.91:5 650 85 166 12, 000 865 | 21, 946 120 040 Josciie i
330,376i 4,649 1 300,900 [ 4,007 291 400 8,860 | 277,900 189 | 8,000 86 | 5,000 7 500

1 Includes establishments distributed as follows: Connecticut, 2, Indiana, 1; Iowa, 1; Massachusetts, 1; Pennsylvania, 2; Rhode Island, 1; Wisconsin, 1,
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.

TasLe 7.~PENS, FOUNTAIN AND STYLOGRAPHIC: QUANTITY AND VALUE OF PRODUCTS, BY STATES: 1900—Continued.

I

PRODUCTS—continued,

ALL OTHER

Pencils. PRODUCTS,
STATES,
. Gold Plate, Other varieties.
T;)(};I Total value,

£ Gross. Value. Gross. Value, Gross. Value. Yalue,
$9,500 5 $200 521 $8,000 86 $1, 300 #64, 206
.............................................................. 21,718
SR IR AR OB NSNS MR NP 13,016
"""" 9,500 5 2001 521 8,000 56 1,300 29, 475

1Includes establishments distributed as fbllows: Connecticut, 2; Indiana, 1; Towa, 1; Massachusetts, 1; Pennsylvania, 2; Rhode Island, 1; Wisconsin, 1.

Of the total value of the products of the establish-
ments engaged in this industry, New York produced
59.6 per cent. The overlapping of the industries is
very strikingly exemplified in the above table, especially
in the production of gold pens.

The tables which have thus far been shown for this
industry give an incomplete statement of the quantity
and value of fountain and stylographic pens manufac-

tured during the census year because of the rule adopted,
as explained above, of classifying establishments ac-
cording to the predominating product.

Table 8 makes up for this deficiency by showing the
total quantity and value of fountain and stylographic
pens produced during the census year, as reported by
establishments of any character.

TapLe 8,—PENS, FOUNTAIN AND STYLOGRAPHIC: QUANTITY AND VALUE OF PRODUCTS, BY STATES, 1900.

FOUNTAIN. . STYLOGRAPHIC,
STATES. Total, -
Gross. Value. Gross, Value.
UNted SLALES. co vt raeriiieeiieiiare e nnssrrrtstaaaeccaaraaaanerroanureaeaane o, $985, 410 8,028 $902, 734 1,803 §82, 676
B () 9 PN . 639, 351 3,760 567, 667 1,618 71, 684
L N 47,740 346 42, 000 180 3
AJL Other BEALEST o u.v it vveniiareasieereiianrtroastsorataaraansaianreearatanaerrarrann———an 298,319 3,922 208, 067 60 b, 262

consin, 1.

Table 8 includes the quantity and value both of the
fountain and stylographic pens produced in establish-
ments engaged principally in their manufacture, and of
those reported as a subsidiary product in establish-
ments engaged primarily in the manufacture of gold
pens and lead pencils. The values reported do not in-

1Includes establishments distributed as follows: Connecticut, 2; Illinois, 2; Indiana, 1; Tows, 1; Massachusetts, 1; Pennsylvania, 2; Rhode Island, 2; Wis-

clude the amounts reported as the value of ‘““all other
products,” in the tables showing products by establish-
ments, therefore the totals given in Table 8 do not agree
with the totals elsewhere given in this report, or with
those dealing with this industry in the general report
on Manufactures, Parts I and II.

HISTORICAL AND DESCRIPTIVE.

Fountain pens are the most modern variety of pens
made and represent the highest type of the pen-maker’s
art. The first successful manufacture of these pens in
the United States dates back but twenty-one years
before the taking of the Twelfth Census, although
attempts were made to manufacture them before that
time. They were manufactured in England as early as
1835, but they were not satisfactory enough to warrant
their use to any extent.! At that time there were two
fountain pens invented, known as the Schaeffer pen
and the Parker hydraulic pen. Schaeffer’s pen had a
reservoir forink inthe holder and the ink was admitted

! Universal Cyclopedia, vol. 9, page 198.

to the pen by the pressure of the thumb on a projecting
stud. Parker’s pen also had a reservoir in the holder,
which contained a piston operated by a screw stem and
a nut on the end of the holder. The lower end of the
reservoir being dipped in ink, the piston was drawn up
by rotating the nut, thus filling the reservoir. The ink
was ejected as required by a reverse motion of the
thumb nut. The early attempts to construct fountain
pens were generally confined to the invention of con-
trivances such as internal tubes, ducts, valves, or springs,
which were operated upon by the action of the nibs, and
which forced the ink from a feeding pipe upon the
pen, assisted by air admitted at the top of the holder
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to take the place of the exhausted ink. Pens dependent
upon such mechanism were very erratic in their work,
as the ink flowed either too slow or too fast. After
many experiments to secure a continuous and properly
regulated flow of ink into the pen, it was found that
the best results were obtained by the use of a tubu-
lar holder tightly closed at its upper end, and at the
lowerend fitted with an ordinary nib pen made of gold,
with an ink feeder lying adjacent to the pen to attract
the ink from the reservoir. As the ink in the process
of writing is withdrawn, air enters at the lower end of
the holder and ascends in globules through the column
of ink to fill the space left vacant. There are many
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varieties of fountain pens made in the United States,
but the basic principles underlying all are practically
the same, the retention of the ink by atmospheric pres-
sure and the furnishing of a supply ready for use
throughout many hours of continuous writing.

The stylographic pen is a variety of fountain pen in
which a blunt needle incased in a sheath at the end of
the holder serves as a valve to release the ink when the
point is pressed on the paper.

Table 9 presents a detailed statement of the statistics
for the fountain and stylographic pen industry, by
states, 1900.

TarLe 9.—PENS, FOUNTAIN AND STYLOGRAPHIC: BY STATES, 1900.

All other
United States, || New York. Ohio, states, !
Number of @StabHSIMENES. . ..ottt vttt aie e a e e e meaeaarerrarnraennaneaan———nn 23 9 4 10
Chazacter of organization:

Individual 11 4

Firm and limited partnershi 7 3

Incorporated company.... il 3

Capital:

Total ....... $590, 629 8303, 419
Land . , 160 7,
Buildings. . . 813,632 f}. $13, 032
Machinery, tools, and implements. £79,074 425,175 9, 350 $44, 549

. Oash and sundries. ...l $489, 773 §236, 495 815, 240 §238, 088
Proprietory and firm MEMDETS ...ttt iitei e s et crecnicairaceesnsnnnsatansnsenrsaaaas 8 6 11
Balaried officials, clerks, gte.:

1D b 01T PP 84 49 3 32

oL NS o L O PPN $80, 808 §56, 834 $1,669 $22, 8056
Officers of corporations— :

Lt =) P P PP 9 [ 3 P 5
T o U PO, §19, 650 $18,260 |ovrovnnnnnnnnn §6,400
General superintendents, managers, clerks, cte.
Total number i) 45 27
A1 TN PP, $61,158 $43, 584 §1,669 §15, 905
en—
U DEY o et et cci s tira it e s rre e cicacoaccsnnassenannnncnmcsnsensnnnn 42 26 3 14 |
oL A E T T D PR Y $47,491 838, 697 81,669 812,125
Women—
Number . 33 AU 18
Salaries.. $18, 667 $9,887 |oceueeiancnnns 43,780
Wage-earners, including piec ers, and total wages:

Greatest number employed at-any one time during the year 339 114 48 177

Lenst number employed at any one time during the year.. 299 112 39 148

Average number.... .. 318 106 43 170

Wages $141,012 $48, 395 $18,515 $76,102

en, 16 years and over—

A VEIAEE THUIIIDET ¢ eraenanrancaeenannoncaanasacaasasensasarenceasan oncesnnmastosrsnonnenmamesenann 241 94 27 120

B33 PN 8192, 777 §44, 620 $12, 495 §05, 662
Women, 16 years and over——

AV O TIII Y ¢ e cee s e ccrenansesessasnnrssnnssnamnssenasiennsnssnanasesnsmenmnamsnssensnsan 66 10 15 41

{1 T O RS -$16, 008 $3, 560 83,700 #8, 758
Children, under 16 years—

A YCTREE IUIDEY - e et c i ittt iiienaaasameoaennaaaaaaeciaassttessnrecssamncreaasorasnssorans 11 1 1 9

=2 PP, $2,227 $225 $320 $1,682

Average number of wage-earners, including pieceworkers, employed during each month:

Men, 16 yenrs and over—

JANUALY o oottt ittt et ire e sasanaanaranas e eiesesemenmesneasescaassssstseaaen 244 94 30 120
FehTUATY coieee i eans - 243 94 30 119
.................... 242 94 30 118
£ 233 93 24 116
........ 234 94 24 116

233 94 24 1156

248 95 28 120

242 04 25 128

246 93 28 125

243 93 24 126

November . 246 94 29 128
December 248 96 30 117

Women, 16 years and over—

L 1 b N 64 9 14 41
PFebruary ...... a6 9 16 41
March....... 66 9 18 40
April ... 84 9 4 41
May ... 72 18 4 40
June... 63 9 pY ] 40
July ......... 67 9 16 42
Aungust....... 64 9 M4 41
September... 64 9 14 41
Octoher...... 64 9 14 41
64 9 14 41

75 12 20 43

12 1 2 9

12 1 2 9

12 1 2 9

1 1 1 9

12 1 1 10

- n . 1 9

3
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TapLe 9.—PENS, FOUNTAIN AND STYLOGRAPHIC: BY STATES: 1900—Continued,

St b . : All other
United States. || New York, Ohlio, states,!
Average munoer of wage earners, including pieceworkers, employed during each month—Continued.
Children, under 16 years—Continued.
0 T R X 11 1 1 9
August.. . . 12 1 2 9
September 11 1 1 9
Octuber.... 1 1 1 9
November... 1 1 1 9
December... 6 1 1 4
Miscﬂlancous ex pences
Total $113,834 $72,371 $2, 064 $#37, 909
%15, 880 $11, 620 #1, 400 2, 860
witl i ol o
AVAOUAE I FOF COTLTACE WOLK e e reoaesornesoessoseinnens reevrnnns rereraaann SR 32,000 $2,000 |....... o) w58
Mat%n‘nlls used:
#1733 W1+ =] ARG A P Ve eeesiesreeeeteacatacent csesr n e rnmmanena e raneaatstesananan 361,932 50 4
Pru}Ic‘lpal S §361,93 $23b, 55 $22,180 $94,193
(0113 B 1 AU RSP UNINPPUPPP R feremerneeareraerenann 314,16 ¥ 3
Purchased in raw state .................. .- . s1510, 00(3) ..... 5206’513 ....... $2(.),109 g‘%’ g(%
Fuel Purchased in partially manufactured form. 38045‘%22 $206, 533 $20, 199 377};501
Rent of power &nd Réat.........o 1o eioiiiiiils $3,294 81‘%98 aggg #1 gff’i
A1 SUPDIES +evveeomeen- §821 '$76 $20 795
}‘?Il ot}?er materigls. . . $32,227 $26, 995 #1, 867 #38, 875
T s #643 $100 $o88 255
TOA] VATUL. . o oo et e iccieticaeeeanisaamaseessssiesssannancnsemcnmcassonsnstranes venenn eisees
o e panpiise $906, 454 $624, 079 $52, 000 $330, 876
Peng‘gtal value.......... o e et amaa e aeasaaesmaeeesasserahbeiiaetaitiseasaseaneananas §842, 248 $502, 363 $88, 985 $300, 900
TO8] BIOSS. ceeanneieceeiaeeseccirereccaresssorsaennases fereeceraeens feeeeenans 8,113 3, 396 660 4,067
Total value.o.ooocrceccnainnnnn. eateanesaneanisestes vesassrtersnsonen SRR R ! ) 4
Fountain (cotmpiote)= P P §832, 748 §502, 868 $38, 985 8291 400
Number 0f gro88. .ieee i iieii i ieiec v nrennrvanene emeesaerterscerieseennree veen 1,808 165 3, 805
Go](}lﬁlue... ............................... vereseranuneanen e tiercireeiiainrerereanaan $7 07 023 $417,128 $12, 000 §277,900
l\umbu Of BTOSS v canerrasnnnerstocamseaneomcassaassassannns N aeseerevenrereenseraraeran h84 80 365 138
Sl}lqgragflic: .............................................................. Crrtrerenernaaas 47,945 $18, 000 $21,945 $8, 000
}\\7um erof.gross .................................................... > 23 1,510 120 66
B SRR Ceerreeeene $77,280 867,240 | $5, 040 $5, 000
%u]mher [ 4 0 - P SN teveenneretaisenennanas 7 7
L S OO SRR I .')' B | R I RSSO 5
Pen%ils—-l— ............ Cevteeneens 1N | F N NP . #6500
L0 2 I g R : 582 5
Tota] i oI ToTTr T s trtadeaiensenanatanan caan 2 S HB2
2, o\lsém_m ........................ et tris et eatatraaarraaaean [, $9,800 ||...-.... FO Y #9, 500
%\:ulmber of gross... 5 5
P]mﬁg—u: ............. PN A, 3200 $200
M LTS oY 4 o P
VAN, 1o e 88 83(1) """""""" R o :
Othgy ety T e s 1 | e $8, 000 1)
NTMDEL OF BTOSS . 0vunvuientnseiiiaeicninraeresrssiinaeconnien
Lot vauue ...... E_ SHITTIrarrerettenis st s ol qgg ........ [P SO o 183 I
other products 800 e )8
Comparison of prgductq $64,200 §21,716 §18, i §29, 470 !
Number of establishments reporting for both years 9
YHue fOF CONSUS PERT .o eoseceesneees 308, 154 503, 70 g5,000 | g1, and
Vaine for preceding bu - $756 361 g ' Al
Foer: preceding business year $756, 309 §435, 619 $40,750 | 271,000
umber of establishments reportin
Total horsepower........ s p . g B 8 2 7
Owned— 408 20 7 879
Engines—
Steam—
Iglumber ....... 3 3
orse DW T e Srsemann sssnssrannsannfannanan EERRE T
Renteda d S D PP . 7V | N SO 270
cetrie, horsepower
Other kingd, hoegepowe 81 20 2 9
Byt orsepowrer flumilfsihgdbm other estabi 105 |leoeremennneee 5 100
Ablishments classi fie Byt P ! B T A AR L SISty CIELTC] I O CSOCPRNN R
Total number of establ{tzhnllemg pcmom employe members: g
4 10

No employees ...............
Under% 3 ............

!Includes establishments distributed as follows: Connecticut, 2; Indiana, 1; Tows, 1; Massachusetts, 2; Pennsylvania, 2; Rhode Island, 1; Wisconsin, 1
) y &5 y 15 y s
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GOLD PENS.

Although the manufacture of gold pens was carried
on successfully as early as 1850, the census reports on
this industry prior to 1880 were not sufficiently accu-
rate to justify their use in comparisons with later
censuses to show the growth of the industry. The
census of 1850 reported the manufacture of pens under
the general classification of pens and pencils, and, as
there was but a small amount of pencils, and a very
limited amount, if any, of steel, fountain, and stylo-
graphic pens produced in the United States at that time,
a very large proportion of the value of the products
reported for that year was obviously that of gold pens.
In the census of 1860 the manufacture of gold pens
was reported as a subdivision of jewelry, and the
reports show that there were then 9 establishments
engaged in the industry, with a capital of $32,500,
employing 89 people at a cost of $32,228, and manu-
facturing products to the value of $113,600. The
census of 1870 reported the industry in connection with
the manufacture of gold pencils. The statistics for
these combined industries in 1870 showed that there
were 21 establishiments engaged in the manufacture of
gold pens and pencils, and that they had a capital of
$268,250, and a product ot $467,380. The growth
of the gold pen industry since 1880 has been gradual
but satisfactory, as is shown by the statistics presented
in the following tables.

Table 10 is a comparative summary of the statistics
of the manufacture of gold pens as returned at the
censuses of 1880 to 1900, inclusive, with the percentage
of increase for each decade
Tapre 10.—PENS, GOLD: COMPARATIVE SUMMARY, 1880

TO 1900, WITH PER CENT OF INCREASE FOR EACH
DECADE.

- PER CENT OF
DATE OF CENSUS, INCREASE,
1890 1880
1000 1800 1880 t0
1900 1890
Number of establishments ........ . 22 18 16 | 22,2 12,5
[61:1 517 ) S, $496,246 | $478,964 | 8370,150 4.7 28.0
Salaried officlals, clerks, etc num-

L= NN 62 162 £ T | S
Balaries. .....ooiiiiviinnnenaeaian §67,522 | 1976, 124 2 40,1 {--.....
Wage-earners, average number .. 378 301 264 || 25,6 14.0
TOtAl WAEES -uoeieiiaaiiieccaann *| 9220, 679 $185,545 | $172,207 || 23.8 7.7

Men, 16 years and over........ 837 277 226 || 217 22,6

Wa, (17 8216, 838 | $178, 489 2) PATE 3

Women, 16 years and over . 23 19 1 66.2 21.1

(- P $12,641 | $6,952 &) 80.4|.......

Children, under 16 year . 3 19} 200.0 | 494.7

S o Wages__.__...... . $300 $104 2 188.5 {-......

Miscellaneons expenses . .. $42,740 ) $82,753 ﬂg 48,4 f.......

Cost of materinlsused........c..... $312, 537 | $285, 628 | $190 32.6 23.4
Value of produets, includmg cus-

tom work and repairing......... $799,078 | $718,070 | $583,061 )| 11.8 84.7

! Ineludes proprietors and firm members, with their salaries; number only
reported in 1900, but not included in this table, (See Table 18,)

2Not reported separately,

3Not reported.

# Decrease,

It appears from Table 10 that for the decade netween
1880 and 1890 the increase in capital and value of prod-
ucts was comparatively large, and in number of estab-
lishments, comparatively small; while for the decade

between 1890 and 1900 the increase in number of estab-
lishments was greater than in the preceding decade,
yet the capital increased hardly at all, and the value of
products little.

Table 11 presents, by states, the number of establish-
ments actively engaged in the manufacture of gold pens
in 1890 and 1900, with the increase for the decade.

TABLE 11.—PENS, GOLD: NUMBER OF ESTABLISHMENTS,
BY STATES, 1890 AND 1900.

STATES, 1900 1800 | Increase.

United States. .oooeeririiiirrieareneanans 22 18 4
(6200 {0) ¢ 1 1 U 1 ) B | P,
nois..... b2 I, 2
Maryland ..... I eeeeeannsn 1
Massachusetts . vee 1 L feeriaacenn
Michigan...... . 1 B |
NEDIASKA .. coniiieiieererier e ceetanneererseannncfaeaseenens 1 11
New Yark 14 12 2
Ohio,...., . 1 L offeevnncnean
Rhode Tsland. . R |

. ’ 1Decrense,

Two-thirds of the establishments, both in 1890 and
1900, were located in New York. During the decade
there was a net increase of 4 establishments in the
United States; Illinois and New York contributing 2
each, and Maryland 1. The only state showing a
decrease was Nebraska, which reported 1 establishment
in 1890 and none in 1900.

A comparative summary of capital in its several sub-
divisions for 1890 and 1900, giving percentages of
increase between the two census years, and the propor-
tion of each item to the total for those years, is pre-
sented in Table 12.

Tasie 12.—PENS, GOLD: CAPITAL, 1890 AND 1900.

1900 1890

Per cent

P ¢ P ¢ of in-

er cen er cent || cremse.

Amount. of total. Amount. of total,
Tothleseuneeimrnannenns $496, 246 100,0 || $478, 964 100,0 4.7
........................ 33,000 6.8 12,000 2.b 17.0
Buildin S 7,000 1.4 8,000 L7 112,56
Mnchmery, tools, and imple- )
[ 1) T, 129,776 26,2 || 129,120 21.8 0.6
Cnsh on hand, and sundries.j 826,471 65.8 || 824,844 68.5 0.5
1 Decrease.

In this industry, as in the other industries reported
in this bulletin, cash and sundries, including bills re-
ceivable, unsettled ledger accounts, etc., was the largest
item reported in the table, but this item was only a little
larger in 1900 than in 1890, The item for machinery,
tools, and implements formed a considerable proportion
of the total amount of capital for the years 1890 and
1900, indicating that machinery is extensively used in
the industry, but from the very insignificant percentage
of increase in this item during the decade, it is evident
that very little new machinery has been added. The
items of land and buildings each form but a small per-
centage of the total capital; the value of the land,
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however, increased during the decade $21,000, while
the value of the buildings decreased $1,000.

The cost of materials used in the manufacture .of
gold pens in 1900, and the cost of each item, with 1_ts
percentage of the whole amount, are presented in
Table 13.

Tapie 18.—PENS, GOLD: COST OF MATERIALS USED, 1900.

Per cent
Amount. | ¢ total,

TOAY e vaeemesemenasmmmaamnnssesnasnssrmanseosnenases 8312, 687 100,0
308,545 8,7

982 0.3

8,010 1.0

1 Includes items for mill supplies and a1l other materials, which are shown
separately in Table 16,

By far the largest item shown in Table 13, covering
almost the entire cost, is that reported for principal
materials, which includes not only the materials pur-
chased in partially manufactured form, but all materials
that are used in the manufacture of gold pens. The
largest part of this item consists of materials purchased
in partially manufactured form. This item alone was
$283,089, or 90.6 per cent of the total cost of materials.
The materials used were principally gold bullion and
iridium, but other metals were used to some extent.

Table 14 is a detailed statement, by states, of the
quantity and value of gold pens manufactured dur-
ing the census year by the establishments principally
engaged in this industry, and the subsidiary products

reported by them.

Tasre 14.—GOLD PENS: QUANTITY AND VALUE OF PRODUCTS, BY STATES, 1900.

PRODUCTS.
Pens.
AGGRE-
BTATES. : GATE -
VALUE, Total | Total : Gold. Fountain (complete). Stylographic.
gross. value, Total T(iml
TOSS. Vvalue.
£ Gross. Value. Gross. Value, @rogs. ‘Value.
07 T §799, o078 11,737 | $705,832 7,981 | $567,755 6,120 | $408,229 1,745 |  $166, 586 66 $2,940
() ¢ U 657,693 9,975 | 577,867 6,658 458, 266 5,000 844,848 1,507 111, 419 52 1,988
b atatast o 141,385 || 1,762 | 127,976 | 1,278 | 100,500 | 1,021 63, 381 "288 45,167 14 952
rnonanonﬁnued.
Pencils,
STATES, All other.
Gold. . Bilver. Plate,
Total gross.| Total value.
Gross. Yalue. Gross, Value. @ross, Value, Value.
B 3,806 $138,077 26 832,826 795 $68, 022 2,986 $37,729 $08, 246
New YOIk, oooom i iiiiiiiiiiciiaecaees 3,817 119,602 26 32,326 569 59,222 2,722 28,064 79, 836
All other states® . ....o.ceueemmmnenconranas 489 18,475 ooeoeeeen e L 226 8,800 268 9, 676 18, 410

1 Includes establishments distributed as follows: Illinois, 1; Maryland, 1; Massachusetts, 1; Michigan, 1; Ohlo, 1; Rhode Igand, 1,

In this industry, as in the manufacture of fountain
and stylographic pens, New York led, producing almost
five times as much as all other states combined. The
overlapping of the industries is more strikingly exem-
plified in this industry than in the manufacture of foun-
tain and stylographic pens, the principal product of
gold pen establishments making up only 52.1 per cent
of the total number of gross produced, while in foun-
tain and stylographic pen establishments the principal
product furnished 86.5 per cent of the total.

The tables which have thus far been shown for this
industry do not give complete statistics of the quantity
and value of gold pens produced during the census
year, because of the rule adopted of classifying estab-
lishments according to the predominating product.
Table 15 shows the total guantity and value of gold
pens produced during the census year as reported by
establishments of any character,

TasLe 15,—PENS, GOLD: QUANTITY AND VALUE OF
PRODUCTS, BY STATES, 1900.

STATES. Gross. | Value,
United States. (o ovesere et iceieicnrenaceriesacenenaren 6,785 | $458,876
I e 0 U 5,210 865, 050
All Other Statesl. i vt iiieieieerernranemnnascnneancnens 1,626 08, 826

1Tncludes establishments distributed as follows: Illinois, 2; Maryland, 1;
Massachusetts, 2; Michigan, 1; Ohlo, 2; Rhode Island, 1.

Table 15 includes the quantity and value of gold
pens produced in establishments engaged primarily in
this industry, and also the quantity and value reported
as a subsidiary product of establishments engaged in
the manufacture of fountain and stylographic pens and
lead pencils. The values reported in Table 15 do not
include the amounts reported as the value of any other
products, therefore the totals given in this table do not
agree with the totals elsewhere given with those of the
general report on Manufactures, Parts I and IL.
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HISTORICAL AND DESCRIPTIVE.

The manufacture of gold pens was commenced in the
United States in 1835 by a watchmaker of Detroit,
Mich. Attempts had been made in England to make
gold pens prior to that time, but they met with little suc-
cess. Alloyed gold is too soft to make a durable point,
and this circumstance made it necessary to protect the
pen points with diamonds or rubies until John Isaac
Hawkins, a citizen of the United States, but residing
in England while the experiments in the manufacture
of the gold pen were in progress there, accidentally
discovered that the native alloy of iridium and osmium,
one of the hardest and most refractory of all metallic
alloys, could be used for protecting the points to much
better advantage and more cheaply. Hawking’ rights
were purchased by a clergyman of Detroit, Mich., who
induced the watchmaker above mentioned to manufac-
ture gold pens. The first pens made by him were very
poor substitutes for the quill then in use. In 1840 his
plant was taken to New York, where the business was
enlarged. Quitean improvement was added to the plant
by the machines, for the making and tempering of the
pens, invented by John Rendell, one of the employees
of the establishment. This establishment soon pro-
duced a gold pen so perfect that it combined the elas-
ticity of the quill with the permanency of the metal.
About 1850 it was discovered that by embedding the
iridium points in the gold instead of soldering them on,
the corvosive influence of the ink on the two metals, the
solder and the gold, was avoided, and a firmer hold in
the pen was given to the points.t

The gold pen has been brought to its present degree
of perfection by the American manufacturer, and the
industry from its inception has been characterized by
the use of American methods. For the production of
the gold pen a high degree of skill is necessary, and
only experts are employed in the different plants.

The gold used in the making of the pens is obtained
from the United States Assay Office. It is then melted
and alloyed to about 16 carats fine, and rolled intoa
long narrow ribbon from which pen blanks or flat plates
in the shape of a pen, but considerably thicker than the
finished pen, are cut by means of a lever press or die
and punch. The blunt nib of the blank is notched or
recessed at the end to receive the iridium that forms
the exceedingly hard point which all good gold pens
possess. The iridium is coated with a cream of borax
ground in water, and laid in the notch formed in the end

~ of the blank. It is then secured by a process of sweat-

ing, which is nothing more nor less than melting the
gold of which the pen is formed so that it unites solidly
with the iridium. The blank is then passed between
rollers of peculiar form to give a gradually diminish-
ing thickness from the point backward. The rolls have
a small cavity in which the extreme end of the iridium-

! Universal Cyclopeedia, vol. 9, page 198.

pointed nib is placed, to prevent injury to the iridium.
After rolling, the nib of every pen is stiffened and ren-
dered spongy by hammering. This is the most import-
ant process in the manufacture of the pen, as the elas-
ticity of the nib depends entirely upon this operation.
The pen is then trimmed by a press similar to that
which is used for cutting out the blanks, or hy auto-
matic machinery, When the blank has been trimmed,
the name of the manufacturer and the number of the
pen are stamped on it by means of a screw press.
The penis given its convex surface also by means

"of a screw press, the blank being pressed between

a concave die beneath and a convex one above. Quite
a little force is necessary to bring the pen to the
required convexity, and when this operation is com-

" pleted, two jaws approach the blank and press it up

on the opposite edges, thus giving the pen its final
shape. The next step is to cut the iridium into two
points by holding it on the edge of a very thin copper
disk, which is charged with fine emery and oil and
revolves at a high speed. The nib is then slit by a ma-
chine and the slit cleared by means of a fine circular saw.
After slitting, the nibs are brought together by ham-
mering, and the pen burnished on the inside in a con-
cave form and on the outside in a convex form. This
is necessary in order to give the pen a uniform surface
and greater elasticity. These nibs are then set by the
fingers alone, after which operation the pen is ground
by a lathe with a thin steel disk and a copper eylinder,
both charged with fine emery and oil. The slit is then
ground by a thin disk and the sides of the nibs and the
points are ground upon the copper cylinder. After
the grinding is done the pen is polished upon buff
wheels, which completes the process of manufacture.
Before the pen is placed upon the market, however, it
is given a thorough inspection to see that it possesses
the proper elasticity, fineness and weight, then passed
to an ingpector who tests it and weighs it.

Table 16 is a detailed statement of the statistics for
the manufacture of gold pens, by states, 1900,

TaBLE 16.—PENS, GOLD: BY STATES, 1900.

United New | Allother
States. York, states?

Number of establishments ......ooeviiiiiiiias 22 14 8
Character of organization:
Individual L. ..o, 11 3 6
Firm and limited partnership.... b [ N PO,
Tncorporated company........... 8 4 2
Capital: "
] PN $496,246 [ $807,734 | $188,512
Tand . o.oovoineieiiiiiiirii e $33,000 [1_......... %33, 000
Bulldings....cocoiiiiiiniiiaina 7,000 [i.......... $7,000

o
oy

. 1

Machinery, tools, and implemen .| $120,775 || §88, 856 840,919

Cash and sundries..........c.... .| $326,471 || $218,878 | $107,593
Proprietors and firm members «..oveeneereaionan. 23 17 6
Salaried officials, dlerks, ete.:

Total NUMDET +.vrvnnniniarieninenrnsannans 62 39 23
Total SAlArIeS. . iveeiterimrrnrrenniiseravenmans $67,522 |1 §45,672 $21,850
Officers of corporations-—
NUmber cevee i iiiiecavnnrrecmanaaae 8 6 2
FEETE R o (<L S G $15, 860 $9, 660 #6,200

1Includes establishments distributed as follows: California, 1; Tllinois, &
Maryland, 1; Massachusetts, 1; Michigan, 1; Okio, 1; Rhode Island, 1,
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Tasre 16.—PENS, GOLD: BY STATES, 1900—Continued.

United New |Allother United New [Allother
Slates. York. | states! States. York, states,!
Salaried officials, clerks, ete.—Continued. ’ Miscellaneous expenses—Continued. i
General superintendents, managers, Rent of offices, insurance, interest, and
clerks, ete,— all sundry expenses, not hitherto in-
Total NUINDET cveerrenrmiiineamnencen 54 33 21 cluded ooouiiiiiiii i $23, 821 §11, 600 §11,721
Toml\ll SRIATION. o eeaeiiiririiiennens §51,662 || #36,012 #15, 650 A zl&mouxllt paid for contract work.......... 3,400 3,400 [..........
en— Materials used:
Number .o..ooiiiiiiiiiiiaens 43 27 16 TOtALCOSE. v aeesvamersarereenaeruieneacesaenns §312, 637 || $204,1388 §48, 399
Salaries. caenrianieiiaaiaann $47,262 || §33,212 $14,040 Principal materialg— ;
Wonmen— . TOLAT COSBE v evvenmnreraneneiecnsonennns $263, 080 || $248, 838 S84, 251
Number 11 6 ] Purchased inraw state ... oo lon i,
Salaries. 84,410 32, 800 $1,610 Purchased in partially manufac-
wage-earners, including pieceworkers, and total tured form ... ool 083,089 || §248, 838 $34, 251
wages: X T3 N $982 #4738 £500
Greatest number employed &t any one time Rent of power and heat.......oooooioiii. #3,010 #2, 640 §470
Auring the Year «oeveeecavecnnenaan., 431 340 91 Mill SUPPHES & eennieeiee e iiraiaea B776 §625 8150
Least number employed al any one time : All other materials.....coooineeiiiinanaen $24, 681 $11, 662 $13,019
AUIINgE the Year cuveecreeeraremreenaasennes 370 206 74 Freight...... A PO | PO PP vee
Average number R 378 302 76 Products;
Wages §229,679 | $191,623 | $38,006 TO] VAINIE, vevsnrssrrrrenemiiaerrnerieirans $799,078 || $057,603 | $141,385
Men, 16 years and over— - Pens and pencils—
AVerage NUMDET ..o.iveieenenaneens 337 274 63 Total value.....cooooooieiiiiiii i, $705,832 || §677,857 | 817,975
R 'Z: T (L R $216, #38 || $181,517 $35,321 Pens—
Wormern, 16 years and over— . Total BrOSS cevenerenmannnennne 7,083 6, 658 1,273
Average number ......iieiaenn 38 28 10 Total Valle cveerecenearennnes $567,750 || §458,255 | $109,500
WAZES o eenvrieennictnaeieneaanesans $12,541 || $10,106 82,435 Gold—
Children, under 16 years— GrOSS.ovievrenennsns . G, 120 5,099 1,021
Average number .....ovoevviiiiinnn.s 3| S 3 VAlle coverrnernannnn $408, 220 || $344, 848 $63, 851
WAZES . virieererrrneennnsnnannns $300 ||.eeeaanes $300 Fougmin (complete)— 150
Average number of wage-earners, includin, FOSS conrmninnconeenss 1,745 1,807 238
Titceworkers, employed d uring eaeh monih: g Value ..ooeniieinennnt $150,586 || $111,419 | 845,167
Men, 16 years and over— Stylographie— =
JAOUATY cooviiviirnvnnnaaansnans 348 286 62 %r(l)ssx """"""""" . 06 #1 goé 11
Februeary .. i 245 280 6 Pencil alle .iieiinieneanan §2, 940 ,98 §052
March. .. 350 284 66 R ] rros ;
April . 344 977 &7 Total gross ..o vevnnneenenan, 3, 806 3,817 489
May 354 289 65 Total vAINE oovvivrirennnnans $188,077 || $119,602 | $18,475
June 1 312 280 62 : Gold—
July .0 290 219 it Gross . oeuereaeenee s o0 | g2 gm0 |-
August .. 991 950 a sanl?.lue ................ $32,926 || §32,826 | ... ...
Be . L] — .
Beptember 834 i 70 GIOSS - eeeaerenennns 705 569 296
Qctaber ... 346 276 70 s 0m oy N
November ... 356 283 73 )4 REL IR LI 805,022 || $59,222 | 48,500 ,’
DeCembEr . vieereeie s v naaaes 344 271 73 Plated— 2 985 2 4792 263
Women, 16 years and over— 337'.729 8928: 0dd $0 07’5 II
JANUALY vivrnnriennvrannnnnas Ceraesenaen 37 28 g All other products $93,246 (| $79, 836 313: 410 a
February . .coceeiiiieiiniivinenannnen . 38 28 10 Comparison of products: §’
Mareh..ooviuniiieiiiinaaas . 38 28 10 Number of establishments reporting {or both ;
April Lo 38 28 10 VEATS coenreenaannanann 20 12 8 .
MAY cermeennnearenerrrnsentianeen . 41 31 10 Value for census yvear .. $761, 558 || $620,165% | 4141 385
‘} gln;z e eeresaneareserarerraaas .- gz 38 9, b Value for preceding bus .| $719, 000 || §660,862 | $158, 688
............. : P 5 ower; .
AUBUSE .o ecrrree i e 35 30 5 Number of establishments reporting. . 16 13 3
September...cieverrreiieniennns 39 27 12 Total hOrsePOWET vuvenuinanes [ 121 66 55
Qctober ... 41 28 18 Swned—
November. 41 28 13 Engines—
December... 37 24 13 Stea&n—- b l
hildren und — umber.... 3 2 1
¢ January el'16 .years ..... Horsepower .. 67 7 60 '
February.. Rented—
March . ... Electric, horsepower ... . 28 23 5
April ... . Other kind, horsepower.......... 26 26 1vennenenn .
May ... Establishments classified by number of employ-
June..... ees, not ineluding proprietors and firm mem-
July..._. bers: .
August ... lomlY nymber of establishments..............
September. No employees
QOctober ... 5 Unders..
IBY ovember. 3 glt(t) 0220 -
[
ecember . .. b 51 to 100 1
101 to 250
$42, 740 $14,89% 251 to 500 q
$15, 564 $2,990 501 to 1,000
$455 $184 Over 1,000 .

!Includes establishments distributed as follows; California, 1; 1llinols, 2; Maryland, 1; Massachusetts, 1; Michigan, 1; Ohio, 1; Rhode Island, 1.

STEEL PENS.

gt o g

The steel pen manufacture was successfully estab- The statistics for the manufacture of steel pens, as
lished in the United States by 1860, but the statistics of | returned at the censuses of 1870 to 1900, inclusive, with
the industry were not separately reported until the cen- | the percentages of increase for each decade, are pre-
sus of 1870. Its growth since that time, though slow, | sented in Table 17. ' |
has been satisfactory, until to-day the home manufac-
turer not only supplies three-fourths of the home trade,
but exports a considerable quantity.
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Tapre 17.—~PENS, STEEL: COMPARATIVE SUMMARY, 1870 TO 1900, WITH PER CENT OF INCREASE TFOR EACH
DECADE.

DATE OF CENSUS. FER CENT OF INCREASE,

1890 | 1880 | 1870

1900 1890 1880 1870 1o to to
1000 | 1840 | 1880

Number of establishments
Capitul
Salaried oflicials, elerks, ete,, number
Salaries .............

Wage-earners, average number . ..
Total WaBeS . cocivnnirnarnnnen .

Children, under 16 year:
Waged.......
Miscellaneous expen
Cost of materials used. .
Value of products, in¢luding custom work and repairing

f 3 3 3
57,460 | $809.182 |  $182,500 |  $179,000
13 #1p : 4

i
§21,416 | 2§20,143 3§ (3}
473 106 280 57
.| e198,433 | sis2,082 | 988,500 | §60,000
...... - ) 141 34 47
........... $26,684 | 959,907 (@) ()
........... 371 392 230 195
§101,622 | 806,870 () (3)
37 33 16 15
210,127 5,249 (s : ?*;
7, 405 $6, 205 4 4

$5‘2', 466 $56, 630 $38, 950 $49, 943
$294, 840 §268, 259 $164, 000 $180,000

1Decrease,

2Includes proprietors and firm membery with thelr salaries; number only reported in 1900, but not included in this table. (See Table 23.)

8Not reported separately.,
4Not reported,

It appears from Table 17 that the period of the
industry’s greatest growth was from 1880 to 1890. By
a singular coincidence the number of establishments
engaged in the industry has been the same at the several
censuses. This does not necessarily mean that the
establishments reporting in 1900 are individually the
same establishments that reported in 1870, 1880, and
1890, although it is more than probable that one or

more of the establishments reported in 1900 was actively

engaged in the business in previous census years.
During the whole period between 1870 and 1900, the
capital invested in the industry increased $182,460, and
the products $114,340. Between 1890 and 1900 the
value of the products increased very slightly, and the
amount of capital showed a decrease of 10.5 per cent.
The large number of women employed in the manu-
facture as compared with the number of men is to be
expected in an industry using machinery that requires
but little skill and strength to operate.

Table 18 presents, by states, the number of establish-
ments actively engaged in the manufacture of steel
pens in 1890 and 1900, with the increases and decreases
for the decade. ’

TssLe 18.—PENS, STEEL: NUMBER OF ESTABLISH-
MENTS, BY STATES, 1890 AND 1800.

STATES. 1900 1890 [ Increase.

United States......civimieeriviiinnnnnnanae. 3 8 lee-cnnens
Connecticut .. . e 1 11
New Jersey. 1 | ORI
Oeenevans - L PO 1
Pennsylvania .....oovveiiiniiiiinniiiiiiiiiiiea 1 L {leeceeennns

1 Decrease.

During the decade 1 plant was established in Ohio,
which in 1890 had none. Owing to the plan adopted
by this census of classifying establishments in accord-
ance with the predominating product, it is probable
that the establishment engaged in this industry in Con-

necticut in 1890 was reported under some other clagsi-
fication in 1900. An examination of the returns for
that state shows that steel pens were manufactured there
during the census year, 1900, and the quantity and
value of such product is included in Table 22.

In Table 19 is presented a comparative summary, for
1890 and 1900, of the capital in its several subdivisions,
with the percentage that each item is of the total in the
two census years, and percentages of increase for the
decade.

Tasie 19,—PENS, STEEL: CAPITAL, 1890 AND 1900.

1900 1800 ‘
- Per cent
. of

Amount. ngrt%(;g}. Amount, %ﬁgﬁﬁt nerease.

Total cievrrvinanannaan $357, 460 100.0 || $399,162 106,0 110.5

L5 1T 20, 000 5.0 36, 000 9.0 144.4

Buildings ....o.iiiiininnnn,. 43, 000 12.0 52, 672 13,2 118.4
Magchinery, tools, and im-

Plements. oo vsteeeennnans 82, 000 22,9 87,443 23,0 16.2

Cash and sundries .......... 212,460 52,5 || 223,007 69,4 14,8

1 Decrease.

The table shows a decrease of 10.5 per cent in the
total capital for the industry during the decade, and
decreases in each item making up the total. The
most marked decreases are shown in the items of land
and buildings; machinery, tools, and implements, and
cash on hand, bills receivable, etc., formed a greater
proportion of the total capital in 1900 than in 1890, yet
each of these items showed a decrease for the decade.
This industry reported a considerable amount for ma-
chinery, tools, and implements, thus indicating that
machinery is extensively used in the manufacture of
the steel pen.

The cost of materials used in the manufacture of
steel pens in 1900, and the cost of each item, with its
proportion to the whole amount, are presented in
Table 20.
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Tasre 20.—PENS, STEEL: COST OF MATERIALS, 1900.

Per cent
Amount. of total.

L1 7:) PP T $52, 466 100.0 .

50,237 95.8
2,000 4.0
139 0.2

1Includes items mill supplies and 11l other materials which are shown sep-
arately in Table 23,

Of the item ““principal materials,” $39,168 was for
materials purchased in partially manufactured form,
while $10,491 was for all other materials used in the
manufacture. Steel and aluminum, and one or two
other metals constituted all that was purchased in par-
tially manufactured form,

Table 21 is a statement of the quantity and value of
steel pens manufactured during the census year as re-
ported by establishments engaged primarily in the
manufacture of steel pens.

TasLe 21.—PENS, STEEL: QUANTITY AND VALUE OF
PRODUCTS, 1900.

PRODUCTS—PENS.

Aggre- All other
gate Steel. products,
vale. Total Total value,

gToss. value,
Gross, | Valne.

All establish- .
mentsl........ $204, 340 © 1,075,780 | $289,840 | 1,075,760 | $289, 340 5,000

1Distributed as follows: NewJ ersey, 1; Ohio, 1; Penngylvania, 1.

This table does not give statistics of the industry by
states, separately, as the number of establishments in
each is too small to permit such presentation without
disclosing the operations of individual concerns. The
establishments reporting for this industry for 1900 were
then engaged exclusively in the manufacture of steel
pens and did not report any subsidiary product of other
pens or of pencils. The above table, however, does not
show the total quantity and value of steel pens manu-
factured in this country during the census year, as some
of the establishments, engaged primarily in manufactur-
ing other articles,reported steel pens as a subsidiary
product.

Table 22 shows the total quantity and value of steel
pens produced during the census year as reported by
establishments of any character.

TasLe 22.—PENS, STEEL: QUANTITY AND VALUE, 1900.

Gross, Value,

All establishments? ....oerieeeerermecriraroanamaaaaanunn 1,764,079 | $411,872

1Distributed as follows: Connecticut, 1; New Jersey,1; New York, 1; Ohio, 1;
Pennsylvania, 1,

The totals shown in Table 22 do not agree with the
totals elsewhere shown in this report or with those of
the general report on this industry as presented in
Manufactures, Parts I and II, for reasons previously
mentioned.

HISTORICATL: AND DESCRIPTIVE.

The real inventor of the steel pen is unknown,
France, England, and the United States each have
claimants for the honor, and it is difficult to decide to
whom it belongs. Arnoux, a French mechanic, made
metallic pens with side slitsin 1750, Samuel Harrison,
an Englishman, made a steel pen for Dr. Priestly in
1780. Peregrine Williamson, a native of New York,
while engaged as a jeweler in Baltimore, made steel
pens in that city in 1800. He met with signal success
and produced a very good article,’

The first manufacture of steel pens by mechanical
appliances was in England during the third decade of
the Nineteenth century, and the names associated with
it were John Mitchell, Joseph Gillott, and Josiah Mason,
each doing something toward perfecting the processes
of manufacture by mechanical means. At the period
when these men commenced operations the pens in use
were very crude specimens, made from a piece of steel
formed into a tube, and filed into the shape of a pen,
by hand, the joint of the two edges forming the slit.
By degrees a press was contrived to do the cutting,
bending, and marking; and machinery was devised for
cleaning and polishing. Experiments were made with
the object of securing the hest possible quality of steel,
and by the year 1860, when the manufacture of steel

pens was first begun in this country, the article had
been bhrought to a considerable degree of perfection.

The pens in use half a century ago were mostly fine
pointed, and while they gave satisfaction in certain
lines of penmanship, some objections were made to
them for business and rapid writing. Since that time
there has been a gradual improvement in the material
uged and the process of manufacture, and the fine-
pointed pens have given away to some extent to the
stub and other blunt-pointed pens.

The first steel pens made in the United States by
mechanical appliances were made at New York in 1858
by Harrison & Bradford. . Two years later a factory
was started at Camden, New Jersey, by Richard Ester-
brook, sr., Richard Esterbrook, jr., and James Brom-
grove. This firm met with success, and in 1866 the
establishment was incorporated as the Esterbrook Steel
Pen Company. Their enterprise was successful, and
the growth of the plant has continuned up to the pres-
ent time.”

The many prefixes, such as Peruvian, Damascus,
Amalgam, and Silver, used to describe the pen, ave but
fancy names and do not indicate the quality of the
article. The material used for all kinds is cast steel of
the hest quality, imported from England or Sweden.

'Scientific American, Nov. 28, 1878.

2 One Hundred Years of American Commerce, Vol. II, page 660.

i s e
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The best variety is that made from Swedish iron, which
has in its granular structure a peculiar density and
compactness. Steel for the manufacture of the pen has
not yet been successfully produced in the United States.

The steel used in the industry is received in sheets
varying in length, width, and thickness. These sheets
are cut by the manufacturer into strips of convenient
width, and are packed in an oblong iron box, which is
placed with the open top downward in another hox of
the same material, the interstices being then filled up
with a composition in order to exclude the air. The
boxes are placed in a furnace, gradually heated until
they are dull red in appearance, and then gradually
cooled. In this process the strips become covered
with bits of small scale. To remove this roughness
they are immersed in a bath of diluted sulphuric acid,
which loosens the scales, and they are then placed in
wooden barrels containing water and broken pebbles.
These barrels are revolved until the whole of the scaly
substance is removed and the strips are of a silver-gray
appearance. The strips are then taken to the rolling
mill, where they are passed between successive rolls
until reduced to the required gauge, the more common
thickness being the one-hundred and sixtieth part of
an inch. This operation requires considerable care

- and skill, as the variation of one-thousandth part of an

inch in the thickness of the strip would seriously affect
the flexibility of the pens. The strips are now three
times their original length and have a bright surface.

In these preliminary processes the labor id performed
by men and boys, but the processes of forming and
shaping the pen, that begin at this point, are carried
on by women and girls, who are more adapted to the
work. The cutting of the blanks is accomplished by
a die and a punch. This die is set in a bolster and
is perforated by a hole the exact shape of the blank;
and a punch, also of the exact shape of the blank, is
attached to the bottom of the screw bolt of a press.
The operator with her left hand introduces one of the
strips of steel at the bhack of the press and pulls the
handle toward her with the right hand. This causes
the screw to descend, driving the punch into the bed,
thus perforating the strip of steel with a scissor-like
cut, and making a blank which falls through the open-
ing in the die into a drawer below. The operator then

pulls the strip of steel toward her until it is stopped by -

a little projection called a guide, and the operation just
described is repeated, and again repeated, until the
whole of one side of the strip is perforated, when the
strip is reversed and the other side treated in a similar
way. In the opelatlon of cutting, a small V-shaped in-
dentation is formed in the blanks upon the upper edge
of that part inserted in the holder, which may be found
upon a careful examination, and which plays an im-
portant part in the succeeding processes, as it enables
the operator to distinguish between the smooth and
rough sides of the blank.
PART IV——MANF——83

The next process, called marking, is done by a stamp.
The precise mark required is cut upon a piece of steel,
which is placed in the hammer of the stamp. The
stamp is operated by foot power. The operator takes
a handful of blanks with her left -hand, and by a dexter-
ous motion makes a little train of them between the
thumb and finger, presenting the first in the most ready
position to be passed to the other hand. By the right
hand the blank is placed, with the point toward the
worker, in a guide upon the bed of the stamp, where
the hammel falls upon it and makes the impression of
the name cut upon the punch, So skillful do operators
become in this process that they can stamp 200 to 250
gross of pens aday. Should the impression to be made
be unusually large, the marking process is deferred
until later in the course of construction.

The next process in the manufacture is *“piercing,”
which produces the elasticity desired and causes the
ink to attach itself to the pen. The tools used in this
operation are very delicate and must be made with
great precision. A piercing punch and bed are fixed
in a screw press, and an ingenious arrangement of
guides is fastened thereto. The operator then places
the blank in its proper position and so manipulates the
machinery as to cause the screw to descend, driving
the punch into the bed. In order to soften the blanks,
sothat they can be properly shaped, they are put through
a process called annealing. In this process the blanks
arve freed from the dust and grease that has become
attached to them, and are then carefully placed in
round iron pots, which are again inclosed in larger
ones, covered over with charcoal dust to prevent the
entrance of gases and put into the furnace, where they
are heated to a dull red, and then gradually cooled.

After this process is finished the blanks are soft and
pliable and readily assume the various shapes into
which they are made by the next process, called *‘rais-
ing.” In this operation & punch and die are again
brought into use. The punch is fitted into a contriv-
ance fixed in the bottom of the screw of the press; the
die, or bed, is placed in a bolster, a cylindrical piece of
steel attached to the bottom of the press, with a groove
cut for the reception of the die. TFour pieces of steel,
called guides, are fixed to the bolster in such a position
that the opemtm is enabled to slide the blank into the

_bed, where it is held by the guides until fhe.p;mgdh e

descends, forcing the blank into the bed, and giving the -
pen its shape. The blanks are then placed in thin lay-
ers in round pans with lids and go through the process

‘called ““hardening.” In this operation the pans men-

tioned are placed in the furnace for a period varying
from twenty to thirty minutes, at the end of which time
they have come toa bright red heat. The pans are then
taken from the furnace and their contents thrown into
a large bucket immersed in a tank of oil. This bucket
is perforated, and when lifted from the tank the oil
drains offt. The pens are then placed in a perforated
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cylinder, which is set in motion and drains off the
remainder of the oil. = At this stage of the manufacture
the pens are very greasy and as brittle as glass. To
remove the grease adhering to them they are again
placed in perforated buckets and immersed in a tank of
boiling soda water.
The pensare then put into an iron cylinder, which is -

kept revolving over a charcoal fire until they are soft-

- _ened or tempered down to the degree required. This

process is regulated according to the color shown by
the pens, which indicates the varying temperature of
the metal. After this operation the pens are black and
rough at the point. To remedy these defects, the pens
are subjected to the process known as “scouring,”
which consists in dipping the pens in a bath of diluted
sulphuric acid, which removesall extraneous substances
acquired in the hardening and tempering processes.
Great care is exercised in this operation, as the acid is
very likely to injure the steel. The pens are then
placed in iron barrels with a quantity of water and a
material composed of annealing pots broken and ground
fine enough to pass through a fine riddle. The barrels
are then set in motion, which is continued for a period
varying from five to eight hours. At the end of this
time they are placed in harrels with dry pot for about
the same period, after which they are put into other
barrels, together withaguantity of dry.sawdust. They
are then ground between the center pierce and the
point. This is done by girls with the aid of a ““bob,”
or “glazer,” a circular piece of alder wood about 10%
inches in diameter and one-half an inch in width.
Around this a piece of leather is stretched and dressed
with emery. A spindle is driven through the center
and the two ends placed in sockets. The mechanism
thus arranged is set in motion by means of a leather
band, and the operator, holding a pen firmly, grinds off,
with a light touch, a portion of the surface.

‘The last and most important mechanical operation |

performed upon the. pen is slitting. The tools used for
this purpose are two oblong pieces of steel known as
cutters, which are about 14 inches long, three-eighths
of an inch thick, and 1} inches wide. The edges of
these cutters are equal in delicacy to the cutting edge
of a razor. One of the cutters is fixed in a press with
a pair of guides screwed on either side, and the other
cutler is held by a bolster, having attached to itl;'a small
tool called a rest, or table. The operator places the pen
upon the table, pushes the point up toward the guide,
and, by operating the machine, makes the upper cutter
descend and meet the lower one, thus slitting the pen.

At this stage in the process of manufacture the outer -

edge of each point is smooth, but the inside edges are
sharp and rough. To remedy these defects the pens
are again put in the iron barrels with pounded pot, and
kept revolving for five or six hours, when they ave
removed and polished in sawdust. The pens are then
colored by being placed in a copper or iron cylindex

which revolves over a coke fire until the requisite tint
is obtained. If the pens are to be lacquered they are
placed in a solution of shellac dissolved in aleohol.
This solution is afterwards drained off and the pens are
placed in iron cylinders that are kept revolving until
the pens are dry. The pens are then scattered upon
iron trays and heated in an oven until the lacquer is
diffused equally over the whole surface of the pens.
The lacquer gives the pens a glossy appearance and pre-
vents rust; and when the pens have cooled they are
complete as far as manufacturing processes are con-
cerned. Before they are offered to the public, how-
ever, they are given a very careful inspection, to see
that no inferior ones are put on the market.

Table 23 presents a detailed statement of the statis-
tics for the manufacture of steel pens, by states, 1900.

TaBLeE 28.—STATISTICS OF STEEL PENS, 1900.

United

States.!
Number of establishments. . ...oo.oiiiiiiiiii e 8
Character of organization:

Individual B IO

Firm, and limited partnershi A 1

Incorporated companies. .. A 2

Capital:

LS 7 eeee ..| $367,460
Land....eeeen.s sererenerrenen ..| 820,000
Buildings.-............ serescnommaceaaas .| 848,000
Machinery, tools, and implements ..... .. 882,000
Cash and SUNAries .........coecvaeeannnn. - $212,460

Proprietors and firm members......c.oeeumiiirainnnanaa. 8
. Salaried officials, clerks, etc.:

Total number.... .

Total salaries .... . ..| 821,416
Officers of corporations——

Number. .. ciiiiiiriia i . 3
Salaries ....ceeecciinanonnns sesessscnmsnasscniiannsannannnns $10,000
General superintendents, managers, clerks, ete,—

Total MIMbeT. .o aeirmaaam e reacarrecrmetreammaarrennaan 10

Total salaries . covvevienunecranucacsnsannoansas . smeeeo|  §11,418

Men—

Number... 10

Salaries ... $11,418

omen—
NUIMDEY. s iiaeueirrectassssnensciraanncncacnsarielancnnsnnnn
SAIATIEE - o eie e[l
Wage-earners, including pieceworkers, and total wages;

Greatest number employed at any one time during the year...... 478
Least number employed at any one time during the year.. . 471

Ayerage number.
WAEES conereernnnnnnannann
en, 16 years and over
AVETAZE NUMDET . eeearanrnceeueennnnsnnrtannanesnanan . 65
RS« et iiie it tarienasacanscannsnnranesnennn $26, 684

‘Women, 16 years and over—

AVErage NUMbDeT .. e cuciesencnnvacnnenas feaectnenenatanann 871
VBEES o iiiieiiicrtanrennnorcane et rasarasnesenann $101, 622
Children, under 16 years—

473
£138,488

Average number.. . 37
WO e e tcieeiaeeensssssranasocscontsasannnmnnzessonn $10,127
Average number of wage-earners, including pieceworkers, employed
during each month;
Men, 16 years and over—

LR LT Crrererecsreneann 65

=) 00 L O fereane 85

MAYCH. . it iteriearensisanictiasusetatnsaanbanoran 85

85

65

85

65

66

....... 65

....... 65

NOVEIMDEL .o een et iiirieirianmr et mmc i caaeeaan 66

DECEIMDET. o aesenrsetiiesnsrancenrannerersnasnsnrassnnrrrnnnn 64

Women, 16 years and over-

January.. . 371

February 871

March .. 37L

April.. 871

1 N 371

JUNE Ceieeiviiie e et a7
JULY e e e )

AUGUSt . oo i icveirim e eiiee e caraeeans 371

September 371

October. 871

Novembe .. 871

December.. 371

1Includes establishments distributed as follows: New Jersey, 1; Ohio, 1; Penn-
sylvenia, 1.
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TasLe 28.—8TATISTICS OF STEEL PENS, 1900—Continued.
United United
States.! States,!
Average number of wage-earners, including pieceworkers, employed Products:
during each month—Continued. TOtA] VAIUE ... ceeeirinesaeaccmraeearerrcaiactesantecraasaonsnans $204, 840
Children, under 16 years— Pens, steel—
JADUATY e neennonsns 37 Gross..... - 1,075, 780
Februar 87 Value...... $289, 340
March .~ 37 All other é)rodu ................ $5, 000
April 37 Comparison of produets:
MAY . ereearrervonrmcmneensmnenmancneianans 37 Number of establishments reporting for both years..
JUDR « e et eeaa e 87 Value [Or CENSUS YERL . eenenmceaenreranenconmacoann .| 8294, 340
L 36 Value for preceding DUSINESS YEAT. .voevevenmmmunrcnaeeravanaenaes $267, 127
AUBUBL. e ieiernacrencneennerecnenssosnnsenanannanannass 36 Power: "
Beptember .. 36 Number of establishments reporting. .....c..ooieiuiiianenrrnnreans 3
L84 5T RO 36 Total NOISEPOWEr v\ et caeseraeencnannns PR N 188
NOVEIDET vuve cevreiieieeiiiie et iaetanericcicenaaaen 42 Owned—
=TT 121 1T R 36 Engines—
Steam—
Miscellaneous expenses; NUMDET . s e e s ieseassoncsnererrmcnnsemmnanaasnenns 1
............................................................... $37, 405 H OB POWE e seceessancrrassaosssarsnrranconassasnan 125
Rent Of WOTKS - .. ovvevaeiiniiaaiaaanns $945 Gas or gasoline~—
Taxes, not including internal revenue $1,578 (LR 01 0TS 1
Rent Of offices, insurance, interest, and ail sundry expenses HOTSEPOWET e e e s eeeessranemercresssreennresnmmersson 10
not hitherto included ... .. i, $34, 882 Rented—
Amount paid for oNtract WOTK «ov.cereiiiiiiee e icinarnerensenncaonnas Tott] NOIBEPOWET o iiemnesacten i careessetnscentnecasonen B
. Establishments classified by number of persons employed, notinciud-
Materials used: ing proprietors and firm members:
Total cost......... dete e eeceeseasenneneesannanaaeanan £52, 466 Total number of establishments 3
Prineipal mate: No employees .
Total cost . $39,168 Under b
PUrchased In TaW SEALE . ..nvmsnenno o ieeone s s ] eern e s 6to20
Purchased in partially manufactured form $39, 168 2L 0 B0 e e eneeeeaeenaceccaanecaaoettncacersonansennnsnssionsalisnarivoas
FUE) . eriiiiiiicei ittt e et isaans $2,080 51 10 100
Rent of power and heat §1.39 101 to 250
Mill supplies....c.oooiemineanaas $578 251 to 600
All other materials $10,491 BOL B0 1,000 « oo e aireitceaai st cesrmctancraracs|arreaannas
b5 [ T4 o} O SU PRSPPI OVEL 1000, « e vereecnarrarernermmnammnecamrsanaesananacnsanna|sancssnnas

1Includes establishments distributed as follows: New Jersey, 1; Ohio, 1; Pennsylvanis, 1.

LEAD PENCILS.

The lead pencil industry was first reported separately
at the census of 1860, as a subdivision of the general
classof stationery. At the census of 1850 it was reported
under the general classification of pens and pencils,
when it was shown that there were four establishments
engaged in the manufacture of pens and pencils, with
a capital of $43,000 invested, employing 58 people at a
cost of $14,028, and producing a product of $85,300.
It is probable that the value of the products of the lead

pencil industry was very small at that time, as it was
only $20,400 in 1860. The growth of the lead pencil
industry since 1860 hag been constant, and in some
periods remarkably great, as is shown by the statistics
presented in the following tables.

Table 24 is a comparative summary of the statistics
of the manufaéture of lead pencils at the censuses of
1860 to 1900, inclusive, with the percentages of increase
for each dec&de

Tapls 24.—PENCILS, LEAD: COMPARATIVE SUMMARY, 1860 TO 1900, WITH PER CENT OF INCREASE FOR
EACH DECADE.

DATE OF CENSUS, PER CENT OF INCREASE.
1800 | 1880 | 1870 | 1860
1900 1890 1880 - 1870 1860 10 to | to to
' 1900 | 1890 | 1880 | 1870
N umber Of 8LADHENIETIER. « o+ en oo e meeceeneemere e eeeenennesanneas 7 A
P $2,227,406 | $3,100,836 | $341,697 | - $261,150 .
aried officinlg, clerks, ete,, numb 81 2 gﬂ Eﬂ 26.6
Sa E:0 1 S S SR $111, 890 2§130, 300 s 8 .
Wage-earners, AVerage NUMDEr. cocoe . e ciieieatecnenramnamnaeannnns 2,162 1,8 8 160 5
O] WAGES. e ieesiaeirnernsssansnnnneacroceonnuneeanmcsassensuasnnns $683, 281 $450, 450 $102, 283 851,160 .
Men, 16 yea.rs F20 oL a7 P 768 4 1 173 5
.................................. $352, 668 $264, 481 ()] (L) 8
Women 16 FeATS AN OFOL oo eveeeearunaaceanconsesnanaconnanennnran 1, [i} 144 95 .
............................. $263,118 $144, 409 ® 3 X
Ghildren, under 16 YOATE. .o oiemie i cniaen eaaaaas 2 189 a 3
17 N $67, 600 $41, 560 8; 8 5
MIBCEIIANEOUS @XPENEEE +eevereereernnnnnnnnsrncrsressenncnnrnsnnnnenes $278,176 $164, 528 4 4 3
Cogt of maferiBls Used ... .oueii it iiiiiaiiciiieieineeiaaaa $1, 030 917 8796, 378 $97, 844 7,510 , 385 , . .8
Value of produects, including custom work and repairing ........,..... $2, 22 $1, 687, 560 $279,427 | - $180,000 $20,400 || 81.7 | 503, 56,2
1 Decrea.se
2Includes pr rietors and firmn members with their salaries; number only reported in 1900, but not inclunded in this table. (See Table 80.)

3 Not reportedp separately,
4 Not reported.



516 MANUFACTURES.

In 1860 the 6 establishments engaged in this industry
reported a capital of $6,600 and products valued at
$20,400. From 1860 to 1870 the growth of the indus-
try was nothing less than remarkable. Although the
number of establishments was increased by 2 ouly,
the increase in capital was $254,550, and id produets,
$159,600. This rapid growth was probably due to the
establishment in New York of branches of the leading
factories in Germany, where the process of manufacture
had attained a high degree of perfection.

During the next decade the number of establishments
decreased one-half, while the capital invested and the
value of the products showed gratifying gains, indicat-
ing that the larger plants remaining were successful in
the manufacture of the article. Although the number
of establishments increased but one from 1880 to 1890,
the increase in the amount of capital invested exceeded
that for any decade, and the increase in the value of the
products was correspondingly large. Incomparing the
capital as reported at different censuses, however, it
should be borne in mind that until the census of 1890,
no definite attempt was made to include live capital in
the returns. During the past decade there has been a
marked decrease in the amount of capital invested, but
an increase in number of establishments and in value of
products. -Women wage-earners predominate in this
industry, and for each decade except 1870 to 1880 their
number increased in greater proportion than that of
the men wage-earners. : -

The number of establishments actively engaged in the
manufacture of lead pencils in 1890 and in 1900, with
the increase or decrease, by states, is presented in Ta-
ble 25.

Tasie 25.—PENCILS, LEAD: NUMBER OF ESTABLISH-
MENTS, 1890 AND 1900.

STATES, 1900 1800 |i Increage.

United States....oooveaiaiiiieiinnnennnn... 7 b 2

1 B 16 U )1 OO, 1
MassnChUSCESS. . ..o uererinisiiircinaeaiie e, b U5 RN 1
New Jersey . 2 1 1
New YOrk. .. .o e 3 B fleeenannan.
BhodeISland...oocinniiiiii e a o stnnnas 1 11

1 Decrease.

It dppears from Table 25 that the number of estah-
hshments increased 2, or 40 per cent, duringthe decade.
Illinois, Massachusetts, and New Jersey each show a
gain of 1 establishment, while Rhode Island reported
1 establishment in 1890 and none in 1900. The center
of the industry in 1900 was in New York and New
Jersey, and but 2 establishments are reported outside
of those states.

Table 26 is a comparative summary of the capital for
1890 and 1900, in its several subdivisions, with per-
centages of increase for the decade and the per cent
each ifem is of the total.

TapLe 26.—PENCILS, LEAD: CAPITAL, 1890 AND 1900.
1900 1890
Per cent
P . ] P ¢ of in-
er cen er cent || crease,
Amount. of total. Amount. of total.
Total...cuvemeannennn 82, 227, 406 100.0 ||%3, 100, 836 100.0 128,2
Land. oo vveninennaenns 151, 800 6.8 270, 000 8.7 143.8
Buildings....c.vecepennn 253, 500 11.4 373, 000 12,0 132,0
Machinery, tools, and im-
plements. ... ovnenennn. 244,725 1.0 293,000 9.6 116,56
Cagh and sundries........ 1,677,881 70.8 || 2,164,836 69.8 197.1
1 Decrease.

The total amount of capital invested showed a large
decrease for the decade. The different items making
up the total also showed decreases of varying propor-
tions. The most marked decrease in the items is shown
in the value of lands owned by the establishments. The
item of machinery represented a greater percentage of

the total capital in 1900 than in 1890, and showed the

smallest percentage of decrease of any item reported
in Table 26. The items of buildings owned and cash
on hand, bills receivable, otc., represented very nearly
the same percentage of the total for the year 1890 as
in 1900.

The cost of materials used in the manufacture of lead
pencils and the proportion of each item to the total
for 1900 is shown in Table 27.

Tasre 27.—PENCILS, TEAD: COST OF MATERIALS, 1900.

Per cent
Amount. |'oethtal,

7Y .| $1,080,917 100.0
Pringipal maierials ...... 1,002,710 97.8
urchased in raw stat 79, 233 7.7
Purchased in partially manufactured forml. 928, 477 - 89,6
T ) 18,767 13
Rent of power and heat .. R ! .
Freight..... e reereanrenearamee e aaenaarmmearanas 14, 450 1.4

1Includes mill supplies and all other materials, which are shown s'epn,rmely
in Table 30.

The largest item shown in Table 27 is that reported
for principal materials, which is divided into those pur-
chased in raw state, that is, materials upon which no
manufacturing force has been expended, and those
purchased in a partially manufactured form. Of the
amount shown for materials purchased in a raw state,
the cost of cedar logs made up the greatest proportion,
In the amount reported for materials purchased in
a partially manufactured form are included cost of
“mill supplies” and *‘all other materials,” the former
being $32,566 and the latter $255,587. Some establish-
ments were unable to separate the amount paid for
freight from the cost of materials, and reported the
two together. For this reason the $14,450 does not
represent the entire cost of freight, and should he
considered only in connection with the cost of mate-
rial. Nothing was reported under the item “‘rent of
power and heat.”
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A détailed statement, by statés, of the number of
gross and the value of the different varieties of lead pen-

cils, and the subsidiary products, of plants engaged
primarily in this industry, is presented in Table 28.

TasLe 28.—PENCILS, LEAD: QUANTITY AND VALUE OF PRODUCTS, 1900.

PRODUCTS,
Pencil cases.
Aggregate
STATES, Value.
Wood. Silver, Plate. Other material.
Total Total
gross. value. ’
Gross. Value. | Gross Value. Gross, Yalue. Gross Value,
Total. oooiiiivenananiennns $2,222,276 1,883,822 | 81,705,065 | 1,381,329 | §1,641,075 1,486 $43, 496 482 $18,794 526 #5800
New York....oocoeceenennaniins 1,581,351 911,188 | 1,218,786 909,170 | 1,151,495 1,486 43,496 482 18,794 | vvevnvncccnfananacinanca
All otherstates! (.. .ciennnnnnnn 640, 925 472, 884 401,280 472,159 LRI I U FUPPOUIE NS 525 800
PRODUCTS—Continued.
ALL OTHER
Pens, PRODUCTS.
BTATES.
Fountain (complete), Gold. Steel, - Stylographic,
Total Total
Zross, value.
Gross, Yalue. Gross, Value, Gross. Value, Gross. Value. Value,
Totaleseeieirnernaannann 482, 759 $115,101 447 $39,1256 31 $2,202 432,230 §71,818 51 82,456 $402,110
New York........ 482,759 115,101 447 39,125 31 2,202 432,230 71,318 51 2,456 252, 465
All other states? o....ooinseie]oriaiineie]ieciinnncnalicsnerroceefanecnersvaelessccroremne|aesammamcne|eceamanenecalonrrasssmcnn|osennsansonslocnssnannons 149, 6456

1Includes establishments distributed as follows: Illinois, 1; Massachusetts, 1; New Jersey, 2.

It appears from Table 28 that New York led in the
output of lead pencils in the census year, producing
almost twice as many gross as all other states com-
bined, To show to a better advantage the different va-
rieties of lead pencils manufactured during the census
year, it was decided to subdivide the product according
to the case in which the lead was inclosed. In doing
this 5 divisions (wood, gold, silver, plated, and other
varieties) were made. Practically, all lead pencils manu-
factured are inclosed in wooden cases, as will be seen
from Table 28. A considerable overlapping of the pen

and pencif industries is shown in this table. Table 28
gives only an incomplete enumeration of the quantity
of lead pencils produced during the census year, for the
reason that many lead pencils were reported as a sub-
sidiary product of the industries engaged primarily in
the manufacture of pensand other articles. The total
quantity and value of lead pencils produced by estab-
lishments of any character is shown in Table 29.

Of the total guantity of lead pencils manufactured
during the census year, those incased in wood were
1,653,973 gross, valued at $32,053,484, and all other

TasLe 29.—~PENCILS, LEAD: QUANTITY AND VALUE OF PRODUCTS, 1900.

]

CASES.
BTATES, Totalvalue. Wood. Gold, Silver. Plated. Other materials,
Gross, Value, Gross, | Value. | Gross. | Value. | Gross. | Value. | Gross, | Value,
United States ..o.ccvvvmmmnceneiiranaiiaan $2,264,151 1,668,973 | $2,058, 484 81| $32,626 | 2,281 | $111,518 | 3,988 | 964,528 681 $2,100
New York .o o ciiiiiiiiiiiii it e e 1,888,887 909,170 1,151, 495 26| 82,826 2,055 | 102,718 [ 8,204 | 46,848 |...ce..ilenenienias
All otherstates? ... ... .iiiiiiiiil... 930, 764 744, 803 901, 989 i) 200 226 8, 800 784 17,676 681 2,100

1Tncludes establishments distributed as {ollows: Illinois, 1; Massachusetis, 1;

Ohio, 1; Rhode Island, 2.

varieties were but 6,881 gross, valued at $210,677.
There were produced in all during the census year
1,660,854 gross, or 239,162,976 lead pencils—more than
three for each man, woman, and child then living in the
United States. The totals shown in Table 29 do not

‘agree with the totals elsewhere given in this report, or

with those in the general report on this industry as
presented in Manuafactures, Parts I and IL
As the importations of pencils, ¢ paper or wood filled

New Jersey, 8, including 1 establishment whieh reported pencils as a by-product;

with lead or other material, and pencils of lead,” were
but 85,119 gross, valued at $298,144, for the fiscal year
ending June 30, 1900,' and as this was greatly in excess
of the reports for the previous years, it will be seen
that the American manufacturer practically supplies the
home trade. It is to be regretted that no statistics are
available as to the amount of lead pencils exported.

