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CHEMICALS AND ALLIED PRODUCTS.

By Cuarres E. Muxgrog, Professor of Chemistry, George Washington University, Expert Special Agent.

SCOPE OF THE CENSUS.

The first special report on the manufacture of chem-
icals was made at the census of 1880 under the cap-
tion ‘“‘chemical production.” At each subsequent
census & special report on this topic has been made
under the caption “chemicals and allied products.”
Inspection of these reports shows that the industries
included have wvaried considerably, though each re-
port has embraced the industries producing acids,
sodas, potashes, alums, glycerin, dyestuffs and ex-
tracts, explosives, fertilizers, pigments, wood distilla-
tion products, salts, and certain elementary sub-
stances, such as bromine and phosphorus. The spe-
cial report at the census of 1880 also embraced the
industries producing soap, candles, castor oil, glucose,
and sulphur, the products of which had a total value
of $28,010,152. These latter industries did not ap-

pear in the special report of 1890, but those produc-

ing pharmaceutical preparations, ready mixed paints,
and varnishes and japans were added, the pharma-
ceutical preparations having a value of $16,744,643.
All the industries embraced in the special report for
1890 were included in the special report for 1900 and
in the present report, with the exception of pharma-
ceutical preparations, while those producing essential
oils and bone,ivory, and lamp black were added, these
latter industries reporting in 1900 products valued at
$1,173,282, and in 1905 products valued at $2,112,379.
The manufactures included under any industry may,
however, differ somewhat from census to census as
new products of the same general character are put
upon the market or older ones cease to be used. The
returns in the establishments enumerated were classi-
fied according to that class of product which had the
maximum value, as is the rule in all Census classifica-
tion, but many of these establishments produced also
subsidiary products of less value, which, had they
been returned as principal products, would have
placed these establishments in other classes. Such
subsidiary products appear in the tabular summaries
of the Census reports under the heading “all other
products,” but in some cases they are also treated of
in the text and in the minor tables of their special
classes.

A reason for the variation in the industries included
at the different censuses is found in the very general
and indefinite title used, for in the strictest technical
sense every material thing is a chemical, and accord-
ingly every industry in which the materials used un-
dergo a chemical change in the process of manufac-
ture, as in the smelting of iron from its ores or the
production of leather from a hide, may be considered
as a chemical industry. It is evident that if this view
of the significance of the title were taken, ‘‘chemicals
and allied products” would properly cover every
manufacture except those like furniture making, ma-
chine construction, or textiles, in which the material
remains unchanged in composition during the manu-
facture but is turned, or cast, or woven into other
shapes. The popular idea of the term limits its appli-
cation but admits as chemical industries the manufac-
ture of gunpowder, fertilizers,” and similar mixtures,
whose ingredients undergo no chemical change during
the process of compounding the mixtures. It thus
becomes necessary to decide arbitrarily upon the in-
dustries to be included. Those so included at the
census of 1905 may be divided into the following
classes:

I. A. Sulphurie, nitric, and mixed acids.
I. B. Other acids.
II. Sodas.
III. Potashes.
IV. Alums.
V. Coal tar products.
VI. Cyanides.
VII. Wood distillation.
VIII. Fertilizers, ’
IX. Bleaching materials.
X. Chemicals produced by the aid of electricity.
XI. Dyestuffs.
XII. Tanning materials.
XIII. Paints and varnishes.
XIV. Bxplosives.
XV. Plastics.
XVI. Essential oils.
XVII. Compressed and liquefied gases.
XVIII. Fine chemicals.
XIX. General chemicals.

This classification is precisely that followed at the
census of 1900, except that Class T is at the present
census subdivided into Subclasses A and B, and pre-

(9)
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cisely the same industries are included in each case.
From the list given it is apparent that ‘‘chemicals
and allied products’’ includes twenty distinet indus-
tries. As a matter of fact, the number is very much
greater. This becomes evident when it is recalled
that nitric acid differs from sulphuric acid as greatly
as paper from leather, and that the processes used in
the manufacture of the two acids differ as much as do
those used in making paper and leather.

TasLe 1.—Chemicals and allied products—comparative summary,
with amount and per cent of tnerease: 1905 and 1900.

CENSUS. 2

i Per cent
i Increase. of

1905 1800 ; increase
Number of establishments...... 1,786 1,601 ! 95 5.6
Capital.......cocoveciinnanaoa.. 1$323,007, 131 (8238, 471,200 ||885, 525,841 35.9

Salaried officials, clerks, ete., {
NUMber...oveiiiiiiiiina. 11, 147 8,602 | 2,545 20.6
Salaries. . .- .| 815, 014 018 | $11,339,505 || $3,674,423 32.4
Wa,ge-eamers uveraga  number . 9 198 46,700 , 12,498 26.8
Total wages $29, olo 863 | $21,783,335 | $7,732,528 35.5
Men 16 years and over R 678 44,574 12,104 27.2
Wages.....oooiaiiaanan ... 828, 8&4 403 | $21,198,520 ‘| 87,635,883 36.0
‘Women 16 years and o . 2 362 1,949 . 4 21.2
Wages.. 8649, 206 $554, 128 595.168 17.2
Children 158 177 119 110.7
Wages....cooevnennn . $32,164 $30, 687 | 31,477 4.8
Miscellaneous expenses. ...] $26, 258 768 | $14, &22 853 11811, 43’) 915 77.2
Cost of materials used.. -- $116 400 680 81?4 018, 044 ’35‘7 38. 636 42,2
Value of products.............. $2‘\,2, 169,216 s’OZ,oOG 076 !@79 bb3 140 39.3

1 Decrease.

Because of the variation in the industries 1ncluded
at the successive censuses, only a partial compamson

of the data can be made, except for the censuses of
1900 and 1905, when the industries included were
identical. The general statistics for the establish-
ments actively engaged in the manufacture of chem-
icals and allied products in 1900 and 1905, together
with the amount and per cent of increase in each item
for this period, are set forth in Table 1.

The term ‘‘capital” as used in the Census reports
refers only to the sum invested in lands, buildings,
machinery, and tools and implements, and the funds
required to carry on the business, and does not in-
clude capital stock.

Table 1 shows an increase for 1905 over 1900 in
every item except the number of children employed.
It is particularly to be noted that though the num-
ber of children employed was reduced by 19, the wages
paid them increased by $1,477. The data given in
this table indicate a most flourishing condition for
the industry as a whole. A clearer idea would be
gained of the economic conditions that existed if a
separate presentation were made of each industry in-
cluded in this class. This is not feasible at this point,
but the data may, as in 1900, be divided for com-
parison among six subclasses which are popularly re-
garded as separate industries. Table 2 presents a
comparative summary of these subclasses.

Tapre 2.—COMPARATIVE SUMMARY, BY INDUSTRIES: 1905 AND 1900.