! Annual Report, United States Treasury Department, on Com-

merce and Navigation of the United States for 1900.
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MANUFACTURES.

HISTORICAL AND DESCRIPTIVE.

The manufacture of lead pencils is a comparatively
modern industry in the United States, dating from 1861,
when the Fabers, pencil manufacturers in Germany,
established a branch factory in New York. The use,
however, of metallic lead for marking is very old. Pliny
refers to lead as used for marking lines on papyrus;
La Moine cites a document of 1887 ruled with it; Cortez
found the Aztecs, in 1520, using crayons made of it.}
The manufacture of lead into pencils, however, was not
very general until after the discovery of the famous
Barrowdale graphite mine in Cumberland, England, in
1564. The material from this mine was so highly de-
sired and was so closely maintained as a monopoly that,
in pursuance of an act of Parliament, the mouth of the
mine was guarded by an armed force. To keep up the
monopoly, the mine was worked only six weeks ina
year, and its mouth was closed by flooding with water
after the workmen left. The process of preparing the
graphite mined here was the simple one of dividing it
into slips. The most general method used to accom-
* plish this purpose was that of compressing pulverized

graphite with hydraulic presses into solid blocks, and
then sawing it into bars. About 1850 the Barrowdale
mines became exhausted, and since that time the lead
for pencils has been prepared by a process invented by
Conté, of Paris, at the close of the last century, or some
adaptation of that process. Briefly, his method was to
powder the graphite ore and mix it with a powdered
clay. These materials, mixed in varying proportions,
constitute the marking portion of the modern lead pen-
cil. The grades of hardness and softness are secured
by using more graphite and less clay to produce the
softer grades, and more clay and less graphite for the
- harder grades. While Conté, a Frenchman, originated
this process, it was left to the Germans to perfect it,
which they accomplished so completely during the first
part of the past century, that Germany can well be
called the home of the modern graphite pencil.
Graphite or plumbago, the material now universally
used for frue surface writing, has been known for more
than five hundred years. This material resembles lead
no more than chalk does. Graphite is a nearly pure form
of carbon and has many peculiar qualities. It is only
one-fourth as heavy as lead; can not be fused; is one of
the softest minerals dug from the earth; and if subjected
to & very hot fire it will not melt nor be consumed, but
it will gradually waste. This substance is found in its
purest form at Ticonderoga, N. Y. The variety mined
at this place containg 99.9 per cent carbon, while the
best quality taken from the Ceylon mines is 99 per
cent, and that found in the Barrowdale mine in Eng-
land had but 87 per cent carbon. The inferior grades
of graphite contain from 50 to 60 per cent of foreign

matter. For the manufacture of pencils only the finer
grades of graphite are used. In addition to the places
mentioned, graphite is mined in Siberia, where an ex-
cellent quality is found; at Harnon, Sweden; at Passan,
Bavaria; at Schwarzback, Germany; in the province of
Nelson, New Zealand; and in Mexico. In the United
States, impure grades are found at Raleigh and Ashe-
ville, N. C., and at Cumberland Hill and Cranston,
R. L* The clay used to mix with the graphite is a
peculiar kind of pipe clay imported from Germany and
Holland. The wood chiefly used for the holders is soft,
straight-grained, red cedar, found in Florida, Georgia,
Alabama, Mississippi, and Texas, and is used not only
by American manufacturers but by all the pencil makers
of the world.

Prior to the coming of the Fabers to the United
States lead pencils were manufactured here, but to a
very limited extent. The first step in starting the
industry was made by William Monroe, of Concord,
Mass., in 1812. At the commencement of the War of
1812 he was engaged as a cabinetmaker, but the non-
intercourse, nonimportation, and embargo acts had so
depressed business generally that he turned his attention
to the making of pencils. The pricefor them wasexceed-
ingly high, owing to their scarcity, and success in making
them meant large rewards. He procured a few lumps of
black lead, pulverized them with a hammer, and separated
the finer portions by suspension in a tumbler full of
water. From the material thus prepared he made his
first experimental mixture in a spoon, and out of it
attempted to make a pencil. The result was so dis-
couraging that he returned to his old occupation of
making cabinets. He managed, however, to devote
some time each day to his experiments, and after four
months’ work in this way he secured a better lead, which
he incased in cedar-wood holders, thus producing the
first American-made pencils. - On the 2d day of July,
1812, he proceeded to Boston with a modest sample
of about 30 pencils, which found a ready sale. The
purchaser encouraged him to continue the manufac-
ture. On his next trip to Boston he took with him
3 gross. The dealer then made a contract with him
for all the pencils he could make within a certain time,
at a certain price. All the mixing of the lead and
putting it into pencils was done entirely by his own
hands in a small room of his dwelling, thoroughly pro-
tected from curious eyes, no one but his wife being per-
mitted to know anything of his methods. He continued
his pencil manufacture for about eighteen months, when
he was compelled to abandon it, owing to the difficulty
of obtaining rawmaterials. At the close of the war he
resumed the manufacture, but the imported article was
found superior, and he made but little progress in the

! Knight's Mechanical Dictionary.

?The Universal Cyclopeedia, vol. 5, page 250.
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business. Until 1819 he carried on the manufacture
as a subsidiary occupation with his cabinetmaking, but
in that year, having met with better results, he devoted
himself exclusively to the manufacture of lead pencils.
After ten years of persistence and study directed toward
the improvement of the quality of the pencils, his make
grew into favor and supplied a part of the home
demand.

It is said on reliable authority that Joseph Dixon
attempted the manufacture of lead pencils at Salem,
Mass., as earlyas 1830. Mr. Dixon’s first consignment
to a Boston firm was not enthusiastically received, but
he was told that if he would place a foreign label on
the pencils they would meet with ready sale. Rather
than do this he had the pencils returned, and never
again manufactured any. He gave his attention after
that time to the manufacture of crucibles, and formed
what is known as the Joseph Dixon Crucible Company.
This firm began the manufacture of lead pencils in
1872, and met with exceptional success.

Prior to the manufacture of pencils by the Dixon
company, 3 establishments of foreign origin were in
operation in the United States. First, came represen-
tatives of the Faber plant in Germany, who began the
manufacture of lead pencils in 1861. Next, in 1865,
the Eagle Pencil Company was established in a similar
way, and in the same year and in the same manner the
American Lead Pencil Company was established. The
above-named companies are now managed and owned
by American citizens and have no connectlon with for-
eign plants,

After the industry had been established in the United
States in the manner described, its progress and growth
weve very rapid. This was due mainly to the following
" causes: The existence in the United States of very rich
graphite mines; the extraordinary facilities for secur-
ing this substance from mines elsewhere; the presence
here of the greatest cedar forests of the world; and the
introduction of labor-saving machines.

The process employed to-day in the manufacture of
the American lead pencil is the Conté system, but the
article produced by it has been so infinitely improved
in workmanship and detail heyond the original product,
that it would seem as if the pencll had almost reached
its limit of perfection. As now followed, the process
is a difficult, painstaking, and most elaborate one, and
there is needed in the manufacture both a practical and
theoretical knowledge of its chemistry and mechanics.

The raw material (graphite) used in many American-
made lead pencils is mined at Ticonderoga, N. Y. This
mine closely resembles an anthracite coal mine both in
external and internal appearance. In it there are two
formations of the graphite—a large vein of the crys-
tallized variety, and the compact or granulated form
of deposit, the latter being the only one used in pencils.
This latter kind is found in small veins, or in what
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miners call “pockets.” The graphite is taken, in the
lump, direct from the mouth of the mine to the redun-
cing mill, where it is pulverized by stamps under water,
the particles floating off with the water through a series
of tanks, in which they sink to the bottom, forming a
sediment. The water being drained off and the sedi-
ment dried, the graphite is finally sent to the factory in
barrelsin the form of an impalpable powder—lusterless
and of a dingy color. At this stage the graphite is finer
and softer than flour, and is as evasive to the touch as
quicksilver.

The particles arve then separated further, according
to fineness, by a process known as “‘floating.” To effect
this separation the graphite is mixed with sufficient
water to run very freely, and then turned into a hopper
from which the water runs slowly through a series of
tubs so arranged that the top portion of each tub drains
off into the tub placed next to it, but on a lower plane
than the first. In this manner the coarsest and heavi-
est particles settle to the bottom of the first tub, the
next coarsest and heaviest in the next, and so on, the
movement of the water being made very gentle. On
reaching the last tub, the powder, being twice as heavy
as water, sinks in it, if undisturbed, and so far settles
that the water discharges at the top nearly clear. When
the flow is stopped and the powder has settled, the clear
water is withdrawn by removing successively, beginning
with the upper one, a number of plugs inserted in holes
in the side of each tub, care being taken not to agitate
the contents so as to disturb the deposited dust. The
deposits are then removed through gates at the bottom

of each tub. The deposit in the last tub is used for the
finest grade of pencils, and those in the other tubs for
the coarser grades.

The graphite is now ready for the clay, which is of a
bluish-gray color, of great strength, and of a fatty ap-
pearance when wet. This clay is subjected to the float-
ing process in the same way as the graphite, only the
finest being used for mixing with the graphite in pro-
portions varying according to the degree.of hardness
required. The more clay used, the harder the pencil;
but for the medium grade the proportions are about seven
parts of clay to ten of graphite, by weight. The graphite
and clay are then mixed together with water to the
consistency of thick cream, and the mixture is fed to
the grinding mills, which consist of two flat stones .
about two feet in diameter, placed: horizontally, only
the upper one being in motion. The mass is ground
between these stones many times in order to secure the
most perfect strength, uniformity, and freedom from
grit in the leads. The mass, when ground, is inclosed
in stout canvas bags, and the clear water forced out of
it by hydraulic pressure until it becomes a thick dough,
when it is sent to a forming press. This is a small, ver-
tical, iron cylinder, having a solid plunger or piston,
driven by a screw. A plate is inserted in the bottom
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having an opening of the shape and size of the lead
desired, and through this hole the lead is forced some-
thing as a stream of water is forced from a syringe and
coils itself round and round, like a coil of wire on a
board set beneath the press. The coil is taken up,
straightened, and broken off into lengths sufficient for
3 leads, which are then laid in order ona board, pressed
flat by having a cover put over them, placed in a cru-
cible, and baked in a kiln.

The material is now ready for the wooden cases, for
which, in the cheaper pencils, pine is used, and in the
better grades, cedar. At the sawmills the wood is cut
into blocks about 7 inches long, and these are sawed
into strips about 3% inches wide and three-sixteenths of
an inch thick, Each of these strips is suflicient to make
the halves of 6 pencils. As the pencils are made six
ata time, imperfect strips are put together so as to make
a full strip out of the parts. These are packed closely
in boxes and shipped to the factory. When they reach
the factory they are passed in a continuous line under
a cutter, which smooths their faces and cuts 6 little

rooves—round or square—for the leads at the same
stroke. The putting in of the leads is done by three
operators. The first places the lead in the grooves and
passes it to a second, who receives another strip with
the grooves and surface coated with glue from the third
operator, and puts them together. The united pairs
are laid in rows, pressed together by a screw, and left
to dry. The rough ends of the strips and the project-
ing leads are then ground smooth against a wheel cov-
ered with sandpaper. Next, the slips are fed one by
one under a revolving cutter, which separates each
into 6 rough pencil forms, and rounds these on one
gide by cutting away the superfluous wood. As they
come from under the cutter they are turned over and
passed under a second one, which rounds them on the

" MANUFACTURES.

other side, so that they fall in a continuous stream of
finished pencils.

The planing machine in this process uses revolving
knives, which make a succession of little gouges in the
wood. These gouges, which would otherwise leave the
surface very irregular, leave it smooth by following
one another so closely that they become one long cut.
So perfect is the operation of these revolving cutters,
which make 9,000 strokes upon the wood a minute, that
they leave the surface not only ‘“‘true,” but so smooth
that the finest sandpaper would scratch it. The pen-
cils are then counted, a gross at a time, by an operator,
who simply arranges them by the handful in grooves,
each large enough to contain 1 pencil. If the pencils
are to be colored, they are immersed in dye and then
sent to the varnishing machines. Here they arve fed
into a little hopper, from which they settle through side-
wise and are seized between two wheels, which thrust
them endwise, one at a time, through a hole in a tube
wherein they ave varnished. Each pencil, pushed on
by its follower in the single-file movement, emerges
from the tube and drops on a horizontal belt. It then
moves slowly with the belt some 80 feet, drying as it
goes, when the belt, reaching a pulley, releases the
pencil and it drops into a receptacle. Pencils are var-
nished in this machine at the rate of 100 a minute.
The other operations are of minor consequence, con-
sisting in shaving a little from the end, sharpening cer-
tain styles on a wheel, stamping, and packing. Except
for the lead makers and a few attendants, the labor is
done by women, the machines being automatic, so that
little strength and skill is necessary. The work is gin-
gularly cleanly and in no respect unhealthy, and the
factory is peculiar in being permeated by the aromatic
odor of the red cedar.

Table 30 presents in detail the statistics for the man-
ufacture of lead pencils, by states, 1800.
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TasLE 30.—PENCILS, LEAD: BY STATES, 1900.
United All other United All other
States, New Yorlk, states.! States. New York, states,!
Number of establishments ................... . 7 3 4 Average number of wage-earners, ete.—Con.
Character of organization: Children, under 16 years—Continued,
Individual .oooon i 4 1 3 October 827 135 192
Firm and limited partnership. .coeeeeemves|eeeaaii i loimeeanoeoaeneens November. 814 132 182
Incorporated company....uv.ee... Ceeveraea. 3 2 1 December ... 265 75 180
Capital: Miscellaneous expenses: :
J b 173 O terraeaaaaan P $2, 227,406 191,493,381 | $734,026 $278,176 || $191,382 $86, 794
: 7 4T $161,800 || $131, 500 §20, 300 Rent of WOrKS....vavivmuniiiseeninan , 720 600
= Buildings. . ceierieceriirae i reaaaana §263,500 (| $119,000 | $134,500 » Taxes,not including internal Tevenue. $16,172 $18,289 A
Machinery, tools, and implements..... $244,725 || $126,000 | $118,725 Rent of offices, insurance, interest, and :
Cash and SUNAries. .oveneeeecineesncnes $1, 6577, 581 81,116,881 | $460,500 all sundry expenses not hitherto in-
Proprietors and firm members coeeveeeveaeanns. 1 3 Qluded . .ooeienieeiaereieeiinar e, $260,684 || $177,373 €83, 811
falaried officials, clerks, ete.: Materialg used:
TOtRl NUINDEE «eveaeeeeecnramcieaaeaeaeann 81 46 85 TOAL COSE «evmnnnnerrannncenssenanaannannnn #1,030,917 || $755,549 | $275,368
Total SAlATIeS..cveiiirsairosennanans P $111, 830 $69, 602 $42,288 Principal materials—
Officers of corpora.tions— . TOtal COSE v e eiseissanesannnns $714,557 || $467,733 | $2566,824
NUmber . vvieiirmmnce e 8§ 5 3 Purchased in raw state......... $79,233 §79, 033 §200
Sn]uncs ................ eeraeeeenan $34, 600 $25, 000 $9, 600 Purchased in partially manu-
Gerlleral sttlpermtendents, managers, Pue factured form ................ 82?5, gg; $378, 700 ng ggg
elerks, ete.— 7l Puel e X ,
TOLA] NUIIDET +aveereemanennrnnrnns 78 41 32 Mill [10) o) 418 (A 32, 566 $29, 890 $2, 676
TotalI salaries....... Ceveerenneiians 877,290 $44,602 {  §32,688 %11 ot}?er materials. e crnuniiannn. vees 82?2. 5?7 sgﬁ. ggg 810 600
en— reight............. et 1460 [eeurnnonns
Number «ovemeecmanninieaae 68 32 26 Products: Bht '
w Salnries. . coeeveenenss veenees|  $68,860 || $30,960 | 824,900 Totsil, mn]le....1 ............................. 82,222, 276 | $1,581, 351 | $640,925
omen— encils and pens— i
Number ... ...l 15 9 [ Total value.....o.ooocvenaiiae.. 1,820,166 | §1,828,886 | $491,280
Salaries. . conerneeaareanans 48,430 84,642 $3,788 I’en&:‘ils—l 1385, 822 l 011, 138 12, 684
olal gross ..eeeiaiiiaa, , 888, 3 V04
W men, incluaing pieceworkers, and Total yulue: 2o 41705, 065 | 81,213,785 | $401, 280
Greatest number employed at any one eag (compiete)— l
time AUriNg the YeAT. . e eemermrnnesrnnes 2,261 1,472 789 %umber ofgross....[ 1, gﬂ g?]g 81, ?g? 430 833(%! ,}gg
Le(ilstimutlitlber employed at any one time . Silveliue """"""" g o g
uring the year , 029 1,880 699
Avyeragé number 2162 || 1415 7 Number of gross...| LAO L gdios [
Wagﬁs Te e ey $683,281 || $492,546 | 190,735 Platoa be —--ooresee s ) ! ceemnnnnas
en ears and ove 2!
Averuge number . 758 523 235 Number of gros...-| o o mo2 |l gus, 1og
Wages..ooeeveneonen. .| #352,863 || $201,032 861,531 Other varieties— """ 4 '
Women, 16 years and ove Number of gro: 595 596
Average number . 1,087 768 y Vzlrgee BrOSS. ... 8800 (|00 5.800
Chf]YiV ges.. d . 16 ......... .| $263,118 $179, 798 $83, 820 Pens— Tttty EEE e
ren, under 16 years— . 2
Ayerage number ol R Fotal Samme T #3101 || 138,108 -1
WBBOS + e enveraarnnnennnannrnennenns $67,600 || §21,716 | 45,884 Fountain, (complets)—
Average number of wage-earners, including Number of gross.. .. 447 447 eaiavien
pieceworkers, employed during each month: Value ........ veraen 839, 125 $39,125 [..........
Men, 16 years and over— Gold—
JANUATY «verarennrnrnsrarnssarenennns 762 519 233 Number of gross.. .. 31 Bl [eaeeiennn
D=t e) quT: N PP 769 528 241 . Value ....o........ £2,202 $2,202 |..........
23 o 768 533 285 Steel—
- April coiiieiiniaann... 758 635 218 Number of gross....| 482,230 482,280 {..........
May . cerreiriiaaaaean, 777 536 241 Value ...oeveenneons $71,818 $71,818 |....oahne N
b June...ccoiiiiciiaennn. 721 493 228 Stylographic— :
* B S 766 522 234 Num er of gross.... 51 111 PR
- ANZUSD teermeieieiieiiee e caccaaaaaaans 770 621 2491t Value .............. $2,456 82,466 |.o.oennnn.
) September............. 762 627 285 Value of all other producm ............ $402,110 || $252,465 | $149,645
i October............ .- 767 524 248 Comparison of products:
November........... 756 bI18 238 umber of establishments reporting for
[ December......o.veeeeimiio 745 516 229 both years.. ... ..ol ] 3 3
4 ‘Women, 16 years and over—— Value fOT CeNSUS YEAT «evveerreeneenaavnenns 82,212,276 |i$1, 581,851 | $680, 925
- JANUATY vveninnnrnnnannnnns peeneasarenes 1,086 788 348 ‘Value for preceding business year ......:.. $1,890,174 sl 408,854 | $481,820
i February 1,003 755 338 || Power: .
i March.. oo 1,007 766 331 Number of establishments reporting....... 4 2 2
b April oo O 1,114 788 826 TOtal NOTSEPOWET 4 eeveerenanereremnnnnennne 1,360 1,100 260
May..... i reseeernreanaaraancaannaaanan 1,099 780 309 Owned—
B 4= TN 1,063 744 309 Engines—
JULY e 1,084 766 828 Steam—
AUBUSE cteeniiiriiinaiaeinineecaanan 1,087 760 327 Number..caeeeieamnvenns e 4 2 2
September 1,087 768 329 HOrsepower .....ovveneennns 1,360 1,100 260
October._..._........ 1,086 761 335 Establishments classified by number of per-
November 1,079 746 333 sons employed, not including proprietors
December 1,079 746 334 and firm members:
Children under 16 years— Total number of establishments........... 7 3 4
J imllary ........................... ceaee 804 126 178 NO emPIOYEES «uecemiccaaacciaeraaaas|osiancnnaaaflovemnnnaaelinracnaan,
February 318 133 185 Underb ....... 1
March......... 320 136 184 5t020.......
4] o ) SN 825 187 188 2L to B0 ......
MAY o evnevnamaaronanas 322 138 184 BLto 100 .....
June ...oieiiaienaan.. 310 135 176 101to 260 ....
July i 316 136 180 251 to 500 ...
AUBNSE. <o ciiiiaieiaeaaas 879 195 184 501 to 1,000
September....coiiiieriaeiaceieerncennnas 314 135 179 Over 1,000

1Includes establishments distributed as follows: Illinoig, 1; Massachusetts, 1; New Jersey, 2.
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[Bee Appendix, page 831, Digest of Patents Relating to Chemical Industry.]

By Craries E. MunNror and THomAs M. CHATARD.
»

The publication of special reports relating to the
manufacture of chemicals, which was begun in the
Tenth Census, was a feature of the Eleventh Census,
‘although, as stated in the report on *‘chemicals and
allied products” of the latter census (Eleventh Census,
Manufacturing Industries, Part 111, page 275), ¢ owing
to changes in the form of inquiry and the inclusion of
certain allied industries not reported as chemicals at
the census of 1880, and the exclusion of others that
were included under this head at the Tenth Census, a
true comparison is impossible.”

The same may be said of the report on chemicals and
allied products for the Twelfth Census, now presented.
Pharmaceutical preparations, included as chemicals
by the Eleventh Census, have been excluded from the
‘Ppresent report, while ““bone, ivory, and lamp black,”
previously reported elsewhere, is here included. Still,
the data for so many of the industries included in the
classification are comparable that a fairly correct idea
of the growth of the combined industries as a whole,
during the past decade, may be obtained.

The total number of active establishments included
in this inquiry, as set forth in this report, is 1,827.
Thirty-six establishments were reported as idle, mak-
ing the total number of establishments 1,868. The
report on ‘‘chemicals and allied products” for 1890
covered 1,626 establishments, including those making
pbarmaceutical preparations as the principal product,
but the latter are not considered in the present report.
The Census Office classifies an establishment according
to the nature of its principal product, this being deter-
mined by its value as compared with that of any other
product which may be made therein. The special
schedules for the various industries call for the main
products of the industry with sufficient detail, while
subordinate products are, in most cases, brought to-
gether under the caption ‘“ all other products.” Hence,
chemical products made by works belonging to other
categories can not, in most cases, be ascertained from
the returns and do not appear in this report except in
4 few specified instances. The amount so lost to this
inquiry is, however, not so large as to materially affect
these returns, and as the value of such products is
included in the figures of the other categories, the final
total value of all manufactures is not affected. More-
over, establishments whose products during the census
year were valued at less than $500 are not included in
the general tabulations, but are taken into considera-
tion in this special report.

Owing to the hearty cooperation of most of the lead-
ing chemical works it is believed that the figures here
presented are as nearly correct as the difficulties attend-
ing the collection of the information have permitted.
In probably no branch of the census work is the need
of a permanent, trained force more keenly felt than in
this particular inquiry, the wide range of which is shown
by the character of the * Special Schedule, No. 17,”
used in the collection of these returns. The products
were classified under 19 groups, as follows: Group I,
Acids; 11, Sodas; 111, Potashes; IV, Alums; V, Coal-
Tar Products; VI, Cyanides; VII, Wood Distillation;
VIII, Fertilizers; IX, Bleaching Materials; X, Chemi-
cals produced by the aid of Electricity; XI, Dyestuffs;
XII, Tanning Materials; XIII, Paints, Pigments, and
Varnishes; X1V, Explosives; XV, Plastics; X VI, Essen-
tial Oils; XVII, Compressed and Liquefied Gases;
XVIII, Fine Chemicals; and XIX, General Chemicals.
In the course of the work it was found necessary to form
a subgroup, XIX A, to classify certain establishments
whose main products were not originally included in
““chemicals.” A final group named ‘‘miscellancous?”
includes a number of products not chemical but made
by works belonging to the eategory of *‘chemieal in-
dustries.” By bringing such products together their
nature, quantity, and value are given and the figures
may be used to supplement the returns elsewhere given
for such substances so far as they may be separately

- reported,

Separate tabulations have heen made of the data for
Group VI, Fertilizers; Groups XI and XII, Dye-
stuffs and Extracts; Group XIII, Paints; also Group
X111, Varnishes; Group XIV, Explosives; and Group
XVI, Essential Oils. The data for the remainder of the
groups are included in the general tabulation of ‘ chem-
icals.” There is also a tabulation of *‘ bone, ivory, and
Iamp black,” but as results showed that the product was
exclusively hydrocarbon black or lampblack, the figures
may be properly included in those for ¢ paints,” and
ave so treated in the special group report. These
tabulations are continued from previous cenguses and
are necessary in order that the condition of the manu-
factures of states, cities, ete., may be promptly shown
with sufficient detail, but for the proper presentation
of the chemical industries of the United States a cer-
tain reclassification of products became needful. For
example, a certain large establishment made paints,
acids, and general chemicals, its paint product being
the largest in value; the establishment was classified
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under “‘paints,” the other products being there re-
ported as subproducts. In another instance a large fer-
tilizer works, making its own acid, had such an extensive
business in the manufacture of cottonseed products
-that, although it was really a chemical works of much
importance, it could not be put in this category, but
had to go elsewhere. So far as possible, the chemical
products of this latter class of works have been taken
into consideration in the special group reports, hut
separately noted, so that any duplication may be made
evident.

In the special group reports, all of the products
belonging to the group are brought together. When
the main product of a works belongs to the group under
consideration, the establishment is a ‘“main” one and
belongs to Class A. When the group product is a
minor one for an establishment, this is counted in, but
as a ““sub” works and placed in Class B. The chemical

product of an establishment not belonging to the cate-
gory of *‘chemical industries,” as noted above, is also
taken into account, but the establishment and its chem-
ical product are placed in a third class, C. By this
system each group report can present its special opera-
tions and products in any desired detail; and while the
figures of product may differ from and often exceed
those of the general tabulations, no confusion can result
if it is clearly understood that the purpose of the special
group reports is to give as clear and complete a presen-
tation of the American chemical industry as the avail-
able information may penmt

The following table gives, first, the totals for estab—
lishments, capital, labor, cost of materlals, and value of
products as shown in the tabulations, and second,.for
purposes of comparison, the total values for the same
classes of products as shown by the reclassified figures
of the group reports:

COMPARISON OF TABULATION VALUES WITH GROUP VALUES: 1900.

WAGE-EABNERS.
Number of : Reclassified
TABULATION, establish- [ Capital. Mn.ég;;uls, 2 %%(%gg‘ts, prodlucts,
menis, ﬁg&%‘g‘? Total wages. value,
IDOMBY < et eaaen ‘1,70 | 288,600,641 | 46,766 | 921,709,251 | §124,043,837 | $202,682,306 |  §e21,217,217
CHEIITHCRIE e eeveeeeneeeeeeeeee e e e s e e e s eeeeseesessessnes 459 | 80,001,430 | 19,054 9,401,467 | 84,564,187 62,676,730 | 178,414,840
Dyestufia2......... F i 7,889,034 1,648 787,942 4 745 912 7 350 148 7, 767 226
Essentml OHE . pane 70 612, 657 199 69, 100 69| 6 112 850, 098 859 401
Explosives . 97 19, 465, 846 4,602 2, 388 756 10, 334 974 17, 125 418 816, 960 976
PertilizZers . oo e i 422 60, 685, 763 11,581 4 185 289 28 958 478 44 657 385 45 911 382
Paints and varnishes+ 616 60 334 921 9,782 4 971 697 44 844 220 69 922, 022 71 313 892

1Including miscellaneous, $4,175,656 from all tabulations.
?Including tanning materials,

Taking the table of “‘principal products, their quan-
tity and value, 1890,” given on page 275 of the above-
mentioned special report of the Eleventh Census, and

COMPARISON OF THE QUANTITIES AND VALUES OF
THE PRINCIPAL PRODUCTS REPORTED: 1890 AND 1900.

1890 1900
PRODUCTS.
Quantity, Valne. Quantity. “Value,
4511 IR PN $168, 547, 685 [ ceeoainnnann 221,217,217
Alum, pounds .. eeveas| 98,998,008 1,616,710 | 179,467,471 2,448, 576
Coal-tar products ....................... 687,691 [cevenrnannnnns 1 421 720

Dyeing and _ tanning
extracts and sumac,

DOUDAS - o evcecernasaans 187,806,911 | 8,857,084 | 169,525,536 7,767,226
Gunpowderand otherex-

plosives, pounds........ 125,645,912 | 10, 993 181 | 215,590,719 16,960, 976
Fertihzers, tons .. veeeo. 1, 898, 806 35 519 841 8,001,717 45 911 882
Paints, colors, and var-

THSHES st 52,008,262 |...........i.. . 71,818,802

Potash and peur]nsh

pounds 5,106,939 197, 507 3, 864, 766 178,180
Sodas, pounds. . 388,124, 875 B, 432 400 11, 279 082 000 | 10,287,944
Sulphum: a.cid

NAS . eivurerinaans 1, 009,868,407 | 4,307,067 [1,906, 878,908 7, 965, 832
Sulphuric acid,
nds e 20,879, 908 122,040 | 84,023,131 246,284
Sulphurlc acid,
b T - TR 354,633,657 | 8,249,466 { 764,558,465 6, 035, 069
ood alcohol and acetate ' )

Of liMe . oeieverieiiianeiiraenrannan 1,886,469 |.cemnrvennnnas 5,775,290
Chemicals (including all .

acids, bases, and salis

not heretofore enumer-

17 P P 24,751,974 |-.coecieniann 140,781, 680
All other produets . ......|-cceervvennn 18 018 b2 3 O 4 175, 656

1Including essential oils, $859,401,

8Excluding miscellaneous.
4Including bone, ivory, and lamp black,

comparing the returns for the same products as given
by the figures of the Twelfth Census, the following
results are shown:

This table shows that while the chemical industries of
the United States have greatly advanced in quantity of
product, the value per unit of product has much de-
creased, a tendency of much importance to those indus-
tries which use these products ag materials for their
own operations.

Each of the groups into which products are classified
represents a special form of establishment, sometimes
two or more forms, even though a single establishment
may, and often does, furnish products belonging to two
or more groups. Henece it is practically impossible to

-construct for this special branch of inquiry a single
schedule which, by the wording of the interrogatories

and the indications as to the proper nature of the re-
plies, will enable the Census Office to elicit the desired
information fromall alike. The difficulties experienced
in collecting the statistics have, however, indicated
improvements needed for future work, and, with a
permanent Census Bureau, there is every reason to
expect that at the next census the statistics of chemical
manufactures will show results of much wider scope
than it has been possible to present even at the ocensus
of 1900.
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The willingness of the manufacturers, notably of the
great combinations, to furnish information has been
most gratifying, and when difficulties have occurred
in most cases they have been due to the fact that the
establishments did not have such records as would give
the information desired. The absence of such records
has generally been regretted by the manufacturers, who
have recognized the value such information would have
been to them in their business. In the few cases where
information was at first refused on the ground of inter-
ference with private business, a courteous letter of ex-
planation rarely failed to elicit a pleasant reply, giving
everything desired go far as it could be furnished.

While the groups above mentioned cover most of the
products usually recognized as chemicals, inspection of
the index of any standard work on chemical technology

_will show that the subjects considered as belonging to
this domain are far more numerous. The reason for
this becomes evident when it is remembered that every
form of industry must be either physical or chemical
or a combination of both. The manufacture of pig
iron or the tanning of a hide is a chemical process, while
the rolling of a rail or the making of a shoe is a phys-
ical process, but many manufacturing processes in
which chemical reactions occur can not be sharply

. classified, since, while the products are the results of
chemical action, the practical success of the operations
depends upon the correct arrangement of the mechan-
ical plant, a good example of this being the ammonia-
soda process. Modern industrial chemistry tends to
develop itself more and more along engineering lines;
hence the increasing demand for the chemical engineer—
a mechanical engineer with a special equipment of chem-
ical seience and technology. -

A list of the topics treated of in Wagner’s Chemical
Technology is here given as an example of what the
term ‘“chemical technology?” as a rule embraces, to
which is added a list of the special schedules and bulle-
tins issued by the Census Office showing how far these
topics are the subject of special inquiries and reports at
the census of 1900, thus facilitating the obtaining of a
comprehensive view of this industrial complex.

COMPARISON OF THE TOPICS OF CHEMICAL TECHNOL-
OGY WITH THE CLASSIFICATIONS OF THE CENSUS
OF 1900. :

Special

TOPICS, schedule

number.

el:
Ch}z{u‘coal (chemical manufactures) 1;
OKE ¢ o vevseennenemiseransananennnae .
Gag, iNluminating and fuel........ .| (nonumber)
Oil, mineral (petroleum refining) .. 8
Parafin, ete (petroleum refining)... 8
Metallurgy: .

S o B BT 70 S 21 and %i
: 25
26
3
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COMPARISON OF THE TOPICS OF CHEMICAL TECHNOL-~
O0GY WITH THE CLASSIFICATIONS OF THE CENSUS
OF 1900—~Continued.

Special
schedule
number.

TOPICS,

Chemical manufactures, inorganic:
[070) 141 11Ty 111 £ PR SR PR 9
Acids, bases and salts .
Fertilizers.............
Explosives ......oc....
Compressed gases .....
Electrolytic products. .
Paints and varnishes..

Chemical manufactures, organie;
Aleoholsand ethers. .........
Organic acids................
Organic coloring matters....
Coal-tar products and eolors.

(chemical manufactures) ........... 17

‘(chemical manufactures) -.... 17

888!
Pottery and fire-clay produets ..... covenviierecncineicnnsnne
Bricks «o.vmmivemaiieiiiniinienacveeinns —en
Cements and mortar, general schedule
Food, beverages, ete.:
Starch, general schedule ....ccvvivviiiinniiiiiiiioniiinniae.
Sugar, general schedule....

Fermentation........ooevaen

+ Brewing, general schedule ...

Wine making, general schedul
Bpirits, general schedule .......ocieeiiemiiiiiiiiiiiiiiienni|iieniiiiiianes
Flour and grist produets .cvveovveivnieeirionnan. .- 31
Meat products (slaughtering and meat packing) .. 88
Milk, butter, and ¢heese...uceierrverenrneracesonsas - 32

Fibers:
é’}i&s{paﬂng, bleaching, dyeing, printing, and finishing......... ]1%
i

14 and 16
13
18
34

p
Miscellaneous;
Tanning (leather, tanned and curried) ....oooooiiiuaniunato. 18
Glue, size, gelatine, general schedule ...

Bone distillation— .
Bone charecoal, general schedule ...co.lvicnniirnnnannn.

Bone 0l coocivivianniinanaseiianas

Taits, olls, soaps, general schedule,..

. Stearin and glycerin, general schedul
Resins, general schednle .............
Essentlal oils (chemical manufactures) ..
Wood preservation, general schedule J...coveenciiiaciriiinva]uieccnnnina

While some of these topics may at first appear to the
laymen to have but a very slight connection with chem-
istry, as, for example, the manufacture of flour or bricks,
yet flour and bricks, as well as all of the other chemical
substances named, are chemical substances, and they
have been the subject of extended chemical study by
specialists, through which there has resulted great im-
provement in the quality and cheapness of the products.
In such industrial chemical - investigation Germany
leads all other countries, and its present preeminence
in the field of chemical manufacture has been deservedly
won by its work, although it has been materially aided
by the character of the patent Jaws of England and of
the United States. ‘

The German chemical manufacturer i3 far in advance
of those of all other nations in recognizing the value of
specialized chemical skill in the conduct of the works
and in employing trained chemists in laboratory inves-
tigations. Thus McMurtrie® points out that the Fa-
briken der Actien-Gesellschaft Farbewerke Meister
Lucius und Bruning in Hochst, who were in 1890 mak-
ing between 1,700 and 1,800 different colors, numbered

1The Relations of the Industries to the Advancement of Chem-
ical Science, by William MecMurtrie, Proc. A. A. A. 8., Vol. 44,
page 79, 1895.
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among their 3,000 employees 70 chemists and 12 en-
gineers. Green' states that in 1900 the six largest
coal-tar color firms in Germany employed about 500
chemists and 350 engineers and technical men, while
Sir Henry Roscoe? states that at the German works
which he had visited, highly trained chemists were em-
ployed in original researches with a view to new dis-
coveries. ‘One employee, who received £1,000 a year,
worked for several years without producing any results;
but eventually he made a discovery which repaid the
firm ten times over, and placed an entirely new branch
of manufacture in their hands.”

Owing to the extended discussions going on in Eng-
land and America relative to the tremendous growth of
the chemical industries of Germany during the past
twenty years, in which many have attributed much of
this growth to the extensive employment of doctors of
philosophy in chemistry and other university-bred
chemists in the (German technical works, a census has
been taken of the establishments in the United States
which are the subject of this report, with the following
result:

CHEMISTS EMPLOYED IN THE ESTABLISHMENTS
TREATED OF IN THIS REPORT.

Number of

GROUP
NUMBER. Group name, chemists,
ACIAS .. ciaiiiiaccmici i e e aeea 28
II | Bodas.....
III | Potashes............. IR PR
IV Alums ccuennenvannn. . i1
V | Coal-tar products.. . 7
VI | Cyanides ............ 8

vix ood distillation....
VIII | Pertilizers...........
IX | Bleachin, ma.terials.
X { Electro-chemicals..
X1} Dyestuff8 ueevecusnn..
XIT | Tanning materials. .
XIIT | Paints and varnishes.. -
X1V | Explosives........... . 32
XV | Plastics......... .
X VI | Essential oils..
X VII | Liquefied gnses - =
XVII | Fine chemicalS...coeeeeirurnverneaeeseanaanns - 25

XIX | General chemiCalB..o..oeiie i iiiicerienirnnes 41

When, in German works, the results of the investi-
gations of the expert chemists indicate commercial pos-
sibilities, practical working tests follow, and, in the
end, one more patent is added to those which hamper
the development of chemical industry in countries
which, like the United States, give the foreigner the
monopoly of a patent without requiring that the pro-
tected article shall be made where the patent is issued.
The effect is that since it is often more profitable to make
the higher grade chemicals abroad than in the United
States, foreign labor and capital are protected to the in-
jury of the labor and capital of this country. Hence,
while the manufacture of acids, alkalies, fertilizers, and
nther heavy chemicals has greatly increased in the
Jnited States, this is mainly because of transportation

663, llf[E‘)he Coal-tar Industry, by A. G. Green, Science, Vol. 14, page
27, Soc Chem. Ind., Vol. 16, page 570, 1897,

costs. The tariff on alkalies has certainly added much
in the development of this branch because it has been to
the interest of the foreign patentees to establish alkali
works here either by their own capital or by granting
licenses to others. When, as in the case of dyestuffs
and other high-grade chemicals, the transportation cost
is a minor consideration, the tariff has little effect in
inducing the domestic manufactuse of a foreign article
protected by a local patent. So long as the demand for
his article insures a sufficient price, the foreign patentee
can make it abroad and ship it here, paying whatever
duty may be demanded; by simply refusing to grant a
license for manufacture here, he is secured from
all competition. Other countries may have refused
to grant him a patent, which may even have be-
come void in the original country, and the article be
made by others; yet under our laws, he, and be alone,
may vend the article here. The English, who are suf-
fering from a similar condition of their patent laws,
are bestirring themselves to have the situation amelio-
rated, and a gpecial committee of the Society of Chem-
ical Industry has lately made a report upon this sub-
ject.®* The effects of granting British patents to for-
eigners without requiring domestic operation are thus
stated:

1. We foster foreign labor and assist in the development of for-
eign industries.

2. Ag the introduction of a new article generally replaces an-
other article hitherto in use, we throw out of employment a cer-
tain number of our own workpeople.

3. Very frequently the foreign patentee has either not succeeded
in getting a patent in his own country or such patent has already
run its course there, whilst his British monopoly remains in full
force. Theresultis that we stifle invention and increase the prices
of a number of articles by closing the doors to our own inventors
and manufacturers, whilst our foreign competitors may make and
vend abroad the patented article without any restriction or pay-
ment of royalty.

Several examples are given of the practical working
of the English patent laws. Artificial alizarine was
invented in Germany but no patent was granted there.
English patents were, however, granted, with the result
that the patentees, having the monopoly of the English
market anyhow, simply made it in Germany, as being
cheaper so to do, and built up an enormous trade which
was the foundation of Germany’s present supremacy in
the manufacture of coal-tar dyestuffs Again, the pro-
duction of artificial indigo is destroying the natural
indigo industry of India and producing much distress
there. England, which is thus a heavy loser, can do
nothing to offset this loss, hecause the patent monopoly
granted to the foreigner enables him to supply the
English market on hls own terms.

Every country, save England and the United States,’
has a provision in its patent laws that a patent can be
revoked if not worked in the country granting the

patent. Moreover, the French patent law has, in addi-

8J. Soc. Chem. Ind., 1902, pages 212 to 301.
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tion, the following provision, article 32, section 8, “The
patent shall be revoked if the patentee has introduced
into France articles of manufacture made abroad and
similar to those which are protected by the patent.”
In this way France provides that, in giving to anyone
the protection of her patent laws, her domestic industry
shall be fostered, and not, as in England and the United
States, often injured and sometimes destroyed. In-
stances have occurred in this country where chemical
substances once made here are no longer produced,
hecause the foreign manufacturer, protected by his
American patent, has been able to make the domestic
manufacture unprofitable.

The report under consideration states that ¢ There is
but one remedy for this vexed question which is both
simple and efficacious, viz, to enact that ‘A patent
may he revoked if it be proved that an article patented
is worked abroad and not in the United Kingdom, the
onus of proof that the patent is worked, bona fide, in
this country, resting with the patentec or licensee.’”
Some such provision ag this in the laws of the United
States would materially aid the development of our
American chemical industry. _

In order to hring out the relations existing between
the growth of the chemical industry and of the patents
which have been granted in this country covering
inventions in this industry, an abstract has been made
of all chemical patents issued from the founding of
the United States Patent Office up to the year 1900,
and this Digest of Chemical Patents is given as an
appendix to this report. It was prepared by Mr. Story
B. Ladd, M. E., whose experience as a patent attorney
especially fitted him for this duty, and he elsewhere
shows the effect which the granting of these monopolies
hasproduced on the industries of the United States.

The Nineteenth century, the closing year of which
is marked by the taking of the Tweltth Census, will
always be a notable one in the history of chemical
manufacture, since practically all of its present work-
ing processes have had their origin and development
during this period. Indeed, chemical manufacture, as
such, can hardly be said to have existed until the con-
tinuously working chamber process for sulphuric acid
was introduced, about 1810, while the Leblanc soda
process, although discovered by him in 1789, failed to
get a footing until 1814, when it was introduced into
England by Losh. Thereafter the development of
chemical technology proceeded rapidly, and now, at the
end of the century, we find that the great Leblanc proc-
ess is approaching extinction through the inroads of the
later ammonia-soda process and the electrolytic chlorine
process, while the echamber process for sulphuric acid
appears to be about to meet a formidable competitorin
the recently developed contact process.

As the nature and working conditions of this process
havebeen only lately made public, and as its generalintro-
duction will have such a profound effect upon industrial
chemistry, especial attention is given to it in the next

PART IV——MANF——34

529

section. Moreover, contact action or catalysis contin-
ually occurs in chemical operations, hasalready numerous
applications, and the number is continually increasing.

By catalysis in meant that peculiar action of a sub-
stance by which it can, when in contact with two or
more substances capable of reacting upon each other,
either cause the reaction, or, if the reaction is already
occurring, greatly diminish the time required for its
completion. At the same time, the catalytic substance,
so far as respects the nature of the ultimate products,
appears to have undergone no change. Hence, Ost-
wald’s definition, ““A catalytic agent is such material
as affects the veloecity of a chemical reaction without
itself appearing in the final product.” A very familiar
example of catalytic action is the effect of adding man-
ganege peroxide to potassinm chlorate when making
oxygen. Kither of the substances gives off oxygen when
heated to a temperature sufficiently high, but when
mixed the reaction is effected at a much lower tempera-
ture and with much less danger of explosion. When
the reaction is completed, examination of the residue
shows that only the chlorate has lost its oxygen, becom-
ing chloride, the peroxide being apparently unchanged.
It is probable that the latter has taken full part in the
reaction, giving off oxygen and taking it up again, but,
looking only at the final result, it appears to have been
effective merely by its presence.

The action of the niter gas in the sulphuric acid
chamber is also catalytic. The union of sulphur diox-
ide and atmospheric oxygen can and does take place
without the help of the niter gases, but the unassisted
reaction is very slow and incomplete. The niter gases
are oxygen carriers; the oxygen which they contain is
in a much more active condition than that of the air,
so that they oxidize the sulphur dioxide but replace
the loss by taking up oxygen from the accompanying
air. As water, in the form of steam, is always present
in this reaction, the final product is sulphuric acid,
which, in theory at least, is free from oxides of nitro-
gen, the niter gas remaining in its original active con-
dition. In practice, however, a certain amount of this
gas is reduced to inactive forms and this loss must be
made up by addition of fresh gas, so that for every
hundred parts of necid produced, a certain quantity of
niter is used up, but this quantity, being theoretically
nothing, depends upon the care of the management and
other conditions. '

Other applications of catalysis are met with in the
Deacon chlorine process, the manufacture of chlorates,
aldehydes (the formaldehyde lamp for disinfection
being an example), acetone, carbon tetrachloride, and
many other organic products, the entire subject being
one of great and increasing importance.

Grour 1.—AcIps.

Sulphuric Acid.—The manufacture of sulphuric acid
has practically doubled during the past decade, the in-
creage of product resulting more from the expansion of
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works than from an increase in their number. The fol-
lowing table gives a comparison between the output for
the census year of 1900 and that for 1890. The figures
for quantity and value of 50° acid include acid made
and consumed in the works in the production of ferti-
lizers and other products.

COMPARISON OF SULPHURIC ACID PRODUCED IN 1890

AND 1900.
1900127 ESTABLISHMENTS, 1890105 ESTABLISHMENTS.
STRENGTH, Acid produced, Acid produced.
BAUME, -
Valuef| » Value
Pounds, Value. per Pounds, Value, per
ton. ton.
Total..| 2,705,460,489 |§14,247,185 |....... 1,384,776,972 | $7,679,478 |.......
50°. .1 1,906,878,903 | 7,965,832 | $8.35 |1 1,000,863,407 | 4,307,067 | $8.53
60°. 34,023,131 246, 284 | 14. 47 20,379, 908 122,940 | 12.06
66°.. 764,668,455 | 6,085,069 | 16,78 354,533,667 | 8,249,466 | 18,88

The figures of quantity and value of the 50° acid for
both periods include the amount of this acid made at
certain works and consumed there in the manufacture
of fertilizers. In addition there is given the quantity
and value of the acid consumed at worksin 1900 for
making mixed acids for explosives and for other pur-
poses. The acid used for fertilizers was really 50° or

chamber acid. The rest of the acid included for 1900

was of various strengths, but for purposes of compari-
son these have been reduced to 50°. In reducing 66°
acid to 50°, the quantity is multiplied by 1.50, and for
60° acid, multiplied by 1.25, these factors being closely
approximate to the usual strengths.

1900, 1890.
Pounds, Value, Pounds, Value.
Total eunennenennnns 2,007,268,570 | $8,819,526 | 581,536,200 | $2,480,495
Fertilizers. .............. 1,578,718,000 | 6,501,147 | 581,536,200 | 2,480,495
Other purposes .......... 518, 550,570 | 2,228,879 O] )

1Not given.

The census report for 1890 also gave the total acid
production reduced to a uniform strength of 50°.
Doing this for the acid production of the present cen-
sus gives the following comparison:

Total acid as §0°: -
3L 3, 096, 245, 498
1890 - e e 1,567,138, 777
Gain, 97.6 percent ..ol ao.. 1, 529,106, 721

The census of 1870 wag the first at which separate
figures were given for sulphuric acid, but only the
number of establishmentsand the total value of product

were given. In 1880 the total quantity in pounds was

given, but no separation into the various strengths was
made, so that the returns are not strictly comparable.

Even with these restrictions a comparison is interesting
as showing the growth of this branch of manufacture.

Number | Quantity of Value of
YEAR, of works.| products. | products.
4 () $212, 160
49 308, 765,432 3,661,876
106 | 1,884,776,972 7,079,478
127 | 2,705,460,489 | 14,247,185

1¥Not given.

The first manufacturer of sulphuric acid in the United
States appears to have been Mr. John Harrison, of
Philadelphia, who in 1793 had a lead chamber capable
of producing 300 carboys of acid per annum.' The
business proving very remunerative, he built, in 1807, a
lead chamber 50 feet long, 18 feet wide, and 18 feet
high. This was a large chamber for the time, and was

capable of making nearly half a million pounds of sul- -

phuric acid annually, the price of the acid being then
as high as 15 cents a pound. Mr. Harrison was also
the first person in the United States to use a platinum
still for the concentration of the acid, this having been
up to then done in glass, a very precarious and danger-
ous operation. This first still was made in 1814 by Dr.
Eric Bollman, and was at ounce put in use. It
weighed 700 ounces, had a capacity of 25 gallons, and
was in continnous use for fifteen years.

Powers & Weightman, of Philadelphia, report that
they began the manufacture of sulphurie acid in 1825,
while a letter from Mr. Nicholas Lennig, containing
much valuable information, states that about 1829 his
father, the late Mr. Charles Lennig, erected a sulphuric-
acid plant which *“was so successful that the then exist-
ing New York Chemical Company went into liquidation,
and put the funds realized therefrom into a banking
company now well known as the Chemical National
Bank.”

It also appears that, in 1829, the manufacture of sul-
phuric acid was begun in Baltimore by two companies,
the Maryland Chemical Works and the Baltimore

- Chemical Manufactory. The industry extended, and

the figures given at the census of 1870 of 4 works, with
a total product of the value of $212,150, are undoubt-
edly erroneous. Of the works reporting acids as prin-
cipal products at the census of 1900, 16 reported starting
in business prior to 1870, while some of the fertilizer
factories were making acid prior to that time. While
nothing positive can now be said on this subject, it is
not unlikely that in 1870 there were at least 25 sul-
phurie acid works in operation, with a product of overa
million dollars in value. Such a supposition is certainly
more reasonable when compared, as above, with the
figures of subsequent censuses, since everyone, at all
conversant with this subject, is well aware that between
1870 and 1880 there was no such outburst of energy in
this branch of industry, as would be indicated by the

tCatalogue, Harrison Brothers & Company, Incorporated,
Philadelphia, 1902.
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figures of the respective years. Moreover, the figures
of value for the total chemical industry, so far as they
can be compared, were, for 1870, $60,998,214, and for
1880, $89,388,172; while the figures for 1890 were
$161,067,190. The comparatively small increase of the
figures of total value of product for 1880 over those for
1870 is what would be expected in the slow uphill course

of business between 1873 and 1880, while the next decade -

opened with a revival which, with occasional backsets,
keld good until 1893. :

The total number of sulphuric-acid works reporting
at the census of 1900 was 127. Of these, 31 burned brim-
stone only, 79 burned pyrites only, while 17 reported
that they used both brimstone and pyrites.

Brimstone Plants.—Seven brimstone-burning plants
made 66° acid, burning 18,042,072 pounds of brimstone
and producing 51,204,775 pounds of 66° acid, or an
average of 279 parts of 66° acid (equivalent to 419 parvts
of 50° acid) to 100 brimstone, the figtires for each plant
running from 308 to 260 parts of acid, Thirteen brim-
stone plants, making 50° acid only, used 85,955,680
pounds of brimstone and produced 140,584,027 pounds
of 507 acid, an average of 891 parts of acid to 100 parts
of brimstone, the figures running from 446 to 321 parts
of acid for 100 parts of brimstone. Two works report-
ing, respectively, a yield of 321 and 334 parts, stated
that they were using a very low grade of brimstone,
which was obtained under advantageous conditions.
Taking the 20 works together and the whole product as
50° acid, it is found that the grand average is 402 parts
of acid for each 100 parts of brimstone.

Pyrites Plants.—Nine pyrites plants, making 66°
acid only, consumed 248,026,399 pounds of pyrites and

produced 311,924,674 pounds of 66° acid, an average

of 188.8 parts of acid (equivalent to 200.7 parts of 50°
acid), for 100 parts pyrites. Thirty pyrites plants,
making 50° acid only, consumed 425,050,296 pounds of
pyrites and produced 889,222,560 pounds of 50° acid,
an average of 209 acid to 100 pyrites, the figures run-
ning from 284 to 160 parts. The grand average for the
39 works is 206 acid to 100 pyrites.

The figure 160is given by 8 works burning low grade
domestic pyrites, while the highest figure, 234 parts
acid, is furnished by a new model plant burning pyrites
with an average content of 50.05 per cent of sulphur
and using 1.26 parts of nitrate of soda to every 100
parts of pyrites. Other works give, per 100 pyrites,
224 acid, 1.66 niter; 213.4 acid, 2.13 niter, while a
large combination reports that it allows 2.5 parts of
niter and expects a yield of 225 parts of 50° acid. The
brimstone works show approximately a consumption
of 4.29 parts of niter per 100 brimstene. In considering
these figures, it must be remembered that the 66° acid
does not average more than 93 per cent of I,50,, cor-
responding to 65.6° B. Similarly, the 50° acid runs
from 52° to 48° B., and even lower, and the chamber
acid made and used in fertilize» works is usually under
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50°. The continued use of brimstone in this industry
in the United States is remarkable, as practically no
brimstone acid is now made in England or on the con-
tinent of Europe. ‘

The Contact Process.—In 1900, at the meeting of the
German Technical Chemists at Hanover, Clemens Wink- .
ler, the founder of the contact process, as we now have
it, delivered an address entitled “‘The Development of
the Sulphuric Acid Industry During the Nineteenth
Century.” In this paper, published in Zeitschrift fur
Angewandte Chemie, 1900, page 781, he gives a short
review of the history and present status of the chamber
process, and then shows the lines he followed in his cele-
brated research upon contact action in the production
of sulphur trioxide, which he made public in 1875. He
then speaks of the subsequent development of this
process, and concludes by impressively stating that the
contact process has already demonstrated its ability
to compete with and finally to supersede the chamber
process. The subject is so important that a summary
of this paper is given here, and, following it, an abstract
of the very valuable paper by Knietsch upon the devel-
opment of the contact process in the works of the
Badische Anilin und Soda Fabrik to which Winkler
calls attention. This paper is very recent, having been
published in the ‘‘ Berichte der Deutschen Chemischen
Gesellschaft” for December, 1901, and is so full of
valuable information that its presentation here, in ab-
stract, seems appropriate.

Winkler stated that the only acid known to the
ancients was vinegar, and that the first indication of the
recognition of any other acid is when Geber, in the
Eighth century, speaks of the *‘spirit” which can be
expelled from alum and which possesses solvent powers.
Albertus Magnus, Thirteenth century, speaks of a
“gpiritus vitrioli Romani” which can only have been
sulphuric acid, while Basilius Valentinus, Fifteenth cen-
tury, deseribes its preparation not only from copperas,
but also by. burning together sulphur and saltpeter,
pointing out very distinctly not only that sulphur, in
burning, produced some sulphuric acid, but also that
the yield is much increased if saltpeter is added.

Dornaeus, in 1570, described its properties aceurately; Libavius,
1595, recognized the identity of the acids from different processes
of preparation; Angelus Sala, 1618, pointed out the fact, which had
sunk into oblivion since Basilius, that sulphuric acid can be made
by burning sulphur in moist vessels; after that time it was pre-
pared by the apothecaries in that way. !

The addition of saltpeter was introduced by Lefevre
and Lemery, 1666, and Ward, in London, 1740, began
to make sulphuric acid on a large scale in glass vessels.
The lead chamber was first used by Roebuck, of Bir-
mingham, who, in 1746, erected such a chamber 6 feet
square. The first chamber erected in France was at
Rouen, in 1766. At this place, in 1774, De la Follie
introduced the important improvement of the intro-

! Lunge: Sulphuric Acid and Alkali, 1891, Vol. I, page 7.
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duction of steam intothe chambers during the combus-
tion of the brimstone. In 1793 Clement and Desormes
showed that the chambers could be fed by a continuous
current of air, by which much saltpeter could be saved.
By this time the general principles of sulphuric-acid
making were established, and by the end of the century
there were already six or eight works in Glasgow alone,
while the price of a kilogram (2.2 pounds), which, in
1740, in Germany, was about $1.12, sank in 1799 to 22
cents, and is now (1900) about three-fourths of a cent.

Lampadiug (Grundriss d. tech. Chemie, Freiberg,
1814, p. 3) has given a description of a sulphuric-acid
works and the manner of operation at the beginning of
the Nineteenth century. From this it is learned that
a mixture of flve parts of sulphur and one part of niter
was burned in successive charges in the lead chamber,
steam being admitted at the same time and air being
let in when deemed necessary. The acid obtained
was weak and had to be concentrated in glass retorts
up to about 1.80 sp. gr., while the yield was less than
half of what would he obtained at present.

The proper construction of lead chambers involved
great difficulties, it being almost impossible to make
them gas-tight, until Debassyns de Richemont invented
autogenic soldering. The chamber described by Lam-
padius contained about 300 cubic meters (10,594 cubic
feet), but the dimensions have been increased until now
the biggest chambers contain 4,000 to 5,000 cubic meters

(140,000 to 176,000 cubic feet). The last figures appear
to be too large, and the present practice is not to in-
-crease the chamber space, but to supplement the sur-
face by meang of other devices, such as the Lunge-
Rohrmann plates.

Finally,in the earlier years of the Nineteenth century,
the chamber process became a continuously working
one, and thus was enabled to be what it now is, the
foundation of the chemical industry and the measure
of its extent. Improvements rapidly followed. The
investigations of Gay-Lussac, on the recovery of the
nitrogen oxides from the escaping gases, have given usg
the tower which bears his name, while the form of
tower invented by Glover furnishes an efficient deni-
trator for the acid flowing from the Gay-Lussac tower.
The simultaneous use of these two towers is a necessity
in any modern, rationally managed establishment,

The use of pyrites, in place of brimstone, was first in-
troduced in 1836, on a manufacturing scale, by Wehrle,
in. Nussbaum, near Vienna, and hy Brem, in Bohemia.
In 1862, Spanish pyrites began to be used in England,
and by 1868 the use of brimstone in English works had
almost entirely ceased, and now very little brimstone is
used in any country of Europe for the manufacture of
sulphurie acid, while the consumption in the United
States for this purpose is still quite large, amounting,
in the census year 1900, to 128,427,000 pounds, or

about one-tenth of the total weight of the pyrites so
used.

Attempts to use the roaster gases from smelting
works were made in 1856-1858, and in 1859 a set of
chambers using such gases was started at Oker. At
present the smelting works in Germany produce (1899)
186,000 tons of H,S0,, about 22 per cent of the total
production. As elsewhere, the principal use of this
acid is in the manufacture of superphosphate, of which
500,000 tons were made in Germany in 1899.

The methods of concentration of the weaker ncids
have been greatly improved, the increasing cost of
platinum making it necessary to exercise the greatest
economy. Platinum, which in 1870 cost about $150 per
kilogram, cost in 1900 over $700 per kilogram, and the
price is now little less than that of gold. Herweus, in
1891, introduced the use of gold-plated platinum stills,
which were found to be a great improvement.

Fuming sulphuric acid, or Nordhausen acid, as it is
also called, is a mixture of sulphur trioxide (or sul-
phuric anhydride), with a varying proportion of mono-
hydrated sulphuric acid.  When the relation is about one
part of SO,, to one part of H,S0,, it is solid at ordinary
temperatures, melting at 85° C., and Is the *“solid sul-
phuric acid” of the trade.  As it is obtained by heating
copperas, alum, or other metallic sulphates, it was the
first form of sulphuric acid known, and the Pilsen acid
works are already mentioned in 1526, This industry
was destroyed during the Thirty Years War, but was
revived at Nordhausen. In 1778 Starck reestablished
the industry in Bohemia, where, on account of the
cheapness of labor and of the necessary vitriol stone,
his successors enjoyed a practical monopoly of this sub-
stance, until the increasing demand for it, in the manu-
facture of alizarin, and for many other purposes, led to
researches which have given methods by which it can
be made far more cheaply than by the distillation of
vitriol stone, since when this is used only small charges
can be worked, because the larger the charge, the higher
the heat required, and the greater the loss of acid
through the consequent splitting up of sulphur trioxide
into sulphur dioxide and oxygen.

That these two gases could be made to recombine by
the contact action of platinum and other substances, had
long been known and methods of utilization proposed,
but nothing of importance had been accomplished until

‘Clemens Winkler published, in 1875, the results of his

researches. In the beginning of his work, Winkler
heated the vitriol stone in much larger quantities, with-
out regard to the decomposition of the trioxides, passed
the gases over platinized asbestos, thus recombining
the SO, and O, and then absorbed the trioxide in strong
sulphuric acid. The results were very satisfactory,
but it was necessary to find a material cheaper than the
vitriol stone. As the course of the work indicated that,
for the best results, the SO, and O should be in stochi-
ometrical proportions, sulphuric acid was used, be-
cause when heated sufficiently high it breaks up thus:
H,50,=850,+0+1,0.
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The water vapor was easily removed and the resid-
ual gases remained in the exact proportion needed.

The need of a still cheaper material than sulphuric
acid becoming manifest, Winkler began to experiment
with the roaster gases of the Freiberg Smelting Works,
and in time it was found that in this way two-thirds up
to three-fourths of the SO, in these gases could be con-
verted into SO,. Still there were many difficulties in
the way of commercial success, such as purification of
the gases, ete., so that Winkler was unable to publish
his further results for many years. ’

In the meantime the matter was taken up by the
Badische Anilin und Soda Fabrik at Ludwigshafen on
the Rhine, and after years of unwearied scientific in-
vestigation, in which no expense was spared, this great
corporation has succeeded in solving the problem and
has reaped a rich pecuniary reward.

‘What the commercial success of the contact process
means for the future of industrial chemistry may best
be expressed in the words of Winkler, who, having
stated that at Ludwigshafen the new process can com-
pete with the lead-chamber acid, goes on to say:
“Therefore we can anticipate that, in no distant time,
the lead chambers of to-day will be dispensed with, a
condition amounting to a complete revolution in the
domain of sulphuric-acid manufacture.”
ment from so authoritative a source is a sufficient war-
rant for the presentation in this place of the following
abstract of Knietsch’s paper:

THE CONTACT PROCESS FOR THE MANUFACTURE OF
SULPEURIC ACID.!

1. Historical.—The production of sulphuric acid is a
matter of the greatest importance, as it is not only the
foundation of the inorganic heavy-chemical industry and
is used for many other purposes, but also has lately be-
come a most important material in the organic dye-stuff
industry, especially in the production of alizarine colors
and of synthetic indigo. The contact process is causing
a complete revolution in the methods of manufacture of
sulphuric acid; hence an account of its historical devel-
opment and present status should be of great interest.
The historical development of this process may be di-
vided into four periods.

First period: Phillips, in 1881, discovered the catalytic
action of platinum in hastening the union of SO, and O
to form SO,

Second period: Wohler and Mahla, in 1852, showed
that many other substances besides platinum possess

- eatalytic properties, and explained the character and
course of the reaction.

Third period: Winkler used definite gas mixtures for
the production of sulphuric anhydride, as it was then
considered that only in this way could good quantitative
yields be obtained.

Fourth period, the present one, is noted by the suc-
cessful use of the furnace gases directly.

1R. Knietsch, Ber. d. d. Gesell, 1901, page 4089.

Such a state- -
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The investigations of the third period were directed
toward the production of fuming sulphuric acid, which
was then very expensive, while the investigations of
the first and second periods had the same end as the
work of the present time, that is, the replacement of
the chamber process by improved methods.

The catalytic action of platinum was discovered by
Huomphry Davy in January, 1818, who showed that
platinum wire, when warmed and then introduced intd
a mixture of oxygen (or air) with H, CO, ethylene, or
cyanogen, became incandescent, and that the gas mix-
ture oxidized, usually gradually, but often rapidly.

Edmund Davy, in 1820, discovered that finely divided
precipitated platinum, when moistened with alcohol
and exposed to the air, becomes incandescent and the
alcohol burns.

Doebereiner, in 1822, found that finely divided plati-
num, obtained by heating ammonio-platinic chloride,
acted in the same manner, and, in 1824, that such plati-
num could ignite a stream of hydrogen, when this im-

* pinged upon it in contact with air, and utilized this

discovery in his celebrated ‘‘lighting machine.”

The honor of having first utilized this catalytic action,
for the production of sulphur trioxide, is due to Pere-
grine Phillips of Bristol, England, who, in 1881, toock
out an English patent for his discovery, and, in 1832,
Doebereiner and Magnus each confirmed the obser-
vations of Phillips. Although this discovery attracted
much attention, nothing practical followed until 1848,
when Schneider exhibited a working model of an appa-
ratus, which produced sulphuric acid through the contact
action of a specially prepared pumice. This alleged
discovery was presented with great claims, but never
was able to show a success, although wonderful results
were confidently predicted. The same may be said of
the method of Richard Laming, who also used a contact
mass of pumice, prepared by boiling it in concentrated
sulphurie acid, washing it in ammoniacal water, drying,
and then impregnating it with about 1 per cent of
manganese dioxide, finishing by heating the mass in a
retort to 600° and allowing it to cool out of contact
with the air. Here e note for the first time, the use
of another contact substance which, like platinum, can
existin various grades of oxidation, namely, manganese.

Especially noteworthy in this connection is the English
patent of Jullion, 1846, because here, for the first time,
the use of platinized asbestos as a contact mass is
claimed. In 1849, Blondeau passed a current of a mix-
ture of sulphur dioxide, steam, and air through a highly
heated tube containing ferrnginous, argillaceous sand
and obtained sulphuric acid, while, in 1852, Wohler and
Mahla found that oxides of iron, copper, and chrome
also work catalytically upon a mixture of 8O, and O, a
mixture of cupric and chromic oxides being especially
efficacions. These investigators gave, moreover, a cor-
rect explanation of this catalytic action; they found,
namely, that cupric and ferric oxide, when heated in a
current of sulphur dioxide free from oxygen, hecame
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reduced to cuprous and ferroso-ferric oxides with
simultaneous formation of sulphurie acid which, how-
ever, ceased as soon as the reduction of the oxides was
completed. On the other hand, chromic oxide, under
similar conditions, remained entirely unaltered and no
sulphuric acid was produced, while metallic copper, in
spongy form, exerts no action upon a mixture of 2 vol.
S0, + 1 vol. O at ordinary temperatures, but, when
heated, cupric oxide is first formed, and then sulphuric
acid.

They also call attention to the fact that this union of
SO, and O can take place in the complete absence of
H,0. )

Upon these important discoveries are based the later
researches of Lunge and others upon the catalytic ac-
tion of pyrites cinder in causing the formation of SO,.
QQuartz has also been recommended for this purpose, as
have also platinized ashestus, platinized pumice, and
even platinized clay.

Hundt, 1854, passed the hot roaster gas through a
flue, filled with quartz fragments and heated by the gas,
expecting to convert the greater part of the SO, into
sulphuric acid with further treatment of the residue.
The work of Schmersahl and Bouk, 1855, followed the
same lines, as did also the method of Henry Deacon,
which was patented in 1871, and may be considered as
closing the second period.

So far, not only had all attempts to supersede the
chamber process failed, but also no practical method for
the production of fuming sulphuric acid had been de-
vised. In 1875, Clemens Winkler published his cele-
brated researches upon the formation of sulphuric
anhydride, for which industrial chemistry must always
be greatly indebted to him, as originating successful
methods for the economical production of the fuming
sulphuric acid for which, as it has become cheaper,
many new uses have been discovered.

Winkler concluded, as a result of his experiments,
that the SO, and O should always be present in the
molecular proportion of 2:1, any excess of either gas
having a deleterious influence upon the completeness of
the reaction, and he obtained this desired proportion by
simply breaking up ordinary hydrated sulphuric acid
into H,0, SO,, and O, removing the H,O, and then
recombining the SO, and O by means of appropriate
contact substances, the preparation of which he greatly
improved by utilizing the reducing action of formic
acid. All subsequent work in this branch continued to
follow the lines laid down by Winkler; hence, while

little progress was made toward superseding the lead:

chamber, the manufacture of fuming sulphuric acid
became highly developed.

11 Knictseh’'s Work— Purification of the Glas.—This
work was undertaken by the Badische Anilin und Soda-
Fabrik to determine if a complete conversion of the
SO, in roaster gas was as practically feasible as it is
theoretically possible.

MANUFACTURES.

It is well known that the outgoing gases of the cham-
ber process still contain 6 volume per cent of oxygen,
and that the roaster gas employed in the contact work
confained a similar excess. IHence it was difficult to
understand why, in the latter process, the.yields were
not nearer that of the former.

Experiments showed that when pure SO, was used
the yield was close to the theoretical, even when a very
large excess of O was present, which was contrary to

~ the accepted views of Winkler,

When roaster gas was used in laboratory experiments,

‘it was found that when this was carefully cooled, washed

with sulphuric acid, and completely purified before it
was allowed to enter the catalytic tube, the results were
very satisfactory, nor could any diminution of the effi-
ciency of the contact mass be noted even after several
days’ use. It was therefore supposed that the problem
had been solved, and arrangements were made to carry
on the process on full working scale.

1t was, however, soon found that in practice the con-
tact mass gradually lost all of its efficiency, no matter .
how carefully the gases were cooled and purified. Ex-
tended laboratory investigations were undertaken to
determine the cause of this inefficiency, and it was ulti-
mately discovered thatthere are substances which, when
present in the gas, even in excessively small quantities,
injure the catalytic properties of platinum to an extraor-
dinary degree. - Of all of the substances which may be
found in roaster gas, arsenic is by far the most dele-
terious, next mercury, while Sb, Bi, Pb, Fe, Zn, ete.,
are injurious only so far as they may coat the contact
mass.

It was also found that ag the white cloud of sulphurie
acid which was present in the gas contained arsenie, the
complete removal of this was necessary, although such
removal had always been considered an impossibility.
This was, however, finally accomplished after an enor-
mous expenditure of time, labor, and money, so that,
in the end, by extended washing and filtration, the
gases were obtained in a condition absolutely free from
all impurities. (D. R. P. 118933, July 22, 1898.)

Slow cooling of the gas was found to be absolutely
necessary as a preliminary to its purification. It isa
fact, the cause of which is not yet clearly known, that
the removal of the white cloud is rendered far more
difficult if the gas is rapidly cooled.

To insure slow cooling, a system of iron tubes was
used because it was supposed that, as the sulphuric acid
in the gas was in a so highly concentrated condition,
any action upon the metal would yield SO, only. It
was now found that although the contact mass. remained
active for a much longer period, it still gradually lost
its power, no matter how carefully the gas was purified.
The cause of this was ultimately found to be a gas con-
taining arsenie, probably hydrogen arsenide, produced
by the action of the acid upon the iron by which hydro-
gen was cvolved, although the formation of this gas
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_under such conditions had always been considered im-
possible. As soon as the cooling apparatus was so
arranged that no condensed acid could attack the iron,
the trouble from this source entirely ceased.

A final difficulty occurred inthe oceasional formation
of a faint cloud of unburnt sulphur which contained
arsenic. The cure for this was found to he a proper
mixing of the hot gases, thus insuring complete com-
bustion, and this mixing was effected by means of steam,
which is also beneficial, by diluting the strong sulphuric
acid present in the gas, so thatit did not condense in the
iron pipes of the first portion of the cooling apparatus,
and attack them; when condensing in the lead pipes of
the remainder of the apparatus, the acid was too weak to
injure the lead. The use of steam also prevented the
formation of hard dust crusts, which tend to stop up the
pipes.

III. Cooling of the Gases.—The next important ele-
ment in the successful carrying out of the contact pro-
cess 1s the effective and economical utilization of the
heat developed by the reaction which is exothermie.

80,-+0=80,+22600 cal.

The utilization of this heat had been suggested by
Lunge, but only in the case of the use of a mixture of
pure SO, and air, containing about 25 per cent of the
former. On the other hand, it was universally consid-

ered that it was necessary to émploy extra heat when |

the much weaker roaster gases are to be treated.
Hence the apparatus used in this work was furnished
with special heating arrangements so that the tubes
could be kept at red heat, the tubes being arranged
vertically like those of an upright boiler. Small, ver-
tical tubes are much superior to the larger, horizontal
ones, originally employed, as economizing the expen-
sive platinized asbestus and insuring a more certain
contact of the gases with the mass. The proper filling
of the tubes with the asbestos is a matter of impor-
tance; it must be so done that no portion of the gas can
pass through a tube without coming in contact with the
masg, while the mass must not offer much resistance to
the passage-of the gas. Owing to the nature of the
ashestus, this latter difficulty is likely to occur, but can
be avoided by the simple device of packing the ashestus
in successive layers, separated by perforated diaphragms
sliding upon a central rod, but kept apart at regular
intervals. In this way all of the tubes can be similarly
and evenly packed.

As soon as this apparatus was started in the ordinary
way at low red heat, the surprising discovery was made
that not only was the output of acid increased, but that
the strength of the gas current could be made greater
when the tubes, instead of being heated artificially,
were, on the contrary, cooled by the admission of cold
air. This discovery, a contradiction of what had been
considered correct practice, gave a rational method of
work; 1. e., the apparatus must be systematically cooled
to obtain the maximum effect and production. Asnow
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operated, the tubes are cooled by the cold, purified
gases, which thus become heated to the proper temper-
ature for the reaction. In this way the following ad-
vantages are gained:

Tirst. Overheating of the apparatus is avoided, and
thus a yield of 96 per cent—98 per. cent of the theoret-
ical—is obtained.

Second. The iron parts of the apparatus are pro-
tected by this cooler working,and are therefore more
durable.

Third, The contact mass does not become overheated
and its efficiency remains unimpaired.

Fourth. The absolute efficiency of the contact mass,
and of the entire apparatus, is greatly increased because
the rapidity of the gas stream can be increased, and the
contact mass be maintained at the most efficient tem-
perature.

Another important discovery is that the reaction
proceeds at atmospheric pressure, sinee it was formerly
supposed that compression of the gases was necessary
to overcome the hindrance of the indifferent gases pres-
ent., In fact, if the other conditions are right the
reaction proceeds almost quantitatively at atmospherie
pressure. This is very important since, if this method
is to compete with the chamber process, every unneces-
sary expense must be avoided.

IV. Absorption of the Produced Anhydride.—The
affinity of sulphuric anhydride for water is greater
than for concentrated sulphuric acid, as shown by the
relative amount of heat developed during the absorp-
tion; hence it might be expected that the easiest and
most complete absorption of anhydride from the con-
tact process would be effected by the use of water. It
is found, however, that oil of vitriol containing 97-99
per cent of H,SO, is much more effective than either
water or sulphuric acid of any other strength. The
absorbing power of the acid at this degree of concen-
tration is so great that a single absorption vessel is suf-
ficient for the removal of the SO, from a very rapid
current of gas, provided that the strength of the acid
be kept uniformly between the above limits by a steady
inflow of water or weak acid, and a proportional outflow
of the excess of strong acid thus produced.

Sulphuric acid, at this particular degree of concen-
tration, possesses certain marked qualities. Its boiling
point is a maximum, so that if a weaker acid is evapo-
rated, it loses water or weak acid until the residue
attains a strength of 98.33 per cent H,SQ,, at which
point it distills without further change at & constant
temperature of about 330°. Similarly, a stronger acid
gives off anhydride until this constant strength is
reached. Again, at this particular degree, the vapor
pressure is at its minimum, the specific gravity is at
the maximum, the electrical resistance suddenly rises,
while the action on iron decreases considerably.

When fuming sulphuric acid is to be made, one or
more absorption cells must precede the regular appa-.
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ratus. For these, cast ivon, which is quite suitable as
the material for the other vessels, becomes unavailable,
because, although it is only slowly attacked, it, what is
worse, becomes fragile and even explodes. This ap-
pears to be due to the fuming acid diffusing into the
iron and then breaking up into SO, and H,S, thus
causing a condition of internal stress. Wrought iron
is attacked by fuming acid containing less than 27 per
cent of S0, but when the contents of anhydride
exceeds this, the acid has practically no action upon
wrought iron, and vessels of this material can be used
for years without sensible corrosion.

V. Theory of the Contact Process.—The results of
many experiments showing the influence upon the re-
action of variations in the temperature, the composi-
tion of the gases, the rate of flow (or the proportion of
contact substance over which the gas passes) are given
in the form of curves, and discussed, yielding the fol-
lowing results:

1. Complete conversion of the SO, into SO, occurs
only when there is at least twice as much oxygen pres-
ent as the reaction formula indicates. When using the
gas obtained from the roasting of pyrites, and which
contains ahout 7 vol. per cent of SO,, 10 vol. per cent
of O, and 83 vol. per cent of nitrogen, the nitrogen is
absolutely without influence upon the reaction, except
as diluting the gas and reducing the output.

2. The completeness of the reaction depends solely
upon the temperature and not upon the nature of the
contact substance. The reaction beging at about 200°,
As the temperature rises, so does the degree of conver-
sion, until, at about 400°, a nearly complete (98 to 99 per
cent) conversion of the SO, is feasible. Any further
rise in temperature is injurious, the degree of conver-
sion falling so that at about 700° only about 60 per cent
can be converted, while at about 900° the reaction
ceases entirely,

8. The nature of the contact substance has no influ-
ence upon the completeness of the reaction, but, for
practical results, a substance must be employed which
shows a high degree of efficiency at the proper tempera-
ture of 400°. Substances, which require a higher
temperature to develop their greatest efficiency, ave
evidently unsuited, since, as shown above, the degree
of conversion falls with the rise in temperature. Up
to the present time only one substance fulfilling the
necessary conditions is known, and that is platinum.
None of the other metals of the platinum group ap-
proaches it in cfficiency.

This valuable paper concludes with a series of tables,
giving the results of exhaustive sets of determinations
of the following properties of sulphuric acid, and of
fuming sulphuric acid of various strengths from 1 to
100 per cent of SO,:

1. Melting point. 2. Specific gravity. 3. Specific
heat. 4. Heat of solution. 5. Electrical resistance.
6. Actionuponiron. 7. Boiling point. 8. Vapor pres-

sure. 9. Viscosity. 10. Capillarity. 11. Table giv-
ing the percentage of free SO, in a fuming sulphuric
acid when the total contents of SO, is known.

- Production of Sulphur Triowide.—~The growth and
present magnitude of the operations of this process in
the works of the Badische Anilin-und-Soda-Fabrik are
shown by the following figures:

Sulphur trioxide produced in— Tons,
1888 - - et e 18, 500
T892 - e e e e e 39, 000
1899 . e e e ane e 89, 000
L 116, 000

It will be seen from the foregoing, that this process
has long passed the experimental stage, and now that the
general conditions of successful operation are known,
its speedy adoption in this country is to be expected.
The advantages are many: First, no expense of con-
struction and maintenance of the entire chamber sys-
tem, including the Gay-Lussac and Glover towers and
the steam and niter plant. Second, no expense for niter
and for the sulphuric acid used therewith; although the
resulting niter cake can be utilized, it is ravely a desir-
able product. Third, the acid produced is pure, strong
oil of vitriol, requiring no concentration for sale or

use. Concentration of chamber acid to high strengths

requires the use of platinum stills, which thereby lose
in weight, the dissolved platinum being irrevocably lost.
The rate of loss is much reduced by previous purifica-
tion of the acid, but is always a considerable item of
cost. Fourth, the contact acid is also free from arsenie,
lead, or iron salts. The fundamental difference in the
character of the reactions in the chamber process and
of those in the contact method indicates the possibility
of substantial improvements in the methods of roasting.
Fifth, although the 50 degree acid, as it comes from the
chambers, is desirable for many purposes— for example,
in making superphosphates—it is held by some authori-
ties that it can be made more cheaply by diluting the
strong acid with the needed proportion of cold water,
than by introducing this water into the chambers in the
form of steam. This, however, is denied by others, and
it is probable that the chamber process will continue to
exist, though in a more restricted field.

On the other hand, this new process appears to require
a well planned and carefully managed system of purifi-
cation for the roaster gases, and will need, for its suc-
cessful operation, a higher order of chemical engineer-
ing skill than has usually been deemed necessary for the
operation of ,an acid plant. This, however, should
hardly be considered an obstacle in this country, where
all other hranches of engineering manufacture have
reached such a height, mainly because the works have
demanded and made liberal use of the highest order
of trained ability, and have not hesitated to “* scrap”
expensive plant where it failed to give satisfactory
results. In this connection the Badische Anilin-und-
Soda-Fabrik is an instructive example. Its chemical
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force numbers over 100 men, many of whom are engaged

solely upon researches, the results of which, when prom-
ising, are at once put into operation on a sufficiently
large scale to determine their practical value. That
such a course pays in a strict business sense is shown
by the enormous dividends paid by this company, and
by-the practical monopoly which it has long maintained
in certain lines, simply because it has been a little ahead
of its competitors in knowing just how a given thing
should be done, and then at once protecting the discov-
ery by patents.

In addition to sulphuric acid, reports have been re-
ceived regarding the production of the acids enumerated
in the following table:

ACIDS, OTHER THAN SULPHURIC, BY KIND, QUANTITY,

AND VALUE: 1900.
oFosia: | quantit,
. of estab- nantity
KIND. lish- | (poundsj. | Yelue.

ments.
NILEIC c v nveneeineiiiiiieiicnc e e 84| 30,961,501 [ $1,454,009
Mlxgd ..... 9 42 868 819 1,111,158
Mul"latie 31 11() 818 001 1,020, 74
OriC....... 3 2, 384, 935 198,212
Acetic . .....u0 12 26, 660, 565 426,892
Lactic and citrie 3 3, 886, 382 835,207
Tartaric...... 4 2,677,004 781, 603
Tannic....... 5 282,615 135, 662
Gallie........ 3 141,201 20,275
Otheracids? .....veeiiioiianiiiinnnen L 360 232

1 Hydrofluorice, oleic, phosphorie, salicylic, and stearic,

It is to be understood that the quantities and values
given in this table represent only the acids sold as such,
or produced for sale in the estahlishments, for the actual
production, in many cases, is much greater than that
given above. Thus the first item on the list, nitrie
acid, is used in the making of the ‘“mixed acids,” which
iy the second item on the list. This mixed acid is not
only manufactured in the acid factories and sold to ex-
plosive works, to manufacturers of pyroxylin for use
in the making of plastics and of varnishes,and to other
manufacturers, but many of the larger works now make
the nitric acid which they consume in this manner.
There is thus made and consumed more nitrie acid than

is sold as such, the pmductlon as reported amounting
to 62,478,295 pounds, which is probably less than the
total amount actually made for use and sale. Theoret-
ically, 74.18 parts of nitric acid monohydrate can be
made from 100 parts of pure sodium nitrate, but in
practice, only 95 per cent of this is condensed, while 5
per cent passes to the towers. From this, then, there
would be required 43,841 tons of nitrate of soda and
47,348 tons of sulphuric acid to produce the above-
given quantity of nitric acid, and there would result as
a by-product 52,609 tons of niter cake. It is to be
borne in mind that nitric acids of various degrees of
strength, ranging from single aquafortis of specific
gravity 1.22, and double aquafortis of specific gravity
1.36, to the strongest nitric of 1.50 specific gravity, and
red fuming of 1.60 specific gravity are to be found in
the market, and that no attempt has been made to sepa-
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rate them as to quantity, or to reduce them o a com-
mon basis, so that the data must be regarded as of aver-
age value.

Nitric acid was manufactured at Philadelphia in 1834
by Carter & Scattergond. The most notable recent ad-
vance, made in its manufacture is in the form of appa-
ratus employed, which is due to Edward Hart and Oscar
Guttman., It is used in the manufacture of nitrates
like silver nitrate, or nitrites like sodium nitrite; in
making ““mixed acids” and aqua regia; in malking-
nitrosubstitution compounds, like nitrobenzene, nitro-
naphthalene, and picric acid; organic nitrates, such as.
gun cotton and nitroglycerin; as an oxidizing agent in
many chemical processes; and for the etching of metals.

By “mixed acids” is meant mixtures of nitric and
sulphuric acids which are employed in “‘nitrating”
organic substances such as glycerin, cellulose, and car-
bolic acid. The commercial use of such a mixture
began with the manufacture of nitrobenzene and picric
acid, but it received its greatest impetus about 1862
when the commercial manufacture of nitroglycerin be-
gan. Originally the users of this mixed acid purchased
the sulphuric and nitric acids and mixed them in the
desired proportions for use, the acids being trans-
ported in separate carboys of glass. These not infre-
quently became broken during transportation, and as.
the nitric acid rapidly reacts with and ‘*‘fires” such
organic matter as is used as packing for carboys, its.
transportation gave rise tomany serious accidents, which
led to restrictive legislation. It is not known to whom

‘the credit is due for the discovery that mixed acids of

the highest concentration did not act upon iron, but for
upward of twenty years manufacturers have been mak-
ing the desired mixtures at the acid works and shipping-
them in iron drums, old glycerin drums having heen.
first employed. With the increase in the production in
works, attention has naturally been given hy chemists
to the utilization of the residues, and large economies.
have resulted from the regaining of the ‘‘spent acids”
by which the sulphuric acid has been obtained of a
strength sufficient for reuse in the ordinary course of
manufacture, and the nitrie acid, though recovered in
a weak state, has been of value in other arts.

Owing to the necessity of having concentrated nitric
acid to mix with this regained sulphuric acid, and to the
fact that the transportation charges on nitric acid are
very high, and the necessary regulations governing its.
trangportation are vexatious to the consumers, many
of the larger establishments have erected nitric-acid
plants. In considering the magnitude of this industry
there is to be noted not only the mixed acid sold as
such, 42,868,819 pounds, the mixed acid produced and
consumed in chemical works, 8,902,371 pounds, and the
mixed acid reported produced and consumed in explo-
sive works, 12,000,000 pounds, making in all 63,271,190-
pounds, but there is also to be taken into account this.
repeated reuse of the acid. From the products re-
ported of all kinds, nitroglycerin and dynamite; gun-
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cotton; pyroxylin for varnishes, for smokeless powder,
for plastics, and for photography; and the nitro-
substitution compounds, it is safe to say that 65,000
tons of mixed acids were employed during the year
1899-1900.

Hydrochloric acid, commercially known as muriatic
acid, is made by acting on common salt with sulphuric
acid. The ordinary muriatic acid of commerce is an
aqueous solution containing about 40 per cent by weight
of dry hydrogen chloride. For the amount of hydro-
chloric acid reported on this standard there would be
required for its production 87,000 tons of common salt

and 89,000 tons of sulphuric acid of 60° Baumé, and -

there would be obtained in addition to the muriatic acid
47,000 tons of salt eake, which consists of sodinm sul-
. phate, together with some undecomposed common salt,
and an excess of sulphuric acid. A new development
in this trade is in the use of wooden barrels as contain-
ers in place of the glass carboys in which it was for-
.merly transported.

Carter & Scattergood manufactured muriatic acid in
Philadelphia in 1834, and Charles Lennig began its
manufacture by modern methods in Philadelphia in
1869. Hydrochloric acid is used in the preparation of
many organic and inorganic chlorides. Mixed with
nitric acid it forms aqua regia, which is used in dis-
solving the precious metals. It has largely been used
as a source of chlorine in the manufacture of bleaching
powder and potassium chlorate. It is used in the

manufacture of acetic acid and gelatin, in the manu-

facture of soda, and in 2 multitude of minor arts. The
salt cake is used in the Le Blanc process for the manu-
facture of soda, for glass making, for nltramarine, in
dyeing and coloring, and for the production of Glauber’s
salts.

Acetic acid as treated of under ** chemicals” does not
include vinegar, which is a very dilute acetic acid made
largely by fermentation, but it covers such acid as is
produced by chemical action from acetates, principally
the calcium and sodium acetates. Calcium acetate is
obtained in. the destructive distillation of wood. The
acetic acid is obtained from it by treatment with hydro-
chloric acid and distillation, This may be purified by
rectification with potassium dichromate. A better
product is obtained by converting the acid into a sodium
salt and evaporating to dryness to destroy tarry matters
.and then distilling with hydrochloric or sulphuric acids.

Acetic acid, varying in strength from 28 per cent to
90 per cent, is sent to the market in barrels holding
on an .average 425 pounds. Acetic acid is used in the
preparation of metallic acetates, which are extensively
used in dyeing and printing; or of organic acetates,
such as ethyl and amyl acetates, which are used ag
solvents and flavors; in the manufacture of white lead;
and the preparation of organic compounds. As an
example of its use Lachman states that in the prepa-
ration of the chloracetic acid’ used by the Badische
Anilin-und Soda-Fabrik in the manufacture of synthetic
indigo in 1900 there wevre used 4,500,000 pounds of

glacial acetic acid, requiring 26,000 cords of wood for -

its production.

Lactic acid, citric acid, and tartaric acids are used in
dyeing and in calico printing. ILactic acid is prepared
hy fermenting a sugar solution by means of certain
bacteria, neutralizing the acid with calcium carbonate,
and decomposing the calcium lactate thus formed with
sulphuric acid. Iactic acid was manufactured by the
Avery Chemical Company at Littleton, Mass., in 1882.

Citric acid occurs in the free state in the juices of all
the plants of the genus Citrus, such as limes, lemons,
and sour oranges. (Good lemons yield about 5% per
cent of the erystallized acid. Itis obtained by neutral-
izing the juice of the fruit with chalk and decompos-
ing the resulting caleium citrate with an equivalent
amount of sulphuric acid. This acid was manufactured
by Carter & Scattergood at Philadelphia in 1834.

Tartaric acid occurs free or combined in many plants,
but the only source from which it is commercially ob-
tained is the grape. During the fermentation of grape
juice, as the alcohol increases in quantity the calecium
and potassium tartrates present in the juice are pre-
cipitated out, together with a quantity of organic color-
ing matter, forming what is known as argols. After
purification it is treated with chalk and caleium sulphate
to convert it into calcium tartrate, and this when de-
composed with sulphuric acid yields free tartaric acid.
This acid was manufactured by Carter & Scattergood
in Philadelphia in 1834.

The foreign commerce in acids is exhibited in the
tollowing tables, compiled from the publications of the
Bureau of Statistics, of the United States Treasury
Department:

1J. Am, Chem. Soc., vol. 23, page 912: 1901,
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IMPORTS FOR CONSUMPTION DURING THE YEARS ENDING JUNE 30, 1891-1900.
1§ULPHURIC ACID
OR OIL OF VIT- || LSULPHURIC ACID, BORACIC ACID. CHROMIC ACID, CHHO,}%C fclg LAC-
RI&L (N, E. 8.} - . N
YEAR.
] Commereial, Pure. All kinds,
Pounds. | Value. ||'Pounds,| Value, - e — Pounds. | Value, || Pounds, | Value.
Pounds. | Value, | Pounds, | Value. | Pounds. | Value. s
T80T ceveneierennen 15,377 $886 {.vveees| e 162,093 | $7,975 | 39,804 $2,006 | 475,878 | $30,188 { ----- ol o
701, 625 30,418 426 156
771,778 40, 568 8,318 609
202, 990 19,282 5,048 824
.| 926,164 42,056 4,461 707
...| 565,769 21,899 2,440 408
548,608 | 19,494 2,708 430
244,073 | 7,904 |..
436, 958 14,308 |.. . ,428 |i... . 843
466, 879 17,467 |.. 3, 625 I 34 741 6,044
CITRIC ACID, TARTARIC ACID, OXALIC ACID, SALICYLIC ACID, ACID, TANNIC OB ALL OTHER ACIDS.
YEAR, i
Pounds. Value. Pounds, | Value. Pounds. Value. Pounds Value, Pounds, | Value. || Pounds. | Value.
45,197 #16, 482 1,611 $468 2,743,222 $200,595 {... .. 669 §239 || 1,350,710 | $880, 054
80,034 27, 461 10 5 2, 209, 940 150, 529 . §64 216 || 1,024,580 347, 510
13,816 4, (33 130 39 2,404,443 143,194 ,022 1,443 597 685, 677 175, 637
5,502 1,810 113 32 2,788,876 159, 026 231 946 7194 287 835,215 134, 665
8,895 2,480 365 28 2,889, 513 189, 506 195, 974 140,197 1,500 897 || 1,708,417 | 228,430
39,0671 12,521 212 66 3,164,969 219, 630 335,884 138,013 1,745 681 1,027, 235 240, 522
73,133 18,168 225 71 8,602,124 246, 200 616, 187 201, 980 3,144 1,206 3, 040, 325 203,458
4, 323 1,108 45| 128 3,747,041 242,276 92,943 28, 688 5 8 927 45, 265
65,190 16, 669 93, 298 5,787 3,981,768 246, 027 186, 868 57,192 3,697 56, 428
60, 354 4,213 954 262 4, 990 123 275,747 2-10 687 89,176 1,416 53, 625

1Trom the value given this would appear to be fuming sulphuric acid.

Group 1I.—Sopa Propucts.

The great increase in this branch noted in the Census
report for 1890 has continued during the past decade.
The number of establishments making soda products as
‘the main part or as a subsidiary of their business has
increased from 32 to 50, while the products have in-
creased as shown in the following table. To these fig-
ures for 1900 must be added ‘‘ other soda products,” not
otherwise specified, produced by these works and valued
at $143,432, and also 11,756,000 pounds of borax, valued
at $541,160, made by seven borax works. These items
were not included in the report for 1890 and are there-
fore not taken into the comparison. Where the figures
of this table show an increase over the figures for the
same items in other tables of this census, the difference
is due to the inclusion here of all such products made by
works belonging to other groups, for example, the
caustic soda produced by electrolysis, which is included
in the products of that group and not separately re-
ported. This table shows the total actual production of
the United States for the census year from all sources;

and while the figures differ, there is no discrepancy.

SODA PRODUCTS, BY QUANTITY AND VALUE, 1890 AND

1900.

1900 1890
Pounds. Value, Pounds, Value,

Total..ceeeaanen 1,279,082,000 | $10,237,944 || 883,124,875 | $5,432,400

781, 806, 000 4, 859, 656 94, 801, 200 1,179,720
12(1, 498,000 876,248 144 641,705 1,681,766
137,712, 000 1 332,765 60,678,750 | 2,009,800
238, 566, 000 3,170,280 | 33,002,720 661,114

- The decrease in the production of sal soda is note-
worthy and is due to the increasing use of soap powders
and other specially prepared washing materials. A
comparison of these totals with the corresponding fig-
ures for 1880 is interesting.

- 80DA PRODUCTS, BY DECADES, 1880 TO 1900, WITH

PERCENTAGES.

1?1“?%1. TOTAL PRODUCT. R O a1

01 estap-

YEAR. e

ments. Pounds, Value, {|Quantity.| Value,
3 40,259, 938 $B06, 560 Jueeneciannlriernnn,
32 838,124, 376 b, 432 400 727.4 526, 9
50 1,279, 082, 000 10 237, 944 284,0 88.5

There are no figures for soda products anterior to
1880, except that at the census of 1860, 11 establishments
were reported manufacturing saleratus, with a total
value of $1,176,000, while at the census of 1870, only
4 were reported, with a value of products of $231,647,
a decrease which is remarkable in view of the general
development of other industries during that decade.

Although the production has almost quadrupled
during the past decade, the value per unit has fallen

greatly. Taking the customary unit of 100 pounds, we
find the following decrease of values:
Bicar-
YEAR. Soda ash.| 8al snda. {honate of Cm:lstic
soda, foda.
1890. . $1.24 $1,09 #3.81 . $2.00
1900.. .62 i .97 1.85
Decrease. . .62 .82 2,84 .65
Percentage 60,00 29,85 70,69 82.50
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This great increase in domestic production has re-
sulted in a corresponding diminution of importations.
The Treasury report of importations for 1890 gives
soda ash and sal soda together as 832,733,952 pounds,
valued at $3,493,288; caustic soda, 80,125,732 pounds,
valued at $1,470,385; and bicarbonate of sodm 917,034
pounds, valued at 9516,319; while the same report for
1900 gives soda ash, 78,571,870 pounds, valued at
$648,450; sal soda, 6,624,194 pounds, valued at $31,072;
and eaustic soda, 11,429,989 pounds, valued at $177,857;
hut does not report hicarbonate separately. A com-
parison of these quantities shows what progress has
been made toward supplying the home market.

Soda ash
Caustie soda,
YEAR. and sal soda, 1
pounds, pounds.
332,733, 952 80,125,732
83,190, 064 11,429, 989

JOT105 2R P

247,537, 888 68,695, 743
PErCETEAZE v . ovrrencnecnrnmcrracausoccecsasass 74.39 35.78

The ratios of quantities of these materials imported to
the domestic production are as follows:

BAL SODA AND S0DA CAUSTIC SODA.

YEAR,

Foreign. | Domestic. || Foreign. | Domestic.
1890 tivnnrinnncrnacrerrnoniaianana. 100 72 100 41
1900 cuevmainnnncoccnmmrrararnaiecnns 100 1,076 100 1,979

Some of the imported soda ash and caustic has un-
doubtedly been used to make a part of the soda products
reported at the census of 1900, but the quantity so used
can not be ascertained and is in any case not large.
The remainder, so far as concerns works making soda
products from purchased soda ash, ete., was drawn from
domestic sources, hence to this extent there is a duplica-
tion of quantities and values. This duplication is un-
avoidable. Had there been no imported stock on hand
at the beginning of the census year and no importations
during it, there would have been no difficulty in mak-
ing any deductions needed to make the totals of quan-
tities and values given in the table of soda products
by quantity and value, 1830 and 1900, quite accurate.
The returns for 1900 ha,ve been sufficiently studied to
show that this duplication is proportionally small, that
the totals given above are fairly correct, and that the
real growth and present condition of the industry is
substantially as shown. Most of the soda ash and
bicarbonate reported are products of the ammonia-soda
process; the cryolite process being limited by the supply
of the mineral, and the natural soda industry restricted
by cost of transportation to markets.

Natural Sodu.—The manufacture of soda products
from the natural soda of the West has increased from
10,964,390 pounds, valued at $124,783, in 1890, to
20,420,000 pounds, valued at $106,600, in 1900, This
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increase is very small, because, although the raw
material is available in inexhaustible quantities (and
with a well-arranged plant, soda ash can be deliv-
ered f. 0. b. cars at the works at a cost less than one-
half of that of ash at any ammonia-soda works in this
or any other country), the distance from large eastern
markets and consequent high freight rates have pre-
cluded successful commercial competition, especially in
the face of steadily falling prices of the product. Of
late the economic conditions have materially changed
and will continue to improve. The past two years
have seen great enlargements in the industries and
commerce of the Pacific states, while the recent political

-occurrences in the Pacific and in Asiatic countries have
profoundly altered trade conditions and indicate an
enormous increase in our Pacific commerce in the near
future. In supplying the demands of this commerce
our natural soda deposits, when properly developed,
can distance all rivals.

Although the operations so far carried on have been
on a comparatively small scale, the subject has been care-
fully studied an¢ much valuable information obtained.
For example, at Owens Lake, California, the cost of
making a ton of soda ash under local conditions is fairly
well ascertained, and the lines to be followed to reduce
manufacturing cost clearly indicated. Again, the extent
of land suitable for evaporating vats is, in this locality,
the measure of the possible development of the industry,
and this is known. Many other important data have
thus heen secured, and as a general conclusion it may
be safely stated that at Owens Lake alone there is space
for works large enough for a production of soda ash
more than equivalent to the entire demand of this coun-
try for soda products. All this is unquestioned by any-
one having a practical acquaintance with the matter, and
only the limited radius of profitable marketing has
retarded the development of thislocality. Thisindustry
is therefore not a hypothetical one, but based on solid
fact and experience, and because of this and the pros-
pects for the future, it has been deemed advisable to

1 devote especial attention to it in this report.

" The report ‘on chemical products for the census of
1880 gave an interesting résumé of the existing infor-
mation concerning the occurrences of natural soda,
and later the subject was investigated, the result being
published in ** Natural Soda, its Occurrence and Utiliza-
tion,” T. M. Chatard, Bulletin No. 60, United States
Geological Survey, 1888. An extensive abstract of this
paper was made by Prof. George Lunge and publishec
in the Zeitschrift fitr Angewandte Chemie, 1893, pages
3-11, because, as he states, he considered the existence
of such enormous quantities of natural soda a most
important factor in the future of the alkali industry.
This same eminent authority, in The Mineral Inchutl y
for 1892, page 64, also says:

There can be no doubt that the immense quantities of ‘‘natural
soda’ ghown by Dr. Chatard and other authorities of the United
States Geological Survey to exist in the Californian and other soda
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lakes, will not be allowed tolie dormant any longer. If theselakes
are once worked with the energy which iy otherwise not wanting
in America, the days are numbered when Liverpool soda will rule
in the New York market.

In 1892 Dr. Lunge visited Owens Lake, California,
the most important natural soda locality, and, while
confirming the general conclusions given in the above-
mentioned bulletin, placed the cost of produet at & much
lower figure than there stated.

In the same volume of ““The Mineral Industry ” there
isan article on ¢ Natural Soda” which gives additional
data and suggestions as to the lines to be followed in
the commercial development of this industry.

Natural soda is the residue obtained by the evapora-
tion of natural alkaline waters without the aid of arti-
ficial heat. It is composed of sodium ecarbonate and
bicarbonate in varying proportions, mixed with other
salts, mainly sodium sulphate and chloride. It is found
to some extent in all dry regions, such as Hungary,
Kgypt, and the deserts of Africa and Asia, but in no
other country does it oceur in such enormous quanti-
ties as in the region lying east of the Sierra Nevadas.
It forms the white incrustations -of the alkali plains,
but these are rarely of sufficient thickness and extent
for prospective utilization, particularly as the ““sinks,”
or lakes without outlet, in which nature has collected
and concentrated the leachings and drainage of the alka-
line districts, already contain more sodium carbonate
than would suffice to supply the entire world demand
for generations. That this is no exaggeration is made
evident by considering only three of these lakes, the
dimensions of which are known and the waters of which
bave been repeatedly and carefully analyzed.

In southeastern Oregon is Abert Lake; area 40
square miles, average depth 10 feet, In Mono County,
Cal., we find Mono Lake; area 85 square miles, average
depth 60 feet. InInyo County, Cal.,lies Owens Lake,
with an area of 110 square miles and an average depth
of over 17 feet. In computing the volume of water the
usual unit is an acre-foot, which is equal to 43,560 cubic
feet, and as the analysis tells the amount of the sodium
carbonate, Na,CO,, and bicarbonate, NaFzCO,, in a given
volume, we get the following results for these three
lakes:

Acre-feet, | NpoCOy, tons, | NoHCO;, tons,

Abert Lake .....ooioiiiiiiiiiiaa, 256, 000 3,498, 852 1, 560, 000
Mono Lake .... 3, 204, 000 175,072, 000 17,936, 000
Owens Lake ..........ooiiiinens 1,088,000 39, 876, 200 8,431, (00
Total.. i e 118, 875, 552 27,927, 000

These are the largest occurrences, but there are many
others, aggregating probably a far greater amount.

In addition to these two carbonates the waters of
these lakes contain much sodium sulphate and chloride,
with smaller proportions of sodium borate, potassium
chloride, and other salts. The valuable constituents are
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the two carbonates, and the method of separating them
from the other salts is based on fractional crystalliza-
tion; which means the methodical stoppage of a erys-
tallizing process by drawing off the mother liquor from
the “crop” of crystals so far formed. This ““first
crop” may be either the desired material in a purer
condition than it was in the original solution, or else
may consist mainly of impurities which we wish to re-
move, this depending upon the proportions of the sub-
stances in solution or their relative solubilities under
the conditions.

Now, all solutions of natural soda contain hoth sodium
carbonate and bicarbonate, and it is upon the property
of these two salts when in solution to unite to form a
compound more soluble than bicarbonate but less solu-
ble than carbonate, that the method of extraction is
founded. If a solution of the two salts be exposed to
spontaneous evaporation, there will be formed, at a cer-
tain degree of concentration, a crop of acicular crystals
which have a composition corresponding to 46.90 per
cent of Na,CO,, 87.17 per cent of NaIlCO,, and 15.98
per cent of H,O (water). The scientific name of this
salt is urao, but it is usually called *summer soda.”
The amount of this salt thus obtained will depend upon
the amount of bicarbonate present, as every 37.17 parts
of bicarbonate will, in crystallizing, take with it 46.90
parts of Na,CO,. If more bicarhonate is present than is
needed to form summer soda, the excess will crystallize
out before the summer soda forms. If too little is
present, the excess of carbonate remains in solution,

I a sample of water be evaporated from any of these
lakes to a certain concentration point (sp. gr. 1.260 for
Owens Lake water), crystallization will begin, the crys-
tals being erude summer soda. Owing tothe presence of
so much sulphate and chloride in the solution, the crop
becomes more and more contaminated with these salts
as the concentration proceeds. Hence, to obtain an
article of a fair degree of purity, the process must be
interrupted at some definite degree of specific gravity
and the mother liquor drawn-off.  If the mother liguor
be further evaporated, successive crops can be obtained,
the earlier ones, in the case of Owens Lake, being
principally sulphate and the later ones chloride. TFinally
remains ‘a mother liquor rich in potash galts, from
which, on cooling to a low temperature, the ordinary
sal soda (Na,CO,.10H,0) crystallizes.

While all of these localities can produce summer
soda in the manner described, the proportion of bicar-
bonate present is, in each case, insufficient to give the
largest possible yield. To obtain this, it is necessary to
increase the proportion of bicarbonate, which can be
done in several ways but most economically, probably,
by utilizing the carbonic acid driven off in the process
of furnacing to convert the urao into soda ash. When
summer soda is heated to a moderate degree (about
150° C., 800° F.) it loses its water and excess of car-
bonic acid; 100 parts yielding 70.85 parts ash, 9.74 parts
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gas, and 19.91 parts of water. This farnacing must be
done in any case to.reduce weight and save transporta-
tion charges; hence, if the gas can be economically used,
there is a clear gain in so doing. While the refining
work in which the crude product is converted into vari-
ous marketable forms requires special training and use
of improved machinery, arranged and handled to save
labor and fuel, the production of the crude material is
comparatively simple and can be done on a large or
small scale with probably equal advantage. At the
“little lake® at Ragtown, Nev.,two men,in 1886, made
300 tons and could have made much more had the con-
ditions of the locality permitted. The product of the
“hig lake,” made under very adverse conditions, re-
quired but little more labor in proportion. The entire
product was hauled 16 miles to the railroad and shipped
to San Francisco wheve it was, refined. Notwithstand-
ing these heavy transportation costs, the operations were
profitable and the works have been running steadily
ever since.

These examples show that in the development of this
industry the innumerable small localities can be utilized
quite as well as the larger ones, if transportatlon to the
refining point be not too expensive. An intelligent,
industrious man, working asmall but well-situated pool,
can produce,with only occasional outside aid, an amount
of summer soda which a refining works can take at a
price advantageous to itself and remunerative to him.
Furnacing before shipping to the refinery is not always
advantageous, sinee, although the reduction in weight
is about 25 per cent, the saving in transportation will
rarely pay for the cost of furnacing when this is done
on a small scale.” Moreover, refiners prefer unfur-
naced material, and by devoting attention exclusively
to the production of summer soda, regularity of com-
position, which is very important, can be better as-

. sured. Such work e¢an therefore be made a ** poor man’s
joh,” a thing much needed in that region, and in time
there would be a large direct consumption of the crude
materials.

Boran and Other Soda Procluct?.———Seven establish-
ments manufactured borax during the census year, with
a combined production of 11,756,000 pounds, valued at
$541,160. No figures for horax were given at the cen-
sus of 1890, so that no comparison can be instituted.
The present number of borax works is undoubtedly
smaller than it was ten years ago, because it has been
found more economical to ship the crude material to
central points for treatment than to Work it up locally,
as was formerly done,

“Qther soda products,” valued at $143,432, represent
the total value of products so reported by many estah-
lishments. As they are not otherwise specified, no
further distribution is possible.

The following table gives the geographical distribu-
tion of the soda industry, states having less than three
establishments heing grouped:

SODA PRODUCTS, BY STATES, ARRANGED GEOGRAPH-

ICALLY: 1900.
Nfumtb%r Val
of estab- alue of
STATES. lish- | produets.
ments,
United States...ccvrerennreernmaioeanens Ceevaeeeanaaaa 55 310 922,636
North Atlantic division cooveeeiiiiciiiriiiiiiierrannens 28 6, 509, 295
NI J TS0 4 erenrernrsesanatssstanssarsnensmnnsnsusceas 3 105, 607
New York....... cens .- 12 4,699,481
Pennsylvania 9 8061, 195
Massachusetts, Rhode Island, Maryland, and Virginia. 4 893,112
North Central division ....cceviereeeeaarimiaaainaciaaennn. 18 3, 694,436
Illinois 4 363, 429
‘\Ilclugan 3 2, 814, 969
Wigeonsin ..... 173,101
Indiana, Missou 352,087
Western division ... ccoiaeiiiiiiiretvaveserceascacneecncans 11 668, 805
Californin.........‘.................................;., [ 647,175
NevaAA . cenriivereieneeiicirianarcsssrrranseasacoansnas b 21,630

The foreign commerce in soda products is set forth
in the following table, compiled from the reports of
the Bureau of Statistics of the United States Treasury
Department:

SODA ASH IMPORTED DURING THE YEARS ENDING JUNE
30, 1891 TO 1900.

YEAR, Pounds. Value.

1854,744,385 | 4,382,917
1339 057,006 | 4,495, 597
a8, 910,183 | 4,855,098
950,293,895 | 2, 520,921

451 444, 305 310,742
78, 671, 870 648, 450

1Includes sal soda for 1891 and 1802,

SAL SODA IMPORTED DURING THE YEARS ENDING JUNE
30, 1893 TO 1900,

i
YEAR. Pounds. . Value,

27, 581, 554 §288, 020
16 898, 760 120,704
28 761 108 147, 326

17, 966, 996 84,423
18, 875,029 &2, 695
8,851,011 40, 266
4,224, 630 20, 905
6, 624, 314 81, 072

CAUSTIC SODA IMPORTED DURING THE YEARS ENDING
JUNE 30, 1891 TO 1900.

YEAR. ’ . Pounds. Value,
R P 78,743,976 | $1,874,700
2 . 64,741,106 1,594,903

29 697 185 476,032
18, 408, 272 262,297
13, 429, 989 177,857
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ALL OTHER SALTS OF SODA IMPORTED DURING THE
YEARS ENDING JUNE 30, 1891 TO 1900.!

YEAR, Pounds. Value.

18,186, 888 $118, 713
22, 848, 570 167, 634
47,664, 938 297, 761
b4, 829, 622 104, 500
11,803,171
9,090, 367
4,919, 339
21,400, 586
28, 891,135
03, 632, 374

 GEOGRAPHICAL DISTRIBUTION OF POTASH FACTORIES:
1800.

Nufmber Aver%ge val ‘e .
of es- | number . alue of | Per cen
STATES. tablish- | of wage-| CoPHal | hraduet. | of total.
ments. | earners

67 92 | $70,899 | $178,180 100.0

o 44 52 26, 851 79, 642 44.7

15 25 20,050 36,519 19.9

3 4 2,275 6,560 3.7

Maine, Wisconsin, and Illi- Ly

h310) B 11 22,728 6, 469 3

11893 to 1900 includes bicarbonate of soda,

Grour II1.—PoTASHES.

This classification was intended to include not only
potash, which is an impure potassium carbonate, but
also pearlash, which is the refined potassium carbonate,
yet, though returns for the census year 1900 were
received from 67 establishments, producing 3,864,766
pounds of potash, valued at $178,180, no pearlash was
reported manufactured. Of these 67 establishments, 12
produced products valued at less than $500.

The burning of wood and the lixiviation of the ash to
extract the potash, though of minor importance so far
as the monetary value of the product is concerned, is
one of the oldest of the purely chemical industries.
Cognizance wag taken of it in the census reports of the
United States as early as 1850, so that the data is at
command for comparing the condition of the industry
in this country for each decade since 1850, as set forth
in the following table:

TOTAL PRODUCTION OF POTASHES, BY DECADES: 1850

TO 1900.
Nfumtb%r PRODUCT, Ayerage
of estab- price per
YR4R. lish- pound
ments. Pounds, Value. (cents).
560 |l cerenennnns $1,401,588 [l..orerennn
212 Jleneeenranann 538,650 H..eenenoas
106 Hoeaveenanann 827,671 |levernesnes
68 || 4,571,671 232, 643 8,09
75 5,106, 939 167, 507 3.86
G7 | 8,864,766 178,180 4.82

This table shows that there has been a constant
decrease in the value of the product, though the quantity
hag varied somewhat. Starting with 1880, for which
year both quantity and value were reported, it appears
that the increase in the quantity of product for 1890
over that for 1880 was 11.7 per cent, but the decrease
in the value for 1890 compared with that for 1880 was
15.1 per cent. In 1900 the decrease in the quantity
as compared with that of 1890 was 24.8 per cent, while
the decrease in the value was 9.8 per cent. The estab-
lishments reported were distributed as follows:

There were reported as having been used in this
manufacture 812,399 bushels of wood ashes, valued at
$40,191. The yield of potash per bushel of ashes, as
xeported varied from 2.4 to 7 pounds. In the pr oduc
given above there is included potash packed in cans,
amounting to 820,000 pounds, having a value of
$53,349. Excluding this, as being in the nature of a
duplication, -it appears that the total production of
potash for 1900 was 3,044,766 pounds, and that there-
fore the average yield of potash per bushel of wood
ashes, as shown by the entire returns, was 3.75 pounds.
Pelouze and Fremy* give the yield by weight as 10 per
cent, and this appears in other text-books; but all re--
turns for ashes received at the census of 1900 were
given in bushels.

As stated, potash is prepared by dissolving out the
soluble contents of wood ashes and evaporating the solu-
tion to dryness. The process as carried out on a com-
mercial scale is described by Muspratt,? as follows:

The American process for the extraction of potashes is thus de-
seribed by Morfit. The incineration of the plant is effected in dry
pits sunk into the ground to a depth of 3 or 4 feet. The plant is
thrown in in portions, and hurned until the pit is nearly full of
aghes. The latter are then removed, mixed with about 5 per
cent of lime, and drenched with successive portions of fresh water.
The ash tubs or vats employed in this operation are usually formed
from tar barrels, by cutting them in half. A number of these are
furnished with two crossbeams, upon which rests a false cullen-
dered bhottomn covered with straw, and below this is a cock for fhe
removal of the lye. The first liquor running through, being sat-
urated, is passed at once to the evaporating pan; while the second
or third runnings, being weaker, are reserved and poured upon
fresh ash until completely saturated. The evaporating pans are
broad and shallow, and made of iron, with corrugated bottoms, to
produce greater extent of heating surface; and as evaporation pro-
gresses, new supplies of strong liquor ave poured in, and the heatis
continued until a sirupy consistence ig attained, when the five is
gradually slackened and the contents of the pan, becoming solid,
are dug out and placed aside ds crude potashes. By subjecting this
mass to the heat of a reverberatory furnace, most of the sulphur (sic)
and all excessive water and empyreumatic matters are expelled,
causing a lossof 10to 15 per cent. This modified product is white,
with a bluish tinge; contains more carbonic acid than the original
crude product, and takes the name of pearlash. The process em-

1 Praité de Chimie, 1865, Vol. 1I, cf)age 225,
2Chemistry as Apphed to Arts an Manufactures, Vol. IT, page
729,
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ployed in Russia and northern Burope is the same in prineiple as
that ahove deseribed, and is conducted in a similar manner, except
thatno lime iz used in the lixiviation process.

According to Mendeléeff:*

For the extraction of potash, which was formerly carried on
-extensively in the east of Russia (before the discovery of the Stass-
furt salt), the ash of grasses and the green portions of potatoes,
buckwheat, ete., are taken and treated with water (lixiviated), the
solution is evaporated, and the residue ignited in order to destroy
the organic matter present in the extract. The residue thus
obtained is composed of raw potash. It is refined by a second dis-
solution in 8 small quantity of water, for the potash itself ig very
soiuble in water, whilst the impurities are sparingly soluble. The
golution thus ohtained is again evaporated, and the residue ignited,
and this potash is then called refined potash, or pearlash.

According to Wiley:®

The composition of the ash of woods is extremely variable. Not
only do different varieties of trees have varying quantities of ash,
but in the same variety the bark and twigs will give an ash quite
different in quantity and composition from that furnished by the
wood itself. In general, the hard woods, such as hickory, oak, and
maple, furnish a quality of ash superior for fertilizing purposes to
that afforded by the goft woods, such as the pine and tulip trees.
The character of the unleached wood ashes found in the trade is
indicated by the subjoined analyses. The first table containg the
mean, maximum, and minimum results of the analyses of 97 sam-
ples by Goessmann.’

In leaching, ashes lose chiefly the potassium carbonate and phos-
phate which they contain. Leached and unleached Canada ashes
have the following composition:

Unlenched | Leached

(percent).| e?m'
TOSOMIBIG. ciiiiriernnirsnaarrarsreaasenamcannenssannaas 18.0 13.0
MOISEUTE v veinarinenen et eeianaraaaaaaa, 12.0 30.0
Calcinm carbonate and hydroxide...cveieeenriinennneen. 61.0 51.0
Potassium carDONRte ..o oeeee et 6.5 L1
Phosphorie aeld -« eeeneennieomaeniiie i 1.9 14
Undetermined . o.vvmueriirieirineincrsosanrracrssarssenns 6.6 3.5

In the wood ashes of commerce, therefore, it is evident that the
proportion of the potash to the lime is relatively low.

The number of parts by weight of the chief ingredients of the
agh in 10,000 pounds of woods of different kinds is given in table
below, together with the percentage composition of the pure ash;
that ig, the crude ash deprived of carbon and carbon dioxide.

POUNDS OF THE INGREDIENTS NAMED IN 10,000
POUNDS OF WOOD.

|
‘Sycamore - | Hickory
Dogwond 7" Post oakt i Ash (F. | Red onk .
(Cornus (olzlc‘ﬁ;lg}#“ (Q. obtu- | -Amert- | (Quercus (t(%lz’elrizu
Florida). | ll-s)" siloba)., | canw). | rubra). tasa).
Potash....oueuisnnn g.02 18.06 16 8‘3 14,94 13.95 13. 80
Phosphorie acid es 5,72 9. 55 1.16 5,98 5. 83
Lime . 6.41 24,73 ?5 Gl 7.40 27.40 18. 40
Magnesia........nn 14. 67 0,49 5,28 0,10 3.056 4.86

MEAN COMPOSITION OF WOOD
ASHES,

Means, | Maxima.| Minima.

32 8,5 10.2 2.5
thphoric acid 1.9 4.0 0.3

............ 343 50.9 18,0
Magneqiﬂ. 3.5 7.5 2.8
Inspluble 12,9 27.9 2.1
B0 101400 12,0 28,6 0.7
Carbon dioxide and undetermined.........:..... b1 I N SO

The data obtained in sixteen analyses made at the Connecticut
station are given below:!

Means, { Maxima.l Minima,

Potash
Phosphoricacid...

=
e
==
oo~

In fifteen analyses of ashes from domestic wood fires in New
Tngland stoves the following mean percentages of potash and
phosphoric acid were found:

Potash - oo s U 9,63

Phosphoric acid - . ... 2.32

! Principles of Chemistry, 1897, Vol. I, page 548

* Principles and Practice of Agr {cultural Analysis, 1895, Vol. II,
pages 251 to 253.

? Annual report, Massachusetts agricultural experiment station,
1888, page 202,

*Annual report, Connecticut agricultural experiment station,
1890, page 110.

. Chest-
White | Megno- ) Georgla | yeyyo | Black | ¥05" dg1q6ela
lia (AL \pine (P.lyne ipi TINE o rpounn alnine (£
a2} grandi- | patus- BEREE (Picen (Castanc Pty
=1 flora). | irds). . nigra)_. sativa), :

Potash.... 10. 60 7.18 5.01 4,54 3,02 2,90 0.79
TPhospho 2,49 8,19 1.24 0, 96 0.92 1.09 0. 73
Lime . 7.851 14,21 18,04 | 16,167 12.46 7.93 12,12
Magnesia, 0.90 2,94 2,08 0,74 0.10 0,34 1.17

The pure ashes of the woods contain the following per cents of
the ingredients named:

| .
Byeamore puo ank | 4sh (F. | Red onx | Hickory

Dogwood i

(Cornus (ﬁaf(([tg;:;s ( Q obtu- | Ameri- | (Quercus (tg”“l’é’ﬁ

Florida). a?z's). stloba). | cana), | rubra). fosa).
Potash....cooaiaean 28,04 23.17 21,92 406.04 24,68 | 0 28.4G0
Phosphorie woid . 8,51 12,28 9. 00 3.88 10. 55 .97
Lime . . 38.93 31,62 46. 39 23,57 48,26 87.94
Mngnesm .......... 6,80 0.62 6,88 0. 60 5,38 10,04

. - , Chest-
White | Jagno- | Georgla |y gy Black

nut |Oldfield

. Ha (2L (pine (2. pine
oak (Q. s pine (P, . (Caslana pine (P,
albe). sz'lg;gl)L 12;’5:‘)“‘ mitis). I(lf;lfﬁ(f vesc or | mifis).,

sativa).

42,16 19.54 16,85 19.70 ) 14.30 18.10 3.85
.48 B.75 3.82 4,18 4,83 6.76 4,11
29, 85 88,04 65,24 | 66,63 | B3.u8 40.18 67.78
3.43 8.05 6.25 8,20 0.50 2.11 6,64

From the data for production given above itis evident
that, although the average price of potash for 1900 was
higher than for 1890, the industry was not remunerative,

gt

g
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and that consequently the quantity and value of the
product decreased. Indeed, owing to the competition
of foreign potash, the industry can now exist only in
localities where wood is very cheap and where there is
a local demand for the product. In such places the
product is of domestic manufacture and is an article of
trade at the country stores, but with the increasing
-alue of timber, the field of operations is continually
being contracted.

The cost of producing a barrel of 650 pounds of
potash is stated in a private communication from a
Michigan manufacturer to be as follows:

Ashes, 150 bushels, at 3 cents. .. oo oo iiin i $4.50
Hauling ashes. . oo i aieiinecacceanaaeana, B.00
Y 2,00
Labor o el e 3.00
Barrel, cost 0f. ..o iciaiieaaemana 1.25
Repairs, Interest, ete. ..o e 1.50

Total cost......... e et emaaaa- 18. 25
Selling price at works. ..o oo i iiaeeeeaos 25,00

G‘I\'oss profit per barvel. ... ... ...l

The ashes therefore yielded 4} pounds of potash per
bushel, and the potash sold at 8.85 cents per pound. It
will be noted that the weight of a barrel of potash is
given above as 650 pounds. . From the returns itappears
that the net weight of a barrel of this material varies
from 650 pounds to 740 pounds, the average being about
700 pounds,. ‘

Competition with the ashes' of wood as a source of
potash iz found in beet-root molasses and residues;
wool scourings, known as suint; and the potash salts
mined at Stassfurt and elsewhere abroad. In the case
of the heet-root molasses and vesidues, and of the
suint, the mass is calcined and the potassium carbonate
extracted, as is done for wood. The potassium exists
in the Stassfurt and other mineral salts as chlorides and
sulphates in combination with magnesium and calcium,
and after the potassium chloride is extracted from them,
it is converted into pearlash by the Le Blanc process,
or it may be converted into carbonate by the Solvay
process, using trimethylammonium carbonate. Men-
deléeff* states that about 25,000.tons of potash annually
are now (1897) prepared from K(l at Stassfurt. Other
proposed sources of potash salts are sea water; the
mother liquor of salt works and mineral springs; the
residues from seaweeds; and the feldspars and similar
rocks.

There are, moreover, some industries which produce
considerable quantities of wood ashes as a by-product,
from which potash may be extracted with profit. For
example, the wood-distillation industry uses hard wood
and consumes much of the charcoal produced as fuel
under the retorts. Hard-wood ashes are richer in pot-
ash than soft-wood ashes, and as the extra cost of
obtaining the potash should be very trifling in connec-
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tion with the other operation, considerable quantities
of it might be obtained from this source.

As potassium carbonate crystallizes with difficulty, it
can not well be purified by the method often employed
for purifying salts. The pure material must, there-
fore, be obtained by indirect means. Among other
methods in vogue, one is to purify cream of tartar,
ohtained from grapes, by repeated crystallization, and
then, by burning it, obtain the refined potash. When
the cream of tartar is ignited by contact with air
there is left a mixture of finely divided charcoal and
potassium carbonate, and this comes into the market
under the name of ** black flux,” and is used in smelting
operations as a reducing agent.

Potash is used in the manufacture of soft soap; in
making potagsinm salts, such as potassium chromate; in
making caustic potash; and, in the form of pearlash, in
the making of glass.

The potassium found in wood ashes is extracted from
the soil by the plant during its growth, the presence of
potassium dompounds in the soil being essential to the
growth of vegetation. Consequently, wood ashes are
a valuable fertilizing material. Wiley ® says of this: -

The beneficial effects following the application of ashes, are
greater than would be produced by the same gquantities of matter
added in a purely manurial state. The organie origin of these
materials in the ash has caused them to he presented to the plant
in a form peculiarly suited for absorption. Land treated generally
with wood ashes becomes more amenable to culture, is readily kept
in good tilth, and thus retaing moisture in dry geasons and permits
of easy drainage in wet. These effects are probably due to the
lime content of the ash, a property, moreover, favorable to nitrifica-
tion and adapted to correcting acidity. Injurious iron salts, which
are sometimes found in wet and sour lands, are precipitated by the
ash and rendered innocuous or even beneficial. A good wood-ash
fertilizer, therefore, is worth more than would be indicated by its
commercial value calculated in the usual way.

From the census returns for 1900 it appears that the
leached ashes have a certain manurial value and the
returns show that the establishments reported above
sold 87,040 bushels of leached ashes to be used as a
fertilizer at a total value of $3,268, or, on an average, at
8.75 cents per bushel, It isstated by the manufacturers
that wood ashes in leaching gain one-third in bulk; one
manufacturer specifically stating that his 15,000 bushels
of raw ashes yielded 20,000 bushels of leached ashes.

From Wagner’s Chemical Technology, 1892, page
299, it appears that ‘“ the yearly production of potash,
according to H. Griineberg, is from

Wood aghes, Russia, Canada, United States, Hungary, and  Tons
Galitia, - e it dccecciemcamaenanaa. 20, 000
Beet sugar ash, France, Belgium, Germany ... ..ea.c.n... 12, 000

[ Mineral salts, Germany, France, England. .o aeoeeeeeooon. 15,000
Buint, Germany, France, Belgium, Austria............... 1,000
Total from all S0UrCes. . ool rancie e 48, 000

“These conditions differ strikingly from those which
existed thirty [thirty-eight] years ago, when wood ash
was in exclusive use and Russia potash ruled the mar-

Principles of Chemistry, 1897, Vol. I, page 549.
PART IV MANF———35

2 Principles and Practice of Agricultural Analysis, Vol. II, page 254.
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ket. The potash extracted from wood ashes amounts
to scarcely one-half of the total production; it decreases
year by year, and the time when it will disappear from
the market seems within measurable distance.” This
agrees with the data shown in the table above for the
“Total Production of Potashes by Decades, 1850 to
1900.”

The foreign commerce in potashes for the United
States is exhibited in the following tables compiled
from “The Foreign Commerce and Navigation of the
United States for the years ending June 30, 1891-1900,
Vol. IL.” '

DOMESTIC EXPORTS OF ASHES, POT AND PEARL: 1891 TO
1900, INCLUSIVE.

YEAR. Pounds, | Value, YEAR. Pounds. | Value.

420,582 | 24,432
1,307,684 | 99,566
634,421 | 31,775
650,261 | 29,205
664,876 | 80,148

960,874 |  $41,208
511,830 | 21,727

IMPORTS OF ASHES, WOOD AND LYE OF, AND BEET-
ROOT ASHES, FOR CONSUMPTION: 1891 TO 1900, IN-

CLUSIVE.
YEAR, Value, 'YEAR. Value.
1801... ..o $42,624 || 1896 .... 867,393
.- 54, 855 - 66,423
62,206
59,970
66,453

IMPORTS OF POTASH, CARBONATE OF, OR FUSED, FOR
CONSUMPTION: 1891 TO 1894, INCLUSIVE.

YEAR. Pounds. Value.

%39, 980
219, 557
309, 585

29, 895
262, 818

IMPORTS OF POTASH, CARBONATE OF, CRUDE OR BLACK
SALTS, FOR CONSUMPTION: 1895 TO 1900, INCLUSIVE.

YEAR. Pounds. Value,

11,602,272 | $364, 506
12,439,180 | 401,819

7,501,497 | 928,029
15,844,374 | 471,919
16,018,889 | 437,675
21,191,258 | 625,922

LITERATURE.

Chemistry as Applied to the Artsand Manufactures, by Sheridan

Muspratt, Glasgow, 1860.

Traité de Chimie, by Pelouze and Fremy, Vol. II, Paris, 1865.

A Manual of Chemical Technology, by Rudolf von Wagner,
translated by William Crookes, New York, 1892.

Principles and Practice of Agricultural Analysis, by Harvey W.
Wiley, Vol. 11, Easton, Pa., 1885.

The Principles of Chemistry, by D. Mendeléeff, New York, 1897.

Group 1V.—Arums.

During the census year 1900 there were 13 establish-
ments engaged in the manufacture of alums either as a
principal or subordinate product. The comparison
with previous censuses is as follows:

PRODUCTION OF ALUMS, BY DECADIES: 1880 TO 1900,

INCLUSIVE.
- PER CENT OF IN-
Number PRODUCT. CREASE.
. of estab-
YEAR. ligh-
ments. Pounds. Value, [Quantity.] Value,

6| 89,217,725 | $808,165 [..oevn.rsilireein.ns
10 | 93,998,008 | 1,616,710 | 139.7 100.0
18 | 179,467,471 | 2,446,576 90,9 5.3

There are no census statistics of production anterior
to 1880, and the census of 1900 is the first one at which
the various alums were separately reported, as shown
in the table which follows:

KINDS OF ALUM PRODUCED IN 1900.

Number
KIND, Oiﬁ:g‘b' Pounds. Value,
ments.

Ol e eeemecieneenemnsnsnennenenae|ernennnaas 179,467,471 | $2,446, 576

Ammonia 8liM.veeeeiriaisreeranranresass
Potash alum ..
Burnt alum........
Concentrated alum
Alum cake......... -
Otheralums ....ooiiiiiiiiiiiiiinees

4| 6,580,373 102, 308
5| 14,200,393 215, 004
g 16,028, 464 403,100
4
7

103,016,815 | 1,002,547
4, 048, 655 34, D47
85,692, 771 629, 570

The legend ““other alums” is ag veported on the
schedules, and no doubt under it are included some of
the kinds named in the list above, but it has not been
possible to separate them. However, there are in the
classification 1,526,000 pounds of aluminum hydroxide
(hydrate of alumina), valued at $31,500. There are
included under ‘ burnt alum” 9,399,550 pounds of ma-
terial, with a value of $228,500, returned as *‘ soda alum*
from 4 establishments. In addition, there were reported
3,928,160 pounds of ammonia alum, valued at $58,922,
and 1,149,666 pounds of aluminum sulphate, valued at
$10,922, as having béen produced and consumed in the
manufacture of other products.

It should be said that of the 18 establishments reported
above but 2 of them were reported as producing alum
only, the others being engaged in the manufacture of
many other chemical substances. Taking the ratio of
value which the alum bears to the total value of prod-
ucts for these last-mentioned establishments as a guide,
it appears that these 13 establishments employed 802
wage-earners and a capital of $3,888,445 in the produe-
tion of alum, and that there were consumed 34,000 tons
of bauxite, having a value of $230,000; 5,000 tons of
cryolite, of a value of $110,000; 2,000 tons of sodium
sulphate, in the form of salt cake or niter cake, of a
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value of §4,100; 360 tons of ammonium sulphate, of
a value of $21,900; 477 tons of potassium sulphate, of a
value of $19,600; and 61,424 tons of sulphuric acid,
there being used for this acid 8,323 tons of sulphur, of
a value of $66,000; 49,081 tons of pyrites, of a value
of $107,000; and 513 tons of sodium nitrate, of a value
of $18,000.

The gcographlcal distribution of these establishments
is set forth in the following table:

GEOGRAPHIOAL DISTRIBUTION OF ALUM FACTORIES:
1900.

Nufmber Aver%ge val ¢l
of es- | number alue o Per cent
BTATES, tablish- |of wage-| CoPital. | prodvet. | of total,
ments, | earners,

Unitéd Btates ...... 13 802 | $3,888,445 | 92,446,576 100.0
Pennsylvania............ 6 630 | 2,747,482 | 1,411,652 57.7
Massachusetts . s 3 74 255, 930 800, 754 12,5
Tllinois, New York, and }

Michfgun .............. 4 198 885, 033 728,170 29.8

Alum was known to the ancients and was used by them
in dyeing, tanning, and in making medicine. Aluminum
sulphate, mixed with more or less iron sulphate, occurs
as efilorescences on rocks and as the mineral feather
alwm, and it was this limited natural supply that was the
source of the material used. The manufacture of alum
is of oriental origin and was introduced into Europe
about the Thirteenth century, the materials used being
the mineral alunite or alum stone, which has the for-
mula K,80,.AlL(SO,),.4A1(OH), mixed with compounds
of iron. This mineral is insoluble in water, but by
caleining it and exposing it in heaps, with occasional
moistening, the mass weathers, and after some months

a potassium alum may be dissolved out which crystal- '

lizes in cubes and contains inclosed iron oxides which
give it a red color. Such alum is known as *‘ Roman
alum” from its having been extensively manufactured
at Tolfa, near Rome. Later, alum slates and shales,
clay, bauxite, and cryolite have been employed as the
raw materials of the alum manufacture, and the last-
named two are the substances which are now almost
exclusively used for this purpose.

When the minerals—clay, in its purer form of kaolin
(A1,81,0,.2H,0), or baurite, which is aluminum hydrox-
ide mixed with ferrie, silicic, and other oxides in vary-
ing proportions, are used as the source of alumina, the
process consists in decomposing the mineral with sul-
phuric acid and evaporating the solution of aluminam

sulphate formed until, when cool, it sets to a stone-like-

mass. This cake contains impurities in the form of
silica, ferric sulphate, and free sulphuric acid, there
being usually from 2 to 3 per cent of the latter present.
‘When but little iron is present, the substance is known
as “‘alum cake;” when much iron is present it is known
as ‘“alumino-ferric cake.” Bauwite is especially liable
to yield this last-named product.

A purer aluminum sulphate is made from baurite by
calcining it with soda ash until sodium aluminate is
formed. This is dissolved, the solution filtered, and
carbon dioxide passed through it, by which the
aluminum is precipitated as hydroxide. This purified
hydroxide is dissolved in hot sulphuric acid and the
solution formed run into leaden pans to cool, when it
forms a crystalline mass much used in the arts under
the name of ‘‘concentrated alum,” and having the
composition Al(SO,),20H,0, though the separate
cerystals have but 18 molecules of water of crystalliza-
tion, Manufacturers specify that bauxite for use in
the manufacture of alum shall contain not more than 3
per cent of ferric oxide nor less than 60 per cent of
aluminum oxide.

Cryolite is used not only as a source of alum, but also
for the manufacture at the same time of caustic soda,
calcinm orsodium fluorides, and hydrofluoricacid. This
mineral, which in commercial quantities is found only
in southern Greenland, is a double fluoride of sodium
and aluminum, having the formula AJF,(NaF),. By
caleining cryolite with powdered limestone and lix-
iviating the frit, or by boiling cryolite with milk of
lime, sodium aluminate is obtained as one of the prod-
uects of the reactiom, and this wmay be converted into
“concentrated alum” by the means above deseribed.
A modification of this consists in boiling sodium alumi-
nate liquor with powdered cryolite, through which
the sodium in each molecule is converted into sodium
fluoride and the aluminum into alumina, and then pro-
ducing ‘‘ concentrated alum” by dissolving the alumina
in sulphurie acid. v

When *‘ concentrated alum” is dissolved in water and
mixed with a solution of potassium sulphate, the solu-
tion, on concentration, deposits beautiful, transparent,
colorless, octahedral crystals, which have a vitreous
luster and the composition K, AL (SO,).24H,0. This
substance is known as “potassium alum” or *‘ potash
alum,” and was the first complex alum recognized, I
was the first to be manufactured commercially, since
by this means the easily soluble aluminum sulphate
was separated from the iron sulphates, and a very su-
perior article for use in dyeing was obtained. Since
purer raw material has heen found, and improved
methods for purification have heen devised, concen-
trated alum has largely displaced the complex alums in
dyeing as well as in the other arts. | -

Crystallized potassium alum of the composition given
above is the type of a large number of complex alums
which may be produced by mixing u solution of alumi-
num sulphate with a solution of an alkaline sulphate and
crystmllizing out the double salt. Among these we have
in commerce crystallized ammonium and crystallized
sodium alum, though the latter is not common, owing
to its being dlﬂicult to crystallize and to the fact that the
crystals, when formed, readily effloresce. When these
erystallized alums are heated, the water of crystalliza-
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tion, and usually a little of the sulphuric acid, is driven
off and the material falls to a white powder known as
“Dburnt alum,” which is used in pharmacy. A similar
sodium alum which is largely used in baking powders
is prepared by mixing concentrated solutions of sodium
sulphate and aluminum sulphate, allowing them to set
in a cake, and roasting the alum to drive off the water,
or by mixing the sulphates in the solid condition and
heating them. By varying the proportions of the sul-
phates and the temperature, various desired properties
are imparted to the burnt alum, and these preparations
are sold under various trade names.

Effloresced sodium alum is sometimes known under
the name of “porous alum,” but this name, in the
trade, is given to porous alum cake containing a little
sodium alum and basic aluminum sulphate, which is
made by stirring into alum cake, just before it sets, a
desired quantity of soda ash. As the aluminum sul-
phate possesses an acid reaction it reacts with the so-
dium earbonate and the carbon dioxide evolved pufly
up the mass and leaves it in a condition so that it may
be readily dissolved.

Alums may be formed with selenicand other acids in
place of the sulphuric acid of -ordinary alum. More-
over, chromie, ferric, manganic, and other sulphates
form double salts with the alkali sulphates, and though
these compounds contain no aluminum whatever, they
are called alums because they crystallize in the same
form, have the same crystalline habit, the same oxy-
gen ratio, and the same number of molecules of water
of crystallization ag the double sulphates of alumina
and the alkali metals. None of these numerous alums
has any commereial importance except ¢ chrome alum,?”
which has the formula K,Cr,(SO,),.24H,0.

Potash and ammonia alums were made by Charles
Lennig, of Philadelphia, in 1837, and concentrated
alum was manufactured by him in 1859, Harrison
Bros. & Co., of Philadelphia, began the manufacture of
crystal alum about 1840, and they began the manufac-
ture of concentrated alum from dauzite in 1877. The
Pennsylvania Salt Manufacturing Company began the
manufacture of concentrated alum at Natrona, Pa., in
1876, and they were the first to manufacture porous
alum. '

Alums are used in dyeing, printing, tanning, paper
" making, in making lakes and other pigments, in puri-
fying water and sewage, as a constituent of baking
powder, in medicine, in stucco work for hardening
plaster, in photography for hardening films, in render-
ing wood and fabrics non-inflammable, in “‘ carbonizing”
wool, in bleaching, and in the preparation of various
aluminum compounds.

The foreign commerce in alums is shown in the fol-
lowing table, compiled from the reports of the Bureau
of Statistics of the United States Treasury Department:

IMPORTS OF ALUMS FOR CONSUMPTION: 1891 TO 1900,
INCLUSIVE.

YEAR. Pounds, Vulue.l YEAR, Pounds, | Value.

4,652,985 | 958,863
4,140,916 | 59, 356
4,672,023 | 73,806
1,838,798 | 30,831
2,965,682 | 46,815

5,525,825 | $86,371
6,301,544 | 96,529
9,787,630 | 36,099
1,601,829 | 14,944
9,186,266 | 19,354

And in the following tables, obtained from the same
source, are shown the quantities and values of the raw ox
partly manufactured materials so far as they were set
forth:

IMPORTS OF CRYOLITE FOR CONSUMPTION: 1891 TO 1900,

INCLUSIVE.
YRAR, Tons. Value, YEAR. Tons, Value,
$95, 406 7,024 $93,198
76,350 8,009 40,056
111,796 10,788 144,178
170,216 5,629 79,455
116,273 5,878 78,658

IMPORTS OF BAUXITE FOR CONSUMPTION: 1897 TO 1900,
INCLUSIVE.

ALUMINUM [IYDRATE,

BAUXITE, CRUDE. || o g RRFINED BAUXITE.

YEAR.

Pounds. | Value. Pounds, | Value,

8,722,0M | $14,915 1oeuneeaneriilovnrnnen..
...................... 5,002,082| " "860, 194
7,792,000 | 14,1687 2,955,830 | 92,019
6,850,000 | 11,413 || 8 474,421 | 109,574

LITERATURE.

Outlines of Industrial Chemistry, F. H. Thorp: Macmillan, New
York, N. Y., 1898 .

Manufacture of Alum, Lucien Geschwind: D. Van Nostrand, New
York, N. Y., 1901

Manual of Chemical Technology, Rudulf von Wagner: D. Apple-
ton & Co., New York, N. Y., 1892, : '

Watts, Dictionary of Chemistry, Vol. V, Longmans, Green
& Co., London, 1869.

Group V.—Coar-Tar Propucts.