. DYESTUFFS AN | > -
CHEMICALS.1 e D ESSENTIAL OILS. || EXPLOSIVES. FERTILIZERS. PAINTS AN VAR
- |
1905 1900 1905 1900 1905 | 1900 1905 1900 1905 1900 | 1905 1900
Num!} >€r of establish-~ :
MBS eeteemamns 448 133 98 77 52 47 124 g7 400 o2 | 664 615
Capital. ... [ 2. $119,800, 103 (889,069, 450 {814,504, 150 |57, 5
Snlll)aﬁ:te% i ) 069, js ,150 187,830,034 || $723,004 | $576,286 |'842,307, 163 (819, 463, 846 ||$69, 023, 264 360, 685, 753 577,140,357 800,834,921
clerks, ete., number. 3,387 2,123 1| 361 229 37 39 1,289 768 1,618 1,712 || 455 3,731
?@;‘f”g‘éfé‘a} ‘n;e'r's',"eix}é}'-- $4,001, 523 | 2,023, 033 1% $608,700 | $912,100 || $40,002 | $24,733 || §1,7%07080 | 8014, 447 || 51,040,712 | §2, 126,675 || 85,726,041 | 85,040,501
ago number......... 24,55 | 10,020 2,707 1,647 132 168 5,800 4,502 14,201 11, 581
‘ 1 1, , 502 2 , 11,833 9,782
Cotal wages. .| 813,301072 | 393,236 || 81,264,402 | $787,042 | $60,711 | $61,415 || $3,308,774 | $2,383756 || $5,142) 147 | $4, 155,280 || 86,368,767 | 84,071,607
OVeX.o....ooiann 23,366 18,101 2,678 1,607 127 161 5,708 4,34 : 921
%’ﬁ%ﬁéﬁd ‘y'éaii-é’ $13,053,704 | §0,133,808 | 31,250,046 | 781,370 |  $68,370 | 359,57 || 83,028,720 32,346;8891 35,1%31 g $4, 1%3353 36, o%g’?é% 84, 733’966
and over...... 1,082 853 25 35 5 7 91 117 110 131 1,049 806
Wagos..... o] 801,200 | 247,716 $6,006 | 85,011 ||  $1,341 | $1,830 |  $24,045 | $30,781 ||  $25,446 |  $30,463 | “$200,320 | $228, 418
YeATS.eneenanen. 77 66 4 20 | PO .- 1 6 26 15 5 55
15‘2?5?51}3 PeRreY $16,999 81_1,652 $580 $661 |.ooeennnos - $100 $6, 088 $3, 469 2,973 $11,016 $9,313
DORSES. .avo ..o, $,007,262 | 84,300,008 | $944,000 | 845,212 || 75,880 | 948,703 || 31,057,605 p
stofmateriusisod $51,883,219 534545, 503 || 86, 820340 |34, 745, 912 | 51, 110, 470 | $358, 594 |Is17 909, 007 |sus! o 04 S35 943, 014 1859, a8, £33 len0, 030, 070 |sod, 842, %%
Juae of produets. . 592 088 378 (862,637, 008 310 &93 113 187 ‘350 748 $1, 464 662 | §813,495 ||$29, 602, 884 317 105 418 856 632 K53 544 65’1 385 9114871 326 969, 922 022
1 Includes sulphurie, nitrie, and mixed acids, {Lnd wood distillation. 2 Includes bone, ivory, and lamp black.
At each census chemicals ranked first in capital, | officials, clerks, etc., salaries, miscellaneous expenses,
amber of wage-earners employed, and total wages | and cost of materials used, with chemicals second, and
id, being followed at each census by paints and var- | the other industries in the order given above. Paints
shes, fertilizers, explosives, dyestuffs and extracts, | and varnishes ranked first in value of products, and
d essential oils in the order named. At each census | chemicals second at the census of 1900, but this order
nts and varnishes ranked first in number of salaried | was reversed at the census of 1905.
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Tasie 3.—INCREASE AND PER CENT OF INCREASE IN THE SEPARATE INDUSTRIES: 1900 TO 1905.

DYESTUFFS AND EX- o PAINTS AND VAR~
CHEMICALS. TRACTS, ESSENTIAL OILS. EXPLOSIVES. FERTILIZERS. NISILES.
Per cent Percent Percent Per cent Per cent Percent

Increase. | of in- Increase. | of in- Increase. | of in- Increase. | of in- Increase. | of in-~ Increase. | of in-

crease. creaso, crease. crease. crease. croase.
Number of establishments 15 3.5 21 27.3 5 10. 6 27 27.8 122 15,2 49 7.8
C:].lpim e $30, 820, 743 34.6 || 87,065,116 90. 1 $146,718 26,5 |1822, 841,317 117.3 || $8,337,511 13.7 ||$16, 314, 420 26.8

Salaried officials, ¢

number.. . 1,204 59.5 132 57.6 12 15.1 521 67.8 104 15.5 724 10.4
.| 81,978,490 07.7 $206, 681 95,1 $15, 260 6L 7 (  $882,603 96.5 1$184, 260 18.7 $685, 640 13.6
ber..... e aan 5, 505 2.4 1,060 64.3 136 1214 | 1,208 28.8 2,620 22.6 2,051 21,0
Total wages........... .t 83, 068, 736 42,3 $476, 550 60. 5 $8, 290 13.5 1| $925,018 38.8 $056, 858 22,9 11 81,307,070 28.1
Men 16 yearsand over.... 5y 265 20.1 1,07 66. 6 134 12L 11 1,350 3.2 2,630 23.0 , 813 20.3
Wages...oooiiiiiii i $3, 019, 836 42.9 $475, 576 60. ¢ $8, 794 14,8 1| $936,842 30.9 $070,379 23,4 || 81,324,456 28.0
Women 16 years and over 229 26.8 110 130.6 12 128.6 126 122.2 121 116.0 243 30. 1
Wages. . .oooiiiiiiinann. §43, 553 17.6 §1,065 17.8 1 §408 127,11 185, 836 110.0 1$14,017 135. 5 $70,011 3L.0
Children under 16 years. . 11 16.7 11 120.0 0 J | 135 197.2 11 73.3 15 19.1
Wages. ..ot $5, 347 45.9 1881 112.3 (O N E . 185,088 108, 4 $406 16, 7 $1,703 18.3
Miscellaneous expenses. 84,574, 634 104.9 $486, 148 106. 1 $30, 123 6L 8 L $561, 061 512 || $1, 185,530 317 || 4,508,410 80.8
Cost of materials used. ......!817,337, 357 50.2 1 $2,083,428 43.9 $521, 876 88,7 i $6, 868, 693 66,5 ||$10, 385,441 3. 0 11815, 185, 841 33.9
Value of products.......... .;329, 451, 370 47.0 || 83,542, 365 48.2 $651, 167 80. 0 | $12, 477, 466 72.9 1811, 075,408 20. 8 1821, 565, 304 30.8

1 Decrease.

In but one industry-—chemicals—was there an in-
crease in every item. The number of establishments
increased in every industry except fertilizers, which
showed & loss of 22, In each of the six industries there
was a gain in capital, wages, miscellaneous expenses,
cost of materials, and value of products. In two in-
dustries, fertilizers and essential oils, the number of
salaried oflicials, clerks, ete., decreased, though the
amount paid in salaries declined only in the former.
The absolute increases were greatest in chemicals for
every item except number of establishments, numbers
of women and children wage-earners, wages paid to
women, and miscellaneous expenses, but the percent-
ages of increase fluctuated markedly, explosives show-
ing the greatest percentage of increase in number of
establishments, capital, salaried officials, and salaries;
dyestuffs and extracts the greatest for wage-earners,
wages, and miscellaneous expenses; and essential oils
the greatest for cost of materials and value of products.