Notwithstanding that as early as 1815 Accum had
devised a process for obtaining a volatile oil from coal
tar for use as a substitute for spirits of turpentine; that
in 1845 A. W. Hofmann had discovered that this body
contained benzene; that in 1856 a great impetus was
given to tar distilling by the discovery of anilin colors
by Perkin, since the benzol, which is the raw material
for their manufacture, was exclusively derived from
coal tar, and that from 1806, when coal gas was intro-
duced for lighting by David Melville at Newport, B. 1.,
coal tar had been a by-product of the industry in this
country; yet it was not until 1880 that any mention was
made in the United States Census Reports of these

"
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bodies, and they are apparently given there in two
classifications, as follows: On page 1001 of Statistics of
Manufactures there are reported 344,114 pounds of
anthracene of a value of $99,249, and in the table of
specified industries on page 20 of the same report, it is
stated that three works produced *‘coal tar” having a
value of $466,800, from which it is inferrved that as the
original coal tar was being produced in the several hun-
dred gas works then existing, the three works enumer-
ated were engaged in producing coal-tar products. On
pages 288 and 289 of Part 111, Census of Manufactur-
ing Industries, 1890, there are reported coal-tar prod-
ucts of a value of $687,591. The establishments were
distributed as follows:

GEOGRAPHICAL DISTRIBUTION OF FACTORIES FOR
COAL-TAR PRODUCTS: 1890.

Value of | Per cent

BTATRS, produets.} of total.
United SILeB. . cuiveriiiiineiii e carinresrerianaas $687, 591 100.0
New Jersey .| 830,200
Pennsgylvania ....... i

New YOrK ..o.eveesen
District of Columbia
Georgia
Massachusetts and TeNnessee cvvuvsrervreeeensvannsorronnnns 10,887

At the census of 1900 there were reported 14 estab-
lishments devoted to the manufacture of coal-tar prod-
uets, which amounted in value to $1,322,094, and 8
establishments in which this manufacture was of sec-
ondary importance, with a value of $99,626, the total
value being $1,421,720. These establishments were
distributed as follows:

GEOGRAPHICAL DISTRIBUTION OF FACTORIES FOR

COAL-TAR PRODUCTS: 1900,
Nfumb%r Avergge Val :lp ¢
of estab- | number N alue o ar Cen
STATES. lish- | of wage- Capital. products. | of total.
ments, | earners.

United States ...... 22 466 | §1, 448,622 | $1,421,720 100.0
MissQUYL vussirecinasnennn 3 168 381,959 415, 600 29,2
Pennsylvania............ 6 177 661,482 896, 769 27.9
New York . 38 33 25,467 44,016 3.1
Louisiana, Tenuessee

Ohlo, Californis, Min-
nesota, \Iussuchu‘ietts
and New Jersey........ 10 101 889, 724 565, 345 39,8

Of these products, chemicals having a value of
$205,047 were obtained from further action on the dis-
tillate of the coal tar. In addition, these factories pro-
duced tarred felt and tarred paper (in which part of
the material from the coal tar was consumed), having a
value of $442,529.

Coal tar, as its name implies, is obtained from coal,
and it is produced by the destructive distillation of coal
out of contact with the air, the other products being
gas, coke, and ammoniacal liquor. From the begin-
ning of the Nineteenth century the chief commereial
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source of the coal tar was found in the manufacture of
coal gas for illuminating purposes, but to-day it is also
obtained from the by-product coke ovens, while gas
producers, blast furnaces, and water-gas plants furnish
tars which now find commercial uses, though they differ
in composition from coal tar. In the special report on
coke for the census of 1900, it is reported that the pro-
duction of tar from the by-product coke ovens for
1899 amounted to 104,687,830 pounds, or 52,344 tons.
Although the returns for gas for 1900 are given in the
special report on gas for the census of 1900, no separate.
returng are therein presented for the by-product of tar.
This may, however, be estimated as follows: In Table 8
of that report it is stated that the total production of
gas was 87,093,558,471 cubic feet, and in Table 9 that
over 75 per cent of the gas manufactured during the
census year was water gas, Putting the coal gas at 20
pex cent, we have 13,418,710,694 cubic feet of coal gas.

The average yield o[ gas per ton of gas coal is 10,000
cubic feet, and dividing the volume of gas by this thele
results 1,341,871 tons of coal as having been used for
making coal gas. The yield of tar per ton of coal is

.about 5 per cent by weight, which gives from the above

figure 67,094 tons of tar. The total quantity of coal

tar from the by-product coke ovens and the coal-gas

industry in 1900 was, then, approximately 119,488 tons.

The quantity of ¢ water-gas tar” may also be estimated

from the quantity of oil consumed, which is given in

the special report on gas as 194,857,296 gallons. Ac-

cording to Douglas,® about 25 per cent of the oil is
recovered as tar, which gives for the oil recorded above

48,714,324 gallons of tar. As, according to A. I.

Elliott,” ““ water-gas tar” has a specific gravity of 1.1,

a gallon will weigh 9.15 pounds, and therefore the
total weight of ‘‘water-gas tar” obtained in the United
States for 1900 as derived from the data given above is
222,868 tons. No tar is reported from any other
source, though it is known that abroad the blast fur-
naces and gas producers arve utilized as sources of this
material. The total computed production of coal tar
and water-gas tar for the United States for the census
year 1900 is therefore 342,306 tons. It is worth noting
that though the first by-produet coke oven in the United

States was erected in 1892,° yet the industry bas grown

so fast that the yield of coal tar from this source

closely approaches that from coal gas making.

In connection with these estimates it is interesting to
compare the following statement made by Lunge* in
the recent edition of his standard work: ‘“ White and
Hess (Jour. Soc. Chem. Ind., 1900, page 509), quote &
number of analyses, from which they conclude that
American coal tars are not well adapted to distillation
for the recovery of benzol, ete., as they are inferior in

1J. of Gas-Lighting, page 1130, 1891,
2 Am. Chem. J., page 248. 1884,
- 81, D, Pennock J. Am. Chem, Soc vol 21 page 681.

1899,
* Coal Tar and Ammoma, 3d ed., Appendlx, page 917, '
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quality to European tars except as regards anthracene.
Their estimate of the production of coal tar in the
United States, 400,000 tons, is probably much too high,
since by far the greater portion of illuminating gas
made there is (carburetted) water gas. Probably the
‘quantity of 120,000 tons, which I gave as the produc-
tion of coal tar in the United States in 1886, is not
much, if at all, exceeded at the present time.” The
amount of coal tar reported as consumed in the United
States in the census year 1900 was 22,004,650 gallons,
which at 10 pounds per gallon gives 110,023 tons.

The yield of tar from the manufacture of gas in
Europe in 1898 is given by Lunge® from data supplied
by Dr. Bueb, as follows:

TAR PRODUCED IN MAKING GAS IN EUROPE IN 1898

COUNTRY. Tons. COUNTRY, Tons,

Total..oeeeiienininnes 1,120,000 || Belgitm coveevvensnnnnnnnnns 20, 000

Italy oot S 16,650

Great Britain ... 666,650 | Russia .. 16, 650

@ermany. 166,650 || Holland. 15, 000

France........ 135,000 (| Denmark . 13, 500

Austria-Hungary 41,500 (| Switzerland 6,760
Beandinavia ... 21,650

The data of the census of 1900 places the United
‘States fourth in the list of countries in the amount of
tar produced in the distillation of coal for the manu-
facture of gas.

It is of historical interest that the first English patent
referring to the destructive distillation of coal (that of
John Joachum (sic) Becher and Henry Serle, dated
Auvgust 19, 1681) does not treat of the manufacture of
lluminating gas, but of “a new way of makeing pitch
and tarre out of pit coale, never hefore found out or
used by any other,” and this German chemist, Johann
Joachim Becher, appears to have been the originator of
the coal-tar industry, he having employed the coal tar
-as a substitute for ¢ Swedish tar from firwood” in tar-
ring wood and ropes. The French metallurgist de
‘Gensanne® describes a furnace in use before 1768 at
Sulzbach, near Saarbriicken, for coking coal and recov-
ering tar, the light oil from the tar being used for
burning in lamps.

Notwithstanding the various inventions for producing
coal tar, it is, according to Lunge®—

Certain that the manufacture of coal tar was never carried out on
any extensive scale until it appeared as a necessary by-product in
the manuafacture of illuminating gas from eoal, the idea of which
-geems to have occcurred toward the end of the last century at the
same time to the I'renchman Lebon and the Englishman William
Murdoch. The former had already recommended the use of tar
for preserving timber; but it was the latter who, along with his
celebrated pupil Sumuel Clegg, really laid the foundation of the

-enormous industry of gas making. The first private gas works
was erected in 17495 at the engineering works of Bolton & Watts;

10oal Tar and Ammonia, 3d ed., page 17; ibid., page 4,

*De Gensanne, ‘“Traité de la fonte des Mmes, aris, 1770,
“Vol. I, ch. 12,

#Coal Tar and Ammonia, pages 11-13.

- carried out.
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the first public gas works in London in the year 1513; in Paris,
1815, and in Berlin, 1826,

The tar formed in the manufacture of coal gas necessarily fm ced
itself upon the notice of the gas manufacturer, since it could not
be thrown away without causing a “‘nuisance.”” It was probably
from the first burnt under the retorts, but the method of doing
this without giving very much trouble was not understood then.
Other quantities, no doubt, were used, in lieu of wood tar; as a
cheap paint for wood or metals, but it must have been soon found
out that in the erude state it is not well adapted for this purpose.
* % % Tt was also quickly perceived that in this respect tar is
improved by boiling it down to some extent, and as early as 1815
Accum showed that if this boiling down is carried out in cloged
vesselg (stills) a volatile oil is obtained which may be employed
as a cheap substitute for spirits of turpentine. But this does not
seem to have been carried out to any great extent, and coal tar
remained, for more than a generation from the first introduction
of gas lighting, a nuisance and hardly anything else.

In Germany the first more extensive employment of gas tar was
for making roofing felt, for which purpose it has to be deprived of
water and the more volatile constituents. Instead of condensing
these, they were at first almost everywhere, and later on in many
cages, removed by evaporating the tar in open vessels, thus creat-
ing a considerable risk from fire. In Germany, Briimner, of
Trankfort, was the first (in 1846) to condense the more volatile
tar oils, from which he prepared a detergent, long after known by
his name, and consisting principally of benzene.

In England, where the manufacture of illuminating gas origi-
nated, and where it has always been, and still is, carried on to a
very much greater extent than on the Continent, a more extensive
industrial employment for coal tar was first opened out by the in-
vention of Bethell (1838) for preserving timber, especially railway
sleepers, by impregnation with the heavy oil distilled from gas tar.
From that time dates the introduction of tar distilling on a large
seale. The light oils may have been lost even here in some cases,
but more usually they were condensed and employed as “‘coal-tar
naphtha’’ for burning and for dissolving india rubber.

The day of the light tar oils came after A, W. Hofmann (1845)
had shown the presence of benzene in them, but especially when
Mansfield, in his patent specification (1847), for the first time
accurately described the composition of these oils, along with a
process for preparing benzene in a pure state and on a large scale,
and with proposals for utilizing the tar oils of lowest boiling point
for lighting purposes. The industrial preparation of henzene was
goon followed by that of nitrobenzene, at that time only employed
ag a substitite for the essential oil of bitter almonds, and known
by the French fancy name of ““‘essence de Mirbane.” Butall these
applications produced only a limited demand for the light oils
which could be made from the rapidly increasing quantities of gas
tar; so that the latter, except in a few instances locally, did not -
attain any considerable commercial value. But a sudden impetus
was given to tar distilling in 1856 by the discovery of the anilin
colors, the material which forms their starting point, benzol, being
exclusively derived from coal tar,

Coal tar is an extremely complex mixture of chem-
ical compounds, some of which have not yet been even
isolated. As before stated, the tars from other pro-
cesses than the destructive distillation of coal contain
other constituents, and varying quantities of similar
constituents, from those existing in coal tar. Likewise,
coal tar will vary in its composition with the coal which
ig distilled and the manuer in which the distillation is
The “products” are obtained from the
coal tar by fractional distillation, and the first products
are crude naphtha and light oils of a specific gravity
below 1.000, distilling over below 180° C.; dead oilsand
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creosote oils of a specific gravity above 1.000, distilling
over between 1802 C. and 270° C.; green or anthracene
oils, distilling over between 270° C, and 860° C.; and soft
pitch, which is left in the still.

The proportions of ylelds trom different coals is shown
in the following tables given by J. D. Pennock,' chem-
ist in charge of the oldest by-product coke-oven plant
in the United States:

ANALYSES OF COAL.

A B
Percent, ! Per cent,
Volatile matter 34,20 32,08
* Fixed carbon.. 57.15 59,40,
Ash.. . ....... 8.0h 7.92
Sulphur .o eiriiiiiiiraeiirene R L T T TR TP 0,93 119

ANALYSES OF TAR.

A B I 1I
Speeifie gravity cceevieniiiiiiae, 1,163 1,203 1,205 1.231
Per cent. | Per cent. | Per cent, | Per cent,
Water ....... eeenenanenas s 2.40 2.70 1.40 1.10
Lightoll ...... e 4,60 2,03 3,12 1.43
(O ruﬂotmg ofl . . 1,26 0,50 0.20 0.34
Dead oil.. 22,81 16.40 26.09 19.23
Naphthulene 6.00 [ Trace. 0.20 1,72
Aunthracenc ... 0.60 | Trace, 0.19 0,24
RBoft pitch P LT TP 68,80 70,80 67.40 74.14

Tars A and B, made from Coals A and B, whose anal-
yses are given above, show what differences may exist
in tars made from coals very similar in composition as
shown by proximate analysis. Tars I and II represent
two tars from gas works, They also vary greatly in
composition. As a usual thing, they ave found to be of
much higher specific gravity and to contain less light
oils than tars from the by-product coke oven, making
them inferior as sources of benzene and for the manu-
ture of tarred paper.

To obtain the desired commercial products, the dis-
tillate must be subjected to further treatment. Thus
the light oil on fractional distillation, gives *“henzol”
“to the extent, for the coke-oven practice, of from 0.6 to
0.9 per cent of the weight of the coal used. According
to Lunge,® “the final products of general trade into
which the crude benzol should be split up without
residues, are the following:

FURNISHES DISFILLATE PER CENT UP TO—
Specific
gravity.
100°. 1200, 1309, 160°. | 200°,

90 per centbenzol........... O O IS 0.885
er cent henzol........... 50 0 Y ) PO 0,880
vent naphtha......ovooocociiifoeenaaan 20 90 [........ 0,875
Heavy naphtha....ooooaioeeon oo aein e cinns 90 0,880

*J. Am, Chem. Soc., vol, 21, page 696. 1899.
2 Coal Tar and Ammoma, 3d ed., page 588.
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‘ Ninety per cent benzol” is a product of which 90
per cent by volume distills before the thermometer rises
above 100° C. A good sample should not begin to dis-
till under 80° C., and should not yield more than from
20 to 80 per cent at 85° C., or much more than 90 per
cent at 100° C., but it should distill completely below
120° C. A 99 per cent benzol of good guality contains
about 70 per cent of benzene, 24 per cent of toluene,
including a little xylene, and from 4 to 6 per cent of
carbon disulphide and light hydrocarbons.

“Tifty per cent henzol,” often called 50/90 benzol,
is a product of which 50 pexr cent by volume distills
over at a temperature not exceeding 100° C., and 40
per cent more (making 90 per cent in all) below 120° C.
It should wholly distill helow 180° C. It contains a
larger proportion of toluene and xylene than the 90 per
cent benzol. It is nearly free from carbon disulphide,
and contains comparatively little of the light hydro-
carbons. It is employed for producing the heavy
anilin used in manufacturing rosaniline or magenta.

“Thirty per cent benzol” is a product of which 30 per
cent distills below 100° C. and about 60 per cent more
passing over between 100° and 120° C. It consists
chiefly of toluene and xylene with smaller proportions
of benzene and cumene.

*“Solvent naphtha” consists of xylene, pseudocumene,
and mesitylene and is used in dissolving caoufchouc in
the manufacture of waterproof materials and other
articles.

From these ‘‘light oils,” by fractional distillation and
purification with sulphuric acid, water, milk of lime, and
caustic soda, pure benzene, C,H;, toluene, C,H,, and
xylene, C;H,,, may be obtained, the benzene being crys-
tallized out.

According to Pennock?® the light oil obtained is from
6.6 pounds to 8.5 pounds per long ton of coal and it
varies with the percentage of volatile matter in the

coal. The light oil contains from 58 to 63 per cent of
benzene, divided thus:

} Per cent,
90 per cent benzol .o e een e aaaan 67
50 per cent henzol .. .o et mai e 2
Solvent naphtha - . .o il et 4

The dead oils and creosote oils which compose the
material that is collected from the coal-tar distillate be-
tween 180% and 270 C. contain the ““middle oil,” and
this fraction on further treatment yields crystallized
carbolic acid, cresols, heavy solvent naphtha, pyridine
bases, and naphthalene. In practice this is divided
into further fractions, the fraction between 240° and
270° C. furnishing the creosote oil, which is a commer-
cial source of naphthalene, coal-tar creosote, and the
cresols. The naphthalene, which exists to the extent
of 40 per cent or more in the creosote oil, is removed

. by chilling the oil, which causes the naphthalene to

crystallize out, leaving the cresols. The crystals are

83, Am. Chem. Soc., vol. 21, page 703.
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then drained and pressed and purified further by sub-
limation.

The heavy coal-tar oil is used not only as a source of
the more valuable products obtained by rectification or
by ¢ breaking ” in red-hot tubes, but also for ““pickling”
timber; softening hard pitch; preparing varnishes; pre-
paring cheap mineral paints, where the heavy oil is
used in place of linseed oil; as an antiseptic; in the
blue steaming of bricks; in carburetting gas; in the
manufacture of lamphlack; and by burning, as a source
of heat and light.

The fraction between 150° and 200° furnishes the
carbolic acid, it being obtained by treating the oil with
caustic soda, through which sodium phenolate is formed,
which separates from the oil. The sodium phenolate
is drawn off and then decomposed by sulphuric acid or
carbon dioxide and the carbolic acid set free. The
crude carbolic acid is now purified by distillation or
other means and the pure carbolic acid, or phenol, which
crystallizes in colorless crystals, obtained. Pure car-
bolic acid is used in the manufacture of the dyestuffs,
picric acid, and corallin, and of some azo dyes, also in
the manufacture of salicylic acid, but most of the car-
bolic acid, both pure and crude, is used for antiseptic
purposes. The oil drawn off from the sodium phe-
nolate contains some of the higher homologues of ben-
zene, and naphthalene with pyridine bases. In com-
merce it furnishes principally naphthalene, pyridine
bases, and solvent naphtha of various degrees, the treat-
ment being determined by the products sought. The
pyridine bases are used in the manufacture of pharma-
ceutical preparations and in denaturizing grain alcohol
for use in the arts.

The anthracene oil, which is the portion of the coal-tar
distillate passing over above 270° C., is known algo as
green oil, green grease, and red oil, and it contains
naphthalene, methyl naphthalene, anthracene, phenan-
threne, acenaphthene, diphenyl, methyl anthracene,
pyrene, chrysene, retene, fuoranthene, chrysogen,
benzerythrene, carbazol, and acridine, together with a
mixture of liquid high-boiling oils, of whose composi-
tion nothing is yet known, the whole forming a mass
rather thinner than butter, filled with crystalline scales
of a greenish-yellow color. The anthracene oil is

treated by cooling and pressing, the liquid portion -

being sent to the heavy oil to be reworked with it.
- The solid portion is either sold as rough anthracene or
it is further purified by washing with solvents which
dissolve the impurities. On oxidation anthracene
yields anthraquinone, which is used for the production
of alizarine and other coal-tar colors. According to
Pennock® there is as yet no market for anthracene in
this country, but it is necessary that some anthracene
should be present in coal tar pitch in order to produce a
pitch of the right consistency for roofing purposes.

As indicated, the naphthalene is accumulated in the

1J. Am. Chem. Soc., vol. 21, page 697.

creosote oil and extracted from it in the crude condi-

tion by freezing and pressing, when it is purified by

sublimation, It is used in the manufacture of artificial
colors and as a substitute for camphor in protecting
goods from the ravages of moths.

The coal-tar pitch, which forms the residue in the.

still, is used in the manufacture of roofing composi-
tions and tarred felt and tarred paper; incorporated
with coal or coke dust, it is fashioned into briquettes
for use as fuel; dissolved in creosote oil or other sol-
vents, it is used as a paint for iron and woodwork; and
it is used as a substitute for asphalt in street pavements.

Benzene is employed as a solvent in the manufacture
of nitrobenzene and dinitrobenzene, which are used in
several arts and in the manufacture of many benzene
derivatives. One important product is anilin, which
is obtained by the reduction of mononitrobenzene.
The anilin of commerce, which is known as anilin oil,
is obtained from benzol, and this, as before stated, is a
mixture of different cyclic hydrocarbons, the particu-
lar mixture used being determined by the color which
it is sought to produce. In this case, as with pure
henzene, the mixture is nitrated by exposure toa mix-
ture of nitric and sulphuric acids, and the nitrosubstitu-
tion compounds that are produced are reduced by
exposure to tin and hydrochloric acid or some other
source of nascent hydrogen. Benzol is also used asa
cleansing agent and as a vehicle in paint.

The nitrosubstitution compounds, and amido bodies,
like anilin oil, represent in this group the ‘‘chemicals
made from coal-tar distillery products.”

The foreign commerce in coal-tar products is set
forth in the following tables, compiled from the reports
of the Bureau of Statistics of the Treasury Department
on imported merchandise entered for consumption into
the United States:

IMPORTS FOR CONSUMPTION oF COAL TAR DURING THE
YEARS ENDING JUNE 30, 1891 TO 1898.

COAL TAR, CRUDE,
AND PITCH.
YEAR,

Barrels. | Value,

89,818 | $268, 693
117,056 | 302,791

, 536
189, 976 288, 760

IMPORTS FOR CONSUMPTION OF COAL-TAR PRODUCTS,
NOT MEDICINAL AND NOT COLORS OR DYZES,! DURING
THE YEARS ENDING JUNE 30, 1898 TO 1900.

YEAR, Value,

$228, 037
508, 602
897, 780

! These preparationg are known as benzol, toluol, naphthalene, xylol, phenol,
cresol, toluldine, xylidine, cumidine, binitrotoluol, binitropenzol, benzidine,
tolidine, dianisidine, naphthol, naphthylamine, diphenylamine, benzaldehyde,
benzyl chloride, resurein, nitrobenzol, and nitrotoluol,
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IMPORTS FOR CONSUMPTION OF PREPARATIONS OF
COAL TAR, EXCEPT MEDICINAL, AND PRODUCTS OF,
NOT SPECIALLY PROVIDED FOR, FOR THE YEARS
ENDING JUNE 1, 1895 TO 1900.

YEAR, Value,

187,373
1896 ... 313, 843
e 134,416
291, 101
274,046
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Grour VI.—CyaNIDES.

In this classification are included potassium ferro-
cyanide, potassium ferricyanide, potassium and ammo-
nium sulphocyanates (known commercially as sulpho-
eyanides), and potassium, sodium, and other cyanides.
No separate account was taken of the cyanides at any
census previous to 1900. At the census of 1900 returns
were made only for potassium ferrocyanide and for
potassium cyanide. Twelve establishments were re-
ported in which the cyanides were the principal prod-
ucts, the value being $1,466,061, and 6 establishments
in which they formed secondary products, the value
being $12,844. These 18 establishments employed
$1,322,819 of capital and 891 wage-earners and pro-
duced $1,595,505 of product. They were distributed
as follows:

GEOGRAPHIC DISTRIBUTION OF CYANIDE
FACTORIES: 1900, :

Nfumtb%r Avergge val ¢ P
of estab- | number alue o er cent
STATES. lish- | of wage- | COPHAL | nroduct, | of total.
ments, | earners.
United States ...... 18 391 | $1,322,819 | $1,595, 505 100.0

New Jersey...coeeeemnann, 6 166 638,001 | 1,068,472 66.0
Pennsylvania............ 4| 107 317,816 303,246 16,0
Ohio «ocieieiiianiaenan 3 43 71,750 86, 852 6.6
Maryland, Massachusetts,

and Missouri........... 5 b 400,252 151, 936 9.5

Of the products reported, 6,165,407 pounds, having
a value of $994,014, were potassium ferrocyanide, and
2,317,280 pounds, having a value of $601,491, were the
so-called potassinm cyanide. There were consumed in
this manufacture 9,315,080 pounds of potassium car-
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bonate, having a value of $279,602; 3,456 tons of hoofs
and of horn waste, having a value of $87,502; 19,417
tons of scrap leather, having a value of $150,213; 1,200
tons of spent iron oxide from the gas works, having a
value of $3,000; 300,000 pounds of sodium, having a
value of $93,183; 2,400 bushels of lime, having a value
of $480; $9,520 worth of scrap iron, and 2,401,180
pounds of potassium ferrocyanide.

Potassium ferrocyanide (ferrocyanide of potassiums;
yellow prussiate of potash; blood-lye salt) was discov-
ered by Macquer in 1752, through acting upon prussian
blue with an alkali. It is made by fusing potassium
carbonate in cast-iron vessels and adding to the fused
mass a mixture of nitrogenous organic matter, such as
horns, hair, blood, wool waste, and leather scraps, with
from 6 to 8 per cent of iron turnings or borings, until
the mixture added equals about 1} parts of the potash.
The fused mass, when cooled, contains, among other
substances, potassium cyanide, carbonate, and sulphide,
iron sulphide, metallic iron, and separated carbon.
This mass is broken up and digested with water at 85° C.
for several hours, during which reactions take place by
which the potassium ferrocyanide is formed. The solu-
tion is clarified and the potassium ferrocyanide purified
by crystallization, when it appears in fine large yellow
crystals, having the formula K,Fe(CN),.3H,0.

Potassium ferrocyanide is also prepared from the
spent oxide of iron from gas works’ purifiers, thereby
utilizing the nitrogen compounds that have been takemn
up or formed during the process of purification. In
this operation the oxide is lixiviated with warm water
to remove the ammonium sulphocyanate and other
ammonium compounds, and the residue is mixed with
quicklime and heated hy steam in closed veszels to
100° C., through which calcium ferrocyanide is formed,
and separated by lixiviation. By treating this with
potassium chloride, the difficultly soluble calciuny
potassium ferrocyanide is formed, and by decomposing'
this with potassiom carbonate the potassium ferro-
cyanide results.

Potassium ferrocyanide was manufactured on a com-
mercial scale by Carter & Scattergood in Philadelphia,
before 1834, It is used largely for making prussian
blue, potassium cyanide and ferricyanide, prussic acid,
in calico printing, in dyeing, for case-hardening iron,
and in white gunpowder and pyrotechnics.

Potassium ferricyanide (ferricyanide of potassiom;
red prussiate of potash) was discovered by Leopold
Gmelin in 1822,* and is formed by passing chlorine gas
through a solution of potassium ferrocyanide until the
solution will no longer give a blue reaction with a ferric
salt. Or the salt may he formed by exposing dry pow-
dered ferrocyanide to the action of chlorine gas; or by
acting on a calcium and potassium ferrocyanide solu-
tion with potassium permanganates; or, according to

18chw. J., vol. 34, page 325.
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Lunge,! by boiling a solution of the ferrocyanide with
lead peroxide, while a stream of carbon dioxide is passed
through the solution. Potassium ferricyanide crystal-
lizes without water of crystallization in blood-red
prisms. It is very soluble, yielding an intensely yel-
low solution which forms the blue pigment, known as
Turnbull’s blue, with ferrous salts.

Carter & Scattergood were manufacturing red prus-
siate of potash on a commercial scale at Philadelphia in
1846. When in solution with caustic potash, it is a
powerful oxidizing agent, and as such is used in calico
printing as a ** discharge” on indigo and other dyes.
It also forms a part of the sensitive coating for photo-
graphic “* blue-print” papers, and has been recommended
for use with potassium cyanide in the extraction of
gold from its ores.

Ammonium sulphocyanate (sulphocyanate of ammo-
nium; ammonium thiocyanate; ammonium sulphocya-
nide), the acid of which was first observed by Bucholz

“in 1799, is prepared by heating carbon disulphide and
ammonium hydroxide to 125° C. in an autoclave until
the pressure rises to 15 atmospheres, when the ammo-
nium dithiocarbamate is formed. The pressure is now
released and the autoclave heated to 110° C., when the
dithiocarbamate is decomposed and the products dis-
tilled over. The ammonium sulphocyanate produced
is obtained by evaporating the liquid remaining in the
still in tin vessels and crystallizing out.

As pointed out above, ammonium sulphocyanate is
also obtained by lixiviating the spent iron oxide used
in purifying illuminating gas. The salt crystallizes in
colorless plates which are very soluble in water and
alcohol. It is used as a source of other sulphocyanates
and in dyeing, to prevent the injurious action of iron
on the color.

Among the sulphocyanates produced from it is the
barium sulphocyanate which results from heating
ammonium sulphocyanate with barium hydroxide solu-
tion under slight pressure; and this barium salt is nsed
generally for the manufacture of potassium and alumi-
nuim sulphocyanates, which are used in textile dyeing
and printing.

Potassium cyanide (cyanide of potassinm) has been
generally prepared by fusing potassium ferrocyanide
with potassium carbonate until the evolution of gas
ceases. Potassium cyanide, potassium cyanate,? carbon
dioxide, and metallic iron are formed. The metallie
iron sinks to the bottom of the crucible and the fused
mixture of cyanide and cyanate is run off. Part of the
cyanate may be reduced to cyanide by adding powdered
charcoal to the, fused mass, or it may be reduced by
metallic zine or sodium; or the cyanide may be extracted
from the mass hy a solvent such as alcohol, acetone, or
carbon disulphide. By fusing the potassium ferrocy-

'Ding. poly. J., vol. 288, page 75.
* Gmelin, vol. 7’, page 418,
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anide with sodium carbonate a mixture of sodium and
potassium cyanide known under the name of *“c¢yan-
salt” may be produced. An almost pure cyanide can
be obtained by heating the ferrocyanide per se accord-
ing to the following equation:

K,Fe(CN),=4 KON+N,+FeC,

but this method entails the loss of one-third of the ni-
trogen in the ferrocyanide, and to avoid the waste of
nitrogen Erlenmeyer proposed to add the proper
amount of an alkali metal to the melted ferrocyanide,
giving for sodium the following reaction:

K, Fe(CN),+2 Na=4 KCN-+2 NaCN+-Fe

and it is in this way that most of the so-called chem-
ically pure potassium cyanide now sold is made, though
it consists of a mixture of potassium and sodium cya-
nides. Ttalso contains a considerable quantity of potas-
sium carbonate, which is added to it during the course
of manufacture to reduce its strength, forthe combined
cyanides produced as above described have a higher
percentage of cyanogen than chemically pure potassium
cyanide could possibly have. The carbonate is added
in sufficient amount to reduce the cyanogen contents to
from 89 to 40 per cent, which is equivalent to from 98
to 100 per cent potassium cyanide.

Other processes have been devised for using sodinm
in making cyanides. Oneis to first convert the sodium
into sodamine, thus: 2 Na+-2 NH,=2 NaNH,--II, by
heating it in contact with ammonia gas, and then heat-
ing the amine with carbon to form the cyanide thus:
NaNH,+C=NaCN-+H,. Anotherand later method by
which it is claimed a better yield is obtained, is to form
a stable cyanamid, at a temperature of about 400° C.,
from the sodamine and carbon, thus:

2 NaNH,+C=Na,N,C+2 H,,

and then reacting on the cyanamid with a further quan-
tity of carbon at a temperature of 800° C. to form the
eyanide according to the equation:

Ni,N,C+C=2 NaCN.

Each of these methods requires a large amount of -
expensive sodium for a given output of cyanide. J.D.
Darling has lately devised a process of using sodium in
the synthetic production of sodium cyanide, which gives
good. results and in which the larger portion of the
metallic base is furnished in the form of caustic soda,
and but a small amount of sodium is needed to finish
the process. It is claimed that by this process a mod-
erate-sized sodium plant can produce enough metal to
manufacture a large amount of cyanide.

Potassium cyanide has been commercially manutac-
tured by passing nitrogen over an intensely heated
mixture of charcoal and potassium carbonate. Cya-
nides have also been produced by conducting ammonia
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gas through vertical retorts, heated to a red heat, and
containing a mixture of charcoal and alkali carbonates.
‘Potassium cyanide is sometimes obtained in'considera-
ble quahtity from blast furnaces, being formed from the
potassium carbonate in the ash of the fuel.? Because of
thisreaction between carbon and nitrogen in the presence
of alkaline salts numerous efforts have been made to
utilize the reaction in making the atmospheric nitrogen
available,

Potassium cyanide was commercially manufactured
by the H. V. Davis Chemical Works, at New Bedford,
Mass., in 1852, * As it is a powerful reducing agent,
potassium cyanide is used as a flux in assaying and in
metallurgy; as a solvent of silver sulphide it is used in
cleaning silver articles; it has been used as a fixing
solution in photography; for the preparation of Grénat
soluble and potagsium isopurpurate in dyeing; and, as
it forms a soluble double cyanide with silver, gold, cop-
per, and other metals, it is much used in electroplating;
but its largest use is now found in the cyanide process
for the extraction of gold from its ores.

The foreign commerce in the cyanides is set forth in
the following tables, compiled from the publications of
the Bureau of Statistics of the Treasury Department of
the United States:

IMPORTS FOR CONSUMPTION DURING THE YEARS
ENDING JUNE 30, 1891 TO 1900.

YELLOW PRUSSIATE || RED PRUSSIATE OF
OF POTABH. POTASH,
YEAR, —

Pounds, | Value. Pounds. | Value,
2,228, 154 | $368, 366 85,826 | $10,650
1,302,632 | 232,068 35, 033 11,111
1,047,010 | 206,259 16,678 5,743
509,103 | 114,826 11, 186 3,339
878,727 | 161,009 26,708 7,693
1,056,562 | 157,457 30,390 8,670
3,262,081 | 389,087 59, 087 14,808
1,340,305 | 182,508 77,246 18,674
1,809,089 | 204,974 02, 697 5,211
1,771,894 | 224,274 53,716 12,9564

IMPORTS FOR CONSUMPTION DURING THE YEARS
ENDING JUNE 30, 1897 TO 1900.

CYANIDE OF I'OTASH.

YEAR.
Pounds. | Value.
16, 282 $4,190
b49, 697 190, 262
1,102,780 253,613
2,064, 974 444,703

LITERATURE.

Handbook of Chemistry, by Leopold Gmelin, Vol, VII: London,
1852. :

Encyclopédie chimique, by M. Fremy, vol. 2: Paris, 1886.

On the Fixation of Atmospheric Nitrogen, by A. A. Breneman,
J. Am. Chem. Soc., 11, 2-48. 1889.

A Dictionary of Chemistry, Henry Waitts, vol. 2: London, 1870.

1 Bloxam’s Chemistry, page 619. 1890.

555

Manual of Chemical Technology, by R. von Wagner: London,
1892.

Qutlines of Industrial Chemistry, by F. H. Thorp: New York,
1898.

The Cyanide Process for the Extraction of Gold, by M. Kissler:
London, 1898. '

Die Cyan-Verbindungen, by I. Feuerbach: Leipzig, 1896,

Manufacture and Uses of Metallic Sodium, by J. D. Darling,
J. Frk, Inst., 153, 65-74. 1902.-

The Composition of Commerciai Cyanide of Potassium, by Rus-
gell W, Moore, J. Soc. Ch. Ind., 21, 891-392. 1902,

7 -
Grour VIL—Woop DISTILLATION.

Wood distillation as now classified for census pur-
poses deals solely with that treatment of wood by which
wood alcohol, acetic acid, acetate of lime, pyroligneous
acid, and charcoal, or any of these, are produced.
This interpretation was given to it in 1880, the first
census at which separate returns were set forth for the
industry. The manufactuve proceeds in two stages:
First, the production of crude wood alcohol or wood
spirits and crude acetate of lime; second, the refining
of the alcohol, and the refining of the acetate of lime, or
the production therefrom of acetic acid or acetone.
The refining processes are usually carried out at other
works than those in which the crude materials are pro-
duced, but while in the census reports the aleohol
refineries remain identified and classified with the wood
distillation works, the factories where the acetate of
lime is treated are classified with ‘¢ chemieals, acids.”
With this preface it can be stated that 99 establishments
were reported as producing some of the crude sub-
stances enumerated above during the census year 1900.
Of these, 84 were regular wood-distilling estahlish-
ments and produced of crude aleohol 4,191,379 gallons,
having a value of $1,660,061; of acetate of lime
81,702,000 pounds, having a value of $926,358; and of
“charcoal 14,428,182 bushels, having a value of $612,009.

These works employed $4,858,824 of capital, and
1,268 wage-earners. There were 9 establishments ve-
porting the production of the crude material and the
refining of the aleohol in the same factory; and these
establishments produced of uvefined aleohol 637,856
gallons, having a value of §370,513; of acetate of lime
5,124,000 pounds, having a value of $54,928; and of
charcoal 2,726,120 bushels, having a value of $114,663.
They employed $760,156 of capital and 254 wage-
earners. DBesides these there were 9 establishments
engaged in refining wood alcohol only, producing
2,400,284 gallons of refined alcohol, having a value ot
$1,926,385, and employing $1,098,719 of capital, and
52 wage-earners. IKinally, there were 8 other estab-
lishments engaged in the production of pyroligneous
acid or pyrolignite of iron as incidental to other manu-
facturing processes, the total quantity of pyroligneous
acid reported from all sources being 182,446 gallons,
valued at §9,481; of dye liquors 308,400 gallons, valued
at $29,440, and of sundries, such as wood creosote,
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wood oil, ashes, tar, and the like, amounting in value
to $71,452.

At the first census of this industry in 1880 only crude
materials were reported. At the census of 1890 refined
wood aleohol was reported for the first time, and it was
then stated that the total output of crude alcohol was
found by adding to that produced at the ‘“acid facto-
ries” that which was produced and refined in the same
establishment. Proceeding in this way for the 9 estab-
lishments reported above for 1900 as producing the
crude alcohol and refining it in the same establishment,
and converting the refined 97 per cent alcohol into crude
82 per cent alcohol at a value of 42 cents per gallon, a
total is obtained for these establishments of 754,584
gallons of crude alcohol having a value of $316,925.
By taking, in these instances, the per cent of the total
value for all products added in the refining of the
aleohol, the proportion of capital and labor devoted to
the production of the crude material is found to be, for
these 9 establishments, $641,052 of capital and 219
wage-earners. There were, therefore, 93 factories pro-
ducing erude alcohol, in which $5,499,876 of capital and
1,487 wage-earners were employed. The total output’
thus ascertained is compared with the returns for the
previous censuses in the following table:

WOOD DISTILLATION, CRUDE MATERIAL PRODUCED:
1880 TO 1900,

1

Number | WOOD ALCOHOL. | ACETATE OF LIME. CHARCOAL,

of estab-
YERAR. | TH5ep” -

ments, | Gallons. | Value, | Tounds, | Value. | Bushels, |Value.
1880 .... 17 [eerenenae 286,274 | 6,593,000 |$156,802 |......0vun.s $31, 770
1890.... 53 11,116,075 | 688,764 | 26,778,415 1 315,430 |...ooveriiiliniannn.s
1900 ... 93 |4,045, 963 [1,976,986 | 86,826,000 | 981,286 | 17,164,302 | 726,672

The increase of 1890 over 1880 in acetate of lime was
806.2 per cent in quantity and 101 per cent in value.-
The increase for 1900 over 1890 was 224.2 per cent in
guantity and 211.1 per cent in value. The increase for
1890 over 1880 in wood alcohol was 698.3 per cent in
value. The increase for 1900 over 1890 was 343.2 per
cent in quantity and 187 per cent in value.

These establishinents were distributed as follows:

WOOD DISTILLATION, GEOGRAPHICAL DISTRIBUTION
OF WORKS PRODUCING CRUDE PRODUCTS: 1800.

Number | Average
STATE of estab- [ number | Value of | Per cent

. lish- | of wage- | products. | of total.
ments. | earners,

United StateS.cveeenreneeaeennn. 93 1,487 | $3,833, 266 100.0
Pennsylvania ...l 58 878 | 2,339,536 61,0
New York.....ooooiiiiiiiiiiiiiiiie. 24 864 786, 2562 20,5
Michigan.... ... ...l 5 169 505, 069 13.2
North Caroling. covueeeeaennnnnennanns 3 12 18,400 0.5
New Jersey, Ind and Massachu-

(511 Y 3 74 184, 000 4.8

Only the number of refineries and quantity of prod-
ucts were reported for 1890, and only with these can

the present condition of the refined wood-alcohol in.
dustry be compared, but this is sufficient to show how
marked the growth has been.

PRODUCTION OF REFINED WOOD ALCOHOL: 1890 AND

1900.
Number
YEAR. Ofl‘f;lt]f_‘h' Gallons. | Value,
ments.
I800 ieeemiei i ie ettt ir e e 4 166,842 (..o
1 g 18 | 3,038,140 | $2,296, 808

The increase of 1900 over 1890 is more than seven-
teenfold.

Although wood is usually spoken of as consisting of
cellulose, it really consists of cellulose associated with
a great variety of other organic substances, the kind
differing with the different species of wood, and it is
only necessary to recall the various gums, resins, tan-
nins, sugars, and coloring matters found in commerce,

 which are obtained by simple processes of extraction

from wood, to make this fact especially apparent.
‘When subjected to heat out of contact with the air, the
constituents of the wood are decomposed into liquids,

| gases, and a solid residue, and this process has heen

resorted to for ages as a means for obtaining charcoal.
During the middle ages it became known that wood
vinegar or pyroligneous acid could be obtained by dis-
tilling wood, but the identity of the acetic acid present
with that obtained by the fermentation of aleohol was
not known until 1802, when it was established by
Thénard. The presence of wood spirit in the distillate
from wood was discovered by Robert Boyle, in 1661,
but its analogy to grain alcohol was first recognized by
Taylor in 1812, and its composition was definitely fixed
by Dumas and Peligot in 1831. Although charcoal,
acetic acid, and methyl alcohol are the principal

‘commercial products of the wood distillation industry,

there is also produced, besides methyl alcohol, other
alcohols, acetic acid and other acids, furfural and other
aldehydes, acetone and other ketones, methyl acetate
and other esters, methylamine and other amines, wood-
tar creosote containing guaiacol and other phenols, and
various hydrocarbons.

Originally wood was treated for charcoal alone by
charring it in heaps or in kilns, thus allowing all the
other products named above to go to waste. This proe-
ess is still carried on, but before the middle of the
Nineteenth century the process of distillation in retorts,
by which the acetic acid in the form of pyroligneous
acid, pyrolignite of iron, or acetate of lime, and the
wood spirits were recovered, was well established in
Europe. The manufacture of pyroligneous acid was
begun in the United States by James Ward in 1830, at
North Adams, Mass. The manufacture of acetate of
lime and methyl alcohol was started in the United
States about 1867 by James A. Emmons and A. S.
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Saxon, in Crawford County, Pa., and in 1874 George
C. Edwards established the Burcey Chemical Works
at Binghamton, N. Y.,! to refine the crude wood
spirit produced by the various acetate manufacturers.
In 1876 Dr. H. M. Pierce obtained the first of a series
of United States letters patent relating to inventions
in this industry, which he was the first to apply to
the recovery of the by-products from the smoke of
the charcoal kilng in Michigan, where charcoal was
being produced for use in blast furnaces. From that
time he was most active in the promotion of the wood
distillation industry, and largely contributed to the
revolution which has since been effected in our foreign
commerce in the products of this industry.

The wood used for the making of wood aleohol and
~acetate of lime is hard wood, preferably oak, maple,
birch, and beech. 1t is cut in 50-inch lengths, so that
a cord of wood in this industry measures 48 by 48 hy 50
inches. It should be seasoned two and one-half years
before ‘“hurning,” to get the best results. The wood
is burned in retorts, in ovens, or in kilns. The retorts
are cylindrical, are made of three-eighths inch steel, 9
feet long by 50 inches in diameter, and are provided
with a large, tightly fitting door at one end and an
outlet pipe about 15 inches in diameter at the other
end. The retorts are set horizontally in pairs in brick-
work, and batteries of from 6 to 16 pairs are cornmon,
The cord wood is fed through the door and carefully
stacked so as to completely fill the retort. The ovens
consist of rectangular iron chambers set in pairs in
brickwork and provided with large doors at one end
and three or more delivery pipes on the side of each
oven. They are usually 27 feet long, 6 feet wide, and
7 feet high inside, and rails ave laid upon the floor of
the oven by which steel cars loaded with cord wood may
be run in. These cars each hold 2% cords of wood, and
an oven of the above dimensions will receive two such
cars. Ovens, however, are in use in this country that
are from 48 to 50 feet in length and capable of receiving
four cars at one charge. The retorts arve heated from
beneath by burning wood, coal, or charcoal, supple-
mented by the tar, red oil, and gas, which are by-
products of the industry. A very large part of the
charcoal made in retorts is thus consumed. This fur-
nishes another example of a chemical industry in which
the former by-products have now become the principal
products. The ovens are heated by natural gas.

When the wood is heated the moisture is driven out,
but no decomposition occurs until the temperature
approaches 160° C. Between this and 275° C. a thin,
watery distillate, known as pyroligneous acid, is chiefly
formed; from 275° to 850° C. the yield of gaseous
products becomes marked; and between 350° and 450°
€. liquid and solid hydrocarbons are most extensively
formed. The quantity and character of the yield
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depend upon the character and age of the wood and the
temperature and rate at which the charge is heated.
In the ovens the wood is heated for twenty-four hours
and then the cars containing the charcoal are drawn and
immediately run into iron sheds where, when the doors
are closed and luted, the charcoal is allowed to cool.
The volatile portions, from retorts or ovens, are car-
ried to condensers where the pyroligneous acid and tar
ave condensed and the gases are carried off to be burned
under the boilers for generating steam, or under the
retorts. ’

The yield of pyroligneous acid is about 80 per cent
and of tar about 10 per cent of the weight of the dry
wood. The acid averages about 10 per cent of acetic
acid, 1 per cent of methyl alcohol and 0.1 per cent of
acetone. As acetone is produced by the heating of
acetates the yield of these two bodies will vary with
the manner in which the heating is carried on. The
pyroligneous acid is a dark red-brown liquid, having a
strong acid reaction and a peculiar empyreumatic odor,
and its density varies between 1.02 and 1.05 specific
gravity. It is used to a limited extent in the manufac-
ture of an impure acetate of iron, known as ** black iron
liquor,” or *“ pyrolignite of ivon,” but it is usually treated
to separate the methyl alcohol, acetone, and acetic acid
from it. This is done by distillation, the aleohol being
concentrated by dephlegmators, as is done in the manu-
facture of grain alcohol, to 82 per cent, when it is
shipped to the refinery in iron drums holding about
110 gallons each, or in barrels holding from 45 to 46
gallons each. The acetic acid is recovered in two forms,
viz, as ‘gray acetate of lime” or as *‘ brown acetate of
lime;” the first being produced when vapors from the

distillation are passed through milk of lime, while the .

second is produced when the pyroligneous acid is neu-
tralized with lime before distilling off the alcohol, and
the resulting acetate of lime is thus contaminated with
considerable tar.

The crude wood alcohol is sent to the refinery to be
purified and rectified, which is accomplished by further
distillation from lime or caustic alkalies. The acetone
can not be separated by simple distillation, but it may
be converted into chloracetones of high boiling points
and thus removed, or the separation may be effected
by crystallizing out the methyl alcohol with caleium
chloride, or the acetone may be converted into chloro-
form and volatilized by distilling the mixture with
chloride of lime. Most of the methyl alcohol of com-
merce contains acetone in varying quantities, even as
much as 15 per cent, and such acetone containing alco-
hols are especially desired in several arts, as they serve
for the purpose to which they are put better than pure
methyl alecohol. A pure methyl aleohol is now pro-
duced in very considerable quantity which is of 100 per
cent, strength as it leaves the works, but it soon absorbs
water on exposure so as to reduce its alcohol strength
to 98 or 97 per cent.
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In the Pierce process, as described by Landreth, the
charring of the wood is effected in circular, flat-top,
brick kilns holding 50 cords of wood each. The wood
is charred by the heat produced by gas burned in a brick
furnace under the kiln, into and through which the
products of combustion pass. The gaseous products of
the dry distillation of the wood pass from the kiln to con-
densers, where the tarry and liquid produets are con-
densed and the gas sent back to the kiln. Thus none
of the charcoal produced is burned to carbonize other
wood, as in the common pits or ovens. The gas which
elsewhere is wasted is here not only sufficient to effect
the earbonizing of the wood, but furnishes fuel for the
hoilers required about the works.

The wood used is as thoroughly seasoned as the con-
ditions of maintaining a year’s supply in advance, cost
of storage room, and interest on capital invested in
stock render economical. If not thoroughly dry when
placed in the kilns, the carbonization of the wood is
antomatically deferred, by the absorption of the heat
in the evaporation of the sap and other moisture, until
the seasoning process is complete. This seasoning com-
mences at the top of the kilns and proceeds regularly
downward, by a definite plane of seasoning. When
* this plane reaches the bottom and the seasoning is com-
plete, which is indicated by a sudden change in the
color of the escaping vapors, the process of charring
begins at the top and proceeds downward precisely like
the seasoning process.

The watery vapors driven off during seasoning are
not preserved, but are allowed to escape through vents
temporarily left open around the base of the kilns and
through the top of the kiln chimneys, which,during
this stage, are open at the top, but which, so soon as
the watery vapor has escaped, are connected with a
suction main. The time required for the several stages
in the cycle of operations in producing a kiln of char-
coal is as follows:

Days

For charging one kiln with wood......ocoaei i Lo .. 2
For completing the seasoning of the wood.....oooeo oo, 1
For carbonizing the wood. ... .. ouoio i 7
For cooling the charcoal ...... . ... ... .. .. . ....... 6
For drawing the charcoal . ... .. ... oo .. ..., 2
Total length of eyele. .. .. . o o e, 18

As one 60-ton blast furnace requires 5,000 bushels of
charcoal daily, or the output of 2 kilns, the total num-
ber of kilns in a plant to furnish a continual supply of
fuel must be eqml to twice the number of daysina
cycle plus a margin for relays, for repairs, and unusual
delays; the margin is usually chosen at one-sixth the
. effective number of kilns, so that the total number of
kilns comprising a plant = 2(18) + §(86) = 42, of which
at any one time-—

4 kilng are heing charged and closed.
2 Ieilns are being seasoned.
14 kilns are being carbonized.
12 kilns are being cooled.
4 kilng are heing drawn.
6 kilng are idle or acting as relays.
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These 42 kilns are arranged in 2 distinct batteries of
21 kilns each. Each battery has its own condensers and
suction main carrying the products of distillation to the
condensers, and its own gas main leading the noncon-
densable gases back to the kiln furnaces.

The condensers are composed of tall wooden tanks, 5
feet square by 20 feet high, through which the products
of distillation pass, each inclosing 99 vertical copper
pipes, 2 inches in diameter, through which the condens-
ing water flows. The condensed products are trapped
out at the hottom of each condenser, of which 10 com-
prise a battery, and conveyed to cooling tanks, where
the tar is separated from the pyroligneous acid liquor
by cooling. The tar is used to coat the kilns to render
them impervious to air, and for this purpose one coating
of tar suffices for four burnings, while the usual coating
of lime whitewash has to be repeated after each burn-
ing. The circulation of the gaseous products through
the system is maintained by exhaust fans, whichdraw the
noncondensed gases through the condensers and force
them through the gas main back to the kilns, when they
are injected into the furnaces by a steam jet from a
one-sixteenth-inch orifice playing in the center of an
inch nozzle on the gas pipe. The minimum amount of
air necessary to effect the perfect combustion of the
gases is admitted through regulating dampers in the
front of the furnace.

From the liquor coolers the pyroligneous acid liquor
is conveyed to the distilling house, where the acetic
acid in the liquor is converted into acetate of lime; the
liquor is then sent to the fractional distillation system,
which comprises 8 primary stills and condensers, 4
intermediate stills and condensers, and 2 final or ship-
ping stillsand condensers. = The stills are circular tanks
each holding about 2,500 gallons and are heated by
steam coils of 2-inch copper pipe. The several stills of
each of the 3 series are operated abreast. The distilla-

_tion is not carried on continuously, but each series is

charged and the distillation carried on until all of the
alcohol available is evaporated, when the stills ave
emptied and recharged with new liquor. The degree
of concentration attained in each series of stills is as
follows:

The liquor entering the primary stills contains 13 per cent of
aleohol.

The distillate from the primary stills containg 15 per cent of
alcohol.

The distillate from the intermediate stills contains 42 per cent of
alcohol, -

The distillate from the final stills contains 82 per cent of alcohol.

The yields of products differ with the different worlcs
and with the different processes employed. According
to Landreth the yields by the Pierce process with hriclk
Irilns are as follows:

R Yolume per cord Mass per ' i D

DRY WOOD. of whod, cord, | Pervent.

Resulting charcoal ........... 50,6 bush ..... 1,012 1bs.... 25,30
Resulting methylie aleohol......... d.dgnls...... 301bs....[ . 0.7
Resulting aceticacid .o....oi oL 4.6gals...... 401bs.... 1.00
Resulting tarry compounds 16,5 galS.ennn. 160 Ihs.... 4,00
Resulting water ...........oiiiia.., 220,7 gals...... 1,838 1bs.... 45,93
Resulting noncondensable gases ...| 11,000.0 cu. ft ....| 9201bs.... 23,00
TOLRL <o 4,000 lbs, 100,00
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Though 1 factory reports as high as 12.93 gallons of
alcohol per cord of wood, yet the yields from the retort
and oven processes average about 10 gallons of alcohol,
200 pounds of acetate of lime, and 50 bushels of charcoal
per cord of wood in addition to the gas, tar, and chemical
oil, all of which are burned. The yield of brown acetate
of lime ig about one-third larger than that of gray. As
hasbeen said, where retortsare used much of the charcoal
is burned. Where coal is used, four-tenths of the char-
coal produced is burned under the retorts. Where no
coal is used six-tenths of the charcoal produced is thus
consumed. In all of the works the whole of the gas,
tar,-and chemical or red oil is burned by the aid of
steam, but it is probable that investigation will show
that the tar and red oil are too valuable to be thus con-

sumed.
The methyl alcohol is used for domestic fuel, as a

solvent in varnishes, as a solvent in the manufacture of
pyroxylin plastics, in the production of formaldehyde,
in the making of methylated spirit, and in the manu-
facture of anilin colors.

The acetate of lime is used for the manufacture of
acetic acid, acetone, ‘“‘ved liquor,” and, when purified,
as a mordant in dyeing.

Acetone is employed in the manufacture of chloro-
form, iodoform, and sulphonal, for denaturating grain
aleohol, in making smokeless powder, and as a solvent
in several of the arts.

A complete treatment of the wood distillation industry
should include the production of turpentine, rosin, and
tar by the distillation of the wood of the long-leaved
pine, but this is made the subject of special report No.
126, issued January 11, 1902, entitled “‘ Turpentine and
Rosin.” "

The factories for the production of the crude prod-
ucts of this-industry must be located near an abundant
supply of hard wood and wherethere is a sufficient sup-
ply of water for cooling the condensers and charging
the steam-generating boilers, this steam being employed
in distilling the liguors, evaporating the acetate solu-
tions, drying the acetate, and operating the pumps by
which the liquors are raised from one level to another.
In some cases, however, the acetate pans are placed
over the retorts so that the heat radiated from them
may be usefully employed. The total amount of wood
reported as consumed in this industry for 1900 was
490,939 cords, having avalue of $1,241,972, which gives
an average value for it of $2.58 per cord as laid down
at the works. Assuming one man to average one and
one-half cords of wood per day, the cutting of the wood
used would give employment to 3,273 men for one hun-
dred dayseach. Comparing this total quantity of wood
reported with the total quantities of crude wood alco-
hol, acetate of lime, and charcoal the average yields per
cord of wood for all processes are found to be 10 gal-
lons of alcohol, 176 pounds of acetate of lime, and 35
bushels of charcoal.

5RO

Tt is alleged in the ‘‘trade” that the imp(u‘mti(jus of
acetate of lime into the United States hofore the intro-
duction of the by-product processes amounted to s
much as 8,000,000 pounds annually. The (ml.y glbis-
tics discoverable in the records of the Treasury Depart-
ment relative to this, is that in 1880 there were 88,00t
pounds imported, having a value of §70. On t])(‘\ ntl.mr
hand, the following table, compiled from ‘f’l.‘hu ¥ oreign
Commerce and Navigation of the United States '1'()1'.13119
Year Ending June 80, 1900,” shows that the United
States is exporting large quantities of both acotnte of
lime and wood alcohol:

E);IPORTS, WOOD ALCOHOL AND ACETATE OF LIMH:
1868 TO 1900, INCLUSIVE.

WOOD ALCOIOL. ACETATIE OF LIME,
YEAR, | [
Gellons. | Value, Pounds, Valuo.
Total coeeininneavancanan 1, 68, 700 | $084, 411 184, 274, Hiod 3, 018, 160
I808 wnermnsrmrrnneenneaaseesoane 385,088 | 189,280 || 97, du, 288 037, 850
1809 ciee e it ittt aaaans 727,002 | 414,876 48, 087, 61‘1 700, 900
1000 o eovtanennmecernnnsorsnryeran 540,799 | 820, 306 47, 780, 765 770, 418

From the same source is the following record of
imports of charcoal and pyroligneous acid:

IMPORTS, CHARCOAL: 1891 to 1898, INCLUSIVE.

YEAR. Value,

$60, 020
48, 029
61, (84
40, 249

IMPORTS, FOR CONSUMPTION, ACETIC O PYROLIG-
NEQUS ACID: 1891 TO 1900, INCLUSIVE,

YEAR, Lounds, | Value,

30, 440 SEI. Qag-

IR LT w02
1 asael 2 706
o U & Dt

{ii; HH40) K, ik
T YT A B 770

UK, HIK 14067
€2, BU1 19, 180
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Group VIII. FERTILIZERS.

The term **fertilizer,” as used in this report, includes
all manufactured products which are intended to pro-
mote the growth of plants and which can be, and
customarily are, so used without needing any further
factory treatment. Under this definition raw phosphate
rock, even if finely ground, can hardly be included,
nor can crude cottonseed, ordinary tankage, nor un-
ground bone. All of these have fertilizing properties,
but require further treatment, usually chemieal, if the
full effect is to he economically obtained. The term
“‘fertilizer works” should, strictly speaking, be con-
fined to establishments producing ¢ finished fertilizers,”
such as superphosphate, with or without ammoniates;
“complete fertilizers,” by which is meant a mixture of
superphosphate with both potash and ammoniates; and
‘‘all other fertilizers,” including hone meal and similar
substances. But under the principle governing the
classification of industries at the census of 1900 there
can be included in fertilizer works all factories of
which the main product, though not a finished ferti-
lizer, was, nevertheless, a fertilizer material—say,
tankage—in a condition of advanced manufacture, such
products being included in ““all other fertilizers.”

The total number of establishments thus classified as
fertilizer works, and forming Class A, is 492, In addi-
tion there are 18 small establishments, each of which
reported a value, for all products, of less than $500,
:and hence are not included in the regular census tabula-
tions. As the total fertilizer product of the 18 estab-
lishments amounted to but 46 tons of complete fertilizer,
valued at $1,047, and 213 tons of *“all other fertilizers,”
valued at $8,489, it will be seen that the omission to
tabulate establishments under $500 is of small conse-
quence. ‘

Under Class B are ineluded 10 establishments whose
main product places them in some one of the 19 groups
of “chemical industries,” but which made more or less
fertilizers as a subordinate, though sometimes very
important, part of the product. The total fertilizer
product of this class amounted to superphosphate, tons
1,810, value $20,417; complete fertilizer, tons 17,707,
value $350,077; and ‘“all other fertilizers,” tons 7,983,
value $98,510.

Class C includes 28 works, none of which belongs
to *‘ chemical industries,” yet at which were made a
certain amount of fertilizers. The importance of
taking this class into consideration, if a full presenta-
tion of the industry is desired, is evident, since the
total product of this class was superphosphate, tons
12,000, value $100,000; ammoniated superphosphate,
tons - 750, value $13,500; complete fertilizer, tons
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94,891, value $521,825; and ‘“all other fertilizers,”
tons 27,409, value $443,147. '

Class D includes such by-products of ¢ slaughtering
and meat packing,” ¢ garbage reduction,” *‘ glue,” and
similar industries as were reported as ‘‘fertilizers.”
So far as known, such materials are bones, bone tank-
age, ammoniates, and the like, utilized in the prepara-
tion of ammoniated and complete fertilizers. While
included here for the sake of completeness, it must be
remembered that the amounts and values of these prod-
ucts, as well as those of Class C, are elsewhere reported
in the census tables of their respective industries, and
their presence here is a not unnoticed duplication. Of
this class, 10 ““ garbage-reduction” works produced such
materials aggregating 17,809 tons, value $256,322, while
the report for ‘“slaughtering and meat packing” gives
“fertilizers,” tons 160,962, value $3,326,119, and “glue”
gives tons 15,942, value $3381,268, a total of 204,713
tons, and a value of $3,913,709.

Included in ‘“all other fertilizers” is fish scrap, the
regidue after the oil is pressed out of the fish, amount-
ing to 27,085 tons, of a reported value of $448,602, in
addition to which certain establishments made 1,942
tons which were consumed in works in making ferti-
lizers. The fish oil reported from the 25 establish-
ments engaged in this industry amounted to 1,185,264
gallons, valued at $222,929. The returns of scrap and
oil per thousand fish, the customary unit of measure,
naturally vary considerably, according to the condition
of the fish, whether fat or lean, the lean fish yielding
little oil in proportion to the scrap. In one case of a
large and well-managed factory having good fish, the
yield per thousand fish was given as 4.17 gallons of oil
and 185 pounds of scrap, while another large works,
having very lean fish, veported a yield of only 1.87
gallons of oil and but 140 pounds of serap. ' The general
average for all reports was, 2.98 gallons of oil and
149.2 pounds of scrap per thousand fish. After the
scrap leaves the press in which the oil is expressed, it
must be protected from decomposition, as this not only
produces a local nuisance but results in serious pecu-
niary loss. In one case where 500 tons of good scrap
were valued at $10,000, 500 tons of decomposed scrap
were valued at only $3,000. In order to prevent this
decomposition the laws of several states, for example,
Massachusetts and Connecticut, require that the daily
output of scrap shall be sprinkled with sulphuric acid,
as this prevents the lighting of flies upon it and the
consequent development of maggots. When acid is so
used, finely ground phosphate is often mixed with the
serap before shipment, thus taking up the excess of
acid and hindering the votting of the bags in which the
serap is shipped.

The use of fish as a fertilizer was known to the abo-
rigines of New England before the arrivalof the whites,
since it is stated in the records of the Plymouth colony
that Squantum, a friendly Indian, showed the colonists
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how to manure their corn by putting a fish into each
hill. It would seem, therefore, that the colonists were
ignorant of the fertilizing value of fish, which is rather
surprising, since the value of barmyard manure has been
known since a very early period in the history of agri-
culture, and marl, a phosphatic lime earth, was used in
England, at least, prior to this period. Tt is possible,
however, that the value of marl was considered to lie in
its improving the physical condition of the soil rather
than as furnishing any plant food, as the advantage of
mixing clay with sandy soils or sand with Cld.yL-V soils
was known to the Romans.
Asg soon as the true action of fertilizers became known,
"1t was seen that the presence of grease or oil in a ferti-
lizer was harmful, as hindering the conversion of the
fertilizing ingredients into the soluble forms into which
they must pass hefore they can be assimilated by the
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employed, from the figures given for 1894. Tt is true
that in some cases where complete fertilizers are also
made, the men reported as employed are those engaged
at the factory only, those employed in fishing being
represented only by the cost of the fish as covering
wages, supplies, and maintenance of vessels. Still the
total capital, $497,760, bears a fair relation to total
value of product, which is $703,866, made up of oil,
$9292,999; scrap sold, $448,602; and scrap used in works,
1,942 tons, of a caleulated value of $32,237; and the
general statistical position of the industry bears out
the statements of some of those engaged in the
industry to the effect that in 1900 there was little profit
in it.

MENHADEN INDUSTRY, SEASONS OF 1874, 1880, 1890,
1894, AND 1900.

plant. Hence by extracting the oil from fish a valuable

substance was obtained and the residue of scrap became Fac- | il [goon | Men | oo | wumber of| Gallons | Tons
more quickly efficient. The same thing occurs in the | ™% 4% |38 Vers. | o0, | invested. |dsh caught.| SEOR | of
cottonseed industry, the oil and ‘‘linters,” valuable for

other purposes, containing very little fertilizer material, | 188-- 85| 238 B & |80 o0 O o e 00 | 5 78 oo | 20, S0
while the cake and hulls are in much better condition | 18- 2| 51 2| 23| 2700 giggggggg B o ob | o7 Thg
for utilization as feed or fertilizer than in their original | 1%0----- o 500 497,760; 458, 965,200 | 1,185,264 | 28,977

condition as part of the seed.

Little is known about the beginnings of the fish-oil
industry, but it is stated that the Herreshoffs, of Rhode
Island, were making fish oil and scrap as early as 1863,
The fish generally used for this purpose is the menhaden
or mosshunker, which appears on the Atlantic coasts in
the summer in large schools and is a very oily fish, in
no demand for edible purposes. The number reported
as caught during the census year is 458,963,200, and
yielded the quantities of oil and scrap noted above.

The most available statistics of this industry are
those given by FEugene G. Blackford in One Hundred
Years of American Industry, 1895, page 894, These
are here presented with the statistics derived from
reports classified at the censusof 1900 as chemical
industries, group ‘“fertilizers,” and may therefore not
include all of the reports received from this industry.
it is believed, however, that the showing is substan-
tially complete, although the figures show an enormous
reduction m capital invested and number of men

“Slaughtering and meat packing ” furnishes a large
quantity of fertilizer materials, because, in the large
packing establishments of the present day nothing util-
izable is allowed to go to waste. The blood is carefully
collected and dried, making a high-priced ammoniate,
and the gelatin, glue, grease, ete., of the horns, hoofs,
and other bones and other oftal extracted. The residues
from this part of the work are sold as bones, tankage
(which is meat offal dried and ground), and as ¢ bone
tankage” (which is tankage containing bone fragments).
Dried blood, tankage, and all of the like materials,
which are called ‘‘ammoniates,” are valuable by-prod-
uets of the packing industry, and are the most expen-
sive constituents of a complete fertilizer.

The final aggregate of the reported amounts and val-
ues of the fertilizer products for 1900 from all sources
so far as found, superphosphate and other products
made but consumed in the works in the making of mixed
fertilizers not being included, is as follows:

FERTILIZER PRODUCTS: KINDS, QUANTITY, AND VALUE, 1900.

Number SUPERPHOSPHATE. A SO PER- COMPLETE FERTILIZER, | Al OTHER TERTILE
of estab- ’
ligh-

ments, Tons. Value. Tons. Value. Tons. Value. Tons. Value,
) 1 - SN 422 923,198 $8,471,943 142,898 $2,440, 388 1,436,682 | §25,446, 046 201,017 | $4, 178, 284
: Uncler B500 oo | 16. 1,047 213 5,48
; L P R 10 1,810 20 3 | 17,707 850, 077 7,983 98 610
ClAaS8 Gttt vvveiiinunnnecnsnnannonannesacaorenrnn 28 12 000 100 000 750 18, 500 24,391 521, 825 27,408 4’13 147
f N 7 SRR a8l o37,008| 8,592,360 | 143,048 | 2,462,888 | 1,478,826 | 96,818,006 | 827,522 | 4,728,430
| R EE 3 o DU SR | RN RO | FEPSRTUPI U | RSSO PINE PO 204,713 3, 918,709

Final total .....coniiiiiiviaiinraa . | 478 937, 008 8,592, 860 143, 048 2,462,888 1,478,826 26, 318, 995 532,285 8, 637,139
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The total product, by classes, is as follows:

MANUFACTURES.

FERTILIZER MANUFACTURE, BY DECADXES: 1860 TO 1900. -

Tons. Value.

ClASS A . uveiivnnensnenanrranescrarannss reesesnenaenes 2,794,605 |  $40, 545, 661
Under $500 259 4,536
Class B . 27,500 469, 004
Class C ovivvrvvnninnenss 64, 650 1,078,472
otal . 2,887,004 42,097,673

Class D . ..... 204,713 3,913, 709
DE0 TN 173 7Y PO 3,001, 717 46,011, 382

The total number of establishments in Classes A, B,
and C, the only ones which can properly be denominated
fertilizer works, is 476. This shows a considerable
increase—392—over the figures for the census of 1890
but falls short of the estimates for 1898 made by the
author of “‘The Fertilizer Industry.”! The estimated
number given by him, is “about 700.” It is evident
that this figure was too high, because while the busi-
ness, as a whole, has much increased, the tendency,
ag in all other branches of manufacture, is to concen-
trate ‘the industry into the hands of larger companies
or combinations, who by reason of greater facilites
in, and control of, the market can, if necessary, un-
dersell competitors and work on a closer margin of

- profit. The author of the interesting bulletin just noted
complains of the indifference, even “ positive unwilling-
ness of manufacturers to furnish the information de-
sired.” The experience of the Census Office with this
group has been much more satisfactory. With but one
exception, every establishment that was reached, either
by the field force or by correspondence, endeavored to
give a correct statement of the operations. From the
large combinations and firms, reports were often re-
ceived which were most valuable, and offers of any fur-
ther information which might be needed. In other cases
the reports, owing to the deficiencies of a hastily assemn-
bled field force were sometimes unsatisfactory, but cor-
respondence hrought the information, if existing. In
the case of the positive refusal above mentioned, a little
localinquiry enabled us to constructasatisfactory report,
because the nature, quantity, and value of the product
of the establishment were known, and from correct
reports from establishments in the vicinity the quantities
of ingredients and their cost could be fairly estimated.
Such editing work must be done with great caution if
the results are to have real value, and it is satisfactory
to be able to state that, owing to the cheerful coopera-
tion of manufacturers, such work has been reduced to
a minimum.

“ Fertilizers” appears as a special item for the first
time in the census report for 1860. The condition of
the industry then and its growth since are shown by
the following comparison, the percentage of gain for
each decade over the preceding one being also given:

E)
I'Miscellaneous Bulletin No. 13, United States Department of
Agrienlture, 1898, page b.

Number
Per cent Per cent Per cent,
YEAR. Otﬁgfﬁb‘ of };gggg)ct of Value. of
ments. increase, *  |increase. increase,
$891,344 |..........
126 J S ...| 5,815,118 562
278 120 727,453 -..| 19,921,400 242
392 41 1,898,808 161 | 85,519,841 78
478 21| 2,887,004 B2 | 41,997,673 i8

These figures are fairly in accordance with what is
otherwise known of the history of the development of
this industry. Of the 422 establishments in Class A
only 7 stated that they manufactured fertilizers prior to
1860, 3 of these being in Baltimore, Md., where, so far
as is known, the manufacture of fertilizers began. In
1840 Liebig published his classical researches on plant
nutrition, in which he asserted that ‘‘the food of all
vegetation is composed of inorganic or mineral sub-
stances.” This was contrary to the then prevailing
view, which was that the humus of the soil was the sup-
port of plant life, the mineral substances, the ash of the
plant, heing considered of suhordinate importance.
The researches of Wiegman and Polstorf showed, how-
ever, that a luxuriant plant growth could be ohtained
by planting the seeds in soil which had, by burning,
been deprived of the last trace of humus or other
organic matter, and then watering them with dilute
solutions of the needed inorganic salts. Other investi-
gators continued this line of research, and a rational
agriculture was then developed. It was found that a
plant derives its carbon from the air directly by means
of its leaves, and also, but in a minor degree, through its
roots hy the absorption of water containing carbonic
acid. On the other hand, while the plant can to a small
extent supply its demand for nitrogen from the ammonia
of the atinosphere by meansg of its leaves, this supply
is quite inadequate for healthy growth. The deficiency,
as also the demand for mineral salts, must be supplied
throngh the roots. As these can only take up such
substances when dissolved in water, it follows that not
only the nitrogen which is taken up by the plant must
be in soluble forms which are now considered to he
nitrates, which are always soluble, hut also the mineral
constituents such as phosphoric acid, silica, lime, pot- -
ash, iron, ete., must be in forms soluble in water to be
available for the nourishment of the plant.