Marked fluctuations are shown in the number of
establishments in the different states and territories,
the largest increase, 29 establishments, occurring in
Georgia, and the greatest decrease, 21 establishments,
in New York. Increases occurred in 25 states and
territories, and decreases in 17 states and territories.
Three states and territories, Alaska, Indian Territory,
and Wyoming, appear for the first time at this census,
while Arizona, which reported 1 establishment in 1900,
did not return any in 1905. Considered by geographic
divisions, the North Atlantic suffered a decrease of 26
establishments, the South Atlantic gained 59, the
North Central 25, the South Central 21, and the West-
ern 16 establishments. In 1900 establishments were
reported from 40 different states and territories,
and in 1905 from 42, there being at the latter census 8
states and territories, namely, 2 in the North Central,
2 in the South Central, and 4 in the Western division,
from which no returns for establishments were received.

2 None reported in 1005,

TasLe d.—Nwmber of establishments, by states and territories, with
wnerease and rank: 1905 and 1900.

YISTABLISH-
MENTS. { RANE.
STATE OR TERRITORY. e Inerease. ||
1905 | 1900 1905 | 1900
United States................. 1,786 | 1,001 L P (R
Alabama. e e 20 19 8 16 17
AlaSKO . ve e 1., 1 39 |oaeainsn
ATIZOon® . oo e 1 L) | A 39
Californi......ooooviiiiiiiiinn. 63 53 10 8 10
Colorado. 6 4 2 31 35
Connecticu 40 31 0 15 14
Delaware. 13 15 12 24 19
District of 3 8 15 35 27
Florida. .. 15 10 5 2 24
Qeorgia. . 7 46 29 7 11
Illinois. .. 89 88 1 5 5
Indian Territory. ) U PN 1 30 |eeeins.
Indiana. ... 52 35 17 11 13
OW e s eaeeenvreneanenmnannnaanenns 0 8 12 31 27
KAMSAS. oot it it een s 10 5 5 26 31
Kentucky .. 21 18 3 20 18
Louisiana.. 12 10 2 25 24
R | 9 13 14 28 21
Maryland. ..o 1 58 63 15 10 8
Massachusetts.. ... . 77 83 16 4 6
MACRIZAN . veveeeennnnesnineinens s [ 5 55 13 11 9
MiInnesota, ... veneiiiiiaiiiaan. s | 10 8 2 26 27
Mississippi........oo 7 4 3 30 35
Missouri.....o..... 47 30 8 13 12
Nebraska. . 4 5 11 33 31
Nevadf.......... 3 4 1 35 38
New Hampshire. . 1 1 en 39 30
New Jersey...... 144 160 116 3 3
New York....... 264 286 121 2 2
North Carolina. . . 42 23 19 14 15
Ohio....... 128 137 19 4 4
Oregon. .. 4 5 11 33 31
Penngylva, 315 306 9 1 1
Rhode Island 17 12 5 22 22
South Carolin 26 22 4 17 16
Tennessee. ... 22 14 8 19 20
Texas.... 3 7 14 35 30
Vermont. 3 5 12 35 31
Virginia.. ... 62 04 12 9 7
Washington....... 9 4 5 28 35
West Virginia. . 25 9 16 18 26
Wisconsin......... .. 19 12 7 21 22
Wyoming. .ocoveereanniaiinaann. ; 1., 1 39 [.......
i

1 Decrease,

Notwithstanding considerable decreases in 3 of
these states, Pennsylvania, New York, New Jersey,
and Ohio occupied the first four places in rank, in the
order named, at the census of 1905 as well as at that of
1900. Illinois occupied fifth place at both censuses,
and Massachusetts sixth. Georgia advanced from
eleventh to seventh place,and California from tenth to
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eighth, while Virginia fell from seventh to ninth, | West Virginia, which passed from twenty-fourth place
Maryland from eighth to tenth, and Michigan from | in 1900 to seventeenth in 1905. The largest decline in
ninth to eleventh, a rank shared at this census with | rank was that of the District of Columbia, which
Indiana. The greatest advance in rank was made by | dropped from twenty-fifth to thirtieth place.

Tasre 3.—QUANTITY AND COST OF MATERIALS USED, WITH AMOUNT AND PER CENT OF INCREASE, AND
AVERAGE COST PER UNIT: 1905 AND 1900.

[
CENSUS. ; COST PER UNIT.

Per cent |
~—1l Increase. of in- li——*————
1905 1900 crease. z 1905 | 1900
Materials used, total cost. .. ... . o i, $176, 400, 680 $124,018,044 || $52,382,636
Fish—
923,305 458,963 464,342
$880, 142 $183, 542 $696, 600
$4,328,624 $3,817,112 $511,512
190,493 54,700 135,793
$1,891,073 $520,833 $1,370,240
789,056 790,456 11,400 0.
$972, 546 $717,910 $254,636 35.
999,370 797,772 201,598 25.
$4, 312,607 $3, 620,202 $692,345 19.
689,627 633,837 55,790 8.
$3,834,450 $3,101, 075 $733,375 23.
586,144 495,073 91,071 18.
$1, 783 004 $1,255,794 $527,210 42.
58,081 211,040 47,941 2.
$795,786 $675,321 . $120,4065 17.
422,320 280,028 142,292 50.
$3,348,982 $1 94(‘:,442 $1,402,240 2.
10,766,367 3,131,894 7,634,473 243,
$540,865 $154,144 $386,721 | 250.9 |
Pounds ........................................................................... 109,072,130 69, 566,011 39,506,119 56. 8 e e
$3,251,080 $1, 560,133 $1,690,947 108. 4 $0.03 $0.02
320, 550 287,147 33,412 16 e
$2,912,010 $2, 182,316 $729, 0694 33.4 $90.08 $7.60
$2,013,400 52,"04 800 18191, 400 TB.7 flecemiinens ceeemnnnan
26,249,683 16,185,257 10,064, 426 62.2 T SUSR
$878,902 $547,040 $331,952 60.7 || $0.03 $0.03
16,216 8,403 7,723 0.9 lemennn.. T
C $956,965 $657,726 $209,239 45.5 $54. 01 ¢ $77.44
Alcohol gru — ’
L 1,005,632 331,207 764,425
Cost- . $815,361 $bl() 375 $304, 986
Aleohol, w
Gallons. 7,501,772 3,692,803 3,898,969,
Cost. ... N .. - $3,084,380 81,751,345 $1,333,035
Bones, tankag $5,398,329 810,313,661 || 284,915,332
Common salt—
[ ¢ 188,018 42,189 145,829
G008t m et e e $496, 642 $142,308 $354,244
Cottonseed and Luttom\-ud meal.. .. ......... $2,376, 448 8167, 410 $2,209,038
DIV COIOTS. ettt et e e $10,769,926 $9,476,333 $1,293,593
Glycerin—
POUNAS. . e 46,043,611 34,635,822 11,407,789
Lea.dCOSt .............................................................................. $5,002,919 $3,419, 406 81,643,513
S 129,027 104,401 24,0626
leqOSt .............................................................................. $11,173,615 $8, 018 097 $2,555,518
G
Bushels. ... [, 6,101,318 7,428,885 11,237,567
QOB o et $761,937 $442,252 $319,685
Lmseed oil—
GAIlOMS . oo 20,407,104 16,157,117 4,249,987
t. ... $7,869,270 $7,495,190 374,074
4,169 6,084 11,915
$267,297 §300,199 1832,902
220,977 147,020 73,957
S‘),z‘)() 631 $4,809, 622 84, 3‘)1 009
.................... $4,237,313 $3,801,818 3345,495
...................................... | 76,859 83,530 16,671
C T, i $1,674,031 81,724, 857 150,826
Tallow and fat . $238, 881 $380 517 1$141,636
‘Wood ashes—
Bushels. ..o 210,083 801,047 1590,964
[T R $26,175 $39,507 1 $13 332
All other components of products $32,381,443 $24,497,258 $7, 884 185
Fuel........ . $7, 560,710 85,515,636 $2,045,074
Mill supplies.......... .. $760, 642 $779,814 1§19,172
All other materials. ... $37,154,806 813,066,053 || $24,088,753
Rent Of power and heat. §773. 672 $207, 568 $476,104
Freight......c.o........ $1, 525,726 $3, 143 972 || 181, 618 246

1 Decrease.

Unless otherwise specified, the ton mentioned in | It appears that in 1905 as compared with 1900
xt and tables is the short ton of 2,000 pounds. | there was an increase in the quantity of each of the

a

i



materials reported as used in every case except for
limestone, lime, nitrate of potash, sulphur, and wood
ashes. For the cost of materials used, increases were
reported in every item except bones, tankage, and
offal, nitrate of potash, sulphur, tallow and fat, wood
ashes, mill supplies, and freight, in which there was
reported a decrease in total cost. The decrease in
quantity and cost of nitrate of potash is more than
offset by the increase in quantity and cost of nitrate
of soda, which is a substitute for the former for the
majority of uses and is much cheaper. The decrease
in quantity and cost for sulphur is more than offset by
the increase in quantity and cost of pyrites, which, as
later shown, is a most satisfactory substitute for
sulphur in the sulphuric acid industry. The decrease
in quantity and cost of wood ashes, which are used as
a source of potassium compounds, is more than offset
by the increase in potash salts. Part of the decrease
in wood ashes is, however, to be accounted for by the
difference in the method of taking the census of 1905
from that of 1900, as this industry is largely a neigh-
borhood industry. The decrease in bones, tankage,
and offal, which are used as sources of nitrogen,
phosphorus, and potassium in the compounding of
fertilizers, is more tham offset by the increases in fish,
ammonium sulphate, cottonseed meal, and nitrate of
soda, all of which supply nitrogen; in fish, phosphate
rock, and acid phosphate, which supply phosphorus;
and in potash salts, which supply potassium. The
other decreases are not as well accounted for, but it
is probable that the decreases in mill supplies and
freight are to some extent offset by the increase of
264.2 per cent in ‘“all other materials,” while the cost
of freight may also have been included in the cost
returned for the various materials to a larger extent
in 1905 than in 1900. No obvious explanation is at
hand to account for the decrease in limestone and
lime, but that in tallow and fat probably arose
from the fact that soap, candles, etc., for which these
materials are chiefly used, have become the product of
maximum value in certain establishments, so as to
carry them out of the classification of chemicals and
allied products, under which they were included in
1900; and into another class.

The average cost per unit of quantity shows an
increase for every item presented except phosphate
rock, wood for extracts, aqua ammonia, ammonium
sulphate, grain alcohol, wood alcohol, common salt,
and linseed oil. It is surprising that there have not

been more instances of decrease when it is considered

that these averages take no account of grades and
that there are wide variations in the quantities and
values of the different grades of many of these articles.
This is emphasized in the detailed study of sulphuric
acid, given further on, when four different commercial
grades, ranging in value from $7.11 to $27.20 per ton,
are shown. It is probable that the decrease in the
cost of wood for extracts was due to an increased use

of a lower grade of wood. The decrease in the cost of
aqua ammonia and ammonium sulphate is in entire
harmony with the statistics set forth in Census Bulletin
65, on Coke, and results from the extension of the by-
product coke industry and the greatly increased pro-
duction, through this means, of ammonia liquor and
ammonium sulphate. The decrease in the cost of
wood alcohol follows a similar extension of the wood
distillation industry, which is another by-product
industry; while that in the cost of grain alcohol is due
to the greatly increased use of tax-free alcohol in the
manufacture of smokeless powder for the United
States Government.

TasLe G.—Quantity and value of products, with amount and per
cent of imerease: 1905 and 1900.

CENSUS. Per
cent
Increase. of
1905 1900 crmse_
Aggro%ate value.......o.o......$282,178,216 (8202,506,076 || $79,672, 140 30.3
Sulphuric—
Tons.. 607,226 588,375 18,851 3.2
Value. $7, 440 236 | 87, 3()5, 444 31.34 792 L8
46,264,081 | 30,961,501 || 15,302, 580 4.4
$2,250,944 $1 454 909 §796 035 54.7
65,331,327 | 42,308,819 22,9062, 508 54,2
$1,057,859 | $1,111,158 $840,201 | 76.2
2,684,000 2,077,004 4, 0! 0.3
{080,080 | 47RL003 || sion s | 1150
27,001,322 | 26,600, 565 340,757 1.3
5 $7 542 $4206, 802 $110, 650 26.9
$0,606, 43 $2,070,252 34,536,401 210.1
57,950 63,240 15 200 18,4
$804,501 8779 443 $25,118 3.2
518,954 380,361 132,503 34.3
$8,204,545 | $4,768,383 $3,436,162 72,1
08,867 08,185 682 1.0
81, 1.55 610 | $1,324,843 1$189,233 114.3
80,173 78,779 1,304 1.8
$2,024,850 | $2,917,955 6,806 0.2
20,882 5,037 15,245 270. 4
32,122,8{)8 $502, 4 $1 020 328 322.5
All other.........oii... $1,803,822 | 81,344,947 $518,875 38.6
Alums:
Pounds......ceevuineann. 202,106,850 | 179,465,871 22,040,979 12,6
VAIUO. .+ v emvnemenins $2,362,746 | $2,446,676 ||  1$03,830 [  13.8
Coal tar products:
Distillery produets...... $304,042 $820, 546 1 $461,904 155.9
Chexnicals from......... 3504 176 $512,264 188,088 16
Cyanides:
Potagsium and sodium~
JOUNAS . e nr e 2,028,584 | 2,317,280 611,304 20. 4
Value. .....oooveunn $388,438 3601 362 18212, 924 135.4
Ferrocyanide  (yellow
prussiate of potush)—
Pounds. . .| 5,027,264 6,165,406 1J8,14l L18.5
Value. $683,277 $904,014 l§310 737 131.3
All other. ... $107,389 5129 ()7,200 83,147.3
Wood distillatio
Alcohol, wood—
6,084,871 4,191, 379 2,403,492 59. 5
$2,161,813 | $1,0660,061 $501,752 30.2
5,162,346 3,038,218 2,124,128 69.9
$3,129,480 | $2,297,008 3832, 478 36.2
52,571 42,413 ©,158 21.1
Valun ............... $1, 474 082 $081,286 $4903,696 50.3
Charcoal—
Bushels............. 25,420,055 | 17,155,440 8,264,615 43.2
Value.eeoeeeeanaanns 81 200,. 3 $726,800 3478, 464 05. 8
Allother...ooovieiaiias 365,170 $10,452 $354,727 | 3,393.9
Fortilizers:
Superphosphates—
From minerals,
hones, ete.—
TODS.awnennn.. 768,858 925,008 1156,150 116.9
Value.. $7,557,257 | $8,492,360 18935,103 1110
Ammonia,ted-«
TONSeenriennnnnnnn 775,987 142,898 633,080 443.0
hZ T $12,001,057 | $2,449,388 || 810,451,660 | 426.7