The importance of phosphoric acid being early
recognized, the manufacture of superphosphate began.
According to Kerl the first scientifically planned ferti-
lizer works in Germany were erected in 1850. A letter
from Dr, R. W. L. Ragin, of Baltimore, states that—

- The manufacture of chemical fertilizers in the United States
began about 1850. In that year Dr. P.S. Chappell, and Mr. William
Davison, of Baltimore, made some fertilizer in an experimental
way. About the same time Professor Mapes was experimenting.
Later De Burg utilized the spent bone black derived from the
sugar refineries and made quite a quantity of “‘dissolved bone black’
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(superphosphate). In 1853 or 1854 M. P. 8, Chappell commenced
the manufacture of fertilizers, as did B. M. Rhodes, both of Balti-
more. In 1855 Mr. John Kettlewell, recognizing the fact that
Peruvian guano (then becoming quite popular), and containing at
that time 18 to 21 per cent of ammonia, was too stimulating and
deficient in plant food (phosphates), conceived the idea of manip-
ulating the Mexican gnano, containing no ammonia but 50 to 60
per cent of (bone) phosphate of lime, and called his preparation
“ Kettlewell’s manipulated guano.”

‘While in 1856 the sales of Peruvian guano had increased to 50,000
tons and of Mexican guano to some 10,000 tons, there was not at
that date 20,000 tons of artificial fertilizers manufactured in the
entire country. Baltimore was not only the pioneer but the prin-
cipal market for fertilizers umntil some time after the Civil War.
The 50,000 tons of Peruvian guano referred to was hought and sold
in this market, and there was little demand for that or the Mexican
guano in any other market unless the inspection brand of the gnano
ingpector of Baltimore was upon the package. The Peruvian Gov-
ernment agent, who received and disposed of all importations, was
located heve, and all other markets were supplied from Baltimore.
At that time no fertilizers were sold west of Pennsylvania.

Owing to the exhaustion of the sources of supply the
Importation of guano has almost ceased. In 1900 but
1,150 tons, value $15,548, were imported from Pern,
the total amount of guano imported heing 4,756 tons,
value 856,956, Much of this is, however, practically
phosphate rock, requiring chemical treatment before
using. The original gnano of Peru was produced from:
the excrements and remains of sea birds deposited upon
islands in & very arid region. Its agricultural value
was well known to the ancient Peruvians, whose wise
laws forbade the killing or mwolestation of the hirds.
Owing to thescarcity of rain the ammoniacal salts devel-
oped in the deposits remained in the guano, while in
less arid regions the soluble salts were leached out, and
where the underlying rock was a limestone this became
altered to a certain depth, becoming a more or less pure
tricaleic phosphate, usually called bone phosphate of
lime. The guanos of Sombrero, of Navassa, and of
nany other places are examples, and all require chem-
ical trentment.

The importation of phosphate rock for 1900 amounted
to 110,065 tons, value $504,092, coming mainly from
Germany and Spain. The term * phosphorite” is used
to cover all of the varieties of phosphate rock which
range from the crystallized apatite of Canada to the
comparatively amorphous rock of South Carolina, but
was originally applied to the fibrous phosphate from
Estremadura, Spain, which oceurs in large quantities
and is extensively exported. The German phosphate
from the Lahn region and other places is usually con-
cretionary in appearance. This concretionary structure
is very characteristic of phosphorites, as shown in many
places in Florida and in the so-called coprolites of
England and other localities.

By treating phosphate rock or bones with sulphuric
acid, superphosphate or acid phosphate is formed. The
works making this, mix more or less of it with ammoni-

“ates, or potash or both, producing the various grades
of ammoniated superphosphate, superphosphates with
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potash, or complete fertilizer. The remainder is sold
as such, being bhought by establishments that malke
various mixtures to suit local demands, while a very
large quantity goes directly into consumption, being
bought by farmers, who make their own composts.

Of the 492 fertilizer works belonging to Class A, 76
made sulphuric acid. The total quantity of acid thus
made amounted to 642,938 tons of chamber acid of 50°
Baumé, of which 571,831 tons were consumed by the
works producing it in making superphosphates, while
the remainder, 71,107 tons, was sold elsewhere mainly
as chamber acid, only 5,360 tons being concentrated to
higher strengths before sale. Thirty acid-making
works did not make enough for their own demand and
supplied the deficiency from other sources. In Classes
B and C, 8 works made 12,028 tons of 50° acid and con-
sumed it in making superphosphate, making a total of
583,859 tons thus made and consumed by 79 works.

Of the 478 works producing fertilizers, 76 made
superphosphate, but purchased the needed acid, while

208 bought the superphosphate; in each ecase the final

product sold was mixed fertilizers. The remaining
works, 115 in number, as well as all of Class D, pro-
duced the fertilizer materials above mentioned and
placed under “all other fertilizers.” In so far as any
of these products are purchased by other fertilizer
works and used in making mixed fertilizers, the quan-
tities and values of such purchases reappear in the
mixed fertilizers, and to that extent there is a duplica-
tion. The extent of this duplication can only be esti-
mated, since a considerable quantity of the products
included in “*all other fertilizers” consists of hone meal
and other substances, which are used for composting or
put on the land without further treatment. On the
other hand, it is certain that ““ all other fertilizors ”—tons
582,235, value §3,687,130—ifalls far short, both in quan-
tity and value, of the real production of such materials.
For example, the establishments under Class A veport
using 87,868 tonsg of cottonseed meal, and those in Class
C, 3,608 tons, & total of 41,476 tons. These figures
evidently represent only a fraction of the amounts
actually used for fertilizer purposes, since the total
produet of cotton seed meal for 1900 was 884,301 tons,
value §16,080,576, a very large proportion of which,
amounting to 638,638 tons, was used in composting, ag
shown by the large quantity of superphosphate which
goes into consumption as such.

The figures for superphosphate, ammoniated super-
phosphate, and complete fertilizer are quite close to the
truth, as an examination of the complete returns will
show. The total quantity of superphosphates reported
as made and sold as such by all of the classes A, B, and
C is 987,008 tons. The quantity of superphosphate pur-
chased for mixing purposes is, for Class A, 286,918 tons;
Class B, 240 tons; Class G, 9,402 tons; a total of 296,560
tons. Deducting this from the total, 937,008 tons, leaves -
the vesidue of 640,448 tons which was sold as such to
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the ultimate consumer. To this amount must be added
the superphosphate in the mixed fertilizers to obtain
the total quantity produced for the census year. The
returns show great variations in the proportions of
superphosphate in the products of the various estab-
lishments, but comparisons show that ammoniated
superphosphate will average 70 per cent of superphos-
phate and complete fertilizer 50 per cent, giving the
following result:

Superphosphate, sold as such, total fong ... ....... 937, 008
Superphosphate, purchased, total tons ... .......... 296, 560
Difference, equals finally consumed as such, tons ... .. 640, 448

In ammoniated superphosphate, 70 per cent of 148,648
BOTIB e o eie e e e ccaenecaaa 100, 553
In complete fertilizer, 50 per cent of 1,478,826 tons ... 739,413
Total superphosphate produced, tons...........- 1,480,414

The total product of superphosphate may also be
ascertained from the amount of sulphuric acid reported
as being used in its manufacture. Comparison of the
returns at the census of 1900 fully confirms the current
statement that in making superphosphate from a stand-
ard phosphate such as South Carolina rock the practice
is to mix equal weights of phosphate and chamber acid.
Reaction at once sets in, the mixture hecoming quite
hot and giving off vapors consisting of steam and vola-
tile ingredients of the phosphate, such as carbon diox-
ide, fluorine, and chlorine. This volatilization loss
amounts, for South Carolina rock, to 10 per cent of the
total weight of theingredients. Other phosphates, such
as high-grade Florida rock, bones, ete., will of course
require other proportions of acid and the volatilization
loss will also differ, but the general average of all returns
shows that every ton, 2,000 pounds, of phosphatic
. material required 2,000 pounds of chamber acid, lost
10 per cent, 400 pounds, by volatilization, and yielded
3,600 pounds of superphosphate. Taking all.of the sul-
phuric acid reported as consumed in works and that
purchased the results are as follows:

SULPHURIC ACID.

sg.?xlxléd Purchaged

(tons). (tons).

Class A ..._.
Class B
Class C

.| 671,831 281,528
B, 028 268
7,000 200

s 583, 859 231, 996
TR . 583, 859

815, 850
815,855

1,631,710
Deduct 10 per centloss ..eune vttt 168,171

Total superphosphate produced, tON8- .. ..covvvininenanneenn. -1, 468, 539

Comparing the final quantity with that reported
above, namely, 1,480,414 tons, the difference is found
to bhe only 11,875 tons, or 0.80 per cent. This agree-

ment is surprisingly close, since, under the conditions,
a much larger difference would have been sufficient fo
demonstrate the general correctness of the returns.
The quantity of phosphate rock estimated above as
used is 815,855 tons. Class A reported the purchase of
787,927 tons; Class B, 4,810 tons, and Class C, 7,700
tons; a total of 800,437 tons, or a difference of only 15,428
tons. This close agreement is, however, only fortuitous.
Many of the larger works undoubtedly had more or less
phosphate rock in stock at the beginning and end of
the census year, and it is not always clear that the
quantity reported is the amount actually used or only
that which was purchased during the year. A partof
the superphosphate estimated above as contained in the
mixed fertilizers was made from bones, spent bone-
black, and other materials, but how much can not be
ascertained, because, although Class A reported the
consumption of 96,679 tons of bones, part of this was
used to make boneblack, part was disposed of as bone

meal, and part mixed with the compounded fertilizers.

without any special addition of acid. Again, part of
the tankage bought by the works is ‘‘ bone tankage,”
containing considerable quantities of crushed bone, so
that it is impossible to determine how much of the aeid
used actually went to make bone superphosphate.
Examination of the reports shows that only a com-
paratively small quantity of “* concentrated phosphate”
is made, although it would seem that there ought to
be a considerable demand for this product which is so
largely made in England, France, and Germany. It is
made by treating phosphate rock with an amount of
sulphuric acid suflicient to entirely decompose it, con-

“verting all of the lime into sulphate, allowing this to

settle, and drawing off the solution of phosphoric acid.
“The solution is then evaporated in lead pans to a
density of 45° Baumé, at which strength the solution
contains nearly 45 per cent P,0O,. During thiy concen-
tration the iron and aluminum phosphates separate and
are removed. The strong solution of phosphoric acid
is then treated with finely ground phosphate rock to
form mono-caleium phosphate, which is dried and dis-
integrated.”?

The phosphorie acid solution may be made from any
form of phosphate, and low-grade material too poor for
the manufacture of superphosphate can be used for this
purpose. The phosphate rock added in the second
stage of the process should, however, be high grade, if
the best results are to be attained. For this reason,
the Florida rock which containg up to 80 per cent or
more of phosphate is mainly shipped abroad to supply
the foreign demand for this purpose, while our own
manufacturers, making only ordinary superphosphate,
mainly use South Carolina rock containing about 60 per
cent phosphate. The manufacture of superphosphate
from South Carolina rock is a much simpler process and

*Thorp, Outline of Industrial Chemistry, page 144; 1898,
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the product is a satisfactory one, although its contents
in soluble phosphoric acid is low, ranging from 20 to 24
per cent as compared with concentrated phosphate or
““double super,” which may contain up to 47 per cent.

The further development of this industry in this
country will depend upon transportation conditions as
well as upon the advance of agricultural knowledge,
but it would seem that there is a field for tais work in
the phosphate regions where much poor rock occurs
for which there is no present demand, but which might

565

be utilized in the local manufacture of ““double super.” .

The use of tetrabasic phosphate, or slag phosphate,
appears to have almost completely ceased inthe United
States, while its use is continnally extending in Europe.
The reasons assigned for this situation need not be given
here, but doubtless in time this valuable material will
assume the importance it deserves.

The following table shows the total fertilizer product
of the United States, arranged geographically:
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FERTILIZERS, PRODUCTS, BY STATES,

TOTAL. SUPERPHOSPHATE,
e
of estab-
STATES. lish- y Per cent| por nont | Value
ments. Tons, Yalue, Tons. Value. Ofu%%?d‘ of value, | per ton.

1 United Statel ccervencveetnsesencianssnssocsasscacnanasnnaes 478 2,887,004 | $42,097,673 937,008 $8, 592, 360 32.5 20.4 $9.17

2 | North Atlantic divigion ............. aressenees seessessyunantnane 155 685,893 11,978, 666 139, 232 1, 816, 208 20.3 11..0 » 8,45

3 Maine.iesneiennn [ P reesmrarrenmasn ceessaacrenn 3 1,828 27,9 s P P

4 Ma};ls}achusetts —as 10 83’, 133 2,108’, b76 1,282 12,820 1.5 0.6 10,00

5 Connecticut...- 11,077 B18,810 [[eveemerenanafrencanananaaailanias vese|ossmrnioa]ociacnan

[] New York...ceen-oo 37 164,266 2,010,435 9, 810 105, 645 6.0 4.0 10,77

Vi New Jersey .ceevooanesae . 30 247,144 3,820,189 106,165 887,470 42.6 23,2 8. 4

8 Pennsylvanif....ccviecacenn 66 177,845 3,097,955 22,975 310,273 12,9 10.0 13,59

9 | South Atlantic Aivision....eeevenvreervenns saseessnrasnncsanrenns 198 1,631, 688 19,462, 816 622, 614 B, 802, 997 40,6 27.3 8,52
10 Delaware ..o.ccaeeenns PPN 11 49,942 634,213 2,885 28,250 4.8 4,4 1L84
11 Maryland........ 42 386,133 b, 218, 925 124, 696 1,178,867 32,3 22.6 9.45
12 District of Columbia . 7 3,859 G T | PO (I Y efroennasecafonanacenen
13 Virginia ...... Carenss .. 42 258,474 8,325,542 120, 633 1,024,893 46.7 30,8 8,49
14 North Carolina 20 189,582 1,727,270 60,820 497,807 43.6 98,8 8,17
15 South Carolina. 24 988,572 4,667,275 173,183 1,404, 569 44,6 80.1 8.12
16 GEOTEIR covracnnns 45 278, 982 3,831,469 131,503 1,076,581 47,2 32.8 8,17
17 Florida .......... eevasensesaaanes 7 26,144 496, 642 9,394 93,940 35,9 18,9 10.00
18 63 258,726 | 4,349,167 62,945 814,300 24,8 18.7 12:98
18 108, 814 1,562, 638 24,728 285, 698 23.8 18.8 11,55
20 12 104,120 1,842,300 26,108 313,850 26,1 17.0 12,02
21 16 11,668 238,161 866 10, 006 3.1 4.2 27,41
22 4 8,758 166,115 2,766 44,248 81,6 28.8 16.00
23 3 80,371 549, 943 8,978 160,498 29.6 28,2 1711
24 39 352,778 b, 068, 664 110,649 1,140,376 31.4 22,6 10.30
25 4 " 17,315 295,520 ||...... JUOTTU SRR .
26 5 08,054 | 1,464,788 35, 950 456,568
27 . 21 189, 282 1,944,283 28, 246 369,587
28 Mississipp: 3 37,704 492,772 7,200 50,400
29 Louisiana.. 8 65,423 856,201 29,244 268, 821
30 | Western divislon.....ooviviiiiiniaiiiiniii ettt ] 22,131 636,687 ||seveessaenen [N PN P,
a1 California...... ceerasvasescssanasnaanne 9 22,181 686, 687 |[..... verenrs|eraamnnaana [ A PO P
82 | AY] OthEr BEALES . e v vreenraenrannsesanenensnenennrsntosmnnnnnnnnnn 14 35,788 616,788 1,568 18,479 4.4 8.0 11.80

vi gﬁgluges establishments distributed as follows: Iowa, 1; Michigan, 1; Minnesota, 1; Nebraska, 1; Oregon, 1; Rhode Islang, 1; Texé.s, 2; Washington, 1; West
irginia, 2.
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AMMONIATED SUPERPHOSPHATE.

COMPLETE FERTILIZERS.

ALL OTHER FERTILIZERS,

2 BERRR

Per cent Per cent Per cent

| Per cent | Value Percent | Value Percent| Value
Tons, Value. of ‘fcrgd of value. | perton. Tons. Value. oflgg‘?d- of value, | perton. Tons. Value. of I?ggd- of value. | per to.
143, 648 | $2,462,888 5.0 5.9 | #§17.14 | 1,478,826 | $26, 318,995 51.2 62.5 | $17.79 || 327,522 | $4,728,430 11.3 11,2 $14.42
21, 429 574,251 3.1 48 26,79 481,621 | 8,899,584 62,9 4.8 20,62 93,711 | 1,188,628 18,7 9.9 12. 68
.................................................... 828 21, 602 45.8 7.4 26,09 1,000 6,300 54,7 29,6 6,80
................................................... . 78,171 1,988, 605 93.4 04,8 25,44 4,280 107,160 5.1 5.1 25,08
. 23,000 9.0 7.8 28,00 , 325 205, 981 66.1 65.7 28,11 2,752 84,679 24.9 21.0 30,84
10,300 888,400 6.3 18.0 32.85 87,862 | 1,623,638 58.5 62.2 18.48 56,204 542,752 84,2 20,8 9,64
8 159, 580 2,9 4.2 21.91 125,839 | 2,629,611 50,9 68.8 20.90 8,857 148, 628 3.6 8.8 18,22
2,846 53,271 1.6 .7 18,71 || - 181,496 | 2,480,297 8.9 78,5 18,48 20, 528 804,114 11.8 9.8 14,81
71,661 | 1,066,542 4.7 5.4 14.74 701,861 | 11,307,083 45,8 58,1 16.26 || 136,052 | 1,796,194 8.9 9.2 18.20
.................................................... 17,180 283,873 34,4 4.8 16,52 30,377 322,090 60.8 50.8 10.61
48,608 690,671 12,6 13.2 14,21 184, 095 2,985,015 47,7 57.8 16,21 28,784 859, 872 7.4 6.9 12,562
3,41 69, 80 8.4 91.8 20,47 449 6, 680 11.8 8.7 14.87
106,828 [ 1,820,771 41.3 54.7 17.41 26,713 407,778 10.3 12.3 15,26
61,017 981, 669 43.7 56.8 16.08 , 345 197, 304 10.8 11.4 13.75
207,875 8,147,202 53.6 67,6 15.14 7,614 105, 504 1.9 2.3 14,04
106,621 | 1,641,318 87.8 49.3 15. 56 26, 608 871,799 9.5 1.1 18,98
15,485 377,635 50.1 76,0 24,46 1,315 25,167 5.0 5.1 19.18
84,840 565, 281 13.6 18.0 16.22 105,858 | 1,801,260 40.7 43.5 17,95 55,583 | 1,078,818 2.5 24.8 19. 40
28,8056 380, 936 22.9 24.4 18.00 43,3851 700, 606 41.8 4.8 16.21 11,930 195,398 11.5 12.5 16, 39
4,1 , 100 4,0 3.2 43,483 885, 885 417 45.8 19,21 30,879 635,015 29.2 84.56 20. 90
500 0.2 0.2 14.81 , 750 116, 280 49.8 48.8 20,22 5,526 111,376 47.4 46.8 20,16
.................................................... 2,714 89,089 3.7 25,0 14,07 8,213 72,828 86.7 48.7 22, 87
6,858 125, 745 22,6 22.8 18.88 0, 000 , 000 82,9 86,4 20.00 4,585 63,700 14,9 1.8 14,05
15,037 256, 599 4.2 B.1 17,06 199, 609 8,242, 648 56.6 64,1 16,75 27,483 418,941 7.8 8.2 15. 06

17,815 295, 520 100.0 100.0

86, 695 704, 220 30.4 48,1

92,253 | 1,488,855 66,2 78,7

30,504 442, 8 80.9 89.8

22,842 367,181 84.9 42,9

.......... 19,570 591,187 88.4 92.9
PRSPPI P 1 PPN PP M 19,570 501,187 88.4 92.9 32.08 2,561 45, 500 11.6 7.1 17.76
681 10,216 1.9 1.8 16,02 21,407 387,233 59.8 62.8 18.08 12,182 200, 856 33.9 32.6 18.65

®
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The establishments of the above table have heen
grouped according to the customary census divisions.
Of the total product of the United States, 2,887,004 tons,
valued at $42,097,678, superphosphate, sold as such,
amounted to 32.5 per cent of quantity, and 20.4 per
cent of value, the average value per ton being $9.17;
ammoniated superphosphate, to 5 per cent quantity,
5.9 per cent value, and $17.14 per ton; complete ferti-
lizer, 51.2 per cent quantity, 62.5 per cent value, and
$17.79 per ton; and all other fertilizers, 11.8 per cent
quantity, 11.2 per cent value, and $14.42 per ton. It
must be remembered that while the quantities given in
this table and elsewhere in this report are substantially
correct, the values given in the reports are in most
cases Tar below the market prices, since freight and
other expenses must be added so that the final price to
the consumer is very much higher. Moreover, as
already stated, of the 937,008 tons of superphosphate,
gold as such, 296,560 tons, or 31.6 per cent, were bought
by other works and used for making mixed fertilizers,
leaving 640,448 tons, or 68.4 per cent, which went
directly into final consumption. At the average value
of $9.17 per ton, the 296,560 tons would be worth
$2,719,755, and, from one point of view, might be
deducted, leaving superphosphate 640,448 tons, valued
at $5,872,605, and the total product of the country
2,590,444 tons, valued at $39,377,918. Such a presen-
tation, while possibly nearer the truth as regards ulti-
mate consumption, would, however, be incorrect in a
census report of manufactures which deals with capital,
labor, materials, and products. The production of the
296,560 tons of superphosphate required capital, labor,
and materials, and the figures of these demands are
included in the general tables for this industry. The
establishments purchasing this material saved the cap-
ital and labor required to produce it, so that if the
deduction were made from the product, it would be
necessary to make a corresponding deduction on the
other side, which is plainly impossible.

On examining this table it will be noted that the
South Atlantic division leads in quantity and value of
product, the North Atlantic division being second.
The average fertility of the Atlantic coast states is not
high, and rational farming requires the continued appli-
cation of fertilizer, much of it of high grade. The
general status of agriculture in the various states in
these two divisions is well shown by the figures. When
the size of the average farms is small and most of these
devoted to the growth of vegetables, fruit, and such

products, as is the case in New England, the fertilizers |
consumption, and also to the demands of farmers for

demanded are high priced, as the requirements of the
soil must be carefully studied and supplied if profits are
sought. Proceeding southwardly, agriculture is on a
larger individual scale and of a simpler character, until,
in the cotton states, we find practically only a single
market product, requiring a simpler fertilizer, low in
price, and to be applied with judgment. Any excess of

fertilizer acts injuriously upon the crop by stimulating
a growth which cannot resist the inevitable drought of
the region. Moreover, a too liberally stimulated cotton
plant runs to stems and foliage, with but little fruit, as
may be seen in plants grown in gardens. For conven-
ience in picking, the cotton plant should not be more
than 8 feet high, nor more than an average arm’s
length to the center. and the bolls should open nearly
simultaneously.

When a plant is grown in the rich soil of a garden,
as is frequently done, for its beauty, it may reach a
height of seven, eight, or more feet, with corresponding
diameter, but, while quite beautiful, the yield of cotton
is comparatively small, and costly to gather. The
possibilities in cotton culture become evidentwhen it is
congidered that for upland cotton the average yield of
lint cotton is from 150 to 250 pounds per acre, while
careful cultivation under favorable weather conditions
has been known to bring up this yield to 1,000 pounds.
Indeed, although ayield of 1,500 pounds has never bheen
attained, it is the goul which many intelligent planters
consider can be reached by careful selection of seed,
and proper methods of planting, fertilizing, and tend-
ing. While it is not feasible, here, to make an extended
comparison between the quantities and values of the
fertilizers used in the different states in relation to the
character of the agriculture and products, such a study
will digclose that, while each state can show poor farm-

“ing, yet in the main, what is done is best suited to local
conditions so far as understood. The methods which

way enrich a farmer in Massachusetts would impov-
erish him in South Carolina, while the methods which
insure a good cotton crop are quite inapplicable to
truck growing,

In comparing the various states it will be noted that
South Carolina leads in quantity of product, 388,572
tons, while Maryland leads in value, $5,213,925, In
the production of superphosphate, sold as such, South
Carolina leads with 173,183 tons, valued at $1,404,569,
Georgia being second with 131,508 tons, and Maryland
third with 124,696 tons. The Maryland product is,
however, valued at $1,178,867, thus exceeding the
Georgia valuation of $1,075,581. In the proportion of
such superphosphate to the total production of the
state, Georgia is first as it disposes of 47.1 per cent of
its total product in this form, and is followed by Vir-
ginia, Louisiana, South Carolina, North Carolina, New
Jersey,and Maryland, in the order given. This large
sale of superphosphate in these states is due to the
numerous manipulators who mix special brands for local

home composting. This latter kind of work is natu-
rally most frequentin the cotton states where the cotton-
seed and cottonseed cake furnish a large local supply
of ammoniates, while the extensive truck farming of
New Jersey and Maryland causes a similar demand.
The value of the superphosphate per ton ranged from
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$7 in Mississippi to $27.41 in Indiana. The Mississippi
valuation is very low, the average for the United
States, $9.17, being about the price for superphosphate
made. from vock. The high value of this product in
Indiana and other states of the North Central division
is due to its having been made from raw bone and being
practically an ammoniated superphosphate. Indeed,
this value is higher than that given by any state for its
product of ‘‘ammoniated super,” with the exception of
New York, which rates this product at $32.85, the

- average for the United States being only $17.14. In
the production of ‘‘ammoniated super,” Maryland leads
all of the states, with a production of 48,608 tons, valued
at $690,671, which is, however, only $14.21 per ton.

In the production of complete fertilizer South Caro-
lina leads both in quantity and value, producing 207,875
tons, valued at $3,147,202, but the value per ton is low,
$15.14. Leaving out California, the high valuation of
‘whose fertilizer, $82.08, is due to the high cost of
materials, it is found that the North Atlantic division,
especially the New England states, makes the most
expensive complete fertilizers. Connecticut leads with
$28.11 average value per ton, followed by Maine with
$26.09, and Massachusetts with $25.44. The Maryland
product, next in quantity and value to South Carolina,
being 184,095 tons, valued at $2,985,015, is quoted at
only $16.21 per ton.

“All other fertilizers” amounts, for the United
States, to 327,522 tons, valued at $4,793,430, being 11.3
per cent of the total product, 11.2 per cent of the total
value, and averaging $14.42 per ton. As might be ex-
pected, New York leads in quantity, with a production
of 56,294 tons, of an average value of $9.64 per ton.
This low value shows the nature of the product, which
is mainly garbage tankage, made by the garbage-reduc-
tion works near the large cities. Illinois, next in ton-
nage, 30,379 tons, is first in value, $635,015, or $20.90
per ton, while Missouri gives a value of $22.67 per ton;
the reason in both cases being that the product is
largely made from slaughterhouse offal, which yields
high-grade products. The “fertilizers” of Class D,
204,713 tons, valued at $3,918,709, show an average
value of $19.12 per ton, and belong to this category.

So far as it is possible to show the capital employed,
also the labor and other elements of cost in the produc-
tion of fertilizers, the statistics are given in the special
tabulation of Class A for this industry. It is, however,
not possible to do this for the other classes, since fertil-
izers form only a subordinate part of the product, and
the capital employed and the costs ean not be separated
from the general operations of the works.

The importations of fertilizer materials for the cen-
sus years 1890 and 1900, as given by the United States
Treasury Department in *‘The Foreign Commerce and
Navigation of the United States,” 1890, pages 1150 to
1151; 1900, page 102, is as follows:
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IMPORTS FOR IMMEDIATE CONSUMPTION FOR THE
YEARS ENDING JUNE 30, 1890 AND 1900.

KIESERITE, KYANITE
B v D= | o CYANITE, AND GUANO.
" KAINITE.
YEAR. ’
Tons, Value. Tons. Value, Tons, Value.
1890......... 31,179 #309, 764 62,871 $422, 225 8,432 $111,811
1900......... 14,075 86,763 [| 188,244 762,493 4,765 B8, 474
BONE DUST OR ANI-
MAL CARBON AND ' ALL OTHER §UB-
BONE ASH, FIT ONLY APATITE. STANCES NOT ELSE-
FOR FERTILIZING WHERE SPECIFIED,
YEAR. PURPOSES,
Tons. Value, Tons, Value, Tons. Value,
1890....un.n- 3,219 $59, 059 126 91,297 21,277 $383,109
1900......... 1,968 | 20,180 333 4,019 99,160 745, 724

The literature of the fertilizer industry is very volu-
minous, and it is difficult to make a selection. , The
books giving the most useful information are probably
The Phosphates of America, by Francis Wyatt, Scien-
tific Publishing Company; Principles and Practice of
Agricultural Analysis, Vol, I, Fertilizers, H. W. Wiley,
Chemical Publishing Company, 1895; and the articles
on Fertilizers in Muspratt—Kerl, Technical Chemistry,
Wagner’s Technology, and The Mineral Industry, the
yearhbook published by the Engineering and Mining
Journal. :

Groupr IX.—BrEACHING MATERIALS.

Although bleaching materials of various kinds have
been long in use and bleaching by chlorine or hypo-
chlorites has been in vogue since the latter part of the
eighteenth century, no separate rveturns have been
secured for thisindustry at any previous census. Chlo-
rine production has practically been, until recently,
incidental to the manufacture of soda by the Le Blane
process, and as this process has not secured a foothold
in the United States, the production of chlovine bleaches
bas heretofore undoubtedly been insignificant in quantity
and value. As pointed out in the treatment of Group
X, with the introduction of electricity as an agent in
effecting chemical transformations, common salt and
other chlorides are being electrolyzed on a commercial
scale with the result that the production of chlorine
and hypochlorites is assuming importance. The chlo-
rine thus produced is converted into bleaching powder
by means of lime, but other hypochlorites, and notably
sodium hypochlorite, are made from imported bleaching
powder. In addition there are produced and used in
bleaching, disinfection, or as a preservative, hydrogen
dioxide, sodium dioxide, sulphurous acid, sodium, cal-
cium, and potassium hisulphites, and many special com-
positions. v

In considering this industry in itsentirety there must
be discussed, not only those bodies specifically reported
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as bleaching materials produced by the older processes,
but also such bleaching agents us have been produced
by the aid of electricity, or sent out for use in the com-
pound or liquefied state, and also those which are the
subordinate products of establishments whose principal
products classify them with other industries. Com-
bining these there were 26 establishments in 7 states,
producing 26,794,338 pounds of material having a value
.of $592,658, and employing a capital of $672,969 and 216
wage-earners. These establishments were distributed
as follows:

GEOGRAPHICAL DISTRIBUTION OF FACTORIES PRODUC-
ING BLEACHING MATERIAL: 1900.

Number | Average

: Per cent
of estab- [ number :
STATES, lish- |of wage- Capital, | Product. to%al
ments. | earners, .
United States ...... 26 216 $672, 969 $592, 658 100.0
New YorK..oensseeenanses 1 126 529,746 407,327 i
Pennsylvania....cccee..n 4 25, 863 15,878
New Jersey -.... ceeneanee

TIHTOIS «\meccusrranneaass 12 16,089 42,899

64 87,831 87,883

B WO

8.
2.
10 14,500 89,171 g
4,

® o~
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Among the principal products were 10,979 tons of
hypochlorites of a value of $462,949; 588,335 pounds
of hydrogen dioxide of a value of $63,754; 850,585
pounds of sulphur dioxide of a value of $4,826, and
1,461 tons of bisulphites of a value of $34,486. There
were consumed in this manufacture 15,000 tons of salt
brine, equivalent to 1,574 tons of salt, or, together
with the other salt consumed, 9,055 tons of salt of a
value of $19,105; 158,561 bushels of lime of a value of
$20,532; 168 tons of caustic soda of a value of $7,618;
92,600 pounds of metallic sodium; 93,000 pounds of
black oxide of manganese of a value of $1,325; 227 tons
of muriatic acid of a value of $4,325; 974-tons of soda
ash of a value of $23,368; 7 tons of potash of a value
of $420; 171 tons of sulphur of a value of $4,000; 74
tons of barjum dioxide of a value of $16,540; 74,490
pounds of phosphoric acid of a value of $14,898; and
44 tons of bleaching powder of a value of $1,570.

Sulphur Dioxide (sulphurous acid gas; sulphurous
anhydride; SO,).—This substance has heen used as a
bleaching agent from ancient times. It results from
the burning of sulphur or sulphur-containing bodies in
air or oxygen. In the presence of water it bleaches
wool, hair, straw, and other tissues; but the bleaching
is not permanent. Sulphur dioxide is used also as a
disinfectant and germicide; in ice machines as a refrig-
erating agent; in the preparation of bisulphites; to a
small extent in the leather and glucose industries; and
as the first product in the manufacture of sulphuric
aeid. Next to its use in making sulphuric acid, the
largest consumption of sulphur dioxide is undoubtedly
in the sulphite process for converting wood into wood
pulp for the purpose of making paper. As it is made
and consumed in the works no returns are available to

determine how much of the gas is produced in this
industry.

Bisulphites.—There is returned as having been manu-
factured during the census year bisulphites of sodium,
caleium, and potassium. They are manufactured by
saturating a solution of sodium carbonate, milk of
lime, or potagsium carbonate with sulphur dioxide and
crystallizing out the salt formed. Or the solution may
be used as made. These bodies are employed as anti-
chlors in bleaching to remove the excess of chlorine
from the fibers of the goods which have been bleached
by hypochlorites, and thus prevent this chlorine from
rotting the fiber. They are thus used to treat wood
pulp in paper making, and it is probable that much of
the material used in this art is not included here. The
bisulphites are also employed in chrome tannage, in
brewing, in glucose and starch making, and as preserva-
tives.

Hydrogen Dioxide (hydrogen peroxide, H,0,).—Hy-
drogen dioxide is made by treating barium dioxide, or
sodium dioxide in suspension or solution in water, with &
dilute acid, and keeping the temperature at a low point
by means of ice. Hydrochlorie, hydrofluoric, sulphurie,
nitric, or even carbonic acid may be employed. The
hydrogen dioxide is set free as a gas, which dissolves
in the water present. This solution is decanted off or
filtered, phosphoricacid is added to it, and it is diluted,
if necessary, so as to contain 8 per cent of H,0,, when
it is sent into commerce, and is then known as a 10-
volume solution, Hydrogen dioxide is a powerful oxi-
dizing agent, and it is used in bleaching hair, silk, wool,
feathers, bone, and ivory. It has been quite exten-
sively used for toilet purposes; also asan antisepticand
disinfectant in surgery; as an antichlor; as a reducing
agent in chrome tannage; and as a preservative for
milk, beer, wine, and other fermentable liquids. The
Oakland Chemical Company began the manufacture of
hydrogen peroxide in Brooklyn, N. Y., in 1881.

Sodium Diowide (sodium peroxide, Na,0,).—Sodium
dioxide is made by heating metallic sodium in alu-
minum trays, in a specially contrived furnace, to 300°
C. while purified air is being passed over it. Itis a
yellowish white very hygroscopic powder,and is chiefly
used as a bleaching agent, being a very powerful one,
as it gives off 20 per cent of its weight of active oxy-
gen. Its solution is too strongly alkaline for silk or
wool bleaching, and for this purpose it should be con-
verted into magnesium dioxide, which is easily effected
by adding a solution of magnesium sulphate to the solu-
tion of sodium peroxide.

Hypochlorites.—There have been returns made for
bleaching powder (which, according to Lunge, is a com-
pound containing in the same molecule calcium attached
to chlorine and to a hypochlorous acid residue) and
sodium hypochlorite. The bleaching powder is made
by passing chlorine gas into absorption chambers so as
to come into contact with lime which has been so slaked
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a8 to eontain from 24.5 to 25.5 per cent of water. The
lime is exposed to the action of the gas until the test
shows that the produet contains from 36 to 87 per cent
of available chlorine. The yield from 100 pounds of
good lime is 150 pounds of bleaching powder. Bleach-
ing powder is but partly soluble in water and when
treated with water forms a milk-like fluid. It is an
efficient bleaching, deodorizing, and disinfecting agent.
To liberate the chlorine for bleaching purposes, an acid
should be employed. The carbon dioxide of the atmos-
phere will effect this result, but in practice a dilute
mineral acid is usually employed, the cloth first being
saturated in the bath of bleaching-powder emulsion,
called the ‘‘chemie,” and then in the bath of dilute
acid, called the *‘sour.” Bleaching liquors may be made
by passing chlorine gas into the milk of lime, and it
was in this form that it was first used.

The emulsion of bleaching powder reacts with mag-
nesinm sulphate to form magnesium hypochlorite, with
alum to form aluminum hypochlorite, with zine sul-
phate to form zine hypochlorite, and with sodium car-
bonate to form- sodium hypochlorite. They are all
efficient bleaching agents and are especially desirable
because they are completely soluble in water. Potas-
sium hypochlorite and sodium hypochlorite have been
sold under the respective names of Eau de Javelle and
Eau de Labarraque, they having been prepared by
passing chlorine gas through a solution of potassium
carbonate for the first, and sodium carbonate for the
second, Sodium hypochlorite is still used for domestic
purposes in removing spots fromlinen and also, together
with oxalic acid, as an ink eradicator.

Bleaching by chlorine was first suggested and applied
by Berthollet in 1785, and its adoption revolutionized
the textile industry. He employed solutions of chlo-
rine gas in water, but Tennant in 1798 patented a
liquid bleach consisting of a solution of calcium or
sodium hypochlorite prepared by passing the gas into
milk of lime or a solution of caustic soda. This liquid
bleach is difficult to transport and keep,and Tennant
introduced a marked improvement by the invention of
bleaching powder in 1799. Bleaching powder was
made in this country at Bridesburg, Pa., by Charles
Lennig in 1847. The Mathieson Alkali Works, at
Niagara Falls, N. Y., and the Dow Chemical Company,
of Midland, Mich., began the manufacture of bleach-
ing powder from electrolytic chlorine in 1898.

Bleaching powder is still imported in very large
quantities. The extent is shown in the following table,
compiled from Volume II of the Foreign Commerce
and Navigation of the United States for the years
ending June 30, 1891 to 1900:

IMPORTS OF LIME, CHLORIDE OF, OR BLEACHING

POWDER: 1891 TO 1900, INCLUSIVE.

YEAR, Pounds. ] Value. YEAR Pounds. Value.
107,475,715 | $1, 429,509 104, 053,877 | $§1,579,358
110, 748, 289 1, 839, 640 99,274,138 1,375, 560
.| 120,811,918 2,213,121 . 114,232,578 1,421,920
81, 610, 463 1,507,076 113,107, 250 1,159,271
100,456,774 | 1,644,885 186,403,151 | 1,464,019
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Group X,—CHEMICAL SUBSTANCES PRODUCED BY THE
A1p or ErecTrICITY. ‘

In no prior census has any mention beer made of this
art. As a fact, as shown in the historical account which
follows, this industry has practically been developed
since the census of 1890 was taken. Nevertheless, it
has already grown to such magnitude in these ten years
as to effect serious inroads on the older processes, and
it will undoubtedly in the future assume a greater
importance. Already it is found that sodium and other
metals, caustic soda, bleaching powder and other bleach-
ing agents, bromine and potassium bromide, potassium
chlorate, litharge, graphite, calcium ecarbide, carbo-
rundum, carbon disulphide, and phosphorus are reported
as being produced on a commercial scale, the total value
of the output for 1900 being reported at $2,045,585. It
is particularly to be noted that the Le Blanc soda pro-
cess, which has for a century been a standard process
for chemical manufacture, is now endangecred not only
by the Solvay ammonia process, but that the last prop
on which it relied for profit has heen thrown down by
the development of economic methods for the electro-
lytic production of bleaching powder. It is to he
regretted that statistics of the electrical energy effi-
ciency, and other data which are essential to a full
understanding of this art are not at present accessible.
But it can be stated that, apart from works producing
aluminum (which is not included in the chemical indus-
tries), there are 14 establishments in the United States
belonging in Group X, and that these employ $9,178,060
of capital and 739 wage-carners. These establishments
were distributed as follows:

GEOGRAPHICAL DISTRIBUTION OF ELECTRO-CHEMICAL
FACTORIES: 1800. -

Nfumbler Aver%ge val i 1o ¢
of estab- | number alue o er cen
STATES. lish- | of wage-| CRPUSL | products. | of total.
ments, | earners. .
United States...... 14 739 | $9,178,060 | $2,046, 536 100.0
New York ......ccoeuueen 10 614 | 8,811,538 | 1,838,606 89.8
Maine, Michigen, Con- i
necticut, and New
Hampshire...co.coeeeee 4 125 861, 522 208, 929 10,2

Tt is to be observed that the total value of the prod-
uct given here differs from that given in the tabulation
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of ““Chemicals” under the legend ¢ Electro-chemicals,”
because caustic soda is classed with Group II, bleach-
ing powder with Group IX, and the like; while
there is gathered here the value of everything in all
the classes which has been reported as having been
produced by the use of the electric current. It is
evident that while in the tabulation the value for a sub-
stance appears but once, by this method of treatment
the value of a given substance will appear cach time
that it is treated of in a different group, and that there-
fore the value of that caustic soda which was produced
electrolytically will not only appear in the total value
given for Group X, now under consideration, but also
under Group II, when the caustic-soda industry is con-
sidered as a whole. For this reason, as well as because
the establishments devoted to the manufacture by elec-
tricity of any particular product are too few to be dis-
cussed under the rules separately, the statistics will be
found combined with other statistics in the treatment
of ‘other groups.

Sodium.~~The remarkable experiments conducted by
Sir Humphry Davy in 1807, which resulted in the isola-
tion of sodium® and of potassium, not only added to
the list of known chemical elements two of its most
interesting and important members, but the method
devised by him and used here for the first time, in which
- an element was isolated by the passage of an electric
current through its fused electrolyte and in which also
the vessel used to contain the fused electrolyte and in
which the fusion was effected was made of conducting
material and served simultaneously as a container, and
as one pole of the decomposing cell, has been largely
applied in recent times, since easily controlled supplies
of electrical energy at reasonable cost have been at com-
mand. Unfortunately no adequately cheap source of
electrical energy was available until the dynamo was
invented in 1867.* In the meantime, and subsequent
to Davy’s discovery, Gay-Lussac and Thénard found
that sodium could be displaced from fused caustic soda
by metallic iron at a high temperature, and later Brun-
ner discovered that this reduction could be effected
under these circumstances by carbon also. Upon this
discovery, and making use of the condenser of Donny
and Maresca, Sainte-Claire Deville based the method of
manufacture which he devised, and this was for many
years the only one employed in the commercial pro-
duction of thismetal. In practicing this processa mix-
ture of sodium carbonate, lime or chalk, and charcoal
were heated in iron retorts, and the displaced sodium
distilled off and condensed, the reaction taking place
being represented by the equation:

Na,CO, + 2 =9 Na+ 3 CO.

- Darling says, ¢“Deville * * * brought its manufac-
ture to a high degree of perfection, reducing the cost of a

1Phil. Trans., vol. 98, page 1. 1808.
?Borcher, Electric Smelting and Refining, page 104.

kilo from 2,000 francs, in 1855, to 10 francs, in 1859.” %

About 1886, H. Y. Castner, an American, greatly
simplified the manufacture by acting on sodium hydrox-
ide with iron and carbon, or iron carbide, effecting the
following reaction:

6 NaOH+Fe(,=2 Na,CO,+Fe+2 Na+3 H,
by fusing the mass in steel or iron crucibles and pass-
ing the vapors into condensers opening under high-test
petroleum. According to Mendeléeff,* ‘“At present
(1897) a kilogram of sodium may be purchased for
about the same sum (2 shillings sterling) as a gram
cost thirty years ago.”

In 1890 Castner devised an electrolytic process which
completely superseded the chemical processes for the
isolation of sodium, and this has since been, until re-
cently, the only process in use in this country or abroad
for the commercial production of this metal. The
electrolyte consists of fused caustic soda, which is
melted in a cylindrical steel crucible with a contracted
neck at the hottom, so set in a flue that as the crueible
is heated from the outside the body of ‘it only becomes
heated while the neck remains cool, so that the caustic
soda which fills the crucible remains solid in the neck
and protects the joint between the cathode and the cru-
cible at that point. There is a perforation in the hot-
tom of the crucible at the neck, through which the
cathode is passed up vertically and scaled by the solid
caustic soda, as described ahove. The electrodes are of
iron, and the anode, which may be cylindrieal in form,
is inserted from above so as to surround the end of the
cathode. Encircling the cathode within the anode, and
depending from a collecting pot above, is a cylinder of
iron-wire gauze which serves to prevent the sodium, as it
is liberated, from passing into the anode compartment.
The inverted collecting pot above the cathode is filled
with hydrogen, which is one of the products of the elec-
trolysis, and this protects the sodium, as it collects, from
chance oxidation. The sodium is haled from the col-
lecting pot as soon as it has accumulated in sufficient
quantity. More recently Darling has devised a process
by which sodium is obtained from sodium nitrate.

Metallic Sodivm and Nitric Aeid from Fused Sodiwm,
Nitrate.—The Darling process, as carried out in the
works of Harrison Bros. & Co., of Philadelphia, Pa.,
is characterized by the kind of ‘diaphragm used. A
cast-ivon pot, set in a brick furnace and containing the
nitrate to be decomposed, acts as the anode or positive
electrode. A 6-inch layer of refractory insulating
material is placed in the bottom of the pot and the pox-
ous cup rests centrally upon this, leaving a 3-inch
space between the cup and the pot. This space is then
filled with sodium nitrate and the cup itself nearly
filled with melted sodium hydroxide. The cathode, or
negative electrode, consisting of a short length of
4-inch wrought-iron pipe, provided with proper elec-

4J, Frk, Inst., vol. 158, page 65. 1902,

*The Principles of Chemistry, D. Mendeldeft, vol. 1, page 585:
London, 1897,
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trical connections, is suspended inside the cup, reaching
nearly to the bottom, and bridges made of wrought-
iron pipe support these cathodes in a row of porous
cups. When external heat is applied to the furnace,
the electrolytes melt, and, permeating the walls of the
cup, allow the passage of the current which, when of
suitable strength, causes the decomposition of the
sodimm nitrate into sodium, nitrogen dioxide, and oxy-
gen. The nitrogen dioxide and oxygen are liberated
as gases at the positive electrodes, escape through a
hole in the cover provided for that purpose and are
utilized.

The positive sodium ions pass through the walls of

. the cup and on through the molten sodium hydroxide

to be ultimately hbemted in the metallic state at the
cathodes. The first sodium liberated is abhsorbed by or

combined with the sodium hydroxide, hydrogen gas.

being evolved and sodium monoxide, probably, being

formed. After some time, metallic sodium riges to the

top of the electrolyte in the cups and at intervals of
about one hour is dipped off with a spoon and preserved
under mineral oil. - This style of porous cup and furnace
gives excellent results. The use of two electrolytes of
different character, yet having a common base, allows
of the sodium being liberated in a neutral medium away
from all danger of oxidation by the nitrate from which
it is obtained. At first the sheet-metal walls of the
porous cup had a very short life, being quickly eaten
away by the local action caused by the secondary effects
of the current. This trouble was overcome by shunt-
ing about 5 per cent of the current directly through the
metal walls of the cup, making them positive. This
plan reduced the local action and increased the life of
the cup about ten times. The material now used for
the porous cup is a mixture of ground dead-burnt mag-
nesite and Portland cement, and it makes a very satis-
factory diaphragm.

The nitrogen dioxide and oxygen evolved at the posi-
tive poles are conducted by means of earthenware pipes
to a number of receivers or Woulff bottles connected
together and containing water. The nitrogen tetrox-
ide which is produced on coming in contact with the
water combines to form nitric acid, 3N,0,+2H,0=4
HNO,+N,0,. The N,O, takes up a molecule of oxygen
to again form N,O,, and more nitric acid is formed. If
it is desired to make a very strong acid for use in the
manufacture of high explosives, a system of towers
that autonmticqlly brings the strength of the acid up
to a high degree is used.

Each furnace takes a current of about 400 amperes
at an average E.M.F. of 15 volts. External heat is
used only when starting up and when changing the cups,
which have a life of from 425 to 450 hours; at other
times during the operation the heat generated by the
resistance to the passage of the current is sufficient to
keep the electrolytes melted.

It is interesting to note, in connection with this proc-

ess, that in December, 1902, the supply of metallic
sodium on hand and in storage at these works had
become so great that the city authorities, fearing acci-
dents, compelled the operation of the process to cease.!

Up to some ten years ago, about the only use for
sodium outside of the laboratory was in the isolation of
aluminum, and when the electrolytic method for the
production of aluminum was developed it looked as if
the isolation of sodium on any large scale would cease.
It was only when electricity was also applied to the
isolation of sodium that it could be obtained cheaply
enough to permit of its use in fields that had hitherto
been closed to it on the score of cost. Chief among
these new uses is the manufacture of alkaline ¢yanides,
which are so largely used in the extraction of gold
from low-grade oves and tailings; for ‘quickening”
mercury in gold amalgamation; for electroplating; in
photography; and other minor uses. Large amounts
are also converted into sodinm peroxide fo be used in
bleaching wool, silk, and feathers, and thereby replac-
ing the more expensive hydrogen peroxide. 1t is also
used in making certain anilin colors and organic com-
pounds, and wherever a powerful reducing agent is
needed.

Caustic soda and hypochlorites.—When common salt
is clectrolyzed it is separated into its constituents,
sodium and chlorine, and this electrolysis may be
effected by passing a proper current through fused
sodium chloride, or through an aqueous solution of the
salt; but in the latter case the sodium set free at the
cathode immediately reacts with the water present,
forming sodium hydroxide and liberating hydrogen.
Asshown in the discussion in Group IT, the soda indus-
try is one of the most important of the chemical in-
dustries, and as common salt is used in the Le Blanc,
Solvay, and the other established processes of soda mann-
facture as the raw material of the art, it is not surpris-
ing that since, as stated above, common salt is readily
electrolyzed, numerous processes and devices have
been invented for effecting this on a commercial scale,
Among them are the Vautin, Hulin, and the Borchers
processes, in which fused sodium chloride is the electro-
Iyte, and the Holland and Richardson, Hargreaves-
Bird, Castner or Castner-Kellner, Solvay, Le Sueur,
and the Dow, in which an aqueous solution of common
salt, which in some instances is native brine, is used as
the electrolyte. According to Blount,® the Castner- -
Kellner process is the only one which in 1900 was
being worked in England on a large scale and in a
profitable manner, but while this process is carried on
in the United States, the Le Sueur and Dow proc-
esses are also in active operation here.

The difficulties in making the simple electrolysis of
common salt a commercial success have been various.
In the fused electrolyte processes they have bheen

1Science, vol. 15 (N, 8.), page 129, Jan. 24. 1892,
2 Practical Electro-Chemistry, page 309.
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largely due to the corrosive action which fused salt !
exerts on most materials that can be used for making
the vessels in which the electrolysis can be conducted,
while, since the melting point of sodium chloride is
800° C., and metallic sodium begins to distill below
900° C., the metal comes off mostly as a vapor, which
greatly increases the difficulties of collecting it. In
the dissolved electrolyte processes, among other diffi-
culties, trouble has arisen from the evolved chlorine
wandering into the cathode compartment and reacting
with the previously formed sodinm hydroxide, or vice .
versa, to form hypochlorites and chlorates, while the
complete separation of the caustic soda from the sodium
chloride was not at first easily effected.

C. L. Parsons,’ writing in 1898, says:

Ernest A. Le Sueur enjoys the distinction of having in-
vented the first electrolytic process for the commercial decompo-
sition of godium chloride, which became a regular contributor to
the markets of the world. Since February, 1893, caustic soda and
bleaching powder have been manufactured at Rumford Falls, Me,,
on a commercial seale. '

Tt appears that Le Sueur began his experiments in
the winter of 1887-1888, and after associating with him
Charles N. Waite, who afforded him valuable assistance
and some facilities at his chemical works in Newton,
Mass., they together ran an experimental cell from
October, 1890, to May, 1891, in a paper mill at Bellows
Falls, Vt. Tn 1892 an association was formed, which in
August of that year began the erection of a plant at
Rumford Falls, and in February, 1893, began the man-
ufacture of caustic soda and bleaching powder, using
to generate the required current one 200-kilowatt
dynamo of the Thompson-Houston pattern. The sue-
cess of the venture was such that three more dynamos
of the same capacity were installed in the fall of 1894,
and the Electro-Chemical Company was organized.

Parsons describes the Le Sueur cell as follows:

The cell asnow used is contained in a tank 5 by 9 feet and 1§ feet
deep, and made of one-quarter inch boiler steel. FExcepting the
ashestos, which composes the diaphragm, the wire netting of the
cathode, and the materials of the positive electrode, it is huilt
entirely of spruce, red brick, Portland cement, sand, and slate.
These substances are so digpozed in the cell as to be practically
permanent, the wood being exposed to no action except that of the
caustic solution, whieh has little effect upon it. The anodes are
introduced from the top of the cell and may be removed singly
without interrupting the process. Troublesome joints are closed
with a specially prepared plastic cement. The diaphragm is tipped
somewhat, from the horizontal for the purpose of permitting the
easy ecress of the hydrogen bubbles. The foundation of the cell
within the tank consists of an oblong frame of spruce, 8feet 4 inches
by 4 feet 10 inches, outside measurement, and 8 inches less on both
dimensions inside. This frame is 11 inches deep, only the side
pieces, however, resting upon the floor of the tank. The end pieces
consist of four 4-inch timbers, whose upper surfaces are 10 inches
above the floor of the tank and 1 inch below the top surface of
the longer side. The frame is divided transversely by a timber,
similar to each of the end timbers, which crosses the middle of the
frame at the same level as the end pieces. This center beam formsa
bridge over which the flat iron ribssupporting the cathode are hung.

+J. Am. Chem. Soc., vol. 20, page 868. 1898.
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The cell isthus divided into two equal spaces merely for mechanical
convenience. The ribs referred to consist of four parallel pieces
of flat iron, three of them being 13 by three-eighths inch, and
the fourth, twice as wide. This wider piece is fastened at hoth
ends to the containing tank, mo as to receive from the laiter
the electric current, which enters through the material of the tank
and communicates the current to the cathode, which rests upon
thege iron ribs. The diaphragm rests directly upon the cathode.
The depth of the trough formed by the slanting ribs is 4 inches.
There i3 an adequate arrangement at the ends of the hridge pieces
by means of which the hydrogen, finding its way to this higher
level, iz delivered to exit pipes communicating with the atmosphere,
or with any system of piping to which it ig desired to deliver it.
The inch of space between the tops of the cross timbers and the
gide pieces is utilized to take a piece of slate 4 feet long by 4 inches
wide by 1 inch thick. This presses down upon the diaphragm and
the cathode netting and keeps all solid. On top of the sides and
ends of the frame there are four courses of common brick laid in
clear cement. There ig a coating of cement applied to the inside
walls of the portion of the cell forming the anode compartment,
and this includes not only the brick walls, but the small portion
of the wooden sides above the cathode, which would otherwise
come in contact with the anode liguid, The ceiling of the cell
consists simply of pieces of glate, 2 feet by 1 foot, and suitably
gupported by transverse strips of slate, 1inch thick by 4 inches
wide. Through the ceiling plates pass the glass tubes to whieh
the anodes are attached. -

The anodes which are now used are made from an alloy of iridlum
and platinum, and are so constructed that a very large anode sur-
face is presented at an almost incredibly small cost, when it is
congidered that it is not at all of the nature of a plated surface, but
ig an anode of solid metal. Sixty anodes on an average are userl
to each cell, and each anode costs 73 cents at the present markes
price of platinum. They are acted upon chemically hut slightly,
if at all. If the glass holders hreak there is no loss of platinmm,
and a new anode can immediately be put in place. The total cost
for the anodes of a plant producing, per month, 200 tons of bleach-
ing powder, is approximately §5,000, or $40 for a cell producing 53
pounds of sodinm hydroxide and 50 pounds of chlorine per day;
and this allows for a very low cell efficiency. The total cost for
the renewal of the platinum, including labor, is less than half the
cost of the bare carbon alone, as it was formerly used, Desides, it
must be remembered that carbon anodes are certain to give niore
or less carbon dioxide if hypochlorite be present, while with these
iridio-platinum anodes no carbon dioxide can possibly Le produced.

At Rumford TFally, the Electro-Chemical Company obtains power
at a very low cost, so that it pays to obtain a maximum of work
from each cell iy using a higher current density in proportion to
the anode surface than might be tenable under other conditions.
Ag the cells are now constructed, a current of 1,000 amperes is
passed through each cell under a pressure of six and one-half volts.
I am aware that this voltage is high, and from a statement in Lunge?®
he would probably, at first thought, condemn the process on this
ground alone. But it will readily be understood how this increased
valtage can be economically employed when it is considered that
at §8 per electrical horsepower per year, which is the cost of
power to the company at Rumford Falls, the extra cost per pound
of product, on an average efficiency of 80 per cent, is hut $0.00015
for each extra volt used. This high voltage is by no means an
esgential of the process, and cach cell can be run on a lower
amperage, when of course less pressure-would he required. It is
gimply a fact that at Rumford Falls it is economieal to run the
cells on this voltage, forcing through them all the current they ean
take without undue heating. Under these conditions, the renewal
of the cell is usually made necessary only on aceount of the deterio-
ration of the diaphragm. The diaphragms have an average life of
seven weeks, and have been used twenty-four consecutive weeks

# Alkali Industry, vol: 3.
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without renewal. The cathodes are but little acted upon, and the
steel tanks are practically indestructible.
The cells are arranged so that twenty-two are in series, and

three series are run in parallel on two dynamos. The hydrogen is .

used only for working platinum, the larger part being allowed to
escape into the atmosphere. The chlorine is conducted by earthen-
ware pipes to lead chambers and absorbed by lime in the usual
manner, although at present a part is used for manufacture of
potassinm chlorate. The caustic solution is coneentrated by evap-
oration in vacuo, and is separated from the major part of the unde-~
composed salt Dy centrifugals. Any chlorate is now readily
removed, and the solution is then boiled down in cast-iron keitles,
to a first-quality caustic soda, analyzing about 74 per cent sodium
oxide. The recovered salt is converted into brine and is used in
the cathode compartment of the cells, nothing but fresh brine and
gome hydrochloric acid ever being added to the anode side.  Whole
bays of twenty-two cells have shown daily averages of over 90 per
cent chlorine efficiency, and weekly averages of 87 per cent. If
the anode compartment could he kept constantly acid, as can he
done with single cells, a chlorine efficiency approaching very clogely
to the theoretical may be reached. The efliciency, reckoned upon
the godium hydroxide preduced, is not quite so high.,

One great field for electrolytic processes is the production of
bleaching liquors and caustic solutions for bleacheries, paper mills,
and the like. Large economies might be introduced by companies
of this kind by making their own solutions electrolytically instead
of by the usual method of first transporting the chlorine in the
form of bleaching powder and the alkali in the golid state. This
is almost self-evident when one congiders that the final evaporation
of the caustic soda, which is quite costly, is done solely for pur-
poges of trangportation; that the ahsorption of chlorine by milk of
limie is a very simple operation, and the bleach liguors so produced
are wuch more efficient per unit of ¢hlorine than bleaching pow-
dei; and that the raw material (salt) is easily and cheaply obtained
and transported without deterioration, while a small plant can be
run almost as economically as a large one.  In fact, the Electro-
Chemical Company has sold a great deal of ¢hlovine in the form
of bleach liquors to pulp mills at reasonable distances from the
works, that preferred to take this liquid carrier of chlorine on
account of its ready-settlel solution, ease of manipulation, and its
greater efficiency, although the cost of trangportation might be
somewhat greater. In works which do not require caustie soda,
the process would also be highly economical, for under guch con-
ditions the cathode liguor can he directly nsged to absorb the chlo-
ring, in excellent condition for hleaching purposes, thus doing away
entirely with the cost and use of lime. I do not hesitate to predict
that we shall yet see many Le Sueur plants estublished in connec-
tion with mills now using Dbleaching powder. In fact, one of our
largest American sulphite pulp mills has already made arrange-
ments for a trial of the Le Sueur plant, with a view of bleaching to
a very large extent.

Parsons points out that the chiet difficulty of the pro-
cess from the outset has been to keep the sodium
hydroxide in its proper compartment, for with the best
of diaphragms a limited amount of diffusion into the
anode compartment goes on, and sodium hypochlorite
is formed, which is oxidized to scdium chlorate either
before diffusion into the outer space or during evap-
oration of the cathode solution, and is eventually
recovered as a by-product in the form of potassium
chlorate. In addition, the diffusing sodium hydroxide
is partly electrolyzed, and, if carbon anodes are used,
the oxygen liberated will attack them, forming carbon
dioxide. The sodium hypochlorite may also be elec-
trolyzed, giving rise to nascent oxygen and increasing

the amount of carbon dioxide produced, and this forma-
tion of carbon dioxide is a very serious matter, for
anless removed from the chlorine gas, it renders the
manufacture of a standard grade of Dbleaching powder
impossible. Le Sueur has overcome many of these
difficulties, first, by having the liquid in the gnode com-
partment at a higher level than that of the (51‘:{3]10(1(3,
thus diminishing the entrance of sodium hydroxido by
diffusion; second, by using platinum-iridium anodos;
and third, by adding hydrochloric acid to the mm.del
compartment so as to keep the solution slightly acid.
This acid, so added, at once decomposes any hypoch‘lc»
rite, and is itself oxidized so that all of its chlorm‘e
is regained in the form of that gas. No chlorine is
lost by this operation, for the chlorine obtained as
bleaching powder is greater than the equivalent of
the sodium hydroxide by the amount of chlorine in the
added hydrochlorieacid. This use of hydrochloric acid
is 2 matter of some expense, for an equivalent of c¢hlo-
rine at Rumford Falls costs more in the form of hydro-
chloric acid than it is worth as bleaching powder, hut
in other loealities, and especially near the Le Blane soda
factories, such use of hydrochlorie ncid may prove a
positive advantage from the standpoint of cconomy.
Parsons points out that while in 1892, when the Rum-
ford Falls plant was built, bleaching powder sold in
Boston for $45 per ton and caustic soda for 74 per ton,
in 1898 the prices were $30 and $56, respectively.

According to Chandler,* all the difliculties cnunerated
above were completely overcome by the Castner process,
in which the usunl porous diaphragm is aveided, and o
moving cathode of quicksilver is used in its place which
absorbs the metullic sodium as fast as it is produced
and removes it at once from the decomposing cell to o
neighboring one, where the sodium is withdruwn olee-
trolytically and converted into sodinm hydroxide.  The
operation is accomplished in what is known as the “Ftip-
ping cell,” which is so arranged that onee o minute it is
rocked upon its support just enough to vause the mers
cury cathode in the bottom to Qow hack and forth under
the partition to and from the neighboring cell, where
the sodinm hydroxide is produced freo from chlorine,
The metallic sodium never exceeds more than 0.2 per
cent of the mercury, and consequently theve is very
little loss from the recombination of sodium and chlo-
rine in the decomposing cell,

An important adjunct to the tipping cell is Castner’s
graphitized anode. With the ordinary carbon anodes,
such ag have been previously employed, it was found that
the combined action of the chlorine and other sub-
stances resulting from the electrolysis of sodium chlo-
ride, together with the chemical reactions which oc-
carred at or near the surface, disintegrated them
rapidly. By converting the anodes after they have boen
shaped and baked into the graphitic form, they are of
much greater durability, and the graphitizing process

! The Mineral Industry, vol. 9, page 765, 1901,
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has been regularly employed on a large scale for this
purpose. Other modifications and improvements in the
details of construction of the tipping cells have been
made which facilitate the production and have increased
the efficiency of the process. The Castner process
yields pure caustic soda and pure chlorine, and has
been in successful operation for several years in Eng-
land, on the Continent, and at Niagara Falls, N. Y.
At the last-named locality the company now using it is
extending its plant.

According to Blount, the Castner-Kellner process is
at work in England, at Weston Point, in Lancashire,
where a plant of about 1,000 horsepower is in use and

- where a second plant of equal size is now being put down.
Another plant of 2,000 horsepower (also about to be
doubled), belonging to the Mathieson Alkali Company,
is running at Niagara, using current supplied by the
Niagara Falls Power Company. The output of this
company is stated to be 10 tons of caustic soda and 24
tons of bleaching powder per day of twenty-four hours;
the current efficiency, from 85 to 90 per cent; the
pressure required; 3.5 volts—i. e., the energy efficiency
is from 55.6 to 58.9 per cent. These statements are
found to be concordant if we assume that the joint efli-
ciency of the transformers and dynamos is §0 per cent.

This is not an unreasonable loss, inasmuch as the cur-
rent has not only to be let down in voltage, but has to
be transformed from an alternating to a direct current.
The current comes from the power house at a pressure
of 2,200 volts; it is transformed down in stationary
transformers to a pressure of 120 volts. At this pres-
sure the current, (which is, of course, still alternating,)
passes to motor transformers, which transform it to a
direct current delivered at a pressure of 200 volts, this
being a convenient voltage for working a group of
electrolytic cells.

The anodes used are ordinary ‘“squirted” carbons;
they are subjected to a *“special treatment,” designed to
render them more refractory, and are said to last a year.
Connection is made with them by means of a lead cap
cast on one end. The caustic soda solution obtained is
fairly concentrated, e. g., about 20 per cent strength,
Much is sent in liquid form in tank wagons to soap-
makersin Buffalo, about 20 miles from Niagara. Some
is boiled down and sold in the solid state to the Electro-
Chemical Company, whose works are close to those of
the Mathieson Alkali Company.

The Dow process, as set forth in United States patent
No. 621908, of March 28, 1899, has for its object the
production of the chlorine and sodium hydroxide from
common brine, consisting of sodium chloride, caleium
chloride, and magnesium chloride in aqueous solution,
and the invention is in the peculiar kind of diaphragm
employed and its method of formation. To form this
diaphragm a quantity of metallic iron is introduced into
the brine in the neighborhood of the anode. On the

! Practical Electro-Chemistry, pages 313-314.
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electric current being passed through the solution the
first actions that take place are the decomposition of
the electrolytic solution near the anode and cathode,
free chlorine being formed at or near the anode, and
free sodium, calcium, and magnesium being formed at
the cathode.  These latter in turn react with the water
of the electrolyte to form sodium, magnesium, and cal-
cium hydroxides, this formation also taking place near
the cathode, thus 2Na+-21,0=2NaOH-1,. Part of
the chlorine at the anode combines with the iron and
forms iron chloride (8Cl,~+2Fe=2FeCl;). The sodium,
caleium, and magnesium hydroxides and the iron chlo-
ride diffuse toward the middle of the cell and meet
between the electrodes. On such meeting the iron is
precipitated as iron hydroxide, which forms part of the
diaphragm,

3NaOH-+TFeCl,=Fe(OH),+3NaCl,
3Ca(OH),+2FeCl,=2Fe(OH),+3CaCl,,
3Mg(OH),+2FeC), =2Fe(OH),4-3MgCl,.

Calcium and magnesium hydroxides are precipitated
by the sodium hydroxide from the calcium and-mag-
nesium ~hlorides, -

9NaOH-CaCl,=Ca(OH),+2NaCl,
- 9NaOH+MgCl,=Mg(OH),+2NaCl.

The diaphragm begins to form and build up from
these precipitates, consisting of iron, calcium, and mag-
nesium hydroxides. The chlorine diffusing toward the
cathode on passing into the diaphragm, is absorbed by
the calcium and magnesinm hydroxides, forming cal-
cium and magnesium- hypochlorites, thus preventing
the contamination of the cathode solution by the chlo-
rine, These hypochlorites, whose formulee are not
positively known, decompose very rapidly, probably
into chloride and oxygen. In actual working these hy-
pochlorites are not found present. The iron hydrox-
ide being inert so far as the chlorine is concerned, is
not disturbed, so that eventually the side of the dia-
phragm near the anode is almost completely depleted of
calcium and magnesium hydroxide by the action of the
chlorine, and only iron hydroxide is left, while the
cathode side consists mainly of caleium and magnesium
hydroxides. The iron hydroxide prevents to a great
extent the chlorine of the anode compartment from
being consumed by the parts of the diaphragm with
whichitwill combine. Astheporesof the diaphragm con-
tain iron, calcium, and magnesium chlorides, the sodium
hydroxide of the cathode side upon entering the dia-
phragm is absorbed by these chlorides before it can
diffuse to the anode side, so that the sodium hydroxide
can not contaminate the anode solution. _

Thus the products of electrolysis are effectually pre-
vented from passing into and contaminating the opposite
solutions. The precipitation and formation of the dia-
phragm will take place most rapidly where the diffu-
sion is the greatest, and should any portion become
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detached or mutilated diffusion will be greater at the
mutilated point, and the consequent greater precipita-
tion at this point will mend the break. It is thus seen
that the diaphragm will thicken evenly, While one or
more sheets of porous material—such as paper, cloth,
asbestus, and the like—might he placed as a nucleus
upon which the two essential layers of the diaphragm
would be precipitated in the practical working of the
cell, such a procedure has not been found necessary
or advantageous, the diaphragm being readily pro-
duced in the proper place without such foundation,
The physical qualities of the mixed hydroxides when
made into a diaphragm in this manner are such that
they form a coherent and self-supporting mass offering
very little resistance to the passage of the electric cur-
rent, but at the same time they offer a high resistance
to the diffusion of the products of electrolysis and the
electrolyte.

In the Dow process carbon electrodes are used. In
all the processes bleaching powder is produced by ab-
sorbing the chlorine in dry slaked lime kept at a tem-
. perature below 46° C. The yield of bleaching powder
from 100 pounds of good lime is 150 pounds.

Chlorates.—Chlorates have heretofore been prepared
by passing chlorine into alkaline solutions maintained
at a temperature at or above 100° C. In making potas-
sium chlorate, which is the salt most largely used, the
chlorine was first passed into a hot milk of lime,and
after this had become saturated with chlorine and had
acquired a density of 25° to 80° Twaddle, the solution
was run off to settle. When clear, potassium chloride
in calculated quantity was added, which, by reacting
with the calcium chlorate, gave rise to calcium chloride
and potassium chlorate.