1 Decrease.



TaBLE 6.—Quantity and value of products, with amount and per
cent of increase: 1905 and 1900—Continued.
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TABLE 6.—Quantity and value of products, with amount and per
cent of increase: 1905 and 1900—Continued.

CENSUS. k l pel;; CENSUS. it Per
| cen — il cent
I Increase. of . Increase. of
1905 1900 croase. 1905 1900 cronze,
‘ -— —f
Ferb(i}lizers—Continued. . i Expéosn?sl—-Contxrgwd.
omplete— mokeless powder— ’
TONS. - e eeeeeeennen 1,329,140 | 1,454,389 || 1125240 | 18.6 Pounds oo | 6,000,855 203,12 3 00,70 | 1021
Value. ...l $25,673,511 | $25,796,143 || 18122632 | 10,5 Valve. .. $1,055,048 || $2,2820125 | 137.8
All other— Allother...ccoeeoiaaanes 50,7 5800 453 399,655 | 1823
P ODS. - cecennnanacnnn 307,295 9,910 97,385 32.5 Plastics: ‘
Value. . ool $4,435,755 | $4,270,794 ||  $158,961 3.7 Pyroxylin........onnene. 82,857,003 | $1,070,387 |  $886,706 |  45.0
Bleaching materials: . Allother................ $1 898 668 $129,013 || 81,769,655 | 1,37L.7
Hypochlorites— Essential oils:
PONS . - eemeaenmcnannn 5,946 2,143 3,803 177.5 Natural—
Valuo.o. 000000 swT106 | 115,008 §21,588 | 18.7 Pounds. oo onun..... 462, 667 838,688 || 1376,021 | 1448
Al OEheT . veooneoeome $622,070 |  $376,478 ||  $245,601 |  65.2 Value. ..ol $1,023,037 |  ST01173 ||  $322)764 | 46.0
%lectio-chemicals ........... $6,146,879 | $1, 305 308 || $4,841,511 370.9 Wxt((:}h hazel-— 797 700 110,20 687, 440 oy
estufls: allon8. ....oaianaan i 3
Y Natural — Value. .. 1 s367.873 $54. 649 $313,224 | 573.2
POUNdSaeennennaann 50,516,953 | 49,019,074 1,497, 379 3.1 Artificial. . ... - , $54, 460 $10, 790 19.8
R t.\éa.luleg ............... $1,004,107 | 2, 658,008 1 $753,90 128.4 Compressed and liquefied
rtificial — aSes
POUNdS....oeeeeernns 24,681,085 | 11,108,308 || 13,512,777 | 121.0 B Ahydrous ammonia. ..| $1,173,184 | 8448157 | 725,027 | 16L8
Valge........ooe $2,400,100 | $2)256,678 212, 422 9.4 Carbon dioxide « . -. oo 103431066 |  $690,164 |  $647,8024 3.1
Tanning materials: All Other. . ......oieiies §274)200 $70,690 |  $203,519 | 987.9
Natural— . Fine chemicals:
Ground or chipped— o ar ’ - Alkaloids—
ounds.. .....unn 43,062,350 | 49,002,037 || 15,939,687 | 112.1 OQUNCES . eevn e 4,494, 525 4,054, 478 440,047 10.9
B 1;Valéxc......-..-u $314,201 $465,956 1$151,665 | 132.6 Valle. e vn e eoeoeen $2,025,789 | 81,750,503 || 81,175,286 67.1
Extracts— Gold salts—
Pounds.......... 181,187,192 | 62,012,788 || 119,174,404 192.2 . OUNCeS .« e 59, 969 12, 347 47,622 385.
 Value.10T| 82048561 | 81,250,007 || 81,080,554 | 134.2 Qunces...oooeeeel o BB Nea | sboens | soace | omr
Amlf’xgﬁ&s_ 0,584,420 | 2,454,084 || 47,130,345 | 1,020.5 Silver salts— 17a8, 882 | 1,000,108 wre | a6
Value. ool $1,904)370 | '$65,155 || 1,839,204 | 2,822.8 ool sz | ber s si’50 | 00
Pa.uglsg :xxnrg}] Z;x_r_mshus Platinum salts— 9’ o8 8 112 10'9 . 151
Whigo lead, dry— ) . , Qunces- -l S0e | sw0||  sugoe | 1w
Tons. ceernnennnn 31,198 , 38,061 26,853 46.3 Chloroform—
Le \171).111.01........__.. $2,877,100 | $4,211,181 (181,334,072 | 1317 Pounds. .o.eoouuen-n 616, 670 306, 540 220, 130 55.5
a0l 0X1des— 2! A "
o . st | a0 | P P e $165, 604 $98,070 $67,534 | 689
Valueoooovoaon. $2,501,772 | $2, 550,340 $41,432 1.6 Pounds 871,304 263,238 608, 156 231.0
Lamp and other A Value...........1001| 8440240 $120,876 $310,364 | 239.0
— tone—
Pounds.......... 20,208,385 | 7,510,345 || 12,779,040 | 160.9 s 1,300,305 | 1,038,715 | 138,320 | 1207
e o $630,050 | $420,037 || 210,013 | 52 Valuo. . T meumt | ises | s | o1
Pounds.. ........ 7,780,330 | 4,080,002 | 3,609,428 |  90.7 GonL OERET . oo $4,162)137 | SL,435,465 | 82,726,072 | 1000
Value.... ... . $1,070,853 | $1,028,754 $48,009 47 Blycorine
Iron oxides and ‘ Pounds............. 18,701,907 | 15,383,708 | 3,408, 140 22.2
otherearth colors— ol il ; Value..... . .1l $2,345,205 | 82,012, §230/310 | 165
48,7'42,(313 33,712,250 || 14,073,722 | 443 Crogm oo
Dry pologe i 833,016 8324002 §7,74) 2.4 Pounds.....o..oo.. 1 gsa 860 | 10,620,000 953,000 | 88
7 ‘) 70 .
Tons... 0| osysor | 1580|1180 Epsam saits T §2,205,872 | 82,081,500 || 81,372
Pul ;“éiﬁb’fé‘ $4,280,412 | §4,42,028 || 1$141,016 | 132 Pounds.............. 17,658,535 | 7,550,800 || 10,008,726 | 133.6
.............. $159, 517 $57,066 | S101,551 | 1752
moist— !
Pounds.......... Btz 1000008 ) sEssT T som“é?n? Sosphates— s 08,815 | 3,478,30 | 8,540,405 | 2455
............ B ). o 1)
Painte— : J $243022 | §104554 | 8139268 | 1.2
Inollor paste ¢— g . o0 o - 10,676,041 | 4,077,471 | 5,000,470 | 183
............ 174,218 153,239 || 20,970 | 13.7 5 0o ot e | ims
Fomee 1 s10,0430ms | 17,609 07 || 82,338,048 | 1n4 o 947 o | seamoa || ssoamB |
Already mlxe(l for { , 935, ,011, -6
use— i
Gallons. ... 29,386,206 | 16,900,350 | 5,485,856 |  32.5
Varniany e 1| 820,454,256 | $147870,085 | 85,583,571 | 375 ! Decrease.
arnighes— . .
Oitand turpentine— | bl semsont | s The increase of $79,663,140 in the aggregate value
{ & Z 0, 40 20. - . ., .
Value. $15,702,007 | s14,387,461 || 1,365,586 | 0.5 | of productsindicates that the condition of the indus-
szl s 1,000,180 | 178 tries grouped under chemicals and allied products
,199,2 g 3 i , .
215 857 004'0(1) ’ nlsxs g | Was, on the whole, most prosperous in the census year
219, 887 20 3 18 3 .
. $283,763 | 237,012 sa6,771| 1.7 | 1905. Nevertheless, in the case of 18 of the products
Al o S amo | moss o || s | 8 enumerated in Table 6, a decrease was reported either
................ < { d ) & - . .
. Explosives: ’ in quantity or in value, or both, at the census of 1905
Fons...- s ol b ) g " as compared with that of 1900. In some cases these
0 i 9
decreases were not actual, but merely due to the man-
7,935,036 | 3,618,002 || 4,317,244 | 119.3
81,620,117 | §783,200 |  $s36,818 | 106.8 | ner of tabulation; asin many instances estabhshments
s,57 | 300400 U classified under t}us heading in 1900 have been trans-
), Vs .
82020322 | $189623 $12) 699 0.7 | ferred in 1905 to other classificationsbecause of a change
65, 460 42,923 22,537 | s52.5 | in their principal product. The coal tar products ma
$12,000,193 | $8,247'223 | $4,652070 | 504 P patp P ¥

1Decrease.

2 Includes logwood and other extracts and ground and chipped wood.

¢ Includes mordants, iron Y
Toxtrs 3 lguor, red liquor, turkey red oil, sizes, gums, and

. <; Includes chrome tannage solution and other tanning liquids and tanmnic
Comiprises all other dry

AC
Flgments than those enumerated above,

¢ Includes white lead in of

|

be cited as an example. Through the growth of the
manufacture of tarred paper and other materials of
this class the value of these materials has come, in sev-
eral establishments, to exceed that of the coal tar
distillery products and the chemicals made from them

.



in these same establishments, and thus establishments
which at the census of 1900 were classified as engaged
in the manufacture of coal tar products were, at the
censusof 1905, classified as engaged in the manufacture
of roofing and roofing materials. In such instances it
is endeavored, when possible, to obtain from the returns
of these establishments the quantity and value of the
subsidiary coal tar products reported, and to combine
these figures with those from the establishments in
which coal tar products were the principal products,
so as to give as completea view aspossible of the special
industry. The results of this method as applied to this
and other industries are set forth further on, where the
different subindustries are treated in detail.

The decreases in some items shown in Table 6 may
be ascribed to an increase in the practice of using within
an establishment products of its manufacture in the
manufacture of other products. Thus the decrease in
the quantity and value of natural tanning materials,
ground or chipped, is more than offset by the increase in
the quantity and value of the extracts, which indicates
that establishments which formerly sold their natural
tanning material in the ground or chipped condition
are now using much of it in the preparation of tanning
extracts, and thereby securing the additional profit and
advantage which results from further manufacture.
The reduction in the quantity and value of dry white
lead, as produced for sale, may also be due partly to
establishments engaged in the corrosion of lead extend-
ing their operations to grinding this white lead in oil
before offering it for sale, and thereby converting the
pigment into a paint. Cases which arise, such as the
two mentioned, will also be considered in the detailed
discussion of the subclasses.

TaBLe T.—Products consumed in establishments where manufac-
tured, with amount and per cent of increase: 1905 and 1900.

CENSUS.
Per cent
KIND. et | I 0151 02! T of

1905 1900 increase.
Sulphurie acid, tons............. 068, 445 764,355 204, 090 20,7
Nitric acid, pounds...... .| 62,116,306 | 32,123,221 || 29,993, 085 03. 4
Mixed acids, pounds....... .| 75,337,623 | 20,902,371 || 54,435,252 260. 4
Acid phosphate, tons...... . 884,211 839, 066 44,2 5.8
Charcoal, bushels.. .. .| 12,183,806 | 1,710,675 || 10,464, 221 608.5
Ether, pounds....... J2,742,164 | 1,193,264 1,548, 890 120. 8
Lead oxides, pounds. .... .| 13,589,147 | 2,080,374 || 11,508,773 553.2
Nitrate of ammonia, poun .| 2,552,472 158,307 || 2,304,165 1,512. 4

Nitroglycerin, pounds.. . .| 44,077,828 | 31,661,806 | 12,416,022 30.
Pyroxylin, pounds. ...... -l 2,938,2 1,004,345 973,921 40. 6
hite lead, dry, tons............ 77,793 65,811 11,082 18.2

All other products consumed,

tons.. ‘ 2,561, 666 272,500 || 2,280,106 839.9

Table 7 shows that at the census of 1905, as com-
pared with that of 1900, there was an increased con-
sumption of products in the establishments in which
they were manufactured, in the case of every sub-
stance mentioned in the table. The amount of in-
crease was greatest in the case of sulphuric acid and
least in the case of pyroxylin. The percentage of in-
crease was greatest in the case of nitrate of ammonia
and least in the case of acid phosphate. The in-
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creases recorded were undoubtedly all due to active
business conditions and an improved demand for these
products, except perhaps in the case of charcoal. In
this instance certain establishments making charcoal
for use in blast furnaces by wood distillation methods
were, at the present census, by the operation of the
Cengus rule for classification, transferred to the group
‘““chemicals and allied products” from the group
“iron and steel and their products’ or the group
“lumber and its remanufactures,” where they were
placed at the census of 1900.

The figures of Table 7 are of special interest when
considered in connection with those of Table 6. Thus,
for instance, the returns for lead oxides and white
lead, dry, given in Table 7, confirm the opinion that
the decreases shown for these products in Table 6
were due largely to their increased consumption in
further manufacture in the establishments where
they were originally manufactured.

Crass I. A.—Surepuuric, Nitrio, AND MIxeDp AcIpS.