As noted above, sodium chlorate may be obtained as
a secondary product in the Le Sueur and other processes
of electrolyzing common salt, and by metathesis with
potassium chloride the potassium chlorate results. Since
potassium chloride occurs native, and is mined at Stass-
furt, it would appear to be a simple matter to electrolyze
a hot solution of this salt directly to the chlorate, using
a vessel without any diaphragm, but this is found
feasible only up to a small concentration. Kellner has
proposed to add to a saturated potassium chloride solu-
tion about 3 per cent of a sparingly soluble hydroxide,
such as slaked lime or magnesia, and to keep the whole
in agitation as the current is passed. The lime or
magnesia assists in the formation of the chloric acid and
serves to bring about the transfer of the potassinm
from its combination as a chloride to that as a chlorate.
By concentration of the solution the potassium chlo-
rate formed crystallizes out. As shown by United
States patent 493023, of March 7, 1893, Gibbs and Fran-
chot make use of a cathode of copper oxide in electro-
lyzing the potassium chloride. The theoretical yield
of potassium chlorate is 164 parts for every 100 parts
of potassium chloride used.
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Potassium chlorate is used in manufacturing explo-
sives, fireworks, fuse compositions, s'xfety and parlor
matches, and as an oxidizing agent in color woxks, in
dyeing, and in other arts.

Lead Onides.—Under Salom’s process these are pro-
duced by the oxidation of spongy metallic lead, which
is obtained by the electrolytic reduction of galena.
Dilute sulphuric acid is used as the electrolyte, and
sheets of lead are employed for electrodes. As neither
the galena nor the lead reduced from it is soluble in
the electrolyte, there is no ionization of the lead com-

“pounds or conveyance of the lead, but the latter is left

as a porous mass, having the form of the original mass
from which it was obtained, while the sulphur is evolved
as hydrogen sulphide, and in this regard this process
differs from all other electrolytic processes in use or
proposed for use. The porous lead heats up on ex-
posure to air, and is readily converted to oxides, or
may be employed in the Dutch process of making white
lead, where its porous condition constitutes an advan-
tageinpromoting the speed of corrosion. The lead may
also be directly compressed into grids for secondary
batteries,

Graphite.—Graphite is distinguished by being the
first substance existing in nature as a mineral which
has been commercially produced inthe electric furnace.
Its existence as a mineral under the names plumbago
and black lead has long been known, and its employ-
ment in pencils is described in a work written by Con-

rad Gessner in 1565, but it was not until 1779 that its

identity was established by Scheele and it became recog-
nized as one of the allotropic forms of carbon. Sev-
eral methods for the artificial production of graphite
have been discovered, and that itis obtained from other
forms of carbon by exposure to high temperatures, such
ag obtain in the electric furnace, has long been known,
but the discovery that this is brought about through
the formation first of carbon compounds, such assilicon
carbide, and their subsequent decomposition is due to
E. G. Acheson, and he has reduced this discovery to
practice, producing graphite in quantity. Aninterest-
ing feature of his discovery is that the phenomenon
of the conversion is a progressive one and that a small
portion of the other constituent of the carbide acts, as
he says, ““by catalysis” to converta large mass of the
amorphous carbon into graphite. This conversion is
effected in a similar furnace to that used in the manu-
facture of carborundum, and the methods employed are
similar. :
The factory for working this process and making
graphite from coke, bituminous coal, or other amor-
phous forms of carbon was established at Niagara Falls
in 1899, and is to-day the only factory in the world, and
the material has been here produced in several forms.
One is an intimate mixture of pure amorphous carbon
and graphite in fine powder for use as paint and for
foundry facings. Another consists of articles pre-
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viously molded from amorphous carbon which contains
the catalytic agent. Among them are electrodes for
use in alkali processes, like the Castner process, and
carbon plates for use as brushes in dynamos and motors;
and the life as well as the efficiency of these articles
is much increased by being gruphitized. It is expected
that this process may utilize much of the fine refuse
from the coke ovens.

Graphite is used in the manufacture of pencils, cru-
cibles, stove polish, foundry facing, paint, motor and
dynamo brushes, antifriction compounds, electrodes
for metallurgical work, conducting surfaces in electro-
typing and for glazing powder grains.

As pointed out, the chief source of graphite is from
mines, and the extent of its production from this source
in the United States will be. shown when the census of
the mining industry is taken. The amount imported
is, however, very large, as shown by the following
table, compiled from Vol. IT of the Foreign Commerce
and Navigation of the United States, for the year ending
June 30, 1900: '

IMPORTS OF PLUMBAGO, 1891 TO 1900, INCLUSIVE,

YEAR. Tons, Value, YEAR. Tons. Value.
10,185 | $509,809 $384, 5b4
13,511 726, 648 321,855
14,207 866, 309 472,401
7,935 410,819 1, 081, 859
7,051 208, 9 2,345,294

Caleium  Curbide, CaC,, was prepared in 1862 by
Woehler, by heating an alloy of zine and calcium with
an excess of carbon, and in 1893, by Travers, by heat-
ing a mixture of calcium chloride, carbon, and sodium.
Tts commercial production began in the United States
at Spray, N. C., in 1894, when Thomas L. Willson
produced it by heating lime and coke together in an
electric furnace, and out of this has grown the large
industry which exists to-day. The furpace employed
by Willson was of the simplest kind, as it consisted
merely of arectangular fire-brick box lined with carbon,
to serve as one electrode, into which a stout carbon rod
or bundle of rods dipped vertically to serve as the other
electrode. The charge of mixed lime and coke was
piled about the vertical electrode, which, after making
contact to establish the arc, was raised as the mass was
caused to react. Since the reaction is effected solely
by the high temperature attained in the electric furnace,
and not through electrolysis, either an alternating or a
. direct current can be employed, and as the former can
be brought from a distance at a high voltage and trans-
formed on the spot where it is to be used, by a station-
ary transformer, it is generally to be preferred.

. As carried on at Spray, the operation was a discon-
tinuous one, since, when the movable electrode had been
raised to its greatest height and a prismatic mass of
the carbide had been formed hetween the electrodes, the
current had to be cut off, the furnace cooled, and the

carbide removed, before a fresh charge could be put in.
Besides, a very large part of the charge of coke and
lime failed to be heated to the reaction temperature,
and yet its presence was necessary to protect the walls
of the furnace from the high temperature of the are.
Through the invention of Charles 8. Bradley, this
process has now been made continuous. He prefers to
employ a rotary wheel or annulus, into which projects
at one side an electrode; the wheel being provided
with means for preventing the material from spilling;

with means for supplying fresh material to be acted:

upon by the current; and with facilities for removing
the product; the whole being so arranged that the
operation may be carried on in an uninterrupted man-
ner, as the furnace is constantly forming fresh addi-
tions to the product and permitting the latter to be
removed as frequently as may be necessary. The
wheel is preferably turned by power-driven machinery,
and is provided with a hollow periphery, to which (over
an arc covering the lower part of the wheel) buckets
are attached, forming throughout the arc a closed
receptacle for the material to be operated upon.
These buckets are arranged to be withdrawn or opened

when they reach the discharge-end of the wheel-arc.

The material, in the form of powder or granules, is
supplied to the side of the wheel which contains the
electrode or electrodes. The electric are, or the limits
of the space within which the electric action on the
material takes place, is wholly within the mass of pul-
verized material, so that a wall of unchanged or uncon-
verted material will- surround the product of the

-furnace, and the motion of the wheel is in such direc-

tion as to keep the converted material surrounded by a
body of unconverted material, and thus to exclude air
until the converted mass has become sufficiently cool to
permit of its removal and further treatment for pack-
ing for shipment or storage.

In the formation of the calcium carbide, the intimate
mixture of ground lime and ground carbon is supplied
to that side of the wheel-are into which the current is
introduced and is here fused and forms a pool of liquid
carbide within the wheel rim, the pool being surrounded
by a mass of the uncombined mixed carbon and lime
which acts as an efficient heat insulator and keeps the
walls of the receptacle comparatively cool. As the
wheel turns, the pool is withdrawn from the neighbor-
hood of the arc, or region of electrical activity, so that
the liquid carbide cools and solidifies under a superin-
cumbent and surrounding mass of material, which pre-
vents access of air and thus prevents wasteful consumyp-
tion of carbon by combustion. Thus a core of solid
calcium carbide is formed within a granular or pulver-
ized mass of material, the core growing in length as the
receptacle recedes from the electrode until it emerges
from the other end of the wheel-arc, when the remova-
ble sections of the wheel rim may be taken off one at a
time, which permits the pulverized material to fall away
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from the solid core of carbide, so that the latter may be
broken off or otherwise removed periodically. Thus
the formation of carbide goes on continuously without
any necessary interruption for recharging or removal
of the product.

The wheel used is formed in sections which are
bolted together, and it has a horizontal axis mounted
in boxes at or near the floor level. The rim of the
wheel is concave in eross section and is provided at in-
tervals with pivoted latches to engage studs on semi-
cylindrical sections of plate iron and thereby support
them on the wheel. Auxiliary plates of thin sheet
iron may be bent around the joint between the sections
on the ingide of the wheel rim, to prevent the pulver-
ized material from sifting through the cracks at the
joints. The wheel may with advantage be made about
15 feet in diameter, and the rim and plate-iron sections
of such proportions as to form a circular receptacle of
86 inches in diameter. The inner wall of the wheel
rim is provided with holes at intervals to receive cop-
per plugs connecting with the several plates'of a com-
mutator on which bears a brush, connecting with one
pole of an electric generator. The other pole of the
generator connects with a carbon electrode about 4
inches in diameter, mounted in a sleeve and provided
with a screw thread on the outside, which engages an
internally threaded sleeve secured to a bevel gear, on
the axis of which is a crank for adjusting the electrode.
The electrode and its regulating mechanism are
mounted on a framework adjacent to the wheel pit, so
that the electrode may be fed into the receptacle
formed by the wheel rim and the rim sections when
partly consumed.

A feed hopper is provided with a spout projecting
into the wheel rim and a gate for regulating the supply
of mixed material to be acted upon. The wheel pit is
preferably provided with sloping sides, so that any
powdered material which drops from the wheel at its
discharging end or elsewhere may slide by gravity to
a conveyor, the buckets of which return it to the feed
hopper, to again pass through the furnace.

The wheel is preferably connected with an electric
motor by speed-reducing gearing. The motor shaft
carries a worm, acting on a spur gear, on the shaft of
which is secured another worm, meshing with another
gear, an the shaft of which is a third worm, meshing with
a gear on the wheel shaft. By this mechanism, a very
slow speed of the wheel may be maintained, a complete
revolution being made once in five days. In using the
apparatus, the rim sections are latched over the wheel
Tim above an arc covering the lower part of the wheel,
and the gate of the feed hopper .is opened. A charge
of intimately mixed carbon and lime, in proper propor-
tions to form calcium ecarbide, falls into the receptacle
around the wheel rim and accumulates until the top of
the electrode is immersed therein. The circuit of the
electric machine may then be closed and the electric

579

motor thrown into operation. As the charge is moved
away from the electrode, intense heat is created and the
refractory material fuses. As the wheel turns, the pool
gradually recedes from the electrode and slowly cools
while inclosed within walls of refractory, uncombined
material on all sides, and the cool product forms a
bottom for the liquid compound. Thus a continuous
core of the product is formed, new mm sections being
added by the workman at intervals of a few hours.

The electrode, at starting, should project well into
the receptacle, and, as the wheel turns, the clectrode
rises relatively to the charge, and when it reaches a
point near the top of the rim section, a new rim section
is hung on the wheel by means of the next set of sup-
ports, and a strip of sheet iron is bent around the joint
between the rim sections. The gate of the hopper is
then opened and the rim filled, or partly filled, with
material. As this material in its powdered state is a
very poor conductor of electricity as well as of heat, the
immersion of the electrode does not interfere with the
heating action. When a new rim section is added on
the electrode side of the wheel, one is removed at the
other side. Thus the process continues until the solid
core of the furnace product appears at the discharge
end of the wheel, when a rim section is taken off and
the powdered material falls into the pit, leaving a pillar
of solid product projecting vertically, which may be
broken off or otherwise removed. Solid calcium carbide
is a conductor of electricity, and the copper plugs make
a good contact with it, thereby constituting the carbide
itself one of the electrodes. The action of the commu-
tator leads the current to a point of the carbide core
close to the electrode, and prevents unnecessary resist-
ance, which would intervene if the plugs were more
widely spaced. The conducting plugs which are remote
from the arc help to carry the current, and thus the
heating of any one contact with the carbide cove is
reduced.

Calcium carbide is used in generating acetylene gas,
the reaction taking place when it is brought in contact
with water at the ordinary temperature. As the man-
ufacture of calcium carbide is a fairly efficient process,
and as it may be produced wherever a head of water is
available, as the energy is stored in it in a compact
form, and as this energy may be readily made available
again by generating the acetylene and burning it, cal-
cium carbide is looked upon as a material by means of
which the energy of remote waterfalls that is now going
to waste may be made useful to man.

Carborundwn (Silicon carbide, SiC), the production of
whichiscovered by E. G. Acheson in United States patent
No. 492767, of February 28, 1893, is made in the United
States only, and is made by heating a mixture of 34.2
per cent of coke, 54.2 per cent of sand, 9.9 per cent of
sawdust, and 1.7 per cent of ¢ommon salt in an electric
furnace. The furnace is built up of bricks put together
without any binding material, because of the necessity
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of permitting the gases generated during the process
to freely escape, and because the furnace must be
pulled down at the end of each run. At each end of
the bin-shaped furnace, which is about 15 feet long, 7
feet high, and 7 feet wide, is a heavy bronze casting to
which the leads are attached, which carries, on its inner
surface, a bundle of sixty 3-inch carbon rods, each of
which is 2 feet in length., These electrodes project into
the furnace and are discontinuously connected by a
cylindrical mass of coarsely powdered coke which forms
a core about 8 feet long by 2 feet in diameter in the cen-
ter of the furnace. The charge of the above-described
mixture, weighing about 10 tons, is packed all about
this core.

When the current is turned on, heating proceeds
slowly until, after about two hours, carbon monoxide
is evolved at all the openings in the brickwork and from

the upper surface of the charge, where it burns with a -

blue flame. After some twelve hours the outside of
the charge becomes red hot, and after twelve hours
more the reaction has proceeded as far as practicable.
After cooling, the furnace walls are pulled down, when
the charge is now found to be separated into several
layers, viz.; an outer one consisting of about 11 per cent
salt, 56 per cent silica, and 33 per cent of carbon, which
represents the portion of the charge which has not been
heated sufficiently high to be converted into carbide.
Within this outer layer is a layer of greenish-colored
material, concentric with the core and consisting of
amorphous silicon carbide, mixed with raw materials,
It is not hard enough for use as carborundum, and is
reworked in the next charge. The third layer, which
is about 10 inches in thickness, consists of crystallized
silicon carbide, the crystals being small on the outside

and increasing in size toward the core. This is the car-.

borundum. Within this layer is the portion about or
within the core, which has been converted into graphite.
The 10-ton charge yields about 2 tons of carborundum,
though the theoretical yield of a charge of this size,
consisting of silica and carbon mixed in equivalent pro-
portions is about 4.2 tons. The energy used is about
1,000 horsepower.

Although pure silicon carbide is colorless, the crystals
obtained in the commercial manufacture are blue, black,
or dark hrown, and are iridescent; and as they possess
an almost adamantine luster, they are very beautiful,
They are hard enough to scratch ruby and very perma-
nent. Carborundum is largely used as an abrasive, the
crystals being crushed in edge runners, washed with
water and acid, dried, and graded by sieving. In this
condition it is molded in a great variety of forms. It
is also employed in the manufacture of steel as a sub-
stitute for ferro-silicon, and in the manufacture of
graphite.

Curbon Disulplide.—One of the most ingenious as
well as one of the most recent chemical applications of
electricity is in the manufacture of carbon disulphide
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(carbon bisulphide; bisulphide of carbon; CS,), a sub-
stance which was discovered by Lampadius in 1796,
and which has been heretofore manufactured by pass-
ing the vapors of sulphur over coke or charcoal which
has been heated to a ‘“cherry red” in retorts made of
cast iron or glazed earthenware. The further steps in
the process are for the purpose of purifying the car-
bon disulphide by removing uncombined sulphur, hy-
drogen sulphide, sulphur dioxide, and other foreign
bodies which may be present, and this is decomplished
by condensation in towers, washing in water, treatment
with chemicals, such as lead acetate, caustic soda, milk
of lime or anhydrous copper sulphate, mercury or meu-
curie chloride, and redistillation. For certain uses the
presence of certain of the impurities adds to the effi-
ciency of the material, and in such cases the methods of
purification alluded to are dispensed with. Owing to
the corrosive action of the heated sulphur vapors and
their products, but few materials can be employed in
the construction of retorts, and those which have been
used have been short lived, so that the manufacture has
not only been conducted in a discontinuous manner, but
the renewal account has been large.

In the electric process of Edward R. Taylor, which
was put into operation in 1900 at Torrey, N. Y., sev-
eral sets of carbon electrodes are introduced into the
base of a stack furnace and connected by a bridge con-
sisting of broken coke or other conductive carbon,
while the body of the stack is filled with charcoal.
Sulphur is fed in by suitable ports so as to cover the
electrode faces when, as the current is passed through,
it becomes melted and vaporized. At the same time
the charcoal is heated above the electrodes, and reaction
with the sulphur occurs. From the construction of the
furnace, the heat rafliated through the walls of the
stack is utilized in heating the sulphur to the melting
point, and the heat resident in the carbon disulphide
vapors is largely utilized in heating up the charcoal as
the latter descends the stack. The process is a contin-
uous one, and the current may be regulated either by
the amount of conductive carbon introduced into the
furnace or hy reducing the working surfaces of the
electrodes by partly submerging them in the molten
sulphur. '

Carbon disulphide is extensively used as a solvent
and extractive agent, as it dissolves sulphur, phosphorus,
iodine, rubber, camphor, wax, tar, resins, and nearly
all oils and fats, It is a germicide and insecticide and
is very largely used by transportation and storage com-
panies for the destruction of weevils in wheat, and other
insect pests, and by farmers for exterminating mice,
rats, prairie dogs, gophers, and other subterranean ani-
mals that damage the crops. It is employed in the
manufacture of thiocyanates, carbon tetra-chloride,
sulpho-carbonates, viscose, rubber cement, and in or-
ganic preparation work, and for prisms.

Phosphorus.—Heretofore phosphorus has been pro-
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duced from burnt bone or mineral phosphates by treat- -

ing them with sufficient sulphuric acid to convert part
or all of the caleium present into calcium sulphate and
the phosphorus contents into caleium metaphosphate or
eventually into phosphoric acid, and reducing these
Jproducts by charcoal. ’
| Quite long ago Wohler suggested that the manufac-
ture be carried out by heating the calcium phosphate,
euch as exists in burned bones or rock phosphates, with
sand and carbon, by which a reaction of the following
. nature may be realized:
2Ca,(PO,),+68i0,+10C=6CaSi0,+10CO+P,;
but until recently it has been impracticable to use this
simple process on account of the high temperature re-
quired. This difficulty is now met in the electric fur-
nace, and at present the electric production of phos-
phorus is on a profitable basis. In the continuous
process of Readman, Parker, and Robinson, 100 parts
of caleium phosphate, 50 parts of sand, and 50 parts of
coke are intimately mixed and heated in a tightly cov-
ered electric furnace provided with an outlet pipe lead-
ing to a condenser and a tap hole. The phosphorus
volatilizes as it is liberated, and, together with the car-
bon monoxide, passes to the condenser, where the phos-
phorus condenses and is collected in water. The
residue of calcium silicate and foreign bodies fuses to a
slag and is tapped off at intervals, fresh charges of the
phosphate mixture being introduced into the furnace
without interrupting the electric current.

The phosphorus as first produced is contaminated
with sand, carbon, clay, and other impurities, and this
crude phosphorus is purified by melting under warm
water and straining through canvas, or by redistillation
from iron retorts. For final purification it is treated,

~when molten, with a mixture of potassium dichromate
and sulphuric acid, or by sodium hypobromite. Theo-
retically, 100 parts of Ca,(PO),), should yield 20 parts of
phosphorus, but in practice with the electric furnace
only about 17 parts are recovered.
much more than the yield given by the older process, in
which part of the phosphate was converted into caleinm
metaphosphate; there the maximum yield on the origi-
nal phosphate was but 11 parts in 100.

- Phosphorus is used in the manufacture of friction
matches and fuse compositions; for making rat poison;
and as a source of phosphoric acid and other phospho-
rus containing compounds that are used in medicine and
in the arts. As phosphorus is a very active reducing
agent, ithas found some application in the precipitation
of the precious metals and in electrotyping.

Other Products.—As an evidence of what may be ex-
pected in the future, attention is called to the fact that
hydrogen sulphide (which may be burned to produce
sulphuric acid), white lead, chromic acid from chromium
sulphate, and lampblack from acetylene are being made
by the aid of electricity. Especial activity is to be
looked for in the field of organic chemistry. So long

This is, however,-
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ago as 1849 Kolbe' electrolyzed alkaline salts of fatty
acids, obtaining hydrocarbons, and since then halogen
derivatives of the hydrocarbons have been made from
organic salts or alecohols and haloid compounds; chloral
from alcohol and potassium chioride; mono and dich-
loracetones and monobrom acetone from acetone and
hydrochloric or hydrobromic acid; azoxybenzene, azo-
benzene, hydrazobenzene, henzidine, and anilin from
the reduction of nitrobenzene; piperidine by the reduc-
tion of pyridine in acid solutions; and vanillin and
heliotropine from the ozonization of eugenol or oil of
cloves; and many other laboratory reactions. Accord-
ing to Swan? the manufacture of iodoform, vanillin,
chloral, azo and hydrazo compounds, oxidation products
of fusel oil, dyestuffs of the triphenylmethane type,
anilin blue, anilin black, Hofmann’s violet, alizarin,
Congo red, oxidation products of the alcohols, sulphonic
acids, piperidine, dihydroquinone, benzidine, and ami-
dophenol have already been produced abroad by electro-
chemical means, and that at least the first five are being
so0 produced on a commercial scale.
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Group XI.—DYESTUFFS.

Under the classification ‘‘dyestuffs and extracts”
reports have been rendered for the two previous cen-
suses, As the sources of much of the natural raw
materials of the two industries and the methods for
their treatment are in many respeets similar, both dye-
stuffs and tanning materials were embraced in this

1Liebig’s Annalen, vol. 69, page 259. 1849.
27, Chem, Soc., vol. 20, page 668; 1901,
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classification. Combining the returns of the census of -

1900 in the same manner we have the following com-
parison:

COMPARISON OF DYESTUFF AND EXTRACT FACTORIES:
1880 TO 1900.

Number
A Wage- | Value of
YEAR, 112%1%?335 Capltal. | o'nars, | produet.
1880 - eenmenen s s 41 | 82,363,700 992 | $5,253, 088
T80, o cmme et naas 62 | 8,645,458 2,802 | 9,292,614
1900n s oI 771 7830034 | 2,094 | 7,350,748

This comparison shows a gain of 76.9 per cent in the
value of the product for 1890 over that for 1880, and a
loss of 20.9 per cent in the value of the product for 1900
as compared with that of 1890. Considering the general
character of trade conditions in 1900 and the activity of
the dyeing and tanning industries, it is believed that this
falling off is not real, but that it is due to a difference
in rulings as to the category in which certain of the
products reported should be put. For instance, the
chrominm compounds are used in dyeing, in tanning,
for paints, and as chemicals in many arts, ‘Where shall
they be classified? Again, citric, lactic, tartaric, and
other acids are used in calico printing and in other arts.
Shall they be classified under acids or under dyestuffs?
Questions like these continually arise, and they will
necessarily be settled, to a certain extent, in different
ways in the different censuses. The endeavor in the
present report has been to classify substances as chem-
jcals in the categories of acids, sodas, potashes, alums,

cyanides, and fine or heavy chemicals unless they very
distinctively belonged in one of the other categories in
the scheme of Cl'LSSIﬁGELthn

Another cause might arise from an extension of the
work and an increase in the output of an establishment,
if that inerease took place in another industry, for the
return would be classified under the prineipal product.
Thus, if in 1890 an establishment were grinding sumac
leaves part of the time and wheat part of the time, and
the value of the ground sumac in 1890 exceeded that of
the flour, the establishment would in that year have
been classified under ¢ dyestuffs and extracts;” but if
in 1900 the value of the flour exceeded that of the
sumac, the returns would be classified under ““food and
kindred produects.” As a rule these variations tend to
balance one another and to give a result that is a close
approximation to the true one, but in certain instances
this may not be the case, though in each census they
all appear in the final summation.

Taking the returns thus assembled, the geographical
distribution of the dyestuff and extract industry is pre-
sented in the following table:

GEOGRAPHICAL DISTRIBUTION OF DYESTUFF AND
EXTRACT FACTORIES: 1900.

Néumb%r W Value of |P t
of estab- : age- alue o er ¢en
BTATES. lsh- | C2pital. | oprmers,| product. |of value,
ments,
United States ...... 77 | $7,839, 084 2,094 { 87,350,748 100.0

New York.....oooeeonnnn 19 | 2,548,136 562 | 2,111,811 28.7
Massachusetts 10 692, 510 66 | 1,320,881 18.0
Pennsylvunm 12| 1,778,178 861 [ 1,209,246 17.8
New Jersey.. 10 91, 916 172 502, 798 6.
Virginia.. ... 8 385,904 271 479,372 6.
West Virginia 5 272 192 98 245 754 3
Cnll[ornm Connecticut,

Florida, Ilinois, Ken-

tucky, ’\Iame Michi-

gan, Rhode Iqlfmd and .

TeINessee . . vmruunnress 131 1,670,208 674 | 1,420,886 19.8

A clearer idea of the dyestuffs industry may be ob-
tained by separating the statistics for this industry from
those rendered for tanning materials and by combining
with them the data from those schedules in which dye-
stuffs have appeared as a minor product and which have
therefore been sunk in another classification. There
have been 72 establishments found in which such man-
ufacture is carried on and the product is shown in the
following table:

TOTAL'PRODUCTION OF DYESTUFFS IN THE UNITED
STATES: 1900.

Number
CHARACTER OF PRODUCT. °f1‘f§f1‘fb' (%gﬁ%gg_‘ Value.
ments,

TOLALe e eeeiaerereeennccrmnnienanannas 72§ 61,209,281 | $6,868,006
Natural dyestuffs .ooeeiienniieniiinannian, 21 48, 245, 628 8,435, 808
Artificial dyestuffs . 82 7 698 486 2,280, 899
Mordants ......... 6 734, 000 85,466
Tron liquor..... b 3,844, 568 32, 065
Red HQuoTe e ceceicireiiior v iciecrnenens B 707,040 7,840
Other Produets. ... ovemesinevssenareeennens 3 479, 560 96, 428

There were consumed in the manufacture 51,955 tons
of logwood,of a value of $1,084,746; of fustic 8,104
tons, of a value of $51,586; of cutch 798,508 pounds, of
a value of $61,697; of indigo 109,034 pounds, of a value
of $125,069; of yellow oak bark 4,907 tons, of a value
of $29,451; of anilin dyes 1,784,717 pounds, of a value
of $840,229; of alizarine and other coal tar colors
1,417,325 pounds, of a value of $338,317; of logwood
extract 2,364,792 pounds, of a value of $163,408; and of
wood for the manufacture of iron liquor 2,838 cords, of
a value of $9,629; besides small amounts of nicwood,
quercitron, turmeric, quassia, persian berries, myra-
bolans, gambier, sumac, nutgalls, quill-bark and oils, and
other materials for assistants and mordants.

Coloring matter obtained from vegetable or animal
substances have been used in coloring textiles from pre-
historic times, and as they were supposed to exist ready
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formed in the organism, they became known as natural
dyestuffs. Prominent among. natural dyestuffs is the
coloring matter obtained from logwood and known as
“ hsematein.” The color-forming substance (or chromo-
gen), heematoxylin, exists in the logwood partly free
and partly as a glucoside. When pure, heematoxylin
forms nearly colorless crystals, but on oxidation, espe-
cially in the presence of an alkali, it is converted into
the coloring matter hematein, which forms colored
lakes with metallic bases, yielding violets, blues, and
blacks with various mordants. Logwood comes into
commierce in the form of logs, chips, and extracts.
The chips are moistened with water and exposed in
heaps so as to induce fermentation, alkalies and oxidiz-
ing agents being added to promote the ‘“curing” or
oxidation. When complete and the chips have assumed
8 deep reddish-brown color, the decoction is made
which is employed in dyeing. The extract offers con-
venience in transportation, storage, and use. Itisnow
usually made from logwood chips that have not been
cured. The chips are treated in an extractor, pressure
often being used, but a pressure above 15 pounds to
the square inch is to be avoided, as it may cause a
decrease in the coloring power of the product. The
liguor is settled to remove fibers and resin, and evap-
orated in a vacuum pan to a density of about 50° Tw.,
or it may be continued until a solid extract is obtained
on cooling. The yield of solid extract produced with
pressure is about 20 per cent and without pressure
about 16 per cent. The extract is sometimes adulter-
ated with chestnut, hemlock, and quercitron extracts,
and with glucose or molasses. Reynolds & Innis made
““dyestuffs” at Poughkeepsie, N. Y., in 1816. Brown-
ing and Brothers made extracts in Philadelphia in 1834.

Fustic is the heart wood of certain species of trees
indigenous to the West Indies and tropical South Amer-
ica. Itis sold as chips and extract, yields a coloring
principle which forms lemon-yellow lakes with alumina,
and is chiefly used in dyeing wool. Young fustic isthe
heart wood of a sumac native to the shores of the
- Mediterranean, which yields an orange-colored lake
with alumina and tin salts.

Cutch, or catechu, is obtained from the wood and pods
of the Acacia catechu, and from the betel nut, both
being native in India. Cutch appears in commerce in
dark brown lumps, which form a dark brown solution
with water. It contains catechu-tannic acid, as tannin
and catechin, and is extensively used in weighting black
silks, as a mordant for certain basic coal-tar dyes, asa
brown dye on cotton, and for calico printing.

Indigo, which is obtained from the glucoside indican
existing in the indigo plant and in woad, is probably one
of the oldest known dyestuffs. It is obtained from the

plant by a process of fermentation and oxidation, the
" yield being from 0.2 to 0.8 per cent of the weight of the
plant. Indigoappears in commerce in dark blue cubical
cakes, varying very much in composition as they often

‘alkalies, they pass into indigo.
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-contain indigo red, and indigo bhrown (which affect the

color produced by the dye), besides moisture, mineral
matters, and glutinous substances. Thus Java' indigo
contains froni 70 to 80 per cent of the pure color; Ben-
gal, 60 to 70 per cent; and Kurpah, 80 to 55 per cent.
It has been found that ‘‘lots” of natural indigo sold ag
one quality varied in themselves, and that samples drawn
from the same chest and identical, so far asappearances
went, differed as much as 7 to 8 per cent in their contents
of pure indigo. Powdered indigo dissolves in concen-
trated fuming sulphuric acid, forming monosulphonic
and disulphonic acids. On neutralizing these solutions
with sodium carbonate and precipitating the indigo car-
mine with common salt there is obtained the indigo
extract, soluble indigo, and indigo carmine of com-

_merce. True indigo carmine is the sodium salt of the

disulphonic acid, and when sold dry it is called *“indigo-
tine.” Alexander Cochrane made extract of indigo at
Lowell, Mass., in 1849.

~One of the most important of the recent achieve-
ments of chemistry is the synthetic production of indigo
on a commercial scale. Ior some years approaches
have been made, as in the case of what was known as
‘“ propiolic paste,” containing about 25 per cent of
o-nitrophenylpropiolic acid, which was used for a time
in calico printing, but abandoned because of the un-
pleasant odor which was developed in the process, and
which persistently adhered to the goods, and because
the blue color produced was slightly gray in shade, and in
the case of Kalle’s artificial indigo prepared from o-nitro-
benzenc chloride. The synthetic indigo now made by
the Badische Anilin und Soda Fabrik is manufactured
by the Heumann® process (D. R. P. 91202). Starting
with naphthalene, the cheapest and most abundant of
the coal-tar products, by treatment with highly con-
centrated sulphuric acid, phthalic acid is obtained.
This phthalic acid is converted into phthalimide by the
use of ammonia; the phthalimide is converted to
anthranilic acid by means of sodium hypoehlorite; the
anthranilic acid is united with chloracetic acid to form
phenylglycocollorthocarboxylic acid; by fusing this last
mentioned acid with caustic soda, indoxyl or indoxylic
acid is formed, according to the existing conditions,
and when these are oxidized by air, in the presence of
In this manufacture
10,000 tons of naphthalene, over 1,200,000 pounds of
ammonia, 4,500,000 pounds of glacial acetic acid, and
10,000,000 pounds of salt are consumed. The recov-
ery of the 40,000 tons of sulphur dioxide, which
occurs as a hy-product in the treatment of the naph-
thalene with sulphuric acid (which is the first step in
the process of making indigo) is an important matter,
and the recently perfected contact process for its con-
version into sulphuric acid for reuse comes in most
opportunely.

1J. Frk. Inst., vol. 163, page 50. 1902,
¢J, Am. Chem. Soc., vol. 23, page 911.

1901,
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Lachman says:*

The present annual production of synthetic indigo has not been
given to the publie, but from the data obtainable it can not be far
from 3,000,000 pounds, abeut one-fourth of the world’s supply. It
iz going to be a question of business rather than of manufacture
when the indigo factories will have supplanted the indigo flelds.
Some of the ahove calculations will give a faint idea of the purely
commercial side of this stupendous undertaking. The ‘Badische’
has already invested over $4,500,000 in the plant and the prelimi-
nary experiments.

Although mineral dyes such as prussian blue, chrome
yellow, orange and green, and iron buff, or nankin yel-
low, have long been used, artificial dyestuffs assumed
preponderating importance with the discovery of the
lilac color mauwwe by Perkin in 1856, and fuchsine or
magenta by Verguin i 1859, for with each succeeding

year other colors have been discovered, until at the-

present time there are several thousand artificial organic
dyes or colors on the market. Since the first of these
were prepared from anilin or its derivatives the colors
were known as ‘““anilin dyes,” but as a large number
are now prepared from other constituents of coal-tar
than anilin they are better called *‘coal-tar dyestuffs.”
There are many schemes of classification. Benedikt-
Knecht? divides them into I, aniline or amine dyes; II,
phenol dyes; III, azo dyes; IV, quinoline and acridine
derivatives; V, anthracene dyes; and VI, artificial
indigo.

Of the anthracene dyes, the alizarin is the most im-
portant, since this is the coloring principle of the madder.
The synthesis of alizarin from anthracene was effected
by Griibe and Liebermann in 1868, but a commercial
process for its production was not developed until some
years later, when it was worked out by the above-named
chemists in conjunction with Caro, though the process
was discovered simultaneously by Perkin. Schorlem-
mer? said in 1894: **Griibe and Liebermann’s discovery
produced a complete revolution in calico printing,
turkey-red dyeing, and in the manufacture of madder
preparations sooner than was expected. Madder finds
to-day only a very limited application in the dyeing of
wool. Twenty years ago the annual yield of madder
was about 5,000,000 tons, of which one-half was grown

in France, while ten years ago the whole export from

Avignon was only 500 tons.”

It is to be observed that the quantities of substances
like indigo, coal-tar dyes, alizarin, and the like re-
ported as consumed in the United States in the further
manufacture of dyestuffs are less than the amount of

Loc. cit.
? Chemistry of Coal-tar Colors.
% Rise and Development of Organic Chemistry, page 248,

these articles that is imported; but this follows natu-
rally from the fact that a large, and in some instances tho
largest, part of this material goes directly to the dye
works and print works, while there is recorded here
only such as is the subject of further manufacture be-
fore being offered for sale. As much of the material is
made up in the dye and print works into other composi-
tions of matter before being used, a complete summary
of the dyestuff manufacture of the country would em-
brace also the manufacture at this point of consumption,
but such data are not at command.

In textile dyeing and printing, substances called mor-
dants are largely used, either to fix or to develop the
color on the fiber. Substances of mineral origin, such as
salts of aluminum, chromium, iron, copper, antimony,
and tin, principally, and many others to a less extent, and
of organic origin, like acetic, oxalie, citrie, tartaric, and
lactic acid, sulphonated oils, and tannins are employed
asmordants. Inall technologies and treatises on dyeing
and printing the mordants are regarded as of equal im-
portance withthe coloring matters, and from this stand-
point they are properly included in a census of the
dyestuffs industry; but in the larger scheme of the
chemical industries, such as is now under consideration,
the point of view will necessarily be different, and there-
fore when a substance like alum or copperas or tannic
acid is a distinctively chemical substance and is applied
to other uses than in dyeing or printing, it is classified
in its proper category under acids, bases, or salts, but
when a substance is a composition of matter and is used
exclusively or principally as a mordant it is embodied
under that heading in the table given above.

Iron liquor, known as black liquor or pyrolignite of
ivon, is made by dissolving serap iron in pyroligneous
acid. It is sold as a dirty olive-brown or black liquid,
having a density of about 25 Tw. (1.12 sp. gr.) and con-
sists mainly of ferrous acetate with some ferric acetate
and tarry matters. It is used as a mordant in dyeing
silks and cotton and in calico printing. It was manu-
factured by James Ward, at North Adams, Mass., in
1830.

Red liquor is a solution of aluminum acetate in acetic
acid, and is produced by acting on calcium or lead
acetate solutions with aluminum sulphate or the double
alums, the supernatant liguid forming the red liguor.
The red liguor of the trade is often the sulpho-acetate
of alumina resulting when the quantity of calcium or
lead acetate is insufficient to completely decompose the
aluminum salt. Ordinarily the solutions have a dark-
brown color and a strong pyroligneous odor. It is
called red liquor because it was first used in dyeing
reds. Itis employed as a mordant by the cotton dyer
and largely by the printer.

A I
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IMPORTS FOR CONSUMPTION DURING THE YEARS ENDING JUNE 30, 1891~1900.

1 z
EXTRACTS AND DECOC- :
LOGWOOD. TIONS OF LOGWOOD AND CAMWOOD. FUSTIC. ALL CTHER DYE- CUDBEAR.
YEAR, OTHER DYEWQODS,

Tons, Value, Pounds, Value. Tons. ‘Value. Tons, Value. Tons, Value. Pounds. Value,
84,381 #1,842, 954 3,282, 227 $275, 802 9,100 $132, 841 1,002 $28, 069 402, 241 $37,889
60,297 1, ?33, 592 4,227, 0!7 3‘2-’), H76 8,490 125, 067 2,527 50,181 276, 690 24,597
56, 404 1,218, 934 3,757, 259 287,723 10, 293 165, 807 479 8,978 320, 348 25,817
53, 709 1,313,376 2,817,451 196, 397 , 765 126, 309 347 4,426 151,121 12,666
60, 683 1,478,618 8,560, 277 261, 762 (.:», 299 &9, 696 553 12,380 148, 024 13,129
06,074 | 1,522,000 | 4,910,175 7,120 6, 832 90,8% || 1,155 18583 | 1185617 9,256
33,462 611, 01 5, 459, 302 277,798 7,918 102, 472 0639 8,327 66, 804 4,902
46,977 744,135 8,664, 623 232, 986 9,923 137, 666 2,726 23,476 66, 795 4,795
37,518 547, 834 3,118, 558 207, 406 9,198 321, 665 8,834 103,276 36,487 2,919
48,190 6"3 464 3 420, 276 227 527 4,440 60, 886 90 067 205 351 61, 805 8,944

ORCHIL
: : . SUBSTI- || MADDER AND MUNJECT,
G“mﬁgogfc [EREA CRUDE INDIGO. INDIGO CARMINE, || FXTRAGTROR PASTES | “pypy OR INDIAN MADDER, || o, 9%
YEAR ' * INDIGO. || GROUND OR PREPARED. || ¢700m

Pounds. Value, Pounds. _ Value, Pounds. | Value Pounds, | Value. | Value. Pounads. Yalue, Value,

07,610,594 | §1,343,604 || 2,080,500 | 1,600,865 | 98,175 | 33,145 | 881,969 673,260 | $39,808 || 881,074

25,808,485 | 1,069,043 2,460, 635 1,772, 506 23, 600 28, 636 826, 887 D1B, 786 52, 063 68,779

35 762 646 | 1,305,468 3,226,814 3,137,511 29, 687 35,304 || 1,317,835 653,779 61,720 64,928

26, 408 458 981, 328 1,717, 635 1,218, 580 12, 504 16,907 829, 38 262,563 17,5676 48,2356

29 022, 603 963, 265 3,411, 539 1,940,250 26,178 88,406 605, 750 829,477 18, 541 b9, 817

32 343 256 | 1,108,611 2,707,928 1,571,018 34, 967 42,369 590, 664 318,313 15,746 62,831

31, 849, bbb 959, 501 3,010,005 | * 1,586,309 52,192 59,182 469,729 292, 462 12, 063 38, 965

42,833,486 | 1,021,288 3, 068, 787 1, 807, 336 25,671 26, 642 396, 760 246,218 11, 816 56, 765

38,123,478 754, 497 3 127 182 1,698, 583 17,506 17,172 254, 531 280, 08L 12,208 45,494

88, 857, 5156 906, 282 2 741,043 1, 446 490 18,204 15 767 251, 538 120,736 5 869 47,134

. ALIZARIN, NATURAT, OR
SAFPLOWER ARTIFICIAL AND DYES || COAL-TAR
AND EX COMMERCIALLY KNOWN || COLORS OR || ALIZARIN ASSIST-
TRACT OF, SALTS OF || AS ALIZARIN YRLLOW, || DYES nor || ANT OR SOLUBLE ALIZARTN A8-
SAFFRON COCHINEAL. O1L OF ANILINE. ANILINE, || ORANGE GREENJ B‘LUI:} SPECT ALy || O« OROLEATE OF i| SISTANT, ETC,,
YEAR, . BROWN, AND BLACK, In-|| PROVIDED || BODA; OF TURKEY ALL OTHER,
CAKE, CLUDING EXTRACT OF FOR,
- MADDER,
alueonly.|| Pounds, | Value. | Pounds, alue. |[Valueonly.| Pounds, alue, alueonly.| Gallons, |Value. || Pounds. | Value.
Val 1 pe ds. | Val P d. Val Val 1 P a: Val Vel 1 Gall Val B ds. | Val
$44, 598 86, 797 919, 935 1,489,908 | $299, 662 $718,732 8,443,167 $674,101 || $1,682, 642
56,801 230, 039 | 55, 883 1,428,070 | 253,248 536,477 4,838,220 | 1,029,122 1,640,024
27,697 215,512 | 52,572 168, 539 432,134 5,729,221 | 1,125,506 2,322, 258
24,341 104,284 | 28,124 115,141 395,575 3,960, 079 722,919 1,429,101
16,462 130, 205 | 87,286 148, 426 548,110 5,287, 720 870, 383 2,739,938
38, 765 160, 422 A 164,288 662, 469 6,154, 150 994, 895 2,918, 332
38, 022 187,261 812, 884 6,169,018 | 1,023,425 3,163,182
52,482 158, 055 1,087, 704 5,871,962 886, 349 3,723,888
82,477 97, 563 743,130 5 226, 452 700, 786 3,900,099 .
44‘;10’ 158,911 537 812 6 009 H52 771 336 4 79" 103 k

LITERATURE.

A Practical Handbook of Dyeing and Calico Printing, by Wil-
liam Crookes: London, 1874.

History of Anilin and Allied Coloring Matters, by W. . Perkin:
London, 1879. '

Chemistry of the Coal-Tar Colors, by R. Benedikt: London, 1889,

Chemistry of the Organic Dyestuffs, by R. Nietzki: London,
1892,

The Rise and Development of Organic Chemistry, by C. Schor-
lemmer: London, 1894.

Systematic Survey of the Organic Coloring 1} \Iattels, by G.
Schultz and P. Julius: London, 1894,

Handbook of Industrial Organic Chemistry, by S. P. Sadtler:
Philadelphia, 1895.

Dyeing and Calico Printing, by Antonio Sansom, London, Vol.
I, 1895; Vol. II, 1896; Vol. I1I, 1897.

Outlines of Industrial Organic Chemistry, by F. H. Thorp: New
York, 1898,

Grour XIL—TANNING MATERIALS.

The making of leather is one of the older arts.
From the hest records attainable, according to Robert

H. Foerderer,’ it appears that the first tannery in this
country was operated about the year 1630 in Virginia.
A year or two later the first tannery in New England
was established in the village of Swampscott, Lynn,
Mass., by Francis Ingalls, and the vats used by him
remained until 1825. With the establishment of the
tanning industry necessarily came the gathering of the
tanning materials from forest and field, and subse-
quently their preparation for use, but the first mentior.
of this industry in census reports appears under the
head of ““sumac” in the report for 1850, and from this
time, except in 1880, separate returns for tanning
materials have been made in each census report, though
the methods of statementhave been so varied as to malke
comparison, except in certain items, almost impossible.
Thus in 1850, 1860, and 1870 there are the classifications .
“sumac,” “sumac bark and prepared sumae,” and
“ground sumac;” in 1860 and 1870 also, ‘‘ground

10ne Hundred Years of American Commerce, Vol. II, page
495,
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bark;” in 1870, also “‘hemlock-bark extract;” in 1890,
“dyeing and tanning extract,” and “chipped wood
and other produects of this group.”

In this report for the census of 1900 theve are in-
cluded, under “‘tanning materials,” the ground, chipped,
and other comminuted materials, and the extracts ob-
tained from oak bark and wood, hemlock, sumac, and
palmetto root, together with the chrome solutions that
are employed in tanning. Under this classification, and
taking into account establishments not in the chemical
classification of the census, but which produce tanning
materials in addition to other products, like drugs or
leather, 39 establishments were reported, employing
$2,107,040 of capital and 700 wage-earners, and produc-
ing $1,899,220 of product. They were distributed as
follows:

GEOGRAPHICAIL DISTRIBUTION OF FACTORIES PRODUC-
ING TANNING MATERIALS: 1900.

Number
" Wage- | Value of | Per cent
STATES. l;)sfh?.‘lsl?l‘l)t& Capital. | ogrrers, product, | of total,
United States...... 39 1$2,107,040 700 81,899,220 100, 00
Virginia c.ooieviinnnnnnn, 8 385, 904 271 | 479,372 25,33
Pennsylvania.. . 8 566, 869 108 357 462 18,82
New York...... 4 341,870 90 295 356 15,55
West Virginia.. 4 270,192 90 ‘232 366 12.23
New Jersey . 6 94, 762 27 181 800 9,67
Massachusetts Maryland
Florida, Tennessee, '
Kentucky, Illinois, .
Michigan, and Califor-
S L 91 447,443 119 | 352,865 18.50

There were 23 establishments employing $1,055,665
of capital and 351 wage-earners in the manufacture of
tanning materials from the oak. There were used of
oak and chestnut oak 86,897 cords of bark, of a value of
$265,557, and 34,871 cmds _of wood, of a value of
$92,252, and there were produced of ground bark
29,948,237 pounds, having a value of $186,381, and of
extract, 34,673,997 pounds, having a value of $661,119.

There were 10 establishments employing $586,681 of
capital and 156 wage-earners engaged in the manu-
facture of tanning materials from the hemlock. There
were used of hemlock bark 43,566 cords, having a value
of $210,930, and there were produced 85,591,329 pounds
of extract, of a value of $572,882, whereas in 1870 (the
only previous record at command) 2 establishments
were reported employing $85,000 of capital and 37
wage-earners, and having a product valued at $185,300.

There were reported 11 establishments employing
$333,648 of capital and 105 wage-earners engaged in
the manufacture of tanning materials from sumac.
There were used of sumac leaves 11,538 tons, having a
value of $21+,353, and there were produced 9,528,800
pounds of ground sumac, valued at $114,660, and
8,102,742 pounds of sumac extract, valued at $215,677.
This output is compared with data accessible in pre-
vious census reports in the following table:

MANUFACTURES.

PRODUCTION OF SUMAC, BY DECADES: 1850, 1860, 1870,

AND 1900.
‘Nrunib%r v Val
- of estab- N Wage- alue of
YEAR lish- Capital. earng(':rs. product,
ments.
9 $15, 550 25 $36, 731
4 11,700 12 16, 850
19 167, 450 85 207 180
11 338,648 105 360 337

There was produced of chrome tannage solution, as
reported, 1,837,134 pounds, of a value of $52,516, hut
it is probable that much of this material produced and .
consumed in tanneries is not accounted for. Besides
these materials there was a quantity of tannicacid from
nutgalls and other sources reported, but this is more
properly classified and treated of under acids.

The sources of tannin in nature are very numerous.
Bernadin, in his book,* treats of 350 different vegetable
sources. Mineral salts have also been employed as tan-
ning agents, while more recently still the electric cur-
rent and organic compounds, such as formaldehyde,

“have been employed to convert hides or skins into

leather. The tannin which exists in or is produced
from vegetation varies with the genus and the species,
and even, it is believed, with the part of the plant from
which it is obtained. Trimble? classifies the tannins as
follows: Group «, gallo-tannicacid; chestnut-wood tan-
nin; chestnut-bark tannin; pomegranate-bark tannin;
sumac tannin. Group b, oak-bark tannin; mangrove
tannin; canaigre tannin; rhatany tannin; kino tannin;
cetechu tannin; tormentil tannin. According to the
prevailing views, tannin is a glucoside and the tannic
acid obtained from it is digallic acid. Gallnuts are the
richest in tannin contents of any vegetable source,
amounting to upward of 50 per cent, but the sources
of tanning materials reported as used in tanning in the
United States are oak and hemlock barks, oak wood,
sumac leaves, and palmetto root.

Oalk and Hemlock.—The bark and the wood are chip-
ped fineand sold in this form for making the tan liguor,
or they are treated to extract the tannin and other prin-
ciples, and this extract is put upon the market. For
maki, g leather it has been found essential that the aque-
ous extract shall contain sugars, gums, resins, and col-
oring matters as well as tannin, since the above-men-
tioned substances play an important part in the conver-
sion of the hides into leather. According to Hough,?
the yield of bark is 3 cords per acre, and 4 to 6 trees
yield a cord of bark.

Sumac.—The sumac stands next in importance to the
hemlock as a source of tanning material in the United
States. It is obtained from several species of the
Rhus, but chiefly from the . glabra and E. tyhina.

18ee Literature at the end of this group.
*The Tannins, Vol. 11, page 132.
$ Report upon Fo1estry, page 145.
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The sumac best suited for tanning and dyeing purposes
grows wild in a belt of country extending from Mary-
land down through the Atlantic states to Georgia,
Alabama, Mississippi, Louisiana, and Texas, and in
portions of Kentucky and Tennessee. The northern
climate appears too cool for developing the tanning
properties of this plant to the best advantage, although
in the past large quantities of the leaves gathered in
Pennsylvania and New York have been sold to tanners
of goatgkins, who put them in vats to strengthen and
keep the sewed skins from leaking, and they have been
used by many tanners to brighten the color of their
leather. ‘

According to Hough,* in 1877 the state of Virginia
led in the production of sumac, and the business of
collecting, grinding, and packing was carried on at
Richmond, Fredericksburg,
Winchester, and perhaps other places. According to
Bernadin,® in 1880, 6,000 tons of American sumac
were annually. brought into the market, principally
from Alabama, Tennessee, Kentucky, and, above all,
Virginia. Sumac leaves contain 24 per cent of tannin,
but a sample of Rhus glabra from Georgetown, D. C.,
went as high as 26,10 per cent in tannin contents.

The season for picking sumac begins about the first
of July and ends the last of September, or with the
first frost, for when the leaves turn red in the autumn
they are no longer of value. The tanning properties
of the sumac reside in the leaves, and only these should
be gathered.  The differences existing in various sam-
ples of sumae is found often to be due to the care with
which the leaves were gathered and dried. The blos-
soms and berries, ag well as the stems, should be thrown
out-and the leaves should be dried in the shade. When
cured, the sumac is ground in mills under heavy wooden
wheels, revolving in circles, at the ends of axles attached
horizontally to a vertical shaft. These grinding wheels
are inclosed in a tight covering to prevent the escape
of the dust, which arises quite abundantly. John G.
Hurkamp began grinding sumac at Fredericksburg,
Va., in 1847,

Palmetto Root.—The palmetto root is a source of
tannin which has attracted attention in recent yearsin
the South. It is found abundantly in Florida, and
grows in'Alabama, Louisiana, and Tennessee. It shows
10 per cent of tannin and the root can be cut up like
bark. The tannin from this source produces tough
grain and strong, durable leather. It tans rapidly,
giving a pleasing light color, toughness, and pliability,
and is a good filler of leather. There was but one fac-
tory reporting palmetto extract at the census of 1900.
The extract is put up in barrels containing 52 gallons,
and a gallon weighs about 104 pounds.

Toanning Frtracts.*—“The use of extracts in tan-
ning has grown to large proportions during the past

I Report upon Forestry, page 153.
2 Classification de 350 matieres tannantes, page 23.

Alexandria, Culpeper,
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fifteen years. There are many advantages in the use
of such extracts. The liquids are always under perfect
control; that is, by putting in so much extract the
quantity of tanning material is known. It does away
with the storing of large quantities of hark, as 1 bar-
rel of extract is equivalent to about 1 cord of bark—
128 cord feet. Where space costs money, this is quite
an item, and it also saves interest and insurance on the
bark.

““There is no difference in the fiher produced by bark
liquors and pure tanning extracts, as properly prepared
extract is nothing more than concentrated liquor.
Tanning extracts in common use in the United States
are made from chestnut oak bark, chestnut oak wood,
chestnut wood, hemlock bark, quercitronbark, canaigre,
and sumae. Black oak bark extract is used to give a
bloom to leather, and coloring or dyeing extracts are
made from logwood, fustic, and from a large number of
other materials.

‘“The chestnut tree, after it is felled is peeled of the
bark, which is objectionable on account of the coloring
matter which it contains. The chestnut oak tree is used
as it comes from the stump, The chestnut tree and the
chestnut oak tree are cut into suitable lengths, say about
4 feet long, in the forest. These pieces are then carried
to the factory, where they are further reduced by ¢ chip-
ping’ by a machine built especially for the purpose.
This machine is a cast-steel disk 4 feet in diameter, ve-
volving rapidly, and carrying a suitable arrangement of
knives, which cut the wood into small chips. These
chips are carried to the leaches and leached or extracted
as is usual in tanneries. No chemicals should be used
in the leaches. The liquor is then run into settling
tanks, and next passed through 10 wire-cloth strainers
of the finest meshes to clarify it, after which the liquor
goes to the vacuum pan and is concentrated nunder dimin-
ished pressure ata temperature of between 120° and
140° F,

*The above-described method of settling and strain-
ing is the one in common use in the United States, and
it producesaliquor which is pure and transparent enough
to be made into an extract suitable for tanneries.

“ When the degree of heat has been carried too high
in the leaches, such liguor can only be clarified suffi-
clently by first lowering the temperature below the
coagulating point of blood and adding blood; second,
raising the temperature of the liquor sufficiently high
to coagulate the blood, which gathers up the fine sus-
pended matter and settles to the bottom of the vat or
tank, and is then still further strained. It is then con-
centrated as usual.

“ Extract, however, - made from a liquor which has
been produced at too high a degree of heat, although
clarified by blood albumen, will not produce -a satis-
factory article; that is, such an extract is not, strictly
speaking, a concenfrated liquor.

8The Manufacture of Leather, by Charles T. Davis, pages 74-77.
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“Theextract maker, it is true, obtains a larger yield or
number of pounds of finished extract from his material,
but it is at the expense of the tanner. The excessive
degree of heat in the leaches extracts not only nontan-
ning substances, which are objectionable, but destroys
also certain bodies which act favorably in the production
of leather.

“In the concentration of the liquor in the vacuum
pan, extreme caution must be ohserved as to the degree
of heat. A temperature of over 140°F. or thereabouts
produces a change in the tanning substances and in its
allied nontanning substances which is very objection-
able, and which produces an undesirable leather, not
only in color but in quality., In other words, a liquor,
although carefully made, when subjected in the pan to
a degree of heaf in excess of 140° F., or thereabouts,
yields an extract which, when diluted with water, is
not what it was before concentration It is on this
account that the multiple vacuum pans—that is, more

than one pan—can not successfully be used in the con- |,

centration of liquors or the making of extracts.

“In the use of extracts the tanner should always be
on the lookout for only the pure article, free from
adulterations of any kind. Extract is now being ex-
tensively used for sole, upper, belting, harness, union,
enameled, and patent leather, and in nearly all the cases
which have fallen under our observation giving good
results in both tannage and weight.

““There are various methods followed in the pr epma-
tion of hemlock extract, but that used by a prominent
extract company in Pennsylvania is a good one. The
bark is ground in the old-fashioned mill and is very
carefully leached in the old-fashioned way and boiled
down in the vacuum pan under the least degree of heat
that can be employed. No chemicals whatever are
used. They do not press or crush their bark to get
from it a Jarger yield, but are doing their best to give
& pure article which will produce a pure, strong, old-
fashioned liquor. They take a good, fresh 10° bark-
ometer liquorand boil it down to 274° Baumé in vacuum.
There is no other deseription than this, for this is all
they do.

‘“The manufacture of tanning extracts now closely re-
sembles the process for extracting sugar; the sliced
wood is exhausted by diffusion in autoclaves under
slight pressure, and the liquor is filter-pressed and
evaporated in some cases in triple-effect apparatus
which differs from those used at the sugar works
merely in being constructed entirely of copper and
bronze, to the exclusion of iron, and in being worked
at a higher vacuum than sugar pans are. Most manu-
facturers decolorize the liquor before concentration,
either by the addition of some metallic salt or with
albumen and hisulphite of soda. In the former case
the acid of the salt remains in the extract, and in the
latter, sulphate of soda and noncoagulable albuminoids
are retained, whilst in both cases tannin is necessarily
precipitated. The presence of salts in tanning extracts
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" is much to be deprecated, since they accumulate in the

tan pits {o the detriment of the leather.

“ Roy has shown that the so-called decolorizing proc-
esses are beneficial to the extract, not because they elimi-
nate coloring matters, for they do this in a very minor
degree, the color of the liquor after treatment being
but slightly diminished if estimated on the basis of equal-
ity of tannin content, but because they precipitate to-
gether with the first portions of tannin, certain earthy
and metallic bases, such as lime, magnesia, manganese,
iron, and copper, derived from the wood and from the
apparatus. It is these foreign matters combined with
tannin, which are taken up, by the leather, imparting bad
color and harsh and brittle grain. By substituting an
aqueous solution of potassium ferrocyanide for the pre-
cipitate previously used, Roy has succeeded in removing
these metallic compounds without appreciably decolor-
izing the extract, and finds that the leather produced
by the treated extract is in every way comparable with
that prepared with oalk-bark liqguor made in the tanyard.

It follows that tanning extracts must be examined
for salts of the alkalies and the alkaline earths and for
metallic compounds, and valued in accordance with their
content of these, as well as with their content of tan-
nin.”

John H, Heald & Co. began the manufacture of hem-
lock-bark extracts at Baltimore, Md., .in 1860; at Il-
mira, N. Y., in 1862; and at Lynchburg, Va., in 1869,

Chrome Solution.—As far back as 1856 the system of
tanning, or tawing, by the use of chrominm compounds
was discovered by a German chemist,® but all the early
experiments failed because the tannage could not be
made permanent. A remedy was finally found in the
subsequent use of hyposulphite of soda by which the
tannage was made lasting. The discovery of the rem-
edy and its successful application were made in Phila-
delphia, and the use of hyposulphite of soda for this
purpose is covered by United States letters patent
of June 28, 1888, granted to Willinm Zahn. Accord-
ing to Foerderer® the consequence of this invention
was the creation in Philadelphia of what is to-day
the largest and best equipped leather factory in the
world. In carrying out the process, the skin is first dip-
ped in a solution of a chromium salt, such as potassimm
dichromate, acidified with hydrvochlorie acid, and sub-
sequently in a solution of sodium thiosulphate or a bi-
sulphite aciditied with hydrochloric or sulphuric acid.
It appears that for 100 pounds of skins 4 to b pounds of
potassium dichromate, 2.5 to 4.5 pounds of hydrochlo-
ricacid, 8 to 10 pounds of sodium *‘hyposulphite,” and
0 to 1.5 pounds of sulphuric acid are consumed. Of
course any equivalent chromium salt may be used, and
latterly the use of other metallic radicals as coagulants
has been tried.

Considering leather as a chemical product (and it is
always treated as such in the full chemical technologies)
a notable example of the application of electricity is
found in its use in the tanning of hides and skins to con-

1 ?n?l ITundred Years of American Commerce, Vol. 11, page 497.
bi
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vert them into leather. There have been many such
electric processes invented, some employing tannin
solutions, but most of them referring to the use of
mineral tannage, with chromium, aluminum, tin, and
other metallic salts, on light skins, such as calf, goat,
and sheep. One of these electric processes, *‘ the Groth
system of rapid tannage by electricity,” has, according
to Davis,' ““so far been demonstrated in the United
States at Kansas City, Mo., where good results are
claimed for it.” Further on, in discussing electric and
other rapid tannage systems, Davis® says:

The bark methods of tanning are passing away with great rapid-
ity, extracts and chrome are taking their place, and in the larger
establishments the chemist has become an invaluable part of the
personnel of the tannery, and he is kept busy making investiga-
tions and suggestions.

The foreign commerce in tanning materials is set
forth in the following tables, compiled from the publi-
cations of the Burean of Statlstlcs of the United States
Treasury Department.

1The Manufacture of Leather, page 526.
?Ibid., page 530.

IMPORTS FOR CONSUMPTION DURING THE YEARb
ENDING JUNE 80, 1891 TO 1900.

o ¢ OF BUMAC, UNMANUFAC-

SUMAC, EXTRACT OF, squc, GROUND, 'TURED,
YEAR.

Pounds, | Value. Pounds. | Value. Pounds, | Value
2,899,028 1 $77,162 | 11,412,297 | 285,720 || 2,053,202 | 865,802
1,902,089 68,853 || 10,822,614 | 225,801 2, 841,200 60, 657
2,880,210 | 108,447 14 36‘% 022 | 289,953 3,817, 568 70,1562
1,277,609 54, 536 8, 315 551 | 191,333 970,207 21,427
1,604,024 | 53,260 || 12, 242 216 | 286,541 | 2,208,045 40,021
2,472,923 78, 504 13 349 233 | 231,324 || 1,027,824 24,861
2,907,621 | 84,150 | 18,530,104 | 245,002 || 2,117,439 30, 554
1,266, 542 48, 399 8 336,117 | 121,461 || 8,754,807 62,553
1,183, 662 38, 709 14 156,344 | 202, 606 8,011,810 42,297
1 419 827 50 2905 || 10,644, 001 283 848 i 1,048,955 20, 800

IMPORTS OF TANNING MATERIALS FOR CONSUMPTION
DURING THE YEARS ENDING JUNE 30, 1891 TO 1896.

HEMLOCK EX- || OTHER THAN Other

FENLOCK BARK., TRACTS, HEMLOCK. - articles
Hem- |in crude
lock |stateused

YEAR. and | intan-
other, | ning not
Cords. | Value. | Pounds,| Value. || Pounds, | Value,|[ value. |specially
rovided

or,value.
$274,426 || 768,710 [$14, 958 3,310 $2,603
256,846 |1.. .- ,018
241,244 67 .- 8,361
212, 350 10,630
280,948 il.. -\l 88,470 186, 629
214 891 19,045 23,499
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DOMESTIC EXPORTS OF BARK AND EXTRACTS FOR
TANNING DURING THE YEARS ENDING JUNE 30, 1891
TO 1900.

YEAR, Value, YEAR, Value,
$241,882 1/ 1896 _eoiiienii i 8354, 007
239,708 | 1 241 979
232, 269 329 994
271,236 369, 693
290, 362 376 742
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Grovp XIII.—Paints (INCLUDING VARNISHES, AND
Bowg, Ivory, aND LiAMP BLACK).

Although paints (including pigments), varnishes, and
hone, ivory, and lampblack have been separately tabu-

. lated, a large proportion of the establishments of thefirst

two classes make both clagses of products, and the product
of the last clags belongs entirely to pigmeénts; hence it
is advisable to consider them together in this special
treatment.

The following table gives a summary of the prinei-
pal totals of the three tabulations, with a final column
giving the value of that portion of the products which
really belongs to this group, the remainder belonging
to other groups and being there considered. To the
total of this column is added the value of the paint and
varnish products from other groups, Class B, and also
from other categories, Class C, so far as known, the
values of these last being of course reported elsewhere
under their respective classes, although usually not
separately. -
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SALARIED OFFICERS, T -
CLERKS, ETC. WAGE-EARNERS.
Number | oliseclle | costot | Valmeor |Froductsbe
CLASS. 1]_os he&r;te% t;s. apital. . Avernge . penses. materials. products, this group,
Number,| Salaries. number, Wages.

BN 7 72 DU 616 | $60,834,921 8,731 | $5,040, 301 9,782 | 4,971,697 || #5, 122 381 | $44,844,220 | $69,922,022 { $67,876,641
Paints .. oo ieeiiiiiiiie it iiiersranena 419 42,501,782 2, 51? 3,077,318 8,151 3', 929,787 3,480, 061 83,799, 386 50, 874, 995 48, 440, 780
Bone, ivory, and lampblack . . 15 782,247 3 650 86 46,107 ’75 678 100, 712 369, 787 869,787
Varnish....vveeeeerveraennsnnnnennnnn-s 181 | 17,550,892 1, 198 1,939,333 1,546 995,803 {| 1, 616, 642 10,939,131 18, 687,210 18, 576, 074

TOL. oo eeeeenunnrrenneennnns 22 PN AOUURR FUUSTUUTRUUUY FURURPUON FOPRTDPN | RSO IR PP 71,818,302
Class B. T T | AU U | R T | A A SO 541,802
Class C. 2 | P | PO 1‘ .................................................... 3, 894, 859

The importance of considering, in this connection, the
products of Class C is shown by the following list of
their kinds, quantities, and values:

KIND, Quantity., Value.

White lead, dry, pounds H 6, 968, 000 $289, 897
Oxides of ]ead pounds 11,626,033 812,403
Oxide of zine, poumls 60,235, 154 2,212,787
Dry colors, ounds ..... 1,394, 595 55, 460
Paintg in ol , in paste, pounds 2,594,824 255, H66
Paints, rendy mixed,gallons ....ooveeneiriaianiinaa. 1479, 995 268 756

TORL « eeeaearuemceearameananseeraneaseeennsneanee]errsrinirnens 3,394, 859

1Queantities not always given; in such cases, caleulated from the average
value of product.

There were 23 establishments of Class A and 2 estab-
lishments of Class C reported as making white lead and
oxides of lead. Including the figures of Class C, the total
quantity of white lead reported as having been sold dry
was 123,070,316 pounds, valued at $4,501,078, in addi- |
tion to which 131,621,628 pounds were reported as
having been consumed in the manufacture of other
paint products, making a total of 254,691,944 pounds.
The total quantity of oxides of lead reported as sold as
such is 62,385,656 pounds, valued at $2,862,743, in addi-
tion to which 2,080,374 pounds were reported as being
consumed, making a total of 64,466,080 pounds. The
entire paint and varnish products, sold as such, from
all sources are as follows;

KIND. Quantity. Value.
White lead, pounds ......... Carersassaneerirerannieane 123,070, 316 $4,501, 078
Oxides of lead pounds ........ . 385 656 2,862, 743
Oxide of zine, pounds 60 230 154 2,212,787
Lamp blaclk, poundq 7 519 345 420, 087
Fine colors, pounds .............................. 4,080‘ 902 1,028,754
Iron oxides and other earth colors, pounds...... 83,772, 256 324,902
colors, pounds...oo.oivieniiiiiinennnn.. 169, 198, 836 4,483,478
p colors, sold moist, pounds . 20, 060, 985 861, 531
Pmnts in oil in paste, pounds 310,072,689 | 17,858,693
Paints, ruldy mixed, gallons. 17,380,348 15 139 441
Varnishes—
0il and turpentine, gallons 14,286,758 | 14,337,461
Aleohol, gallons............ 563,21’) 9!3,069
Pvrotylm gallons . 204, 069 237,012
Liquid dryers, ete., galions .. 6,564, 370 3,085, 254
Putty, p OUNAS oo . 17 287 323 238, 427
All other PIOAUCTES. .ove e evieriiiiierainrerioneeciafoovennaceenaas 2, 778 725
0] ) PR NN PR 71,818, 802

While it is not possible to give an equally complete
list of materials, since the reports frequently give
merely an aggregate of ‘“all other materials® or report

only one or two constituents separately, the. following

list may be of interest: :
KIND, Quantity. Value.

GUMS, POUNAB. . ouvreraennnnriaiaittraeaiiaaacnans 36, 633,632 | $3,470, 095
Alcoho grain, gallons. 78, 309 17.") 907
Alcohol wood, gallons 310, 059 &J, 510
Dry colors. poundsl .................... 7 002,918
White lead, pounds .. 39, 689, 235 970 014
Whitin pnuuds 10, 690 441 65, 157
Linseed 011 gallons. . 1b, 157 117 7, 495, 196
Turpentine allons 6, 619, 408 ,ema, 051
Beuzme gul ons . 10, 081 946 1,045,488

Total .......................................................... 24, 466, 581

1Dry colors includes zing oxide, bnrytcs, earth colors, and other dry paint
materials not otherwise specified.

The growth of this industry as shown by previous
census reports is as follows, the same chemicals being
included for each census as far as comparable, although
the Census Report for 1850 has some remarkable
figures. This report gives 51 establishments making
white lead with 1,508 employes, combined capital of
$3,124,800, and a total product valued at $5,242,213,
while only 4 paint works and 8 varnish works are
reported, with a total force of 26 employees, capital
$14,550, and product valued at $92,875. These figures
seem to be erroneous, unless the *¢ white-lead works”
were really paint works, although each may have cor-
roded lead for its own use, but this too is doubtful.
This view seems to be borne out by the figures of the
next census, that of 1860, which gives white lead 386
establishments with 994 employees, capital $2,453,147,
product $5,380,347; paints 50 establishments; varnish
48; total employees 991; and capital $3,711,450; product
$286,675. Included in paints for 1860 is an estab-
lishment reported as making zinc paints, with a
capital of $1,000,000, employing 100 people, the prod-
uct being valued at $250,000. Also 4 establishments
making zinc oxide, with a combined capital of $1,2%8,000,
employing 141 people, the total product amounting to
only $226,860. Thése remarkable cases show thateven
at that early date overcapitalization was not unknown,
at least in the zinc industry, unless, as is probable, the
entire capitalization of the New Jersey zinc-mining
companies, which were then the sole producers, was
entered as being employed in the manufacture of this
by-product.
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PAINT AND VARNISH: 1850 TO 1900.

Number
: of es- : Wage- Value of
YEAR. tablish- Capital. earners, | products.
ments,
68 | $3,217,100 1,679 $6, 466, 052
164 7,402, 697 2,216 11,107,342
224 13,949,740 3,604 22, 512, 860
325 17, 333, 892 5,066 29,111,941
522 45,818,146 10, 648 54, 233, 681
615 60, 834, 921 13,513 7,376, 641

In order to make the figures for 1900 fairly-compar-
able with those of the preceding censuses, only the
establishments of Class A are taken into account, the
capital, value of products, and total number of em-
ployees, office force as well as factory workers, being
given. The tableat the beginning of this special group
report gives the true statistical position of this indus-
try, but so far as can be learned no attempt was made
in any former census to separate the products there
given under Classes B and C.

The paint and varnish industry in this country had
its beginning in the early part of the last century. In
1804 Samuel Wetherill & Son began the manufacture of
white lead in Philadelphia, followed in 1806 by Mr.
John Harrison, the founder of the present firm of Har-
rison Brothers & Co., of Philadelphia. At that time
all of the white lead used in this country was imported,
but was greatly adulterated and very high priced.
A letter from Mr. W, H. Wetherill, of Wetherill &
Brother, the successors of Samuel Wetherill & Son,
states that the American manufacture of white lead
was much opposed by the agents of the foreign manu-
facturers and that the factory started in 1804 was
shortly after destroyed by fire and that ¢ evidence was
not wanting” that this was .done ‘‘by an.incendiary
sent to this country for this purpose.” In 1808 opera-
tions were again started against heavy foreign compe-
tition, which lasted until the War of 1812 which enabled
the domestic manufacturers to get a solid footing.
From that time the business rapidly increased.

According to an article by W. P. Thompson in One
Hundred Years of American Commerce, 1895, page 436,
by 1830 there were 12 establishments in the country, of
which 8 were east of the Alleghenies. This author

gives the white-lead production of the country by dec--

ades as follows:

WHITE-LEAD PRODUCTION: 1810 TO 1890.

YEAR. Tons, YEARY, Tons.
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The manufacture of oxides of lead appears to have
begun at about the same time as that of white lead,
since by 1812 there were at least three establishments
in Philadelphia. Both processes were very simple,
litharge and red lead being made from the metal by
regulated heating in a reverberatory furnace, while the
white lead was made by the so-called Dutch process,
which is still the favorite, the product being considered
to be superior in quality to that made by any other
process. While, as in everything else, skill is required
to make a good grade of product in an economical
manner, the process itself is so simple that the large
number of white lead works reported for the census
of 1850 may be explained by the development of the
lead regions of Missouri and Illinois during the forties,
as furnishing cheaper material, together with the idea,
then probably prevalent, that anyone could make it,
since it appeared to require only pots, lead, a little
vinegar, and some spent tan bark,

The mixing of paints for sale naturally preceded the
making of white lead, but there is no information avail-
able as to the beginning of such work. The first var-
nish factory, according to an article by D. F. Tiemann,*
was founded by P. B. Smith, in New York in 1828,
another early manufacturer being Christian Schrack, of
Philadelphia, who began business as a maker of paints
in 1816. The quality of the American varnishes proved
so satisfactory that as early as in 1836 an export
trade began. In 1857 D. F. Tiemann & Co. began
making carmine from cochineal, and in 1860 soluble
laundry blue and quicksilver vermilion, these products
not having previously been made here. At present,
American paint and varnish products enjoy a large and
increasing foreign demand, and although the census
returns for 1900 show that the great increase in the cost
of materials during the census year has decreased
profits, still the general condition seems to be a satis-
factory one.

The foreign commerce in paints and varnishes for the
United States is exhibited in the following tables, com-
piled from ‘The Foreign Commerce and Navigation of
the United States,” for the years ending June 30, 1891-
1900.
1One Hundred Years of American Commerce, 1895, Vol. I, page 621.
PAINTS, PIGMENTS, AND COLORS: IMPORTS AND DO-

MESTIC EXPORTS, FOR THE YEARS ENDING JUNE 30,

1891-1900.

Imports, |Exports} Imports, | Exports,!
YEAR. vogue. vé)lue YEAR. value. value,
1891 $1,430,127 | $690,698 $1,809,041 | 880,841
1,872,052 709, 857 , 887, 944, 536
. 1, 466, 761 | 700,308 1,065,088 689,797
980, 715 825, 987 1,207,440 938, 786
1, 246 924 | 729,706 1,535,461 | 1, 213 512

1Includes carbon black, gas black, lamp black, and oxide of zine, prior to 1898
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VARNISHES, SPIRITS, AND ALL OTHER, IMPORTS AND
DOMESTIC EXPORTS FOR THE YEARS ENDING JUNE
30, 1891-1900.

IMPORTS, EXPORTS.
YEAR. E— -

Gallons, Value. Gallons. Value.
35,073 $97, 298 153, 365 $208, 285
38,737 101, 692 215, 266 203, 069
41,216 111,675 210, 0687 258 400
20, 337 B4, 746 226, 760 282, 278
39, 096 106, 927 256, 890 303, 959
40, 644 105, 551 335,979 362,975
62,665 150, 024 409,569 431,761
32,848 79, 702 308, 841 422,643
33, 227 79, 461 436,817 403, 547
43,743 103 985 588,545 620,104

Grour XIV.—EXPLOSIVES.

This industry, which, as measured hy the value of the
output, is the fifth in importance among the industries
classified under chemical products, has shown a most
promising growth during the last decade, as presented
by the returns of the Census of 1900, for 97 regular
establishments in 21 different states were engaged in
the production of explosives. These establishments
employed 19,465,846 of capital and 4,502 wage-earners,
and produced 215,590,719 pounds, having a value of
$16,950,976. They were distributed as follows:

GEOGRAPHICAL DISTRIBUTION OF EXPLOSIVES FAC-
TORIES: 1900.

' : MANUFACTURES.

up to 1860 the data of the explosives industry were for
gunpowder alone, in that year blasting powder was
included, in 1870 nitroglycerine, in 1880 dynamite, in
1900 smokeless powder, and for several of these decades,
variable small amounts of guncotton, fulminate of mer-
cury, and perhaps other explosives. The returns for
seven decades are as follows:

TOTAL PRODUCTION AND VALUE OF EXPLOSIVES, BY
DECADES: 1840 TO 1900.

Number Avernge PRODUCTS.
YEAR. of estab- | Capital. gfu‘mméé
lishments. earners, | Pounds, Value.
137 $875, 876 496 8,977,348 J.u.eeinrann.
54 1,179,223 9

' B8 2,805,700
36 4,099, 900
54 6,685, 185
69 18,689,478
97 19, 465, 846

" 08,645, 912
216,980, 719

116, 950, 976

1Thigvalueisfor the explosive substances only. When materials of all kinds
produced in these establishments are included the value-is $17,125,418,

A Dbetter idea of the industry may be had by the
discussion of each of the products so far as the statis-
tics will permit. This is done for gunpowder (blasting
powder being included in this term) in the . following
table:

PRODUCTION AND VALUE OF GUNPOWDER, BY DE-
CADES: 1840 TO 1900.

Number
Value of | Per cent
STATES. 1&%&?&% products. | of total.
United States..ccouivemniiiiiincnan, 97 | $16, 950,976 100.0
'ane, Messachusetts, Connecticut, and Ver-
....................................... 5] 654, 862 3.
New York New Jersey, Pennsylvania, Dela-
wure,Virglnia. and West Virginia......... 54 6, 846,212 40.
Alabama, Tennessee, Missouri, and Kansas, . 6 1 447 100 8,
Towa, Indiana, Illmom, Ohio, Mich:gan and '
WiSConSin ..vveviiiianrinaeniiniiaes 26 3,728,249 2.
California 7 4,274, 553 25,

These factories were most numerous in the sections
where mining or engineering operations were carried
on most extensively. Though Pennsylvania had 36 fac-
tories and the largest output was in the Middle Atlantic
states, yet Californiaalone manufactured over one-fourth
of the entire annual output, and was much the largest
producer in the United States. In addition to these
establishments 5 were reported idle, 1 in operation with
less than $500 in value of products, and 2 belonging to
the United States Government that were in active oper-
ation during the census year, making 80,000 pounds of
explosives, haying a value of $60,506.

The growth of this industry may be shown by a com-
parison of the returns at the various censuses for which
reports have been recorded. In compiling this data it
was observed that the different methods of collecting
and reporting the statistics would not permit of a com-
parison in every detail, yet so far as it can be made it is
very instructive. It was also borne in mind that while

WO G D

R .,
Number ‘%Xg%%g FRODUCT
YEAR. of estab- Capital, of wage-
lishments. earners. || Pounds. Value.
187 $875, 875 496 8,977,848 |.e.vrernnenn
54 1,179,228 579
58 2,805,700 747 3,
33 4, 060,400 939
33 4, 983, 560 1,011 8
37 9 609, 976 1,622 95,019,174 6,740,099
47 297 778 1,708 128 814 108 5 310 361

Gunpowder.—Although since the Eleventh Census
smokeless powder has come to be used for military and
sporting purposes, 1 pound, speaking roughly, replac-
ing 3 pounds of black gunpowder, yet the amount
of black gunpowder produced and consumed is still
large, and it bids fair to be so for some years to come.
This is due to several causes, among which are the
following: First, because in ordnance it is necessary to
use a priming charge of black gunpowder with which
to fire the smokeless powder. Second, because smoke-
less powder can not be efficiently substituted for black
gunpowder in the older forms of small arms that are
widely scattered over the country. Third, because
black powder is most suitable for use in fuses and in
pyrotechnics. Fourth, because smokeless powder is
too expensive, and in no way superior to black gun-
powder for saluting purposes. From the returns it is
found that in the census year there were 10 establish-
ments in 9 different states making black gunpowder,
and that they employed $3,397,288 of capital, and 556
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wage-earners, and produced 25,638,804 pounds of pow-
der, having a value of $1,452,877. In making this
there were consumed 8,614 tons of potassium nitrate
(India saltpeter), 174,810 bushels of charcoal, and
1,282 tons of refined sulphur. Abhout 6,800 tons of the
potassium nitrate were made by conversion of sodium
nitrate with potassium chloride, consuming 5,700 tons
of sodium nitrate (Chile saltpeter). The wood employed
for the making of the charcoal was willow, alder, or
dogwood, and the yield of charcoal was about 925 per
cent by weight of the air-dried wood.

‘While the composition of gunpowder may vary some-
what, the formula usually followed for black gunpowder
is 75 per cent of potassium nitrate, 15 per cent of
black charcoal, and 10 per cent of sulphur. In recent
years brown prismatic powder has been used in heavy
-ordnance of the general composition of 78 per cent of
potassium nitrate, 20 per cent of charcoal, and 3 per
cent of sulphur, in which the ‘‘charcoal” was under-
burned charcoal from peat or rye straw, or in which
carbohydrates were used, but such gunpowder has been
almost, if not completely, displaced.

The manufacture of gunpowder is a very old one,
this material having been used as a propellant in cannon
at the battle of Crecy in 1846. It was manufactured
in the United States prior to and during the Revolu-
tionary War by means of stamp mills which consisted
-of mortars and pestles of wood and bronze by which
the ingredients were pulverized and mixed, the damp
material being grained by rubbing through sieves.
This method produced not only a very coarsely made
and irregularly acting powder but it was very danger-
ous, as, for instance, according to Chaptal, in France
about one-sixth of the total stamps at work blew up an-
nually. In 1787, Cossigny introduced at the Isle de
France the practice of pulverizing and mixing the
ingredients in wheel mills. In 1791, Carny devised the
method of pulverizing in drums, wheel mills being used
for incorporating the mass. During the latter part of
- the Eighteenth century the manufacture of gunpowder
was brought to a high degree of perfection in France
by the eminent chemist Lavoisier, who had supervision
of the Government powder works.

The modern methods of manufacture in the United
States began with the founding of the works at Wil-
mington, Del., in 1802, by Eleuthére Irenée du Pont de
Nemours, who had learned powder making from La-
voisier, and who obtained from France the most ap-
proved machinery; and these works, constantly grow-
ing, have been in regular operation up to the present
time, and the methods and kinds of machinery employed
hawve been introduced into the mills subsequently erected
elsewhere in this country.

The more recent improvements have been in the
introduction of retorts for burning the charcoal, the
manufacture of the saltpeter by conversion, and the
devising of various forms of press mills. The method
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of manufacturing potassinm nitrate from sodium
nitrate by metathesis with potassium chloride was
suggested by Longchamps, Anthon, and Kuhlmann in
1859, and was adopted at the Dupont works about 1868,
With the large deposits of sodium nitrate available in
Chile and potassium chloride accessible at Stassfurt, in
Germany, this artificial source for saltpeter success-
fully competed with the native sources in India, where
the supply is limited. This method of manufacture of
potassium nitrate has also so reduced the cost of the
article as to remove all temptation to continue the
vicious system of niter plantations, which robbed the
soil of one of its most valuable plant foods.

Blasting powder.—This industry, which is a develop-
ment of the last century, was pursued during the last
census year in 37 different establishments, located in 13
different states, the state of Pennsylvania alone having
19 separate works. There was employed $4,900,485

-of capital, and 1,153 wage-earners, and the product

amounted to 97,744,237 pounds of powder, having a
value of $3,880,910. In the manufacture of this
powder there were consumed 38,000 tons of sodium
nitrate (Chile saltpeter), 746,000 bushels of charcoal,
and 5,100 tons of sulphur,

Between 1802 and 1840 two large gunpowder fac-
tories, as well as a few smaller ones, were established in
the United States. The active construction of canals
and the exploitation of mines caused a considerable and
growing demand for gunpowder for use in blasting,
which eventually became so marked that to meet it the
powder makers placed a ¢ blasting powder ” upon the
market, which contained the same ingredients as black
gunpowder except that they were not so carefully
purified and the powder was less carefully made. In
1856 the material now commonly known as blasting
powder was made, and it differs from the older blasting
powder chiefly in the fact that the expensive potassinm
nitrate (India saltpeter) of the latter is replaced hy the
cheap sodium nitrate (Chile saltpeter). Forsome years
prior to the above date, the idea of using sodium nitrate
had obtained, but the fact that it was a deliquescent
substance had proved an obstacle; yet the difficulties
which were supposed to be insurmountable were over-
come, and in 1856 its manufacture was begun on a large
scale by the leading powder makers. A patent for a
gunpowder containing sodium nitrate was granted to
L. Dupont-in 1857, and upon this an enormous industry,
not only in the United States but throughout the world,
has been built, and through it an additional impetus
has been given to engineering and mining operations.
Furthermore, this increased consumption of Chile salt-
peter led to an increased development of the enormous
deposits of this salt in the desert of Tarapaca, which so
cheapened the nitrate as to benefit and stimulate the
nitric acid, fertilizer, and many other industries in
which this material is used.

The proportions of the ingredients in blasting pow-
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der may vary widely. Thus the census returns for
1900 showed gunpowders composed of 67.3 per cent of
sodium nitrate, 22.9 per cent of carbon, and 9.4 per cent
of sulphur, up to powder composed of-77.1 per cent of
sodium nitrate, 8.6 per cent of carbon, and 14.3 per
cent of sulphur. Guttman, in his “Manufacture of
Explosives,” gives a powder consisting of 60.19 per cent
of sodium nitrate, 21.36 per cent of charcoal, and 18.45
per cent of sulphur. From a large number of returns
we find the average composition to be 74 per cent of
godium nitrate, 16 per cent of charcoal, and 10 per cent
of sulphur.

Blasting powde1 is usually put upon the mmket in
corrugated iron kegs, holding 25 pounds each.

Nitroglycerin.—Nitroglycerin appeared for the first
time among the chemical products of the United States
in the census returns for 1870, but in 1890 it disap-
peared under the legend ¢ high explosives,” which term
usually includes dynamite, gun cotton, nitrosubstitution
explosives, and fulminates. While the larger part of
the nitroglycerin made is subsequently consumed in
the manufacture of dynamite, blasting gelatine, and
smokeless powder, there is still a quantity made and
sold as such. For the census year 1900 there were 22
establishments located in 6 different states, employing
$293,881 of capital and 105 wage-earners. The product
amounted to 38,618,692 pounds and had a value of
$783,299. There were consumed in its manufacture
1,897,448 pounds of glycerin and 12,134,869 pounds
of mixed acids.

In addition to the nitroglycerin produced and sold
as such, 81,661,806 pounds were made and consumed,
and there were required to make it 15,043,483 pounds
of glycerine and 96,092,451 pounds of mixed acids.
The total production of nitroglycerin, therefore, for
the census year was 35,482,947 pounds, and there were
used as materials 16,983,918 pounds of glycerin and
108,227,320 pounds of mixed acids. Although all but
tWo of the factories purchased their sulphuric acid
originally, many of them regained their spent acids
and some of them manufactured their nitric acid. The
quantity of acid reported as regained was 15,916,907
pounds, and of nitric acid manufactured, 26,058,779
pounds. There were consumed in the manufacture of
this nitric acid 19,817 tons of nitrate of soda and
28,177,000 pounds of 66° sulphuric acid, but much of the

“latter was regained acid.

The production of nitroglycerin for 1900 as com-
pared with that reported in previous decades is set
forth in the following table:

PRODUCTION OF NITROGLYCERIN FOR THREE DEC-
ADES, 1870, 1880, AND 1900.

I\i;umb%r Aver%ge PRODUCT.
of estab- : number
YEAR, lish- Gapital. | o wage.

Taents. earners, Pounds. Value,
RE:1() RPN 3 $30, 500 L5501 P, $226, 700,
A880. o ueneeieaa e 19 1,601, 625 329 3,089,722 1, 830 417
19000 ceecirnnranens 22 293, 881 106 3 618, 692 783 299

Nitroglycerin was discovered by Ascanio Sobrero in
Tuarin, Italy, in 1847, and it is interesting to note that
upwards of 7 ounces of the first nitroglycerin made by
Sobrero are still kept at the Nobel dynamite factory at
Aviglians, in Italy, and are tested every year. Itscom-
mercial manufacture seems to have been begun by Alfred

. Nobel, in Sweden, in 1862, and in 1863 he received his

first patent in this art for a mixture of ordinary gun-
powder with nitroglycerin, he having at first employed
gunpowder as a means of exploding the nitroglycerin.
In 1863, however, he discovered that nitroglycerin
could not only be exploded with certainty by meaus of a
copper capsule containing mercuric fulminate (now
known as a blasting cap or detonator), but that the
power developed by the nitroglycerin was enormously
greater than could be obtained from it by any other
means, and this discovery marked an epoch, not only in
the history of nitroglycerin, but in that of all high ex-
plosives, since it revealed the method of inducing explo-
sion by detonation.

So near as can be ascertained, the manufacture of
nitroglycerin in the United States began at the Giant
Powder Company’s works in California, in 1867, using
Nobel’s methods. In 1867 George M. Mowbray also
began the manufacture, by independent methods, at
North Adams, Mass. Mr. Dupont says:*

There are two engineering works which indicate very well the
era of the introduction of high explosives in this country. In the
year 1870 the Nesquehoning tunnel, near Wilkesbarre, was exca-
vated in very hard rock by the use of black powder only. The
engineers in charge were unwilling to introduce the then new and
untried explosive. The work was, however, completed in good
form and very quickly, owing largely to the extensive use of com-
pressed air drills, About the same time the Hoosac tunnel was
completed, nitroglycerin alone being used in the work. This ek-
plosive was principally manufactured upon the ground, and was
much used in the liquid state. This work was a greater one than
the tunnel first mentioned, but the two serve to mark the transi-
tion period in the practical use of explosives. One of the greatest
of modern engineering works, the Chicago drainage canal, is now
(1895) Dbeing carried on largely by high explosives. It is an
example of the magnitude of the work that is attempted with
explosives.

Nitroglycerin is manufactured by mixing glycerin
with a mixture of nitric acid and sulphuric acid. Each
of the materials used is the most concentrated that can
be made, and the demand for large quantities of nitrie
and sulphuric acids and glycerin of the highest grades
which has been created by the high-explosives industry
has had a marked effect on the development of the acid
and glycerine industries. The acids are usually mixed
in the proportion of 3 parts by weight of sulphuric acid
to 2 parts by weight of nitric acid, and they should con-
tain 61.9 per cent of H,SO, and 34.5 per cent of HNO,,
with not more than 0.7 per cent of N,O,. These pre-
viously mixed acids are sent out from the acid works
in iron drums holding about 1,500 pounds, and this
weight of mixed acids makes a convenient charge for
one run in the nitroglycerin converter, from 210 to
230 pounds of glycerin being there mixed with it.

1 One hundred years of American Commerce, Vol. I, page 192.
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The reaction goes on hetween the glycerin and the
nitric acid, the sulphuric acid present serving chiefly
to take up and retain the water which is one of the
products of the reaction. When the reaction is com-
pleted the materials are run into a tank, where they
rest until, owing to their differences in specific gravity,
the nitroglycerin and spent acids form into separate
layers; then the nitroglycerin is run off into washing
and purifying tanks, and the acids are run off to be
reworked. The dilute nitric acid thus obtained is some-
times used in the manufacture of ammonium nitrate
for use in dynamite dopes, The diluted sulphuric acid
is sometimes used in the manufacture of nitric acid, but
it is more often concentrated in iron pans, and, after
being mixed with strong nitric acid, again used in mak-
ing nitroglycerin. This spent acid averages in com-
position 72 per cent of sulphuric acid, 10 per cent of
nitric acid, and 18 per cent of water. Theoretically,
100 parts by weight of glycerin should yield 246 parts
of nitroglycerin, but in practice the yields are from
200 to 220 parts.

Nitroglycerin is used directly in torpedoes, which
are cylinders holding 20 quarts each, for *‘shooting”
oil wells. It also is used in medicine as a heart stimu-
lant. The principal use of nitroglycerin is in making
dynamite and blasting gelatin.

Gun Cotton or Pyrowylin.—By the returns for the
census of 1900 there were 10 establishments in 8 dif-
ferent states engaged in the manufacture and sale of
cellulose nitrates, for various uses and they employed
$255,343 of capital and 163 wage-earners. There were
produced 922,799 pounds of the various cellulose
nitrates, having a value of $486,778, and there were con-
sumed 691,115 pounds of cotton and 8,247,668 pounds
of mixed acids. DBesides these there were produced
and consunmed in other establishments 2,789,834 pounds
of cellulose nitrates, making a total product for the year
of 3,662,033 pounds.

Gun cotton, or pyroxylin, is the name given to various
cellulose nitrates which were discovered hy Schinbein
in 1846, and which result from the reaction hetween
nitric acid and cellulose. There is a considerable num-
ber of cellulose nitrates; authorities differ as to their
number, In fact, there is still doubt as to the real con-
stitution of cellulose, and thevefore nothing can be pro-
nounced with certainty as to the constitution of the
nitrates produced from it. However, it is generally
accepted that the formula of cellulose is some multiple
of C,H,,0;, and that the nitrates are produced by replac-
ing one or more atoms of the hydrogen present by NO,.
It is also accepted, following Vieille, that, taking the
formula as C,,II,,0,,, there may be at least 8 different
cellulose nitrates in which from 4 to 11 groups of NO,
have been introduced into the molecule. Inthe follow-
ing table these different nitrates are so named as to
indicate the number of NO, groups present, and there
is also shown the per cent of N present in each.

Welgnt ob-
Per cent 4ined from

CELLULOSE NITRATES. _of 100 parts of

nitrogen. "sefiuloge.
Cellulose endecanitrate...osvseaiasiccssiaancsscnssoreanee 13,47 176.4
Celluloge decanitrate. .cuv.vevesiiamrencemierenesnneinns 12,76 169.4
Cellulose enneanitrate ....c.covveevecreveareeroceennnana. 11,96 162.5
Cellulose octonitrate .... 11,11 165.7
Cellulose heptanitrate 10,18 148.6
Cellulose hexanitrate. 9.15 141.7
Cellulose pentanitrate iee 8.02 134.7
Celluloge tetranitrate.....vvvveenrenenevnrrereervescaeuan-- 6,76 127.8

In addition to these nitrates containing different per
cents of nitrogen, there are undoubtedly isomers of
many of them. According to their difference in nitro-
gen contents, or in intermolecular arrangement, these
nitrates exhibit different degrees of solubility toward
organic solvents, andare in consequence put to different
commercigl uses. Thus the higher ones are, under
ordinary conditions, insoluble in a mixture of 2 parts of
strong ethyl ether and 1 part of strong ethyl alechol,
and such cellulose nitrate is called gun cotton. On the
other hand, the lower nitrates are soluble in the mixed
solvent named under these conditions, and these cel-
lulose nitrates are called pyroxylin. It should be
said that later researches tend to show that, according
to the conditions under which they are nitrated or the
conditions under which they are exposed to the solvent,
the higher nitrations ave acted upon hy the ether-alcohol
solvent. o

Cellulose nitrates are prepared by immersing purified
cotton in mixtures of nitric and sulphuric acid. In
making gun cotton, the acid mixture consists of 1 part,
by weight, of nitricacid of 1.5 specific gravity to 3 parts,
by weight, of sulphuric acid of 1.845 specific gravity,
and 1 pound of steam-dried cotton is immersed in and
digested for twenty-four hours with 12 pounds of this
acid mixture. The acid is then wrung out and the gun
cotton is pulped, washed, and compressed into blocks
for use. The spent acids which are thrown out in the
wringing have been found to contain 79.91 per cent of
H,S0,, 9.52 per cent of HNQO,, 1.04 per cent of N,O,,
and 9.65 per cent of water, and they are reworked to he
used again. In making the lower cellulose nitrates
weaker acids are used, the strength being determined
by the use towhich the nitrate is to be put. Examples
of such acid mixtures are given under smokeless pow-
der and under pyroxylin plastics.

Cellulose nitrates are used for many purposes in the
arts. Finely pulped, compressed material, consisting
principally of the highest nitration, is known as gun
cotton and is used in military mines and torpedoes, and
for destructive purposes generally in military opera-
tions. Owing to the discovery by E. O. Brown, of
Woolwich, in 1868, that it can be detonated when
wet, it is now stored and used while saturated with
water., In 1847 or 1848 Doctor Maynard, of Boston, dis-
covered that pyroxylin was solable in ether-aleohol and
that the liquid, called “‘ collodion,” could be used as a
vehicle for medicine and as a substitute for sticking
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plaster. In 1851 Frederick Scott Archer invented the
process of coating photographic plates with collodion.
In 1869 John W. Hyatt, Jr., and Isaiah S. Hyatt, of
Albany, N. Y., invented the process for manufacturing
“ celluloid ? from cellulose nitrate. Still later, Fred-
erick Crane invented pyroxylin varnishes, and Char-
dennot invented a process for making artificial silk
from pyroxylin. A large use for cellulose nitrates is
in the manufacture of smokeless powder, explosive
gelatine, and gelatine dynamite. By the use of pyrox-
ylin solutions a form of artificial leather is obtained.

Dynamite.—This explosive first appears in the report
of the census of 1880, and then amounted in value to
but one-third of that for the nitroglyecerin produced.
According to the census of 1900, there were 81 different
establishments, located in 8 different states, employing
$7,551,121 of capital, and 1,758 wage-earners engaged
in the manufacture of dynamite. There were produced
85,846,456 pounds, having a value of §8,247,223, and
there were consumed in making it, 81,661,806 pounds of
nitroglycerin, 20,090 tons of sodium nitrate, 9,984,360
pounds of wood pulp, 82,558 pounds of pyroxylin, and
483,975 pounds of ammonium nitrate.

The production and value of dynamite for 1900, com-
pared with that reported in previous decades, is set forth
in the following table:

PRODUCTION OF DYNAMITE, BY DECADES: 1880 to 1900.

Number Aver%ge PFRODUCT.
YEAR, of estab- | - Capital, é‘f‘l“;}lgee’:
lishments. earners, || Pounds, l Value.
1880 .iiiieinnnes .25 PR P | P $622,671
18R 32 $3,929,508 731 30, 626, 738 4,258,082
1900, cviciannnanan 31 7,551,121 1,758 85, 846, 456 8,047,223

Dynamite was invented by Alfred Nobel in 1866, and
its manufacture began shortly after at the various
works established by him. In his testimony before the
select committee .on explosive substances of the British
Parliament, in 1874, Nobel testified that there were then
13 factories, in which he was interested, engaged in this
manufacture, 2 of them being in America, while there
were many independent works in addition. The returns
for dynamite were not so rendered in the prior census
reports that the growth of this important industry can
be readily ascertained, but some general idea of its
growth may be gained from the following table, given
by George McRobert, setting forth the annual sales
of dynamite for each of sixteen years, from the factories
with which Nobel was associated.

McROBERT'S TABLE.

YEAR, Sales,

tons. YEAR.

Dynamite is a material of most variable composition.
It consists of a solid porous absorbent which holds the
liquid nitroglycerin, and its invention was a necessity,
since so many frightful accidents due to the liquid state
of nitroglycerin led to legislation in Europe which
forbade the transportation and use of the latter explo-
sive. Kieselguhr (known as infusorial silica) was largely
used at first, and is still much used in Europe, as the
absorbent, but this ‘“dope,” as the absorbent bhase is
called, is almost entirely replaced in this country by an

explosive dope, which is most frequently a mixture of .

wood pulp and sodium nitrate, with a very small per-
centage of caleium or sodium carbonate to act as a neu-
tralizer to any acid present. Sucha dynamite i known
as a straight dynamite, but there are others which con-
tain a dope of coarsely made gunpowder or of resinous
compositions. In 1875 Nobel invented an explosive
made by dissolving pyroxylin or soluble cellulose nitrate
in nitroglycerin until, when the mixture was cool, it
get to a jelly-like mass which is known as explosive or
blasting gelatin. This is often mixed with wood meal
or wood pulp, and then gelatin dynamite is produced.
As may be inferred, dynamites vary greatly in their
nitroglycerin contents, and they may be found on the
market containing from 5 per cent, as in a bank blast-
ing powder, up to 94 per cent, as in a blasting gelatin.
The grade which is probably the most extensively used
is that known as 40 per cent dynamite, and analysis has
shown a straight dynamite of this grade to contain of
nitroglycerin 39.8 per cent, sodium nitrate 46.1 per
cent, wood pulp 11.5 per cent, calcium carbonate, 0.7
per cent, moisture 1.9 per cent. It can be safely
agsumed that 40 per cent is the average nitroglycerin
content of the dynamites of all kinds put on the market.

Dynamite as sold is usually loaded into paraffined
paper cases, thus making it into ‘‘sticks” or ‘‘car-
tridges.” These sticks may vary much in size, but the

average stick will be 8 inches in length by 14 inchesin -

diameter, and they are packed in sawdust in hoxes
holding 50 pounds each.

Smokeless Powder.—At the time the Eleventh Census
was taken no smokeless powder was reported, nor was
there then any factory in operation for its regular pro-
duction, while for the census year 1900 there was an
output of 8,053,126 pounds of powder having a value
at the works of $1,716,101. This industry, which is
wholly a growth of the last ten years, embraced 9 fac-
tories, having $2,158,958 of capital, gave employment
to 730 wage-earners, and consumed 14,000,000 pounds
of mixed acids, 1,600,000 pounds of cotton, 2,600,000
pounds of alcohol, 1,400,000 pounds of ether, 143,000
pounds of acetone, and 88,000 pounds of nitroglycerin.
There is little doubt that the growth will be much more
rapid in the immediate future, as smokeless powder is
rapidly supplanting black gunpowder for military and
sportlng purposes, and, as a large part of the time dur-
ing the last ten years has been spent in the invention
of machinery for handling the materials, in planning
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works so as to secure the maximum of safety with the
maximum of speed and economy in manufacture and in
the devising of means for the recovery and renewal of
the spent acids and solvents. ‘

The very earliest manufacture of smokeless powder
in the United States was carried on by Charles Lennig,
at Philadelphia, Pa.,about 1850, His small-arm charges
were made of long staple, fibrous gun cotton, and, as
elsewhere, they were found to be so dangerous that
their use was soon abandoned. The next factory to he
started was erected by Carl Dittmar, at Quincy, Mass.,
about 1870, where a soft, granulated powder was made,
but this was also abandoned.

The first of the factories erected for the manufacture
of modern smokeless powder was planned, erected, and
operated at the United States Naval Torpedo Station at
Newport, R. 1., in 1890, by Charles E. Munroe, under
the divection of Commander Theodore F. Jewell, United
States Navy, inspector of ordnance, in charge of the
station, and it is to-day in regular operation, having
been much enlarged. Tollowing this, 4 factories were
erected in 1891, 1 in 1895, 1 in 1898, and 2 in 1900, all
of which were producing during at least a part of the
census year. These factories were scattered through 7
states, 3 of them being in New Jersey and 2 of them
being factories belonging to and operated by the United
States Government. The Government factories pro-
duced military powder only, 4 of the private factories
produced sporting powder only, while the remaining
private works, though manufacturing largely for mili-
tary purposes, produced some sporting powder also.

The earliest recorded attempt to use a smokeless ex-
plosive as a propellant is found in the experiments of
Howard, who in 1800 attempted to use mercury ful-
minate in place of gunpowder in a firearm, with the
result that he burst the piece. TImmediately after the
discovery of gun cotton by Schonbein in 1846, extensive
trials of it as a propellant were made in Germany,
France, England, and the United States, but as it was
then used in the ordinary fluffy or thread-like condition
of cotton it proved too violent. In 1866 Frederick A.
Abel devised a method for granulating gun cotton by
introducing pulped nitrocellulose containing water and
a small quantity of a binding material into a vessel to
which a vibrating motion was imparted, thereby pro-
ducing soft grains, but this does not seem to have come
into vogue.

The first person to realize any considerable degree of
success was Captain Schultze of the German army,
who, in 1862, made a soft-grained powder from well-
purified and partly nitrated wood. The first nitrocel-
Iulose powder to approach modern requirements was
the E. C. powder, invented by Reid and Johnson in
1882, in which the soft grains, produced by rolling
pulped nitrocellulose containing water in barrels were
superficially hardened or waterproofed after granula-
tion. The first successful military smokeless powder
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was made in France by Vieille, and it consisted of a
hard, dense-grained flake, or fagot powder, made from
nitrocelluloses mixed with a nitrate, like barium nitrate,
and with or without picric acid. This was followed in
1888 by the hallistite. of Nobel, and in 1889 by the cord-
ite of Abel and Dewar, each of which was composed
of mixtures of nitrocelluloses with nitroglycerine and
a restrainer of some kind. The whole was worked, by
admixture with suitable solvents and by use of the
proper machinery, into grains which were hardened
throughout. In 1889 Richard Von Freeden discovered
that gelatinized nitrocellulose, still containing the solu-
tion employed for its gelatinization, on being exposed
to certain liquids, or the vapors thereof, undergoes a
kind of coagulation and division into small lumps,
which latter is promoted by stirring, and upon this he
based a method of manufacture by which small-grained
powders that are hardened throughout could be pro-
duced, and the method is now quite extensively fol-
lowed.

Up to this time all gunpowders throughout the world,
both black and smokeless, were made of mixtures of
various ingredients, even the smokeless powders, which
were made from nitrocellulose only, being made from
mixtures of cellulose nitrates of different degrees of
nitration; but in 1889 Charles . Munroe proposed that
smokeless powders be made of a single chemical sub-
stance in a state of chemical purity, and he pointed out
that cellulose nitrate, of uniform nitration, then offered
the best material from which to produce such a pow-
der, and this is the principle which to-day governs the
manufacture of military smokeless powders, at least in
the United States.

Although up to 1898 the United States Army pro-
posed to use smokeless powder composed of nitrocellu-
loses and nitroglycerin, the United States Navy adopted
in 1890 a cellulose powder of uniform nitrogen con-
tents, and the Army followed in1898. Asmade in 1898,
the nitrocellulose used contained from 12.45 to 12.80 per
cent of nitrogen. Such cellulose nitrate is made by
dipping 1 pound of cotton (free from oil and mechan-
ical impurities and containing about 7 per cent of moist-
ure) in 19 pounds of ““mixed acids,” containing about 57
per cent of H,S0,, 28.2 per cent of HNO;, and not more
than two-tenths of 1 per cent of N,O,. Theacid has an
initial temperature of 25° C., and the crock containing
the mixed acids and cotton is heated to 86° C., the cot-
ton being exposed at this temperature, with one turn-
ing over of the cotton, for sixty minutes. After puri-
fication by wringing, washing, and steaming to remove
the acid, the nitrocellulose is freed from the water
remaining in it by extraction with alcohol, and it is
converted into a gelatinous mass by kneading or stirring
in a Werner and Pfleiderer mixing machine with amix-
ture of ethyl ether and ethyl alcohol, 2 parts by weight
of ether and 1 part by weight of alcohol being used
for ‘every 3 parts by weight of nitrocellulose. The
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subsequent processes have for their object the more
intimate mixing of the material and straining off of
the unconverted portions, the shaping of the mass into
grains, and the drying of the grains. The finished
grains still contain some of the solvent, particularly
aleohol, the amount varying with the thickness of the
walls of the grains. In the very smallest grains this
amounts to about one-half of 1 per cent, while in the
larger grains there may be as much as 4 per cent of
golvent present.

It is not easy to check the data in this manufacture,
and for this reason round numbers are given. It may
be said, however, that 100 pounds of perfectly dry cot-
ton will yield 169 pounds of this nitrocellulose, but the
cotton as used may contain as much as 7 per cent of
moisture, while the final product may contain from
one-half of 1 per cent to 2 per cent of solvents. The
quantities of acids can not well be checked, because the
spent acid is “rebuilt” and used again. The difficulty
is even greater with the solvents, since most of the
works manufacture the ether used from part of the
alcohor purchased or supplied to them besides reusing
the recovered solvents. An additional complication in
comparing costs arises from the fact that, when the
powder is being made in private works for the United
States Government, the manufacturer is permitted to
use tax-free alcohol, while if he be making such powder
for other parties he must use tax-paid alcohol. Where
the Government supplies the alcohol, the weight of
alcohol allowed is 1.4 times the weight of the finished
powder.

The foregoing description is for military powder, and
though picrates and metallic salts, such as nitrates and
bichromates, are used to some extent in sporting pow-
ders, yet they are to so large an extent composed of
nitrocellulose that they may be regarded for purposes
of census classification as composed wholly of this
material. The methods of manufacture are as a rule
quite different from those employed in the making of
military powders, and the gelatinizing agents used are
ethyl acetate, amyl acetate, and the-like, in place of
ether-alecohol. It is to be noted that a small portion of
the smokeless powder reported for the census year was
a nitrocellulose-nitroglycerin powder, which had been
gelatinized by acetone. Smokeless powder is usually
sold in metal canisters holding 1 bulk pound each.

Fulminates.—Although charges of dynamite and
other high explosives are invariably fired by detonators
or blasting caps charged with mercuric fulminate, and,
although percussion caps, friction primers, and fixed
ammunition are also charged with this explosive, yet
the amount of this most important and essential explo-
sive which is returned as manufactured in the United
States was quite insignificant. On the other hand, as
shown by the following table, compiled from the records
of the Bureau of Statistics of the United States Treas-
ury Department, the importation of fulminate is assum-

, ing greater and greater importance as our home industry

in other explosives grows, and this is shown even more
markedly if to the values for the fulminates there be
added those for the blasting caps, percussion caps, and
cartridges that are also imported:

IMPORTS, FOR CONSUMPTION, OF FULMINATES, FULMI-
NATING POWDERS, AND LIKE ARTICLES: 1884 TO 1900,
INCLUSIVE.,

YEAR. Value. YEAR, Value,

The fact that, notwithstanding the dangers attendant
on the transportation of this violent explosive substance,
its home manufacture has been almost completely su-
perseded by the foreign product, is explained on stating
that it is manufactured from grain aleohol, mercury,
and nitric acid; that for every 12 parts by weight of
mercury fulminate produced 110 parts by weight of 95
per cent alcohol are consumed; and that the tax levied
in the United States on alcohol makes the foreign com-
merce in this article a very profitable one, and home
competition practically impossible.

Wage-earners and wages.—There were employed in
the entire explosives industry 4,349 men, 117 women,
and 86 children under 16 years of age. The wages for
the men varied from $365 per annum in New Jersey
to $790 per annum in California, the average for the
whole country being $539 per annum. The average
wage for women was $263 per annum, and for children
$169 per annum. )

Power.—The total horsepower reported as being
employed in these factories was 22,920 horsepower, of
which 5,674 horsepower was supplied by 190 water
wheels, 13,242 horsepower by 815 steam engines, 2,885
horsepower by 177 electric motors, and 279 horsepower
from other sources. The returns are chiefly interest-
ing in marking changes in methods, for, formerly, in
erecting black gunpowder works especial care was talken
to secure a location for the works where there was an
abundant water supply and plenty of wood for charcoal
making; whereas, in the manufacture of the modern
explosives, while a sufficient isolation to obtain security
for the works and limit the damage resulting from acci-
dental explosions is sought, yet readiness and conven-
ience in transportation of the materials used and the
goods manufactured are regarded as of the first impor-
tance. The improvements in the methods for generat-
ing, conveying, and transforming the energy in steam
or electricity have now rendered it relatively safe to
employ these sources of energy.

Lmports and Ewports.— A more nearly correct idea of
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the condition of this industry may be obtained if there
be added to the census statistics those for the imports
and exports of explosives. The imports of fulminates
have already been considered, and attention is now

called to the statistics for the foreign commerce in all .

explosives as compiled from ‘“‘The Foreign Commerce
and Navigation of the United States for the year end-
ing June 30, 1900,” Vol. II

IMPORTS OF GUNPOWDER, FULMINATES, AND ALL LIKE
ARTICLES: 1891 TO 1900, INCLUSIVE,
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Grovp XV.—PrasTICS.

During the census year 8 establishments manufactured
cellulose plastics and also engaged in the further manu-
facture of these plastics into articles of various sorts.
The value of the plastics produced was $2,099,400. The
total value of the plastics and of the finished articles
was $3,068,673. There were employed a capital of
$7,558,720, and 1,221 wage-earners. The growth of the
industry can be shown only for the pyroxylin plastics,
including the finished article as displayed in the follow-
ing table:

GUNPOWDER. .
. alother | otal PRODUCTION OF PYROXYLIN PLASTICS, BY DECADES,
: fulminates, | value. 1880 TO 1900, INCLUSIVE.,
Pounds. | Value. ete,, value.
$19,148 $124, 528 143, 676 Number Number
29, 533 100, 977 $130, 5{() YEAR, of estab- Capital, of em- Vr'ghu‘fc?sf
68 974 124, 661 193, 635 lishments. ployees! p .
pisl g me
4, ¢ 181,822 .
I e ——— 8] el g e
3, 7 ) 2,449 [ 1890.... e ) y s
79,992 65,123 145,115 190004 eeeieemanm e 7 7 210 548 1,176 2,804, 044
BUols | 1| looom|  Isddos
1, 5,835 69,
' 1For 1900 this means wage-earners only.

DOMESTIC EXPORTS OF GUNPOWDER AND OTHER
EXPLOSIVES: 1891 TO 1900, INCLUSIVE.

GUNPOWDER. All other Total
YEAR. explosives, value
Pounds., | Value, value,
783,834 | $88, 676 $906, 870 $995, 546
903,077 | 108,276 758, 079 860, 355
885,963 | 105, 547 755, 966 801,513
496, H66 66, 839 935, 287 1,002,126
972,271 | 102,885 || 1,174,306 | 1,277,281
1,159,035 | 124,898 || 1,956,279 | 1,381,102
1,086,405 [ 118,001 || 1,437,317 1,556,318
1,202,071 | 189,044 || 1,256,762 | 1,395,406
1,504,624 | 181,642 || 1,850,247 | 1,531,889
1 612 822 197 438 1 691 166 1 891 604
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Pyroxylin Plastics.—The best known of all the pyrox-
ylin plastics is ““celluloid.” The art of making pyrox-
ylin plastics was begun in England when Alexander
Parkes discovered, in 1855, that a solution of pyroxylin,
mixed with other substances, could, after the solyent was
evaporated, be made into a substance having the quali-
ties of horn or ivory, and could then be easily molded
or worked or colored as desired. He entered vigor-
ously upon the manufacture of this substance, which
he called ““parkesine,” and put on exhibition various
articles made from it, but the enterprise did not succeed
and was abandoned in 1867. About this time Daniel
Spill began the making of what he styled * zylonite”
from pyroxylin or zyloidin by treatment with solvents
and admixture with other materials, but owing to the
fact that quite fluid solutions were employed, and to
the difficulty of getting rid of the excess of the soly-
ents, the operations were not commerecially practicable.

In 1869, John W. Hyatt, Jr., and Isaiah S. Hyatt, of
Albany, N. Y., made the important discovery that cam-
phor by itself is a solvent for pyroxylin, if, after the
camphor hag been mixed with the pyroxylin, the mix-
ture be heated to from 1509 to 200° F. and subjected
at the same time to a heavy pressure, and that the prod-
uct can be worked like rubber. To this discovery, for
which United States Patent No. 105338, July 12, 1870,
and its reissues were granted, to the process which
those inventors based on it, and to the knowledge and
skill which were developed by its practice, is due the
present commercial success of pyroxylin plasties.

The Hyatt Brothers began the manufacture of cellu-
loid in a small way at Albany, N. Y., in 1869, but cap-
ital was soon interested in the venture, and in 1870 the
business was removed to Newark, N. J., where the Cel-
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luloid Manufacturing Company has since remained in
active operation. It had so expanded in 1896 that the
floor space occupied at the factory was nearly eight
acres in extent, and it is claimed that over 6,000 per-
song throughout the country were employed, either in
producing the celluloid, or shaping the product of this
factory into various articles.

The manufacturing operations at the faetm v involve
the production of the pyroxylin, its conversion into
celluloid, and the manufacture of part of the product
into wearing apparel and toilet and fancy articles.
According to Field, the pyroxylin is made by dipping
cotton or tissue paper into a mixture of sulphuric acid
66 parts, nitric acid 17 parts, and water 17 parts, 100
pounds of the acid mixture being used for 1 pound of
the paper, and the immersion being continued from
twenty to thirty minutes at 80° C. The pyroxylin
used in this art is of low nitration, containing about
10.18 per cent of nitrogen.® The purified pyroxylin is
mixed with camphor by sprinkling it with a solution
of camphor in wood aleohol, and incorporating the mass
with other desired ingredients on steam-heated maxil-
lating rolls. The solid celluloid which is thus obtained,
and which is a composition of pyroxylin with camphor,
an ant-acid, and coloring matter, is then shaped by cut-
ting into sheets, stuffing through die plates, molding
under pressure while hot, turning, and the like, into
various objects.

Celluloid is used in making collars and cuffs; piano
and organ keys; billiard balls; paper cutters; combs;
backs for brushes and hand mirrors; handles for canes,
umbrellas, whips, and cutlery; mouthpieces for pipes,
cigarette and cigar holders; chessmen; dolls’ heads and
other toys; electrotype plates, and a great variety of
other articles of adornment and use.

Viscose.—This body represents the most recent de-
velopment in the production of plastic bodies from cel-
lulose, and was invented by C. F. Cross, E. J. Bevan,
and C. Beadle, to whom United States Patent No.
520770, of June 5, 1894, wasissued. Inthemanufacture,
purified cotton is treated with an excess of a 15 per cent
solution of sodium hydroxide and squeezed until it re-
tains about three times its weight of the solution. It
is then placed in a vessel with carbon disulphide, the
quantity used being about 40 per cent of the weight of
the cotton. After digestion for about three hours at
the ordinary temperature, sufficient water to cover the
mass is added and digestion allowed to proceed over-
night, when, on stirring, a homogeneous liquid is ob-
tained, which is a solution of cellulose thiocarbonate,
or mnth‘mte, and from which a jelly or coagulum of cel-
lulose is produced by spontaneous decomposmon by
precipitation with dehydrating agents, or by heating
the solution. By incorporating viscose with mineral
matters, hydrocarbons, and like substances, solid ag-

! See Explosives: Gun Cotton or Pyroxylin, ante, page 73,
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gregates are produced which may be cast or molded
into convenient forms, and after purification and suffi-
cient aging made available for various structural uses.
More recently these investigators have found the
cellulose tetracetate to be especially suitable for the
formation of viscose.

Other Plastics.—Many plastic substances are now
made from caoutchouec, gutta-percha, casein, fibrin,
gluten, and like bodies which act as gelatinizing or
cementing agents, by which the zinc oxide, antimony
sulphide, kaolin, and other fillers are held in solid aggre-
gations which may be molded or shaped with lathes and
other tools as desired.

The foreign commerce in the pyroxylin plastics, as
compiled from the Foreign Commerce and Navigation
of the United States for the year ending June 30, 1900,
Vol. II, is set forth in the following table:

IMPORTS AND EXPORTS OF PYROXYLIN PLASTICS,
1891 TO 1900, INCLUSIVE. )

; Imports, | Exports,
YEAR, value. | value.

$10,596 |ooueeennnn

.| 48,368 | $89,004

57,062 86,597

96,977 85,234

371,873 72,920

387,862 146,864

262, 676 149, 631

160, 836 165, 444

249, 619 178,771

878,683 174 810
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Grour XVI.—EssenTIiar Qirs.

Though one of the less important, as measured by
the value of the product, this ig one of the oldest of the
chemical industries, and it received recognition as a dis-
tinct industry in census statistics so long ago as1860. It
appears, however, that there have been varying views
at the several censuses as to what substances should prop-
erly be placed under this classification. Tor the census
of 1900, there are included in this report, under this
title, all those hodies reported as having been manufac-
tured in the United States during the census year, that
are usually included in the text-hooks and treatises under
the legends ““volatile oils” or *““essential oils,” except
vanillin, and oil or spirits of turpentine, which was
made the subject of a special census report, while in

addition witch-hazel is included. In this classification, -

then, there are, for the year ending June 1, 1900, 100
establishments in 14 states, engaged wholly or chiefly
in the production or refining of these oils. Of these,
30 establishments produced a product of less than

1
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$500 in value. These 100 establishments employed
$622,385 of capital and 201 wage-earners, and the value
of their products was $850,183. In addition, there were
8 establishments which produced $9,268 of essential oils
as a subordinate product. As pointed out, there is
included here the refined natural oils and the crude
natural oils, and in addition the artificial oils. These
lagt named are manufactured by 4 establishments, em-
ploying $33,720 of capital and 18 wage-earners, and they
reported $54,450 in value of products. The vanillin in-
dustry, which is classified with ‘‘fine chemicals,”
returned 124,874 ounces of the product, having a value
of $118,050. This was manufactured in 4 establish-
ments, and gave employment to 26 wage-earners and
$65,689 of capital. The product of refined natural oils
for 1900 amounted in value to $370,500. The estab-
lishments for the production of the crude natural oils
were distributed as follows:

GEOGRAPHIC DISTRIBUTION OF CRUDE ESSENTIAL OIL
FACTORIES: 1800.
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The peppermint-oil industry was confined principally
to Michigan, Indiana, and New York, there having been
95,000 pounds produced in these three states; the
sassafras-oil industry was located principally in Vir-
ginia, where 104,981 pounds of this oil were produced;
the wintergreen-oil industry was located chiefly in
Pennsylvania, where 2,075 pounds were reported as.
having been produced; and the witch-hazel industry
was located chiefly in Connecticut and New Yorlk,
where 110,260 gallons of this substance, having a value:
of $54,649, were produced.

As previously stated, the methods of classifying this
industry, as well as the methods used for collecting the
statistics, have varied somewhat in the different censuses,
but they have been sufficiently consistent for the last
three decades to admit of the comparison made in the.
following table: '

TOTAL PRODUCTION OF ESSENTIAL OILS (CRUDE) BY
DECADES, 1880 TO 1890, INCLUSIVE.

Average
Number
i number | Value of
Number | Average TRAR. l?:hgigﬁ—s. Copttal. | of wage-| product.
STATES. ot stab- | SERREY | captial. | Prodnet, | {F%ERe eaTners
1shments. . ~—] .
earners.
104 | 867,755 278 | $248,858.
“Te7 | 10293 191 55, 847
United States..... 97 167 | $426,802 |  $434,451 100.0 97| 426,802 187 434,451
%onng:{ctilc{ut ............ 12 1253 gg ggg 45,530 "10.5 .
W YOrk ooveeenneeaan h 188 249,150 57.4 Iner 3 . . .-
Virgimia - iz a %3, 1 331 it 74 The increase in the value of the produet for 1890 over
ndiana.... 14,893 8.4 X 2 - i in-
i e— 9 ml oEe| i 24 | the value for 1880 was but 2.8 per cent, while the in
ew Hampshire, Ver- . . 3 . :
ot lim%s?chlﬁ o crease for 1900 over 1890 was 69.8 per cent. It isnot.
enngylvania, North 1 - . o i 1 . o
%mnl;m, Florida, possible to state how great a part of this increase for
Tennessee, nois i i he r »
Pamoses, TAmol 1900 is due to' a more complete _collectlon of the 1fatu1 ns
fornda....l.... e 28 8]  85,000| 16,087 8.8 | forthis rural industry. There isan apparent falling off”

This tabular view shows that though this industry
.was widely distributed, it did not attain to any magni-
tude except in the states of New York, Michigan, Con-
necticut, and Virginia, and that in these states, as else-
where, it was carried on by a large number of persons
in & very small way. In fact it is usually carried on as
an employment accessory to farming, the farmerstaking
advantage of the idle time between seasons to gather
roots, herbs, bark, and leaves, and by means of a simple
and often portable still (which is frequently erected for
the time being in the woods neaxr where the material is
gathered) extracting their essential oils, This accounts
for the small number of wage-earners in proportion to
the number of establishments reported, as the farmer,
in a large number of instances, carries out all the
operations yithout hired labor,. The character of the
industry and the methods employed are especially illus-
trated by the great variety of products reported, for
there are, among others, returned and combined in the
values given in the table, the natural oils of peppermint,
spearmint, erigeron (fleabane), pennyroyal, wormwood,
tansy, fireweed, golden rod, wintergreen, black birch,
sassafras, spruce, cedar, juniper, and witch-hazel.

in the number of wage-earners, but if, since these
operations are usually conducted by the owner of the
establishment, there were added one man for each estab-
lishment to the number of wage-earners, there would be
a total of 264, which is probably not far from the truth.
Another method of reckoning the number of wage-
earners would be to take into account those engaged
in the cultivation of the herbs, like mint, which are
grown for the production of essential oils, and it is
probable that at the census of 1870, where the number-
of hands employed is reported as 2,365, a method such
as this has been followed. It is necessary to recall that.
the essential-oil distilleries would, as a rule, be in opera--
tion but a part of each year.

The essential oils are those volatile oils which exist.
ready formed in animal and vegetable organisms, and
they are called essential because they possess, in aconcen-
trated form, certain of the characteristic properties of
the plants from which they are derived. They are also.
known as the wolatile oils, because they ave easily evap-
orated, and as distilled oils, from the method by which
a number of them are usually extracted from the plant.
They exist in ali odoriferous vegetation, sometimes.
pervading the plant, and in other cases being confined.
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TasLE 8.~—BONE, IVORY, AND LAMP BLACK: SUMMARY BY STATES, 1900.
United United
States.! States.l

Number of estabHshments....ouuaeeermiiamiiniarinean 15 Miscellaneous expenses—Continued.

Character of organization: Total—Continued,

INAIVIANAL . L. e e e ietciitcteictraerraanaraaerean s 2 Taxes, not including internal revenue .. o.evreecesienanaan. $2,260
Firm and limited partnership 8 Rent of offices, insurance, interest, and all sundry expenses
Incorporated COMPRILY «oveirnrronrrremreerocssaseseroissarranss 5 not hithertoineluded. ... ... cooieiiiiiiiiiiiiiins $65, 902

Da.pim COntract WOrk....o.omnii it i $891

TOBR e v eememeennnnennn et aaeieetaeeeanieabesesiessetnesestntann $782, 247 Materials used:

. Land.. et $149,103 TOLA] GOSE v v eesesassmenesnensenemeeaseanamamanneananennns el 8105712
BuildingS...cooeviinessinnnrieens $196, 422 Components of produets 266,776
Machinery, tools, and fmplements ... Ll $300, 571 L T R L §2, 663
Cash and SIIATIOS - v e v s e e e e $136, 151 Mill supplies...... $1, 771

Proprietors and firm MCMDEIS. ..oovvrrrvisieraiorcenrenecnississens 17 All other materials .. $392,126

Salaried officials, clerks, ete.: 3 0 7 52, 376
TOLAY TIIIDET o v e oeeoeeeeeeeme e e s seaeeameememsneemnnamens 921 Produets:.

TOtA] SUTATICS v vrvrereercmeaannncnsesmceemncnnamnsmansessensnnnan $23, 650 Total VAIUE L ceo it it et te i ens i nanue $359, 787
Officers of corporations— Pigments—
NUMbET. v eecaarinarans reerienrnaeas rereeteannareeaan B Lamp and other blacks, pounds...........ocoevomnaia.., 8, 454. 345
Sularu,q ...................................... $6, 360 VAIE oo e i iilerce et ieavcrcm s aaserassstanassnanen 3 9, 787
General superintendents, managers, clerks, ete.— Comparison of products:
Total number..........eues teeeracaeertainaas 16 Number of establishments reporting for both years.............
Total salaries vo....... Chessessreetacaretraraaaaeaaan §17,290 Valne for CensuS FeAT. .ouvireinisiniraianasanennnsnenssaossssnenn 4369, 787
en— Value for preceding busipess FOAT. . civereeenenreninanennerenan $280, 816
oR00 010 7:) PP S 15 Power:
Salaries..... PUBO veeren feeserurenretaanaaaae, $186, 990 Numbper of establishments reporting .......coooircimmrvninanaes 13
Women— Total horsepower........ bt aiadeanerreneeeeireanasaenaaaas 365
Number........ PN 1 Owned—
[T L 3 (T Y $300 Engines—

Wage-earners, including pieceworkers, and total wages: Steam, NUMDET o iieaiviiiaerrearacesanrncnsenonnnunn 18
Greatest number employed at any one time during the year... 92 HOTSBDOWET - - e v eveiscnnansnnecnaraserasnscasans 345
Least number employed at any one time during the year....... 80 Gas or gasoline, NUmMBer...oovvviieeniiimmmnmannnanns 1
Average number........ beceerraeranes cee 85 B2 00)6:1c) oo M/ N 20
WEECS. o ieerrnvierrnscerasannnas e arisaeaenneeiearaariaaaeaa, 846,107 Establishments classified by number of persons employed, not in”

‘\Ien 16 veara and over— cluding proprietors and firm members:
Ay erage number.... ’ 85 Total number of establishments.......cccoeieoioniiieaneiis 15
WHEES cevverneencsaanen P eeeeseteareresaerareaaas 846,107 7
Misce]lnneous expenses: 7
............................................................ 875, 678 1
Renl‘. (30007} o < T PR [ 96, 625
1Includes establishments distributed as follows: Pennsylvania, 12; Connecticut, 1: New York, 1; Ohio, 1.
TapLE 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES, 1900.
ESTABLISHMENTS; NUMBER, AND CHAR-
ACTER OF ORGANIZATION. CAPITAL,
STATES AND TERRITORIES,
Firm | Incorpo- s
; s Muchinery,
Total || Individ- |and lim-| rated PR + | Cash and
number.|| ual. |itedpart-] com- Total. Lend. Bujldings. ilan(Jllcfr'lﬁzI:xts sundries,
nership, | pany. P ' .
United States...... emeeriaanaseaee s 1,740 515 405 820 }| 8238,529,641 || $22,947,444 | $35,270,850 | §46, 116,451 | $184,194, 896

N F51.0T31 15T P crenaenaen 19 2 9 8 1,514,791 20,118 239, 060 212, 824 1,042,799

California .. B3 15 7 30 6,807,440 590, 616 1,509, 204 1,236,298 3,471,233

Colarado ..... C | (T R 4 392, 865 15, 700 81,200 148, 550 147,416

Connecticut .. 31 9 6 16 8,254, 06 128,772 429,881 790,778 1,905,076

Delaware. 15 8 1 6 2,139, 856 95,100 238, 467 223,814 1, 58‘2 475

District of Columbia 8 4 2 2 111, 606 22, 000 11,800 29, 585 48,221

Florida........... 10 4 1 5] 778,319 95,164 139,186 136, 208 407, 672

Georgia..... 46 13 11 22 6,764,918 141,762 1,049, 304 672, 684 4,901,218

IMlinois ..... 88 16 9 64 10, 245, 146 1,359 232 1,141,727 1,715,112 6,029, 076

TRARANA vvvereeneirnnereeavrrenaneavnranss 42 14 8 20 2,527,306 151, 986 480,112 663, 238 , 231,971

TOWER ooiiieiieiiiiaiiiciaiannann hraeesseeraenaaaians 8 2 3 3 621,171 88,442 108,150 84,013 395, 566

Kansas ..oveemiiivieieiiiiinninanans 5 b PO 3 241,278 24,000 74,450 57,648 135,180

Kentuc]xy .. 18 3 2 13 740,484 50, 522 82,975 98, 546 08, 4

Louisiana . LV | 2 8 1,439, 153 70, 894 313, 956 215,419 834, 384

Maine . .ooveriiiiimnniiaanies 13 5 2 [ 1,107,261 71, 585 76, 594 H28, 459 430, 623

Marsland.c.oeiieiiiiiiiiieiiitiarc e ermcre e, 63 18 21 24 9,148,474 1,282,011 1,241,469 1,702,628 4,922, 360

Massachusetts 83 25 21 37 7,887,795 467,045 , 20 1,149,955 5,291, 5R6

Michigan. 97 55 14 28 10, 684, 794 1,286, 685 2,048,160 8,505,988 3,788, 966

Minnesota.. 8 1 2 5 371,083 7,829 37,085 80,874 275,795

B0 DT R 1) 1) H PP 4 b N I 3 372,797 20, 322 50, 000 57,362 245,113

MiSSOUTL .« e e i e 39 6 5 28 6, 250,327 4986, 350 742, 024 948,877 4, 069 067

Nebraska. - i3 | R N B 945, 517 70, 500 882,319 111,576 +122
Nevada.... L | . [ PO 53,0756 5,000 2,050 7,620 38 500
New Jersey.. 160 41 30 89 34,307,300 8, 850, 787 5,015,423 5, 838, 200 90,102, 881
NeW YOIK «ceeaenicmiieiieeiiinecnarasacrnecnnanenns 285 104 56 125 46,913,165 4,931, 561 6,274, 907 8,986,573 26 720.124
North Carplina 23 2 12 2, 878, 088 110, 269 . 411,432 228, 823 2,127,564
. 137 84 38 65 13,083,173 1,892,119 1, 810,967 2,218, 587 7, 666, 500
Oregon .- 2 1 176,332 5,000 6,300 , 247 148,585 -
Pennsyly; 306 89 102 115 || 48,964,862 4,602,488 6,079,953 { 11,928,088 90, 454, 333
Rhode Island.. 12 b b 1,165,565 58, 700 178,583 | 162,911 765,371
South Carolina 22 2 1 19 10, 505, 043 109, 441 1, 642, 600 487,117 8,265, 885
Tennessee 14 3 3 8 1,258, 373 108, 947 , 177,114 615,793
Texas.. 7 2 3 2 50,550 700 8,000 26, 225 18, 625
Vermon 5 % P 3 316,422 . 8,200 34, 685 82,182 191 405
VATEINIA « e 64 20 22 22 8,158, 747 1, 706 496 973, 308 1,242,299 4,236, 644
West Virg . 9 2 2 b} 318,292 7,060 48,900 74,049 , 293
R Ee0) 113 + N R 12 3 4 b 817,841 18 000 8, 500 208, 759 582, 082
Allotherstates..........o.oiiiiiiiiiiiianiirennnnn- 6 1 1 4 165,426 G, 544 70,112 31,822 56,948 .

1Ineludes establishments distributed as follows: Arizona, chemicals, 1;

New Hampshire, chemicals, 1, Washington, fertilizers, 1; paints, 3,

E—
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Tanre 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900—Continued.
SALARIED OFFICIALS, CLERKS, ETC,
Proprie- o -
tors and General superintendents, managers, clerks, ete.
o ORTE firm " Offizers of
STATES AND TERRITORIES. meni- Total, corporations.
hers, Total, Men, Women,
number.) W
Number,| Salaries. ||Number.| Salaries, || Number.| Snlaries. |[Number.| Salaries. |Number.| Salaries,
United States............. Cheananans 1,189 8,605 %11, 340, 385 1,262 | $8,160, 458 7,342 | $8,179,927 6,637 | §7, 841,490 705 338, 437
AlabAMa oeeeeennn.s e eme e a9 7| 69,640 7] 24,08 571 44,05 55| 43,85 2 800
Cnlifornia . 199 269, 283 42 57, 700 157 211,583 144 208, 693 13 7, 890
Coloradn...oueineiniiee i i 18 20, 520 8,300 10 12,220 9 11,500 1 720
Connecticut ...... teeresaccueanreenann. van 20 108 164, 481 29 68, 200 79 96, 281 71 93, h86 ) 2, 695
Delaware........iooiieene., veneeen - 10 36 60,194 32,450 27 27 744 26 27,264 1 480
Districtof Columbia .ueeneeiiiiiiaiaain, 8 9 5,483 1 2,500 8 2,933 8 2,933 {..... P
TFlorida............... radseereesenannaaann 6 33 31,031 9, 166 25 21, 865 22 20, 565 3 1,300
e =1 42 126 156, 188 17 44, 026 109 112,163 107 111,203 2 960
B0 1T 37 683 012,841 83 227,873 500 i85, 468 511 645, 656 7 39,812
Indfana......... tiennseansncerennntesoanan 34 134 168,763 24 45,272 110 118,491 104 1186, 611 6 , 880
JOWA e e et eeea e 10 34 28, 980 1 2,400 33 26, 580 27 24, BRO [§} 1,700
Kansas ...ooueeenn... 2 8 9,940 3 3, (140 5 6, 300 5 0300 [oveeneregefeanennsiioss
Kentuckv ........... 9 63 61,564 13 20, 350 50 41,214 42 28, 860 ] 2,354
Louisiang ........... i b 43 66, 969 13 36, 460 30 30,509 29 29,729 1 780
L0 ;5 1 T 8 22 28, 533 7 146, 200 15 12,333 12 9,733 3 2,600
Maryland ....coeiiiiiiiieriiinoaneanaaaas 64 280 330, 116 55 129, 622 225 200, 494 213 195, 673 12 4, 821
Massachusetts. - 64 422 526, 540 53 150, 463 369 376,077 323 355, 610 46 20, 467
Michigan...... 90 431 558,934 55 128,910 376 435, 024 322 418, 788 54 21,236
Minnesota......... 8 32 31 878 7 10,258 25 21,620 21 20, 160 4 1,460
Mississippl..........o ... 1 18 20,714 i} 6,150 12 14, 564 12 14,664 [ e
MISSOUTT oo einiiaeriiienieraciiciaeiiaas 334 412,916 50 107, 682 284 305, 234 262 204, 682 22 10, 552
Nebraska...... 43 62,156 2 9,000 41 53,156 34 50,120 7 3,036
Nevada........ [V | R 1 600 1 (U011 20 S DR
New Jersey . 1,226 | 1,599,059 149 432 682 1,077 | 1,166,377 999 | 1,126,103 i 40,184
New YOIk . cumruineiennreacannacaaacanss 1,619 | 2,411,386 201 620, 654 1,418 | 1,791,082 1,286 | 1,727,171 132 63, 861
North Carolina Bl 65, 838 11 29, 823 40 36,015 40 86,015 [ouueecec]inernninnnnn
............. . 820 | 1,086,692 128 208,570 692 743,122 609 701,410 83 41,712
Ore () (NN . [ 10 ") 08 2 4, 800 8 10,280 7 9, 800 1 480
Pennqy]vamn .- . . « 200 1,260 | 1,606,571 173 457, 626 1,087 | 1,148,945 987 | 1,008,245 100 40, 700
Rhode Island......ccoooviiiiiinininnnnnn 8 46 72,941 7 17, 000 39 o5 941 31 51,277 8 4,664
South Carolin@ ........... Cereenecneaeaans 5 85 164, 716 91 . 85,97 76 128,740 75 128, 500 1 240
Tennessee . ...... | 9 67 84,248 18 45, 800 49 38, 443 47 37,483 2 960
Texas ...coveanne.. 10 2 3,000 {loeeeiemecfionnnanns 2 3,900 2 3,000 [cociiiiforeneeninn-.
Vermont........ 2 15 8,468 4 1,600 11 6, 808 4 4,360 7 2,508
Virginia.......oocioiaen Ceemeecencataean 71 158 182, 861 29 64, 586 124 118,275 121 117,325 3 950
West Virglniu . . 8 10 9, 830 6, 680 5 3, 150 5 L1 N DRI F R
Wiseongin...... . 10 83 78,691 12 10, 656 71 68,035 61 62,020 10 6,015
All other states....... atvrecsnrsecraanan 3 7 8,695 2 3, B 3,695 3 8,075 2 620




654 MANUFACTURES.
Tapiz 9. —CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900—Continued.
WAGE-EARNERS, INCLUDING PIECEWORKERS.
Women, 16 yearsand || Children, under 14
Total. Men, 16 yearsand over. over. yehrs.
STATES AND TERRITORIES, Greatest | Least
nux;lberd nuulxberd )
£MpI0YeC |CTDIOYEC| A verage . Average Avcrage Average
%E;gyd%r;-e oﬁ%‘g}ge humber,| WO llnumber., Vo8  [[humber.| VOEeS || numhber,| YWAges
ing the | during
year. |the year.
United States. .ooeee i veeraciiarenneeans 61,558 37,939 46,765 | $21,799,251 44,635 | §21, 214,066 1,952 554,423 178 $30,762
Alagbama ......o0heen Cenes 887 280 460 99, 782 45 99, 834 4
California, . 1,973 1,259 1,647 982, 378 1,511 967,922 36
Colorado .- e 54 67 81,430 63 ) 200 4
Connecticut . 869 525 662 356, 532 680 847, 583 32
Delaware...... Weeieeeraasiesrarareanaereraaas 665 304 403 186, 005 899 185,391 1
Distriet of Columbia 57 32 27 11,298 27 T1,298 [[oceecmoaeceonemniienffecmacmocsleacnnaeens e
Florida .. .c..... 283 85 144 49,161 141 L | O 3 450
Georgia 2,158 654 1,149 4, 73L 1,140 302, 591 1 800 8 1,540
linois .. 2,204 1,602 1,880 987,870 1,679 927, 622 180 56, 563 21 3,085
Indiana ...l 891 630 851 317,968 614 311,717 86 6,146 1 105
183 137 160 71,451 152
318 135 o197 , 644 197
286 129 190 83, 324 184
456 200 300 97,827 279
187 78 108 38,810 105
Maryland ......ocooeeememieaiaenns e \ 1,21 1,613 754,907 1,587 748, 166 19 5,741 7 1,000
Massachusetts. . . 1,669 1,101 1,837 717,043 1,257 698, 670 75 22, 631 5 842
Michigan. .. 4,886 2,966 3,626 1,451,730 3,409 1,421,425 145 28,571 12 1,784
Minnesota. . 77 62 62 27,466 52 24,717 10 2,749 ll...... P
I RTTTa) ) DO SR 176 50 98 35, 200 98 35,200 ||. oo e .
DISSOUT e e+ eeeee e et e e e e meee e naaeenas . 1,315 91| 1,148 513, 293 1,018 485, 588 75 17,915 50 9,780
Nebraska..o..oooeeveiaiian, . 199 137 174 \ 163 97, 256 11 RIS | O PR
Nevada. o.oveociciverinninnenns 50 37 22 8,670 20 8,180 2 LTV 20 | O R
New J 5 AR TP PP PP PP 7,211 5,069 6,091 3,095, 568 5,674 2, 983, 539 407 130, 419 10 1,910
New YoTrK cvvienneciciinarnnninnnencnas PO 11,180 7,657 8,940 4,601, 897 8,615 4,599,067 ) 313 90, 455 12 2,375
North Carolina..... 805 2356 441 113, 860 440 118,785 |leeecneneefonenanaaanan 1 76
hio ceeeeunn... 3,035 1,837 2,218 1,112,593 2,085 1,069, 151 130 43, 0563 3 389
Oregon ....... 48 46 . 46 20,136 43 24, 876 3 1,260 [feeeeeeaauifooaonmannnn
Pennsylvania 8,713 7,287 7,814 3,883,218 7,459 8,787, 684 331 91,443 24 4,181
Rhode Island......... 330 218 268 132,205 2 129, 697 16 2,808 J[eeeenenens]oaranns venen
South Caroling .............. reeresraseseennaeaan 3,066 ‘764 1,772 479,449 1,772 479,449
Tennessee .. .. 99 310 594 143, 619 582 142,019
Texas -... 88 26 48 18,376 48 18,376
Vermont .... 121 44 78 28,809 50 22,271
Virginia. et Cereesteersasanannnanae 3,452 1,379 2,154 626,159 2,114 620, 809
West Virginia .. 111 103 87 33,469 87 33,469
Wiseonsin...... 232 190 185 65,440 140 B9, 761
69 30 44 24,047 43 24,797
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TasLe 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
: 1900—Continued.
AVERAGE NUMBER OF WAGE-EARNERS, INCLUDING PIECEWORKERS.
STATES AND TERRITORIES. Men, 16 years and over.
January, Fg?;}x- March, | April, | May. { June. | July. | Angust. Sc]g)écrz.m- October, N%\e?_m- D %‘é?,m
United States .ovvevnneiiaiiiinn.. [P 45, 847 47,271 48,974 | 46,876 | 43,598 42,520 | 40,620 42,231 43,880 43,344 45,065 45,384
A]a_bumz} ............ . 744 786 773 587 861 267 196 184 268 319 407 690
Californisa. - 1,469 1,453 1,422 | 1,649 1,387 1,402 1 1,528 1,559 1,486 1, 586 1,678 1,615
Colorado . 56 55 56 63 62 52 86 67 68 72 63 67
Connecticu 520 570 617 659 700 670 465 649 683 642 624 546
Delaware ... 290 304 131 415 407 365 396 521 594 489 378 289
District of Columbia . 21 23 81 36 36 23 29 29 30 24 19
Florida, «.cennn.n. . 182 220 242 142 126 119 115 106 100 94 109 128
Georgia, . | wees| vosr! ne47| 1T 880 0| 510 597 582 98 | 1,460 1,563
Tilinois. | | neas| Toe2| 1%m1| 1Uves| 1,805| 1,68 | 1,600| 1,600] 1,759| 1,583 | 1,605 1567
Indiang....... . 542 566 578 649 635 611 718 686 571 647 b51
0] P 142 203 140 139 141 154 144 156 153 150 148 141
Kansas...... 192 199 181 161 149 143 1449 184 224 246 282 259
Kentucky... 144 150 195 200 182 194 175 204 244 207 163 146
Louisiana... 344 410 - 420 38H 267 247 175 174 234 221 268 2569
Maine............... 58 78 86 171 172 119 119 492 114 86 103 63
MAaryland .oeeeuuiierrareraaraaceii et anaa s 1,39 1,407 1,525 | 1,877 | 1,507 1,456 | 1,526 1,828 2,199 1, 631 1,423 1, 407
Massachusetty ... . 1,253 1,297 1,839 1,837 1,210 1,181 1,130 1,228 1,240 1,253 1,309 1,286
Michigan....._... . 8,435 3,460 3,609 | 8,777 | 8,663 3,767 | 8,280 3,285 3,832 8, 250 38,283 , D84
Minnesota .......... . 62 57 b b6 58 57 2 . 48 49 47 48 48
Mississippi...-.... heeneresaerenaraer st 176 176 161 109 b7 39 31 41 b1 88 111 139
b SEET21 o S eamran aeeeveetnnnas 962 981 1,011 | 1,009 { 1,036 1,068 1 1,086 1,056 1,071 1,026 990 913
Nebraska ......... 184 144 133 157 141 164 168 174 185 185 174 178
Nevada ........... 30 16 22 19 14 19 1 18 17 36 17 14
New Jersey 5, 537 5,528 5,907 1 6,000 [ 5,764 5,701 | 5,479 5,711 5,728 8, 578 5,578 B, 564
New YOT . eereiiieiiiaeeracraaaransnrnesannns 8,644 8,821 9,097 | 9,218 | 9,069 8,971 | 7,995 8,076 8,258 8, 355 8,395 8,502
North Carolina 557 629 692 619 406 283 282 257 292 416 436 417
ORIO - ree et 1,88 1,046| o136 2,191 2,108 | 2,028 2,03 | 2,507] 284| 208 1,83 9,011
Oregon....coee.... 43 43 43 43 43 43 43 45 45 44 43 43
Pennsylvania ..... 7,282 7,315 7,518 | 7,648 [ 7,564 7,427 | 17,328 7,408 7,585 7,535 7,897 7,601
Rhode Igland ......... Hetirereneeastneacer e 234 236 239 241 234 2 201 263 261 247 264
South Carolina........ 2,81 28| 2,9 1,587 88 76| 74 741 g7l L4327 2,804
Tennessee. ...... 675 772 868 656 464 444 331 520 887 614 365 384
TeXAS cceeveenan. B 32 29 38 42 35 47 59 81 b7 &7 50 48
VOrmont . oaeu i ciet e irce e aieaeaaees 72 62 76 33 37 30 35 38 48 52 fili} 08
Virginia -.... harasereanemeamaeanaa [ 2,086 2,375 2,600 | 2,186 1,958 1,982 | 1,993 2,000 1,930 1,984 2,278 2,149
West Virginia... ! 83 84 8 87 88 88 86 ) 85 104 83
Wisconsin......... 164 160 170 173 174 136 119 120 124 97 116 123
Allother states . ..o iiiiiriiirreeramraaaaans 4 4 51 39 36 31 40 41 46 40 54 46
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MANUFACTURES,

Tapre 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1800—Continued.