Sulphuric acid, which has been known to man since
the eighth century, and which has been manufactured
on a commercial scale in the United States since 1793,
is so extensively used in the manufacture of other
chemical products that the statistics for its produc-
tion have been regarded as a safe criterion by which
to gauge the activity of a country in chemical manu-
factures. Nitrie acid was manufactured in this
country as early as 1834. Mixed acids, which are
mixtures of sulphuric and nitric acids in various pro-
portions, came into commercial use about 1860, and
the consumption of them for the manufacture of
nitroglycerin, gun cotton, picric acid, and a large
number of organic nitrates and nitro-substitution
bodies has grown rapidly.

The classification “sulphuric, nitric, and mixed
acids” is adopted for the first time at the present
census, the industry having now attained such magni-
tude and significance as to warrant it. The statistics
for sulphuric acid have been collected separately at
each census, beginning with the census of 1870, and
at the censuses of 1890, 1900, and 1905 the quantities
and values of each of the important commercial grades
of the acid were also ascertained. The statistics for
nitric and mixed acids were first collected separately
at the census of 1900. The statistics for the three
acids named were presented in the special report on
chemicals and allied products for 1900 in conjunction
with those for muriatic, borie, acetic, lactic, citric,
tartaric, and other acids, under the heading ‘‘acids.”
The returns for 1900 were, however, so recorded that
it has been possible to separate accurately the re-
turns for sulphurie, nitric, and mixed acids from those
for the other acids reported, so that a comparison of

" the statistics for these three acids for the last two

censuses may be made. These statistics are sum-
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marized in Table 8, which gives only the statistics
of establishments engaged prlma.rlly in the manu-
facture of the products in question.

TaBLe 8.—Sulphuric, nitric, and mizved acids—comparative sum-
mary, with amount and per cent of increase: 1905 and 1900.

|
CENSUS, 1 Per cent
! * | Increase. o
1905 | 1900 Increase.
Number of establishments..... 32 34 12 15.8
Capital .o eueeiiiii i $12,761,920 | $13,961,506 {81,210, 586 18.7
Salaried officials, clerLs, ete.,
number. 308 208 10 3.4
Salaries....... ..ol $556, 106 $388, 346 $167, 760 43.2
‘Wage-earners, average number. 2, 2,356 91 3.9
Total Wages.........cooeviennnn 81,505,406 | $1,327,549 177,857 13.4
Miscellaneous expenses ........ $712,953 $414,978 8297,975 718
Materials used, total cost.. 4, 972,838 $4,033,238 $939,600 23.3
107,867 | 197,450 388 0.2
$967, 207 §953, 680 $13,527 1.4
23,044 24, 858 11,814 17,3
§479, 529 8459, 102 $20,427 4.4
27,4 29,301 11,895 16.5
$1, 143,280 $974, 429 $168, 851 17.3
All other materials........ $2,382,822 | $1,646,027 $736,795 44.8
Products, total value.......... 29, 0&, 646 | $8, 596,390 $456, 256 5.3
Sulphurie acid, 50° Baumé—
T 467,614 452,942 14,672 3.2
34,286,312 | $4,071,848 $214, 464 5.3
30,306, 555 | 20,402,570 || 9,903,985 48.5
$1,446,471 | $1,028,266 $418,205 40.7
42,812,804 | 42,301,319 511,575 1.2
alue . $1,222,205 | $1,109,758 $112,537 10. 1
All other products. ........| $2,007,568 | $2,386,518 || 18§288,050 112.1
1 Decrease.

Although the total number of establishments prima-
rily engaged in the manufacture of sulphurie, nitric,
and mixed acids, the capital employed, the quantities
of sulphur and nitrate of soda used, and the value of
“all other products’’ were less at the census of 1905
than at that of 1900, a healthy growth is indicated by
the fact that there was an increase in all the other
items. The relative increase in yields especially in-
dicates improvement in operation.

The products included in Table 8 are those only
which are produced for sale, and by establishments in
which they constitute the principal product. A
better idea of the industry may be gained by combin-
ing with the figures given those for the acid produced
by establishments in which it constitutes a.subsidiary
product, and also those for acid which is produced
and consumed in the same establishment in further
manufacture, giving to this ‘“consumed” acid the aver-
age value per unit of its grade so as to obtain a total
value for the product. Among establishments of this
kind may be mentioned chemical works in which
various other acids, bases, salts, or other compounds
are produced having a value greater than the sulphuric,
nitric, or mixed acids produced for sale, or which con-
sumed one or more of these acids in further manufac-
ture; fertilizer works where sulphuric acid is exten-
sively produced and used in making superphosphates;
explosive factories where the sulphuric and nitric acids

produced are converted into mixed acids and consumed
in the manufacture of nitroglycerin or gun cotton and

other cellulose nitrates; petroleum refineries where the
sulphuric acid produced is consumed in refining oil;
and smelting works where sulphuric acid is obtained
from the sulphur fumes. Thismethod hasbeen adopted
in treating of sulphuric acid so that comparisons may
be made showing the growth in the production at the
different censuses.

Sulphuric acid.—The census of 1870 was the first
at which separate statistics were given for sulphuric
aeid, and then only for the number of establishments
and the total value of the product. From evidence
since obtained it is believed that these statistics are
deficient, and that at that time there were probably 25
establishments in operation, yielding a product of over
$1,000,000 in value. At the census of 1880 the total
quantity of sulphuric acid was also reported; as wellas
its value and the number of establishments producingit.

TasLe 9.—Sulphuric actd—number of establishments and quantity
and value of products: 1870 to 1905.

Estab-
lish-
ments.

Quantity

CENSUS. (tons).

Value:

1149 | 1,642,202 Sl.:,174 830

2197 | 1,352,730 14,247,185
105 092, 389 T,6704B
49| 151,383 3 G6L 8T

4 @ Tagm

1Includes 117 establishments engaged primarily in the manufacture of other
products

;Inch-;\des 93 establishments engaged primarily in the manufacture of other
products
8 Not reported.

Tasie 10.—Sulphuric acid—increase and per cent of increase in
quaniity and value of products: 1870 to 1905.

! INCREASE. PER CENT OF INCREASE.
CENSUS PERIOD. - ' e | Qe

: Quantity v uantity y

1 (tons). I Value. (tons). Value.
1900t0 1905. . ..onu i ! 289, 532 $927, 701 2.4 6.5
1890 to 1905. N 949, 873 7, 495 413 137.2 97.6
1880 to 1905.......... 1,487,879 11 513 010 963. 8 314.4
1870 t0 1905..._...... 1) 14 962 736 Q) 7,052.9
1880 to 1900.......... 660, 341 6 .)6'1 712 95. 4 85.5
1880 t0 1800.......... . 538, 006 4 017 597 348. 5 300.7
1870 £0 X880 <o ceeeenaeaneanans W ‘ 3,449, 726 ® 1,626.1

1 Not reported.

Sulphuric acid is produced in several grades: (1)
50° Baumsé, or chamber acid, containing on an average
51.04 per cent of SO,; (2) 60° Baumé, containing on
an average 63.7 per cent of SO,; (3) 66° Baumé,
known as oil of vitriol, containing on an average 76.35
per cent of SO,; and (4) oleum, which consists of SO,
dissolved in a sulphuric acid, containing 97 to 98 per
cent of H,SO,. Pure pyrosulphuric acid contains 89.89
percentof SO, Thecommercial article, called ¢ oleum,”
usually contains 30 per cent of free SO,, or a total of
87.14 per cent of free and combined SO,. Beginning
with the census of 1890 the statistics for the separate
grades have been collected, and it thus becomes pos-
sible to show more definitely the condition of the
industry at the different censuses, although the sum



total of all the grades gives but an incomplete statis-
tical view of the industry. It is also possible to
reduce all the grades to a common basis, as, for
instance, to the basis of 50° Baumsé, or chamber acid.