AVERAGE NUMBER OF WAGE-EARNERS, INCLUDING PIECEWORKERS—c¢ontinued.

S8TATES AND TERRITORIES.

Women, 16 years and over,

Janu- Febru- . Septem- [ Oecto- | Novem- | Decem-
4Ty, ary. Mareh. | April. | May. June. | July. | August. ber. ber. ber. ber.

United SEAfes c.ovrreriinaiiaeriiiieraen 1,911 2,000 2,066 | 2,063 | 2,062 1,086 | 1,823 1,830 1,876 1,95 1,944 1,927
Alabama ; 2 2 2 3 3 4 4 5 6 7 7 5]
California. 30 36 36 37 37 37 37 37 87 36 36 36
Colorada .. 4 4 4 4 4 4 4 4 4 4 4 4
Connecticut. 27 29 32 34 36 27 30 31 37 37 30 27
Delaware 1 1 1 1 1 1 1 1 1 1 1 2
)R o TeiA o} Q€011 %1015} C: R RDUIPPNINY SORPRUN ARPPRIPPIN RRIPIPEN HOPUISP PP FIRUIES PSP RPN STPURPRS IR PRI FOPS .
T T Y PP R S MR .
Geergia 3 2 2 1 1 1 1 1 1
Tllinods. 185 193 197 199 188 180 166 155 157 169 176 192
B 113 (T8 T NP, 29 29 33 37 41 43 44 41 41 40 30 27
Towa 6 7 7 9 Y 14 3 3 3 3 3 3
o 0 T e R R R S e Y o
Kentueky.. - (i 6 6 6 [+ 6 5 ] 8 8 8 6
Louisiung.. . 24 32 31 30 19 18 18 15 15 15 14 16
Maine.... . 2 6 6 3 3 2 2 2 2 [4 6 2
Maryland . 19 19 19 19 20 24 21 20 20 17 16 17
Massachu, 61 64 70 4 74 71 74 74 85 90 7 75
Michigan 169 175 173 176 151 125 113 103 106 137 152 166
Minnesota . 10 11 11 11 11 1 8 7 8 8 11 11
Misgissippleeeennniean i, rreeraan F P e (R ven
Migsouri 78 72 78 7 74 75 82 80 81 79 68 ki
Nebraska 11 11 11 11 1 11 11 11 11 11 11 11
Nevada, .. 1 1 2 2 2 2 2 2 2 1 2 1
New Jersey 359 404 302 369 410 441 420 428 435 423 417 395
New York 308 320 336 350 354 323 294 291 303 298 300 288

Pennsylvania
Rhode ISIand . cvverinnneiiiriiiiecniicanenees

South Carolnia .....o.viniiiiai i,
Tennessee
Texas....
AYZ53 451107 11 A PPN

Virginia coveen it e
West Virginia..
Wisconsin......
All other states
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Tanrz 9.—CHEMICALS AND ALLIED PRODUCTS: DETATLED STATEMENT BY STATES AND TERRITORIES,
1900-—Continued.

AVERAGE NUMEER OF WAGE-EARNERS, INCLUDING PIECEWORKERS——continued.

STATES AND TERRITORIES,

Children, under 16 vears.

Janu-
ary.

Febru-
ary.

March,

April,

May.

June.

July.

Avugust.

Septem-
’ ber.

Octo-
ber.

Novem- | Decem-
ber, ber,

Coloradn ....
Connecticut.
DElAWATE et eesvreneeesssenraenssnsrvenasnsennn

District of Columbia ._........ PPN
00 o 1T N SR
GEOYEIA . mveerrnraareeecereansase Cevereaseeerannen
S D TE
8T B T

Kentucky........ heeeeesaserearnae et aaananaanan
LOWISIEINA ¢ coiiiiiiaiesniirereervternuneereannn
Maine. . e .-

B3 E18 1 F: 01 U
Massehusetts. ..o ieinii i ia e
Michigan -.ooceiinieeiinnnnann

Minmesota
Mississippi

Migsouri
Nebraska «...oveeiaaas
Nevada .....
New Jersey .
B 3 S

Pennsylvania.
Rhode Island .

8outh Carolina
Tennessee
Texas...

VYermont..

Virginin, ....
West Virgini
Wisconsin.....
Allotherstates ... ...oeeninniiaanaaani....

166 182




658

Tapue 9.—OHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY

MANUFACTURES.

1900—Continned.

STATES AND TERRITORIES,

BTATES AND TERRITORIES.

MATERIALS USED.

Purchased in raw state,

Agfégsgnte Fish, Gums, Kainit. Limestone. Phosphate rock. Pyrites.
Total cost.
Thousands,| Cost. Cost. Tong. | Cost. Tons. Cost. Tons, Cost. Tons, Cost.
United States....... $124,043,837 || $15,702,216 || 4,589,032 | $183,542 | §3,817,112 { 54,700 |3520, 833 | 790, 456 18717,910 | 797,772 1$3, 620,262 | (33,837 [$3,101,075
Alabama .o veececaeaainns 1,428,452 182,172 fovveeniralennenrnns 23, 940 244, 216 9,520 62, 500
California .. 5,502,254 | 100,860 |loeeooeieeeiifieeiennnnd] 22,7 Lo 1,600 8, 000 1,466 16, 862 6,881 84,658
Colorado ... 158, 716 : 4,800 12,000
Connecticut 1,015,009 3 2,507 13,685
Delaware ‘ 738, 041 63,556 || 200,000 | 40,000 |............; 1,461 | 15,235 | 2,106 | 762 | 2,062| V069 [.......ideeeeiiis
District of Columbia 55, 050 I | P O £ O T P T P LT T IS Ty PR e
Florida ........ 341,681 62,290 3,177 17,478
Georgia... 2,462,109 785,084 37,8749 213,466
linois ... 7,981,328 542,974 4,337 25,965
Indiang .-.-.oeeeeennns 1,513,769 I97066L [Jonnnmenenno oI e (o e 18,867 | 108,789
TOWH.seerurmrercmnnennnnns 519,876 |{enevenn PR
Kansas... 521,979 ([ceceurmennaans
Kentucky 659,350 79,506
Louisiana 700,380 95,158
Maine...... 214, 666 20, 000
4,726,232 908, 867 3,204 | 6,805 | 58,547 |.evveiiaifinneann.s 126, 757 582,626 | 65,182 247,990
4,996,442 663, 863 282,861 . oiieiiifaciinnans 18,722 131,734 | 84,804 147,470
5, 362, 671 714,539 465 5,28
285, 787
349, 689
5,496, 347
. 517228147 3 | PN | I FORPUSTRPISY MR FPURUS MU Fp s P P .
Nevada... . TS | g O e L L I vrves
New Jersey. -1 16,297,390 1,733, 693 14,118 9,765 698, 672 400,998 | 85,782 390,
New YorK ...ccvuun.en sewae| 24,756,424 2,942,580 [|-.ceeenniiieaniiianns 1,844,871} 1,263 | 15,075 | 824,910 | 816,746 | 22,104 155,401 | 654,379 227,458
North Carolina . _........ 1,057,480 287,849 1| 4,215, 500 18,668 {............ 967 , 687 1,815 2,400 | 38,858 160,564 | 16,684 88,818
Ohio....cevsu. 8,008, 959 568, 408 K , 800 234,901+ 2,580 | 21,360 175 1,160 | 28,515 114,172 | 42,421 184,026
Oregon ..... 163,143 5, 480 Fi L2V I O PO A OO P P e P P
Pennsylvania 18,230, 605 2,402,198 317,180 1 1,265 | 11,479 1 62,429 | 74,109'| 83,491 200,710 | 97,5679 500,777
Rhode Island............. 631, 859 118,105 5,450 {oveereni]iiannnnns 16 222 N R, 4,183 25,470
Bouth Carolina........... '8,107,710 1,026,097 141,464 555, 861 | 83,272 399,010
Tennessee ... 1,084, 022 284,770 36,431 118,067 | 20,668 153,428
Texas....c.... . 64,624 \ 10 [ 28 T S
Vermont eecerecvrennaren- 820,287 /11 | LU PO FOUSPRIIN PRI RO SN SIS HAPRR RSP PP ROpPPUPUIS SRR,
Virginia o canenceannraans 3,055,220 803, 850 147,812
Waest Virginia 205, 200 206,900 [|eevumemsenasloeneeneenslorsennsnsseslinsnsnselensesnaseslssansnenefavenssnsslossensans|sornsansnss|aneneraariornemeans
Wisconsin. .... 862,991 P25 | S FOCRS EE.-'; 1 NS FOPUURR AUPRUURE FUDUSTTRI FPPPPPRN RSP MR PR, .
68,257 12,912 10,412

All other states...........
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MATERIALS USED—continued.

Purchased in raw state—Continued, Purchased in partially manufactured form.
STATES AND TERLL- Wood, Acids,
— 1 Aeld phosphate. | Argols.
For aleohol. TFor extracts, Total cost. Snlphurie, Nitrie, Mixed.
Cordas, Cost, Tons, Cost. Tons. Cost. Pounds, | Cost, | Pounds. Cost. Tons, Cost. . Cost,
United States .....|495,078 [§1, 255,704 (261,384 (82, 485, 688 | 987, 323, 162 | 1280, 028 |1, 946,742 (3,131,804 (§154,144 |69, 566,011 [$1, 560,188 (287, 147 ($2,182, 816 |42, 204,800
Alabama 702,484 500 5,000 |.. 433,266 11,844 | 58,585 | 169,820 i...
Californi 4,288,386 || 2,961 66, 418 12,498,600 | 161,904 { 1,550
Colorado B LR | R PR AN R (PRSP PPN R vavemannen
ic 59, 230 .
595, 778
DO | IR (2813 : 3 | IR OO
234, 591
. |l 1,834,100
.......... 8,388, 225
1,082,731
406, 239
444, 986
b514,158 X
B22,265 [|-ceneanfuoeniennns W 17,419 ] 154,627 {...nalu...
150,948 ||. [P 330 4,600 fo.ooaeno.
Maryland... 8,088,179 || 28,119 | 164,658 |...... PP U . 287,641 |..onnnnnns
Massachusetts 3,768, 0 4,138 54,103 | 774,930 | 381,416 |......nn.nn 6, 553 62,868 |..coaaneen
Michigan ... 2,094,872 || 3,869 47,021 1o e
Minnesola .. 208,081 H.ovvureoevosnmeneeaadeonamemenafnncamma|oanennans
Mississippl..evennins 204,664 [ BO0O |  B,000 Jeeeerrenns]iereanans|inaeennnnns
Misgouri .... . 4,993,443
Nebraska . .- 487,089 {loaeevens]vonrersmeacarormmemraaleroneaacfooennnaioe,
Nevada covveeeiiniona]unaccanc|recrcanssan|asoscecs|onaneneans s P
New Jersey . 207,867 || 12,198,674 (| 76,817 | 436,625 1,692,610 | 97,496 21,526,726 | 880, 970 | 12, 551 119,061 | 1, 044, 800
New York 611,349 {| 17,479,548 || 21,064 | 172,641 15,400 656 | 2,188,744 80,986 | 18,127 156,137 916, 000

North Carolina...... .. 605,982 || 3,402 19,081 fvevannnaetnn R ) 10, 256 87,276 |eevvvucnnn
Ohio........ 6,400,486 || 21,576 | 147,333 | 26,000 802 | 6,208,183 | 164,207 | 8,474 82,519 |.oanaean
Oregon, ... 187,688 [leeevrerefnocamennameisoenommccafoocacsasa]osernnnconslianseenss P O P P,
Penngylvania. b66, 626 || 12,193,056 || 42, 836 288,697 | 193,600 6,641 | 9,926,537 249,464 | 15,795 141,167 |oeecnnnnnn
Rhode Island ......... 86,457 421,950 554 2,853 [ceeeienans cereeesss 100,000 7,000 200 1,696 |oeeunnanns
BSouth Carolina........ N PPN RN R 1,609, 892 125,141 [heannnnnen
Tennessee. c.oveerrannaferaeeaeeddioenencnns 6,433 11,27 487,503 9,000 |........ .
B =5 e 45,139 R YR P
Vermont...ovveenanans 400 1,200 |eneeiiin]omnnnennnns 800, 792 ] [,
Virginia .......co..... 48,216 246,680 [ 1,378,984 0 [oeeeenenectiaeiiannaa] 14,646 | 180,526 {...n..oeen
West Virginia. .| 85,700 106, 800 66,062 118

Wiseonsin....cvciiineilvnniocns]enenenanccafomeniensfaniaiai 728, 801

All other states «......foccciieifocannan, S R P, 84,664 [{oovecnarinanne RPN [ A [P PR O A P
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MATERIALS USED—continued.

Purchased in partially manufactured form—Continued.

]

STATYS AND TERRITORIES. Ammonia, Aleohol.

Bones, tank-
age, and Common salt.
Aqua. Sulphate. Grain. Wood, offul, .
Pounds, Cost, Pounds. Cost. | Gallons. Cost. Gallons. Cost. Cost, Tons. Cost.
United Stafes.......... 417,488,026 | $1,187,807 | 16,985,013 | §657,726 | 331,207 | $510,875 3,692, 803 $1,751,345 | $10,818, 661 42,189 | $142,308
Alabama. . 340, 611
California 2832, 955
COlOTAAO ovevnrermnnemmmcacea 90,000 | 4,050 J.eeooeveieiesdoeenennn| 186 416 18| 162 |.....ie.o...
Connecticut 88, 514
Delaware... 51,708
District of Columbia 24,123
Tlorida. 96, 926
Georgia 534, 781
Tlinois . 608, 783
Indiana 123,705

1,000
298,496 |.....

56, 069

Louisiana 215,218
Muaine .. , 680
B (IR 2100 A PPN A 478,521 | 18,939 |eroenreneafemeanenrrrelenaeeiassaree]emaneanaaaas 1,160, 985
Masgachus 1,227,436 78,046 200, 000 5,500 1,095 2,641 56,071 45, 320 402, 020
Michigan. 29,431,188 9,484 21, 698 200 200 415,154
Mississlippi USRS ORISR NSRRI MRSSORESROR! MRS RRONt SRR MERIRRISRONN ISR 53;646' .
I )) DN 41,049,981 64, 815
Nebraska ...ceoveervnnerioanelorenaracannans 15, 770
3£ T - T T C o S e ] T
New Jersey. 99,289,132 56,140 5,025,724 | 188,678 | 160,024 127,156 311,229 204, G583 1,104, 361
New York.oovveeecommnnannn . 180, 000 9,000 580,877 | 164,504 | 52,425 | 122,964 8,111,592 1,330,284 596, 733
North Caroling....ccvvevvenelerevneceaeceicdioeeanaaancnss 50,000 b8:1111 B TN N AR IR 354,015 ovennevenafoananmenss
Ohio........ | 48,017,000 25,810 19,549 579 6,745 16,814 | - 12,360 16, 403 344,183 5,284 18,180
[ 1< (5 1 B T LT L L LT e P RN P 300 696 217 184 893 e
Pennsylvania 105,440, 790 200, 337 1,062,458 29,468 38,336 80,328 75,765 47,869 1,008, 766 4, 060 18,168
Rhode Taland.......cccevmenenfannes PPN reasrenens 2,414,128 1,078 2,400 5,500 1,600 2,800 204,401 teserrrren|annarenaen
South Caroling ..c.eeereaeneerfanaianoaaa.on 1,061,977
TeNTesee . c.venersse 1,964,640 141,576

[ 26, 875
Vermont covevennevaaennconns 360
Virginig....... rerriieriennes 536, 620

West Virginia
Wisconsin . cccvevvmvenrennncefanncncannanss

1,224, 000
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STATES AND TERRITORTES.

'MATERIALS USED—continued.

Purchased in partially manufactured form—Continued.

Lead. Lime.

Linseed oil.

Nitrate of soda.

Cost. Bushels, | Cost. | Gallons, Cost. Tons. Cost,
United States ...... S8, 618, 007 | 7,428, 88D 8442, 252 (16,157,117 |$7, 495, 196 147,020 $4, 8§99, 622
Alabame.....oooiiaanol] 80,218 |L.oo..ooop 0 B39 B 088 |l 400 19,236
California.. 152, 650 203, 784 118, 083 .| 26,912 837,022
C(chmldq ) PRyt IS 1> 1 ) [ 75,042 87,521 180 6, 300
Connecticut 71,496 84,963 2,677 91,099
10, 400 4,660 2,616 78,831
800 i} 675 .
............ 269 9,619
. 49, 51 1,383 60, 036
546 | 2,121,711 8,172 106,444
142, 264 59, 815 8, 957 818,198
TOWE . eerrenmanniannannans 182, 356 73,947 4,795 | 150,10
RKansas. 3, 5U0 1,400 1,759 68,253
Kentueky 208,625 | 120,857 89 , 600
Loudgians. . . 66, 604 33,3802 46 1,702
MAINE «eveaeneannnoanen. 80,168 15,729 1,468 44,700
Maryland 140, 000 112,376 54,943 3, 669 132,460
Massachusetts . 27,983 489, 339 219, 896 H, 157 182,976
Michigan ... . 134, 256 913, 022 ; 76, 342
Minnesota . FO £ e R PR P 164,519
BIACTSTTSY 1)1 RO PO IR (L) I (RN SOOI ISP EPSPSPUR ISP 6,000
Missourl ... . 1,832, 088 8,005 | 1,201,716 | 626,632
Nebraska . 242,666 |. .. . 213,779 102, 773
Nevada ... . 1, 800 1,080 . cees .
New Jersey 2715, 500 08,664 | 15,467 | &d4d, 341 | 899,581 31,276 | 1,025,282
New York...... 2,152,988 | 8,805,637 | 250,271 | 4,199, 414 | 1,970,463 7,608 254,274
North Carolina 75 300 98, (00
i 1,806,071 | 909,189 485, 636
95,452 BT I N PO PO J
04,000 | 2,235,610 | 903, 025 657, 481
1,826 34,33 15,182 7,091
South Carolina........... 2,169 823,569
‘Pennessee .. 2, 550 88, 08
b =5 <X SRR R H b1 N S5 U FOORORp N R Ry g P S I 1 - IS £ 981 N SO FAOOURN S, .
Vermont....... [P [ SN | 18- 1 - T PPN MO IO PRRNPPPN B A7 S N T PO RN DR AP
Virginia ..........o..ol.

West Virginia.........
Wisconsin.....

Allother states..,........

493, 576

28,853

256,945 1.
97

3




662

MANUFACTURES.

TasLe 9.—~CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
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MATERIALS USED—continued.

Purchased in partially manufactured form—Continued.

Rent of

STATES AND TEERITORIES. | Tl All other | TFuel.jpower and M}fﬁéﬁ‘" tory, | Treight,
otas allow 0 heat. . "
y Sulphur, Wood ashes. |components|
salts. v and fats. of products,
Cost, Tons. Cost, Cost. |Bushels.; Cost. Cost, Cost, Cost. Cost. Cost, Cost,
Unifed States.......... $3,801,818 | 83,530 | 81,724,857 | $350,517 | 801,047 839,507 | §23,900,991 | $6,5615,686 | $207,568 | $779,814 | $11,281,479 | $3, 148,972
Alahamea. ...oooveiiiirinnnnns 31,270 82 18, 690 17,687. 20,284 1,082 10, 886 136,102 118,826
Californis. . .| - 106,984 | 10,199 235, 383 1,191,206 278, B57 9,302 63,481 484, 502 , 666
[0 103 1: ' [ SN STRIURPUUN R R R, 28, 343 , 980, 780 950 12, 802 11,864
Connecticnt . 27,726 | 1,997 43,487 204,235 95,996 160 60, 557 80,751 38,008
Delaware .......... [ 62,900 516 10,937 50,341 , 364 262 4,854 87,978 42,249
Distriet of Columbia......... 3,530 1,835 2,006 260 256 2,379 093
Florida .......... . 54, 300 8,427 9,749 860 2,488 28, 866 , 837
Georgia.. 136, 805 36,197 53,185 460 11,706 200, 007 127,477
Tlinols... 81,076 1,419,544 200, 325 11,806 22,814 718,979 101, 705
Indiana.....cccoviienienann. , 184, 065 66, 565 4,298 183,908 9, 557
TOWB e enenrernrennnerensorens]ocnncaanna- 83,763 22,662 |eoreesneann 1,662 58,292 30,641
Kansas....... 17,647 9,977 21,643 13,500 8,767 88,083 fovuamenrcnaas
Kentucky.. 5,400 167,211 8,647 1,101 2,306 3, 543 10, 095
Louisiana .. 15, 644 56,084 20,072 14 4,017 56, 846 2,008
1311 TORNN 4,769 28,406 4,468 1,065 8,368 27,048 7,781
Maryland -.......ocoiniiinen. 568,019 162,581 481, 639 153, 866 860 67, 366 377,230 130, 374
Massachusetts . 285, 613 63,010 1,211,834 150, 780 4,988 21,252 " 426,915 76, 144
Michigan .... 67,905 636,780 863,430 813 27,786 544, 825 217,407
Minnesota. . P PO 63,073 7 596 14, 808 4,619
MASRIBSIPPE « - eoe e oo eeeenenns 18, 660 8,980 5,150 34,200 x
Missourd ....aae.o. ereareans 6,740 1,448,228 10,915 866, 864 7,160
Nebraska coooieoiiimoaniiivciiciiaona, 33,320 2,065 48, 372 18,018
{24 o T RN IR 6,726 53| 130 1,080 {oeemennenens
New Jersey .ooevrivvenvnnnnns 781,154 4,795,743 H8Y7, 230 4, 553 89,474 1,878, 4562 305,814
New York..oweeereriaaeanaan. 837,981 5,500,215 | 1,355,502 | 228,897 146,818 | 2,509,999 3,0
North Caroling ......eeveneen 108,866 f--voneefonrinsonerecdomissnenedoaaaaaaad oot 8,185 23,703 600 13,683 89, 827 85, 786
(63 1) 10 61,682 | 3,816 81,875 | 274,314 | 169,270 | 6,748 | 1,889,591 184, 879 1,917 46, 368 661, 346 144, A56
Oregomn. ..ooooamiiiianneanns 15900 |eeeereeafercacanmaaadiaaareasas|anrannns earanane 50,371 220 820 260 11,790 6,450
Pennsylvania.......c..eeon. 517,046 | 13,956 282,920 | 96,500 {...ocuiifanoiann 8,950, 779 826, 449 2,758 115, 856 1, 858, 441 771,848
Rhode Island......... ceeees , 950 937 18,186 [cevenuana]icniannnalaanes 02,142 . 29,602 965 2,428 41,786 16,933
South Carolina, 2T N b R PRI FP JOPIU PO 99, 465 88,786 b, 808 223,276 63,750
Tennessee. . 114,224 419 0 17 PN S 45, 680 34,279 4,975 118,248 124,247
TOXAB oo vocemnracananssnnnemnc|oromomnnnanalenmannes SUTUUUULUNN IR S IR 1,443 1,89 366 6,500 , 875
Vermont [ P N N [ N 293, 306 3,682 1,425 12,622 616
Virginig -.c.cooieiiienannin. 205,827 [ nenneniforrrnennannd]en PR PO R 183,478 252, 736 1,423 13,848 816, 673 289, 206
West Virginia . 5, 265 9,528 578 1,702 20, 401 29
‘Wisconsin .... 197,888 11,186 |oeevnannann 3,803 116,179 7,847
All other states - 4,26B 6, 558 2,420 280 , 110 8,818
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{

i
PRODUCTS CONSUMED,

; |

N . Acidas. : fi
STATES AND TERRITORIES. Aﬁnd oh - Lead Nétmte Nitroglye- | Pyroxy- White A:tglt]léifx
1?11{8?(; (buzfﬁ:‘;g) (p(;ulll(élrs) oxides | 7 EF7 | erine lin% ) leac}] consumed

Sulphuric Nitric Mixed . ‘[(pounds). ounds), |(pounds).| (pounds).

(tons). (pounds). | (pounds). (tons). . (p ) (pounds). (p ). (D (» (pounds).
United States .......... 764, 866 | 82,123,221 | 20,902,371 88,964 | 1,719,675 [1,193,264 | 874,061 | 158,307 | 31,661,806 1,964,345 | 24,922,647 | 646,121,007
Alabama...oovveeiiinnannne. o217 (Y (AR (U DORPORN FRRRPUN SUURIEPN PRI, 135, 824 O LTI 18, 280,612
California. . .| 10,895,808 |.... 3,874,875
Colorado.. [P PO P
Conunecticut . . 21, 000
Delaware .voeecvreevanonas FRP [ ) PP R AUV R FR R M, RPN P PR R FP aeeest 2,647,281

Distndct of Columbi.........0... §omcecanclosnaonnnsone ee

BB B L i "1, 817, 081
8,186,786 | 148,671 | LIl IIIITIIE I 138,729

1,426,207 -

- Marylan@.......ooiiveennnen 5, 528, 200
Massachusetts . . 865, 500 5 215 478
Michigan .... . 10, 205 586, 106 55 817 010
B o8 TET0) 7 OO FOPURRRPTH DI RPN AR PO PRI FUURRSRTN FEPOSUIN FPOPPPIIY SO SO S,
Mississippi . eeeeneeenn
BTN v S . , 906, . 308, 676
Nebraska . PO PP PP (AP T TN APDRIPOI POSDUURRORIIN IPPPRRPOTS S ;) Y- | |1 O,
FOLe 2V | RPN PO RSN (SRR PRSPPI SO SPUSRRIE SUPURIPI SRS FOPRUPE NI PRI
New Jersey 13,787, 691 . 21,079,070
New YOIK.cevoriiniiinrennnn 84,123 | 2,460,682 . 399 834 890
Norih Curohnn 1,003, 283

hio ....o.e.. 1. 463 080

Oregon ..................
Pennsylvanisa .. . 24, 812,875
Rhode Island ...oovvnvvennnns .
South Carolina.............. 138 978 |eenneanns
Tennessee ... -
Texas.... ..
Vermont..ov.cieeienioiane
ViIrginia «.eoverencccnannnnan
West Virginia.. .
Wisconsin , _...

Allotherstates............ofoceeciaanss
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MISCELLANEOUS EXPENSES. PRODUCTS,
Group I.—Acids,
ETATES AND TERRITORIES. Rgxixt of Con- N : Sulphuric.
Rent of offices, ggregate -
Total. | “yorks. | TR | intorest, &,l;‘)"r‘g‘ value. Total )
ete. ‘ value 50° Baumé. 60° Baumé, 66° Baumé,
Tons. Value, | Tons. | Value. | Tons. | Value.
United States.......... %14, 825,112 |18625, 891 19973,585 (812, 963'1054 3262, 582 $202 582, 396 313 150 2.)8 189,084 [#1,024,001 | 17,012 8246, 284 | 882,279 186, 035, 069
AlabRImA .. cavunans veeeeeees| 97,677 1,100 | 22,969 712, 850 758 2 123 102 25, 000 2,984 P N1 1 PO A S O UUR
California mmerramonaen 386,899 || 10,770 | 21,846 354,166 n7 8, 279,243 667,440 3,537 44,001 | 2,369 | B3,460 6,071 116, 124
Colorado veverivanenns PO 28, 649 1,870 1 3,749 23,580 foesunesns 299,954 74,800 {..0uenns O P , 000 60, 000
Connecticut.. : 176, 944 5,160 | 10,4289 169, 946 2,644,714 279, 162,815
DelRWAYe o iveeineninnecnans 112,986 250 { 4,678 108,058 |........ 1,356,416 Cevessraan
District of Columbia ....a... 3,521 1,60 138 1,828 [iaeeaune, 86,187 Creerenens
Floridf..aaeeen... ceenmaanas 34, 890 1,545 2,397 30,948 l....a.... 533,789 P
Georgia. 416, 841 6,981 | 87,534 372,201 125 8,649,032 || B, 436 [ BB | 5,430 [seveenrefencirareafioereriei]iranionna.
Nlinois . 743,905 || 58,036 | 43,358 640,006 | 1,820 || 12,422,227 224 130
InAIANA coveeernseencasoannes 155, 204 5,836 | 11,662 , 500 2, 686, 427 ‘231 487
Towa ...... errrerevennsaamaa. 49,311 201 38,402 5 696, 022
Kansas..... 59,144 280 | 2,644 733,818
Kentueky coeeeceecennceannns 20,676 || 4,180 | 4,804 1,054, G08
Louisiang «-....v..... - 123, 352 265 | 1,961 1,049,653
Muine ........ 17,431 500 | 8,229 384, 63
Maryland ........ PPN 483,808 [| 45,080 | 44,884 393,084 1.........00 7,260,580 300,739 | 51,565 204,754 [eonvavarfoasanneae 399 , 985
Masgachusett,..c.eue.. 649, 776 87,658 1 5L, 0604 505,.)14 , 000 8 088 i1t 400, 468 47,395 35,110
Michigall..eieecenrrneneanns] 1 010, 881 8,079 | 46,059 932, 853 7,990 9, m7, {84
Minnesota.......... wavae 64, 650 7,415 843 54,102 , 200 408,101
Misgissippl voveescronnae 40,866 vensens .| 6,647 34 AR PO U 2 | PR | SRR BRI AP, JR R P P, .
MiSS0UTT ceneerennncacesrances 874, 174 30,149 | 34,711 304,062 | 4,652 7,688,000 O N P I 1 54,500
geb,r)%ska.. ......... 74 g% 48 2,%2 70,021)8 95}%.34)0 ..........
[2377: 70 {: O, 2,110 ... wn... 725 | SRR | EPR SRRy SRR DR PR
New Jersey....o...e.. 1, 604 323 || 48,320 | 107,506 | 1,415,215 | 383,282 || 26,763,856 || 8,554,662 9,123 60,564 lveevnand|uannns.,.| 116,898 | 1,575,802
New YorK.vuieisnneierananees 2 992, 743 || 197,888 | 203,207 | 2,583,408 8,150 || 40,998,911 |} 1,831,942 1,426 15,050 ¢ 1,488 | 50,641 988, 354
North Carolina..eeeesraane.. 109, 048 39| 17,810 91,180 14 [0 1,523,080 tevnrven]savennns|eeecnanselonennnaan
8}110 .......... 1, 16.), 08 42,337 70,331 992,?)%% 61,502 13,337,%1)
TEgOTL ) 4 3079 feevaannns 234
Pennsylvania ...............| 2,300, fldl 72,249 | 106,215 | 2,007,652 | 123,815 || 32,154,223 2,588, 491 39,188 | 308,122 | 18,350 | 190,766 | 84,574 | 1,473,339
Rhode I81and ...eeevuevrenns 01 859 , 319 5,116 83,636 7, 1,127,329 153 994 2 2,500 2 202 , 0% 148, 952
South Caroling.............. 675, 589 1,050 | 53,200 621,389 [ceaenn.. 4,882, 506 225,698 || 41,086 | 225,098 lseernssclorensacesfoaienrnrifannane
Tennessee .. 143, 658 996 3,942 138,715 1,817,985
Texas ... 4, 08 1,540 215 2,334 125,170
Vermont ceeevsenssesennacess 36, 691 265 200 89,126 408,787 {[.ceemmnmnaac]oaenncnnn L VY P cennn
Virginia..._. cenberenvenacuann. 421, 586 12,825 | 87,871 369,579 5, 009, 465 aeemmanngn
West Virginia...... eavenuees 15,99 411 870 14, 552 RN | FOUURRUSUREN | PN HPPOOIIRIS AN FORR HPORI RS .
WisCOnsin caveenneaniarncanas 84,591 || 11,100 3,117 70,874 Jeenennn. 1,230,838
All other states.......... 4,67, 46 441 07 Jeecieinnn 117,190 A [ R FUPPON R, 42,690
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PRODUCTS—continued,

Group T.—Acids—Continued. Group T1,—Sodds.
STATES AND TERRI-
TORIES.
Nitrie, Mixed, Tartarie. Acetie. Other, Sal soda. Soda ash,
. Total
value.
Pounds, | Value. | Pounds, | Value. | Pounds Vyalue. Pounds, | Valne, | Value. Tons. | Value. | Tons. | Value.
United States .80, 961, 501 |#1, 454,909 |42, 368,819 |§1,111, 1568 12,677,004 {$781, 608 (26,660,565 [$426,802 182,070,252 #11,638, 051 || 63,249 1$779,443 886, 861 ‘54,768, 383
FNT10T:01 1) PR AR FAOIEURRPRS PR SRR PO Gu FPSpRpen FIUIRPUI RPN RPN | MO PPN ) IR PPN P boerennn,
talifornia...... . 158, 203 66, 025 17,160
Lolorado ... 10, 800 3,500 [{eaeunusifes FURUUN DU

Connecticut. .
Delaware .....

Districtofl Colu
Florida
Georgla
ITHinois.
Indiana

Tows .

Kansas...
Kentueky
Louisiana
Maine......

Maryland ..
Massaehuse
Mighigan
Minnesota .
Mississippi -

Missouri .
Nebraska
- Nevada ..
New Jerge
New York ...

North Carolina
hio ...

Oregon,....
Pennsylvan
Rhode Island ..

South Carolina.
Tennessee
Texas....
Vermont .

Virginia ...
West Virgin
Wisconsin....
All other stat

79, 871

46, 600
18, 844

,778"
299, 740

6,484,418

10,081, 1
6,302, 516

0,583
159, 800

;680,000
720,000

o )
208, 000

0,478,
4,127,162

136,413
84, 621

16,680

308, 771
299, 463

39, 905
118,182
896, 377

67,489
34,874

BR7
857,303
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Tasrs 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,

1900—Continued.

PRODUCTS—continued.

Group II.—Sodas—Continued.

Group IIL—Pot- || Groyy IV, Alums. || Group V.—Coul-tar produets,

ashes,
Chemi-
STATES AND TERRI- Iﬁ‘;‘({’e
TORIES, ot 9 3 Coal-tar | from
pr(l)?lrus((z)tqﬂ | distgllc{y cgtiuggu
8. roducts, stil-
Pounds. | Value. || Pounds. Value. V'I:ﬁltf‘el_ p. ler
prod-
ncts,
Value. Value. | Value.
United States ... 81,344, 947 |13, 764, 806 (8174, 476 [[179, 465, 871 |92, 446, 576 ({81, 838, 810 || $826,546 | $512,264
Alabama... .. e
California 11,415 19, 217
Colorado...
Connecticut
Delaware ...
District of Columbia
Florida «.ccoevevninnnes

Georgia, ..
Tlinois...

Kentuci{)". .

Louigiana

MBINE.neennromenssmnes

Maryland.....ccoveen.
Magsachusetts

Michigan .. ..
Minnesota .
Mississippi .

New Jersey

New York..

Pennsylvania
Rhode Island .......e-

Sounth Carolina

Tennessee

Wisconsin

§20,000 | 58,349 | 10,180,000
135, 200 6,850 {|.veveniueenn

115,282 wesenno..ll 19,766,416 306, 754 27,513 27,613 |.
7,408 1,480,000 39,600

169,188
93,952

8,6
598, 070 44,016 29,716 14,300

1,411,852
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TABLE 9.——CHEMIOALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,

{

1900—Continued,

PRODUCTS—continued,

Group VI—Cyanides,

Group VIL—Wood distillation.

STATES AND TERRI- ot Wood alechol,
TORIES, X . er .
Total Potassium cyanide, Yd]&‘;gf&%ﬂ'ute (i:?im Total . Acetate of lime.
ot ‘ nides, ota.
value. value. Crude. Refined.
Pounds. | Value. | Pounds. | Value. | Value. Gallons. | Value. Gallons, Value. Tons. Value.
United States...| $1,595,506 |[2, 817,280 | $601, 362 (6,165,406 | $994, 014 $129 || 85,675,616 {|4, 191,879 | $1, 660,061 3,038,218 | $2,207,008 48,413 | $081,286
Alabama ;
California ............
Colorado ............,
Connecticut
Delaware.............

JOWR taeieinnnnnnna,
Kensos .....
Kentucky
Loulsiana

Michigan.......
Minnesota
Missiasippi

New Jersey-.unveenn..
New York ............

Oregon .........
Pennsylvania ..
Rhode Island ........

South Carolina .......
Tennessee
TexXas ..ovueeeae

Virginia...... s
West Virginia ..
Wisconsin ........

2, 548,109
22,437

1,056,083
170, 960

JRNROUOUU [ - N X | RO OO
32,595 | s04,108 | 819,558 || 78,808°| 43,265

7, 500
1,762, 812

90,
2, 207 230

62,238
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Tasre 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900—Continued.

PRODUCTS~—continued.

Group VII—Continued.

Group VIII—Fertilizers.

Superphosphates.

|

BTATES AND TERRITORIES. All other
Chareoal products Complete All other
. ﬁ&l} o | Totalvalue)| From minerals, Ammoniated e ‘ .
B . bones, ete. ‘ .
Bushels. Value, Yalue, Tons, Value, Toms. Value, Tons. Value. Tons, Value,
United States ......... 17,160,440 | §726,800 | $10,452 | S41, 004,655 || 925,008 | §8, 492,300 | 142,808 | 82,449, 388 1,451, 350 w’.),vgu 143 | 299,910 | 84, 276, 704
+ 276,
AlRBAMA . .. 1,942,708 || 88,246 | 369, 5%7 2,000 35,000 | 02,253 | 1,433,306 G, 670 104, 766
(L:ﬂ:frour(%u 630, 687 10,570 | 691,187 2,661 4B, 500
» i) I T T I mmeesmceslovennusemraninoesusnssrsluasursssnenesasnansove|tanansneanam]|anancrassa|ramronmnnan
%n:imecli(:ut. 313,()11[) .. - y a4 31 2,752 84, 479
CLAWATE «oovneensensonenrslornseorrnnss|osrmemmsensilornnes Ll esd213 2,355 17, 150 873 | 80,877 892, 000
Distrivt of Columbia . 71,450 3,160 G4, 800 449 &, 650
Floridy . 408, 642 , 84 9 i} 15,-136 877,635 1,816 25, 167
Georgia | 3,210,301 || 131,508 | 1,075,581 101,219 | 1,563,653 | 26,605 971, 709
Ell(ll[]l;m,& 1, ,0&4 gg(, o, %88 sig 088 43,:/183 ﬁs,u:zs 2?,:3: 547, 620
5, 530 5 5,750 6,280 5, 431 100, 050
Iowa.. L e P O 158 d 075
Kansas. . 549, 943 8,078 | 160,498 6,868 | 195,745 | 10,0007 T "200,000° | 4,585 700
Kentueky. 205,820 (| vvnrnseferrenrnraneloans SO R 17,315 295,620 |oveanrern]svnnnnnns
Louisiani.- 866,201 (720,944 | A6R 801 T| T8 087 |90, 809) 2l sa: 57,18 ;
Hatne oo |2 I3 N B I
Maine.............. 7,802 |1 e 30 91, 602 , 00 .
5,188,995 || 124,006 | 1,178,867 | 48,608 | 600,071 | 184,005 | 2,085,015 | 27,734 334, 572
2,000, 575 1,262 12,80 76,571 | 1,940,605 | 4,280 107, 150
3 1,594 17,699 14, 758 279, 558 f 71(7,7 517‘», 1%!!21
............ : 471 45
50,400 50, 504 4492,9727..... R .
Missourl coueveiirinriiieneiii]oeeoaananan, 2,766 44, 248 39, 089
Nebraska L B8 1
......... B8 w14
Nevada coneoan.... )
New Jersey . ...... 162, 600 B T T " M A T R T W A BN S B
New York ...l il 2,310, 653 9,510 | 105,045 | 10,300 | 335,400 | 87.802 | 1.693.G35 | 45814 377, 692
\gam Carolina .............. 48,820 | 397,397 | 3,400 51,000 | 53,528 811,682 | 14,845 197,304
Qhioomonnon 24,798 | 265,608 | 23,805 | 880,936 | 43,351 700,006 | 11,918 195,278
Penmylvamé... - ; e 310273 ..... DT R T T T e e T saas 1 {3}, 500
67 519,178,384 | 11,272 170, 889
Rhode Island ........o.ol 00 AU I PR 105,755 [Jou. e e " 681 10,215 | 2,007 | 48,231 2, 038 47, 309
South Caroling .....eveneevudeoeeoeeone. 4,656,808 || 173,188 | 1,404,569 207,860 | 8,146, 915 7
( ; 83 | 1,404,569 [ovueneiniilonnninneaans 3,146, 915 7,48 5, 334
Tennessee ...... 1,464,788 || 85,950 | 456,568 36,695 | 704220 | 20, ol Box o
Texas 39’ 8 704, 221 , 400 304,
Vermont........ 49,800 0 750 : 50O | 036 68, 520
Virginia ....
v 2 407,215
Wisconuisue- A
T L AEPO PP PRRY SOPPPP U | EE i N OO0 IR RER! ISR RSN TR RPNl
10513172 {1 SN KON RN 400 #, 000
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1900—Continued.
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PRODUCTS—continued.

STATES AND TERRITORIES.

Group IX.—Bleaching materialg,

Other bleach-|

Hypochlorites, ing agents.

Total

Eleetro-

Group XI.—Dyestuffs.

chemical
products.

value,

Value. Value.

Value.

Total value.

Natural.

Artificial,

Ponnds,

Value,

Pounds. Value,

United States..........

Alabama. e eniiiciaiiian
California..
Colorado
Connecticut . verennas
Delaware -ooenerenenivaan.

Florida - ceccuneiiiacaanann.
Georgia - ...
Nlinois. ....

Kentueky..
Louisiana..
Maine coeveiinniiinen

Maryland.......ooooaooanll -
Massachusetts
Miehigan ..............aeonn
Minnesota, ...

Nevada coovvviviiinaracnanna.
New Jersey ..
New York

Or: ego-ri ......................
Penngylvania ....o.oeeeeeaea.
Rhode Island ................

South Carolinf...............
Tennessee
Texas

All other states .......... cees

$492, 086 2,143 $115, 608 $376, 478

1,305, 368

$4,914, 686

49,019, 074

82, 658, 008

11,168,808 | 2, 256,678

62,887

668, 068
1,897,834

168, 463

6,160, 000
9,728,797

23 831,160
4 391 826

206, 240
1,104, 868

816,135
168, 453

3,818,008 "
2,497,162

461,828
792,976
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TABLE 9.‘—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900—Continued.

PRODUCTS—continued,

Group XIIL—Tanning materials,

STATES AND TERRITORIES. Natural,
Artificial,
Total value. @Ground or chipped. ’ Extracts,
Pounds, Value. Pounds. Value. Pounds, Val 'ue,
United States.......... $1,790,118 49, 002,087 $465, 950 62,012, 788 $1, 269, 007 2,454,084 866,155
Alabama ..oevnreeniieiao oo

California .
Colorado ..
Connecticut .
DeIRWBIC e o veeevmieiianaanns

5185 TR a7 O7e ki B PN PPt | EOUIUIPOPR GO NRSO ORI PN RSO RSIOIpR MRyt [RpRNpuppupupupepupupupoys gyl | A P PR
glorid_a .

eorgia
Ilinois
Indiana

Maryland

Massachusetts ..
Mighigan...
Minnesota .
Missiggippl covieniiaraneanaes

MisSOUT e eiviiiiveieennnans
Nebraska.
Nevada...
New Jersey.
New York....

181,800 17777718, 72, 000 ) 719,208 46,684 1,460, 664 “"46,51a
B0, 786 |- veevemnnmnrmsanmefeeemencenns rrrnaas 7,024, 440 206, 356 86,000

QOregon...
Pennsylvanis .....oooeeeees
Rhode Island .. ..._.........

South Caroling .........ce.e.
Tennessee.... ceee-
P> < T R
Vermont .ooccveenncnenanneen

Virginia.......... eeeaenns 470,228 25,145,920 180,168 17,938,795
West Virgtnia .. 222000000000 232, 865 7,925, 000 156,915 3,889, 875
‘Wisconsin,..,.. [T PP | FPSPOPRRUR FEPOPRPPSUSSUURE SN
All other 8tates.eerreeaeecn]oecmmmnariaccrnnec|lreenecannerrnneen R P
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TasrLe 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900—Continued.

PRODUCTS—CONtinued.

Group XIIL—Paints, ¢olors, and varnishes.

BTATES AND TERRITORLES,

Aggregate

A.—Pigments.

Pennsylvania o
Rhode Island ...

South Carolina .
Tennessee

All other states .

10,7725, 579
181,818

147,790
89, 830
401, 077

201,972

value, . White lead. Oxides of lead. Lamp and other hlacks. Tine colors.
Total value,
Pounds. Value, Pounds, Value, Pounds. Value. Pounds, Value,
United States .......... $67, 918, 533 $13,824,773 116,102, 316 $4,211,181 50,759, 628 £2, 550, 340 7,519,345 $420,037 | 4,080,902 [ 1,028,754

Alabame ..eeeeeeeanernnaaa. NN . O | TR PO A

California..... e . 969,779 278,825

Colorado....coonnuennes . 188, 500

Connecticut ........ . 579, 384

DelaWATE veevevererrernrvenan 32,873

District of Columbia......... 2,500

Florida cvevnrenennnnns evieiieniaaa

Georgi covrecennernnennn . 182,279

RETEE T TR . 8,120, 967

J 1010 T R 408,827 1) 18,200 ||eeraeeiiii e e

JOWR . eecensnsnnanoonn e 335, 867

Kansas............ , 875

Kentucky 678, 063

Louisiang..... 140,102

Maine. ..oovmoimiiuiiniiiannns 117,991

Maryland c.oveeeeineinnnnnnn, 460,852 || 68,947]1 80,000 | 4,000 |eeeiiiaonoiii]iiiiienaiaas

Massachusetts .... . 2,439, 254 594, 432 197, 440

Michigan ....... . 8,891,773 40,737 ..

Minnesota ...... . 895, 816

MississipPieceeeeanrnnn . 13,200

Missouri R 4,888, 644 509, 364 4,042, 814 243, 681 3, 581, 604 183,189 |.

Nebraska . . 838, 151 61,880 - 1,125,262 61,889

Nevada ..... . Y75 | R | IO ISP SURTN ORI SRR AT PPN F Y P, .
. New Jersey . . B, 984, 881 1,540,921 ,471,171 717,047 190, 893

New York......... .| 18,762,564 4,812,435 89,109, 000 547,440 734,713
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TapLE 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,
1900-—Continued. .

PRODUCTS—continued.
Group XIII,—Paints, colors, and varnishes—Continued.
STATES AND TERRITORIES, A.~Pigments—Continued. B.—Paints,
Iron oxides and other : a0 . | Paints already mixed
anrth eolors. Dry colors. . {Pulp colors, sold moist. Total Paints in o0il, in paste. for uso.
value,
Pounds, Value, Pounds, Value, Pounds. Value, Pounds, Value, Gallons. Value,
United States.......... 98,772,250 | $324,902 | 167,734,241 | $4,428,098 | 20,000,935 |  $861,581 (932,473, 812 |1306, 477,865 [$17, 608,127 | 16,900,360 | §14, 870,685
DA o e oo e aeen O o | P | N s PR tereceanan
éa].?if)'g;‘xllfita ........... . 557, 149 2 411 622 207,797 355, 837 349, 352
R 090 || Leonass| 08008 | 2t 13(1) 0%
eeticut - . h ) 1 )
onnectien 21,876 |l... 215, 846 8, 496 16,725 13,380

Delaware....ovveeveaaannonn!

District of Columbia. .... 1,000 2,500

1 17 1 o e B | BT F O
GEOTEIf. e eeeoanaeaon .. . 149, 779 870, , 065 G4 93, 714
Inois.cocevnennnnn. 4,629,569 || 45,021,424 | 2,634,159 { 2, 594, 474 1,995,410
Indiana .......eeevvnnnnn - . 183,215 || 1,784,600 121,136 34 612 82,079
JOWA teeriivienieieenanenns ! { 56 209,051 (i 1,405,000 74,150 181,485 134,901
Kansas, ..o o.o.... , 876 6, 500 4,875
Kentueky ooveveen.es 353,186 || 1,022, 40" 70, 610 887,576 282,525
Louisiana ........... 132,102 189,834 50, G686 94,017 81, 116
MUine .ooecvnereiinaaens . 60,406 822,600 47 133 13 000 d 273
Maryland 130, 000 400 1,533,509 83,505 558, 300 31,042 293,259 1 1,101,227 87,519 232, 544 205, 740
Massachusetts 2,278, 000 28, 435 8 445,701 218, 607 789, 812 25 |{ 1,103,380 10 402 389 635, 651 479,011 467, 529
Michigan.. R 417 418 10,787 .|} 1,669,084 9, 761, 84 684, 716 847,206 974,318
Minnesota. 357,816 796, 282 100, 084 208, 661 257,782
Mississippi 18,200 {)- oo i 12,000 13,200
Misspuri. 8,078,178 || 45,796,928 | 2,282,024.) 1,542,208 1,205,249
Nebraska 773,662 || 8, 850,306 553 950 221,712 214, 712
Nevada. . . 3,875 |leeeraneemoanlinenenanaas 2,700 3, 375
New Jerse 500, 000 4,764,207 6, 948 162,556 || 1,182,641 || 8,672,911 5562, 452 622, 542 580,189

15, 602, 000 127,134 4" 933,177 | 2, 15() :99 12, 941 596 680,623 || 6,918,338 || 68,999,820 | 4,009,897 | 2,022,134 2,908, 441

New York...

North Carolina.. . 2,877 808 | 2,877 | eenciaecnad]s R,

Ohio...cevee.n. s 441, 4,118,491 || 80, 695 97 | 1, 762 653 2,578,218 2, 365, 938
Qregon... 135, 731 30,576 7 114,991 328,087
Pennsylvn.niz , 818, 6, , 817, 20, 8 5 4,662,262 || 59, 138, 990 | 8, 052 644 2,174, 014 1, 509, 608
RhodeIsland.. 20,000 10 M PO 104, 604 629, 800 70, 775 35, 554 83, 829
Fa vt R o) A P e { g | s
Tennessee......... .| 7,660, . 116,073 88, 7650
TEXAS ceniennnnnnnn , 26, 200 23, 930
Vermont ..oooeemninaannnann. : 232, 059 164, 907
Virginia...o.oooviienan e 25,929, 972

West Virginia .e-

Wiseonsin........... 60,400 6,042 800, 050 6 000 000" 412, 500 430,000 887, 560
All other states...veeeea]oommmme el D ! P 57,800 [[eeeeiruniiaae]oennainnnss 48,500 57, 500
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TasLe 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,

1900—Continued.

PRODUCTS—cONtinued,
Group XIIT.—Paints, colors, and varnishes—Continued. Group XIV.—Explosives.
C.—Varnishes and japans.
TE D TE .
STATES AND TERRITORIES All other
products in Gunpowder.
Qil and turpentine Aleohol var- this group. Total
varnishes, nishes. value.
Total
value.
Gallons. Gallons, Value. Pounds. Value,
United States.......... $18, 602,796 {| 14,286,758 [§14, 337,461 | 563,212 3,017,152 ||$17,036,897 || 128,314,103 | 85,810, 861
N F:0 5110 11 RPN PRI | Y e 54,940 247, 525 8, 511
Colifornia ..oovvvnnecnennnnnn 130, 805 123, 670 4,274, 563 5 )
Colorado ...oooovvreniinnnnn. 28, 50 30,000 RN | P AR
Connecticut...voevoniaaoe 390,092 137,679 312,400 7,282, 760 812,400
DEelaWATE. . evrerrcrannnnnnns 1200 [[ceeennencniaforarnnniinns 443,971 8,794,779 443,971
""" 7,600 1. , . : .
2,136,496 || 1,617,063 483,534 289, 786 6,868, 250 270,974
221,372 263,62 ) 10, 490 970,944 4,925,000 214,34
............ 353,315 1 12,618,400 353, 315
........................ 179,000 77,575 179, 000
Kenbueky oooeervemeaannnnns 815,978 454, 550
Louisiana ............ [ A 8,810
Maine .. . oiiiiciiiicae... 46,000 50,000 170,000
Maryland .....vevnicveniannn. 44, 646 55,800 [ 23,825 |.evvecriuferssnrnsalecieimenidecanaan | 20,8200 54,000 fleoiuu.......
Massachusetts............... 598, 353 436, 532 171,062
Michigan..........o.o....... 1,668,549 !} 1,632,068 691,766
Minnesota. ...coveveennnnnns 000 27,7564
JUISEESTEIS ) o) TN P | R e
U SETa11 0 o 227,468 110, 169
Nebraska..... rerrenneunaaaes .
Nevada. . ooieverarainecaann, e
New Jersey ccuureeercannnana- 2,826,391 1,668, 7562 67,673 484,928 || 8,453,197 B, 477,900 240, 027
New YorK eoveevennnacannnna, 6,271,755 || 4,928,208 231,205 740, 036 67, 998 5,939, 200 268, 594
North Carolina.............. L T T e N . S P | P | P
Ohio, ... ool 1,739,808 || 1,245, 566 1,330,489 || 21,627,675 907,008
[S305):(5) « N 51,20 L 1 O T Tt T T T P B L | D | P ry T
Pennsylvania ..| 1,779,980 || 1,408, 656 2,571,308 || 34,961,649 1,507,807
Rhode Island................ 4250 [|.oaeas. JRURURON PR B 8y I (e N 011 Y RPN FOUOON Ut B >0 (i | N e [
South Carolina..............
TENNEEEEL . ouvneennn.
TEXAS . eenvnrinrnnnns
Vermontr...eeeeeeneo...
Virginfa. .. ...
West Virginia
Wisconsin...........
All other states

PART IV——MANF——-43
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Tasie 9.—CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES, .
1900—Continued.
rropucrs—continued.
Group XIV.—Explosives—Continued. Group XV.—Plastics.
BTATES AND TERRITORTES, g tton. or Allother P " All gther
Nitroglycerine, ;)lylrlrgoxyl(;n'e. Dynamite. Smokeless powder, ﬁ:‘?gg. ) gfgéﬁ'c?e Pll‘g (‘I;E;s
3 Total
group,
value, .
Pounds. | Value. | Pounds, | Value. | Pounds, | Value. { Pounds. Value. Value. Value. Value,
United States........-. 3,618,692 | $783,209 | 369,499 | $189,623 | 85,846,456 (98,247,223 | 2,973,126 | §1,655, 948 | $850,453 || $2, 099,400 || $1, 970, 387 $129,013
AlADAMA .. evvremceenecmerer il ) O 496,861 | 46,429 {............
California......... . 27,055,910 2,895,703 | 1,361,000
[0 151 SOOI HUPUIRPORE ISP NEOPNTI R R DI [P
Connecticut ...... N
DelaWwnre ..ovvevevarrssrocersfoorurennasanlonas S PO I PP IO [PON P Ceveeee

Kentucky
Louisiana
Maine........

Maryland.........ocooovennns
Massachusetts ..
Michigan .......
Minnesots, ......
Miesissippi.....coovuiiiiannn.

Missouri covennnnnnnn RSN PPN IO AU AP 10, 464, 235
Nebraska, ..... .. e
Nevada .ooveeeiiimiiiicieneniinennne..s F O o s
New Jersey - 2,191 | 284,499 | 124,623 | 25,550,543
New York ....cevvevneannn [ PR PRI 35,000 [ 85,000 671,215

Pennsylvania... -é, 507, 676
Rhode Islang................ e

Bouth CATOlINA. . .evvvienenn]oremennnnnes]oimnnn e e e e s s e Y
Tennessee.........

Texas..... .
Vermont...

Virginia .,.oeenniniaain
West Virginia.__ ..
Wisconsin........... .
All other states ..............
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CHEMICALS AND ALLIED PRODUCTS: DETAILED STATEMENT BY STATES AND TERRITORIES,

PRODUCTS—continued.

Group XVI.—Essential oils.

liquefled gases,

Group X VIIL.—Compressed and

Group Y VIII,—Fine chremicals.

Cora-

pressed
. 1gmd
75 AN > igue-
ATATES AND TERRITORIES, - %nhy- ot fied
rtifi- rous | Carbon | gases Gold salts
ial. - . 5
Total cia. &l:xli]nn.u dioxide. 0{1}?61:1”_ Total
value, wise.|| value,
enu-
mer-
ated,
Value, Value, | Value, | Value. Ounces[Valne,
L]
United States...... 8846, 605 854, 460 9448, 157 1696, 16¢ 1870, 600 |I34, 220, 431 8,504 890, 145
Alabama............ een
California
Colorado .
Connecticut .
Delaware....couveeeanua.

Kentucky .
Louisiana .
Meine .. ... ..

Maryland ....eeeeninnian
Masgsachusetts..
Michigan...
Minnesota ..
Mississippi ...coooveeiot

MisSOUTI e viienncnaananan
Nebraska .
Nevada...
New Jersey .
New York ...ooevivunnnans

Penngylvania.
Rhode Island

South Carolina
Tennessee ...
Texas ....
Yermont..oovvvennana...

Virginia........l......
‘West Virginia
Wisconsin

100, 060
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1900—Continued.

STATES AND TERRITORIES.

PRODUCTS—continued,

Group XVIII—Fine chemicals—Continued.

Silver salts, Platinum salts. Chloroform, Ether. Acetone, All other,
Ounces. Value, | Ounces. ; Value. | Pounds. | Value. Pounds. Value. Pounds. Value. Valye.
United States........... 1,252,604 | $499,345 7,312 §54, 600 306 540 $98,070 263,238 | $129,876 | 1,038,715 | $178,006 $1,485, 465
Alabama ..ooviieiviiniionian.
California .
Colorado «.veviiaeiianan..
Connecticub....oeevemon ot
Delaware......

District of Columbia....

FlOridf e e v e i iieeceiieenen
Georgia..
Nlinofs ..
Indiana ......

j Lo} 7
Kansas coovececerneennaonnns
Rentuceky vvverinirncnnnnnns
Lonisiang auoooieemeiao...
MAINE «ercansmnnencrasns

Maryland ...eeeveieniiinenen.
Massachusetts ... ............
Michigan . eerrieceenanen .
Minnesota..... PR eeeee
Missisgippi.eccsseniniinnnenn.s

Missouri
Nebragka

Nevada....
New Jersey
NewYork....

North Carolina
Ohi

South Carolina
Tennessee
Texas ...
Vermont ..

Virginia...
West Virgin:
Wisconsin .
All'other states

46,67 40,000
173, 000 63,800 938" 7,002 ""'18, 650 63, 593 68501 185,108
325,121 120,104 L..oeoioiiifeeannns ' R 62,510 31,270 74,500 45: 700 [ 1, 4551 865 158,712 128: 024

959, 238
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1900—Continued.
PRODUCTS—continued.
: Group XIX.—Chemicals not otherwise specified,
STATLS AND TERRITORIES. ) -
Glycerin, Cream of tartar. Epsom salts, Blue vitriol, Copperas. Phosg{))léites of
Total § .
value,
u Pounds. Value, | Pounds. Value. Pounds, | Value, | Pounds. | Value. | Pounds. | Value, | Pounds. | Value.
United States ......vv.n $5,189, 992 |} 15, 883,798 |$#2, 012, 886 |10, 620,000 | §2,081, 500 (7,559,809 1§57, 966 7,500,000 | $375,000 |19, 884,305 (887,927 iB' 478,350 [$104, 554

PN (202 11541V, NN PUNPRPRSPUNS PPN | PR R [ P . O ] R (PO
California
70 10> - ¥ (o O P
Connectic
Delaware ..

Distriet of Columbia.
Florida. .

182,891

Maryland......ocooooiinnnen.
Massachusetts .
Michigan ....
Minnesota .
Mississippl cvvveeneiiiaes

Missomi ......... vesesanennan
Nebraska,

Nevada.... Crversrenvas
New Jersey coveenevernnaeenas 1,120,977 4,210,000 796, 500
New Yorko...cevinennnnns ... 2,188,276 || 8,000,000 \! 1,120,000 | 4,800,000 960, 000
!
% g | s PURSTUUUURN oS I U SO PPN SRR RV | R TN
B0, 593"\
South Carolina............... [FUUUUURR USRS IO ISURUU U ISR ISNUUUUUURY PR SN RUTRR

Tennessee ...
Texas....
Vermont....ocoeevncimnnannss

Vieginia covevveninnnanninn. RS P PPN PPN U PRI NP NEPUSTRN PO NP,
West Virginia.. - A [P P
Wisconsin...... e

All otherstates .....o..oooooi] cvveriaini]foeemeninnan ons e e wieforennaas
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1900—Continued.

PRODUCTS—continued. COMPARISON OF PRODUCTS. POWER.
GroupXIX~Chem- Owned.
ic? s not ioﬁtlher- Num- N
wise specified— ber of . um-
Continued. Al other. || ostab. | Census year Preceding || jor of Engines,
ATATES AND TERRITORIES, lish- 1900. businessyesr.l astay. Total Water wheels,
‘ ments lish- | horge~ ]
Tin salts. report- ments | power.. Steam, Gasorgasolinge,
ing for| - report- .
both ing. -
years. Num- | Horse- | Num- | Horse- | Num- | Horge-
Pounds. | Value. Value. Value, Value, ber. |power.| ber. |power.| ber. |power.
United States..........|4,677,471 | $470,159 {§18,510,282 || 1,473 | $180,675,706 | $166,004,049 || 1,354 108,338 || 2,682 168, 646 86| 1,660 811 9,218
N =170 1T WP SRR O 100,464 13 1,817,640 1,662,913 19 [ 1,830 84 ] 1,515 |oeenoidonnanns dedivanen teveeane
California... e *629, 649 48 7,863,041 6,981,188 42| 3,853 85
Colorado.... 33,154 4 209, 954 190, 952 4 109 [
Connecticut 970, 673 926 2,485, 964 2,813,213 21| 2,692 38
Delaware coovevee 167,573 13 1,077,926 1,098,490 12 2,602 30
District of Columbia......... PN P 14,157 7 85,637 83, 856 3 94, 1
Florida ...eenveee-e . 10,164 10 533,789 469,492 q 527 10
Georgia . . 121,613 23 1,516,461 1,409,770 36 | 8,013 56
Tlinois. . . 869, 683 74 10, 886, 616 9, 567,420 86| 6,726 76
Indiana......- . 56, 365 36 2,546,039 2,270,170 34| 2,441 49
.......... 4,265 8 696,022 506,051 7 758 22
............. 4 728, 943 54, 693 41 1,106 6
64,425 15 953, 730 829, 686 15 969 17
26, 600 9 1,086,453 808, 938 8 927 12
............... *13, 680 10 366,000 374,600 81 2,644 10
[ P O 1,021,244 54 4,921,377 4,513,513 47 | 4,487 78
179, 587 380,191 515,106 79 8,027,083 6, 626, 099 60 | 6,190 89
1,300,784 89 9,362, 568 7,864, 801 52 | 93,774 179
............ 6 377,031 810,500 6 271 4
..... 4 503, 972 441,000 3 415 4
Missourd ..... 1,192,242 35 7,026, 687 6,868, 038 29| 2,805 . 49] 2,599 3 87 |eeeverseernanes
Nebraska 26,120 5 954, 840 841,650 R 380 4 360 .
Nevads .... 2,400 4 27,225 20, 900 3 59 B 57
New Jersey 320,246 | 3,983,744 131 { 923,823,809 | 20,281,702 120 | 17,817 321 | 16,293 3 47 2 30
New York.... 257,820} 51,600 | 2,465,293 246 | 38,980,455 | 35,068,082 224 | 49,974 538 | 28,784 10 228 67| 1,201
North Ghrolina . 10,292 15 1,152,111 1, 084, 357 16 | 1,292 291 1,163 16 66 fieuens P
Ohlo.... 1,050, 044 115 12,414,903 10,501,736 103 | 10,017 166 | 7,657 7 207 12 G038
Oregon. . 45, 928 5 239,38 158,794 4 90 2 60 {.vouen.n R PR . .
277 30,791, 562 26,031,791 272 | 30,855 BBY | 27,372 17 598 102 1,582
12 1,127,329 099, 561 ] 730 15 B47 [eeniia]aeeiaans 2 60
7 865, 429 792, 863 18 3,940 361 8,040 |...vininfeninnnn I S
13 1,577,587 971,818 1L | 2,106 23 , 83, 1 22 250
5 39, 830 28, 060 6 180 8 7 20 AR PR RN .
........... 3 404, 837 267,368 4 380 6 b0 TV R RPN AP
47 3,766, 967 3,129,820 871 9,782 127 | 9,202 1 2 q 246
7 308, 503 257,168 8 6560 8 500 [vnvennnn]nnnns PR DO
9 1,074,347 694,383 11| 1,090 11| 1,087 1 ]
5 77,180 74,764 4 280 1 130 |.oeeeaennnann.
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POWER~—continued, PACTORIES.
Owned—Continued. Fur-
nished to|
Rented. other
establish,| 1otel
STATES AND TERRITORIES. |Electric motors.| Other power. b num-

ments. || per of | No em-|{Under| 5to | 21to | 51 to {101 to| 251 to | 501 to | Over

e}qtztlb- ployees.| 6. 20. 50. 100, | 250, 500, | 1,000, 1,000.

ish- '

i | Other

Num- | Horse- | Num- | Horse- E;fé‘rtqréf” kind, | Horse- || DeMS

ber. |power,| ber, | power. powér horse- | power,
+ | power.

United States.......... 399 | 6,84y 16 b42 19,446 | 1,914 876 {| 1,740 43 413 | 686 319 143 122 34 6 6

Alahama
. California...
Colorado
Conmecticut....o.ooovviiuns 2
Delaware..ooeceeeereiennnnnn 6

District of Columbia...... (R (R R P JR SR
Florida

Indiang .veeocinecneaiiaan.. 3

JOWE vevvrinennnnn L ] O P
KANSAS oiiiiiiiciiiieainas
Kentueky
Louisiana .
Maine ... .ccooieiiiienaiann.

Maryland ...ocovivinmnacnnan
Massachusetts.......

Michigan....._.
Minnesota....
Misswsippl

Oregon
Pennsylvanis ..
RhodeIsland......coeeo.... 1 16 |eenennas]omnennes

South Caroling.............. 2
Tennessee ....
Texas ...... fane

Vermont ............. [

7 PR M j S P vevensefanaaaan

Virginin. oovceemnaananaaas 64
West Virginia . .

Wisconsin.. .

Allother'stabes..-_.o 101l I I I LI 1 15 PR,

=
OOIR O LS
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