-

For this purpose the cuantity given for 60° Baumé is
multiplied by the factor 1.25; that given for 66°
Baumsé, by the factor 1.50; and that given for oleum,
by the factor 1.71.

Tansre 11.—TQTAL QUANTITY AND VALUE OF SULPHURIC ACID, BY GRADIS: 1890 TO 1905.

1905 1900 1890
GRADE: Quantit, Val Quantit; 1o Val | Quantity
uanti alue uantity \ alue 1ntit
(tons) o Value. per ton. (tons). Value. | ol ton. (tons). Value.
Total reduced to 50° Baumé acid........... 11,869,437 v oeneeammnnnnfiaencnanns 21,548,128 | .iiiinaiinn $0, 20 3783, 60
POt eeeaeennnnns 1,642,262 1,362,740 | $14,247,185 |.......... 602,380 | $7,070, 473
50° Baumé. .. 1,169,141 s 053, 430 7,065, 832 8,45 504, 032 4,307, 067 $8. 53
60° Baumé. .. , 688 . 17,012 240, 284 14, 47 10, 190 122, 040 12.06
66° Baumé. F. . 411,165 L 3¢ 482, 279 6,035, (60 15,78 | 177, 207 3, 240, 466 18,33
L0 0 .- 13,268 361,018 27,20 )

1 Includes 968,445 tons, with an assigned value of $7,232,675, consumed in establishments where manufactured; and also sulphurie acid produced by establish-

ments engaged primarily in the manufacture of other products.

2 Includes 764,355 tons, with an assigned value of $7,032,060, consumed in establishments where manufactured; and also sulphurie acid produced by establish-

ments engaged primarily in the manufacture of other products.

3 Includes 200,768 tons, for which no value was agsigned, consumed in establishments wheroe manufactured; and also sulphuric aeid produced by establishments

engaged primarily in the manufacture of other products.

Comparing the total quantities reduced to the com-
mon basis of 50° Baumé, it appears that the increase
for 1900 over 1890 was 764,554 tons; and for 1905 over
1900, 321,314 tons. The per cent of increase for 1900
over 1890 was 97.6; and for 1905 over 1900, 20.8. The
value per ton for each grade has been consistently lower
ateach census except for the 60° Baumé. TFor thisgrade
a higher value was reported at the census of 1900 than
at that of 1890, but the value reported at the census of
1905 is less than that for 1890, and is in harmony with
the values reported for the other grades at the present
census. This progressive reduction in the cost of sul-
phuric acid is a matter of prime importance, since this
acid is used to so large an extent in the manufacture of
other products.

Oleum appears for the first time in any census at
the census of 1905. This is due to the fact that it is
readily produced by the contact process, which was
described in detail in the 1900 report on chemicals
and allied products, and which had then but re-
cently been made commercially operative and intro-
duced into this country.

The geographic distribution of the manufacture of
sulphuric acid is shown in Table 12, which includes all
establishments, making it either as a principal or as a
subsidiary product, reported at the censuses of 1900
and 1905.

Establishments manufactusing sulphuric acid were
reported from 25 states at the census of 1900, and 26 at
that of 1905. At the census of 1900 New Jersey held
first rank in the number of establishments, Georgia sec-
ond, Maryland and South Carolina third, and New
York and Pennsylvania fourth. Each of the remain-
ing states reported less than 10 establishments in opera-
tion. At the census of 1905 Georgia held first rank,
and was followed by Pennsylvania, New Jersey, South
Carolina, and New York, in the order named.

30523—Bull. 92—08——2

Tasre 12.~Sulphuric acid—nymber of establishments, by states
and territaries: 1905 and 1900,

STATE OR TERRITORY,
B G

Alabama,.
Arxizona. . 1 1
California . 8 7
Colorado. .. - 1 1
CONMOCLICW 1t v e s et s 2 2
1) 4 1 P 1 1
L LT3 4 . 20 15
Titinols. ... Lol o 3 2
IR e o B 2
L T T o I R,
B P Ll ki 3
Maino. ..... Heeenaane 1
Maryland.. ] 12
Massachuse 4 4
Michigan. 3 1
Misslssipy 1 1
D TGP R P 1
New Jersoy 13 18
NOW YOrK. v veevrvnrunrvnsenn 10 11
North Carolint. ... covivenne. 7 6

D3 L 0 3
PONNSYLVANI e v e et eee e i e 16 11
Rhodo I8land . cuuevieiiaai e 1
South CArOHN®. « v vrn i e s e e s 11 12
LOMIORN0 ¢ v 0w v v e wenmnennsanrannessnsasnssiresancsnnses 4 3
Toxas...... 1
Virginia., .. 7
WHBCONBII . £ e e as e e e e iie v e an s casiscernansna 1

lllncludes 117 establishmonts engagaed primarily in the manufacture of other
produets.

3 Includes 03 establishiments ongaged primarily in the manufacture of other
products,

None of the remaining states reported 10 estab-
lishments in operation. Maine and Missouri each
reported 1 establishment in operation at the census
of 1900, but none at the census of 1905, while Kan-
sas, which reported 3 establishments, and Texas
and Wisconsin, which reported 1 establishment each
at the census of 1905 did not report any at the
census of 1900. At the census of 1900, out of the
total number of establishments reported, 95, or 74.8
per cent, were located in states bordering on the
Atlantic ocean or the Gulf of Mexico, and at the
census of 1905, of the establishments reported, 97, or
65.1 per cent, were so located.



TasLe 18.—Sulphuric acid—quantity of products, by geographic
. divisions: 1905 and 1900.
DIVISION. 1905 1900
Tons. Toms.
United States. .. coooiiii i 1,869,437 1,548,123
North Atlantic.. .o aicieiiiiaans 768, 647 734, 669
South Atlantic. .. ..o 540, 593 520,575
North Central. ... 349, 906 153,979
South Central. . couuieniiiini i i ieanenaaaanaas 141, 107 7, 665
B 2517 v T 9, 1. 51,235

An increase is shown in each of the divisions, the
largest increase, 195,927 tons, having occurred in the
North Central division, and the smallest, 17,949 tons,
in the Western; while the greatest percentage of in-
crease was that for the North Central.

The census of 1900 was the first at which statistics
were given with any detail as to the kinds, quanti-
ties, and values of the principal materials. At that
census there were reported, as having been used in
the manufacture of sulphuric acid, 633,837 tons of
pyrites, having a value of $3,101,075, and 70,288 tons
of sulphur, having a value of $1,396,975.

At the census of 1905 there were reported 707,326
tons of pyrites, having a value of $3,895,905, and
47,861 tons of sulphur, having a value of $1,022,644.
This represents an increase in pyrites, for 1905 as
compared with 1900, of 73,489 tons, or 11.6 per cent,
in quantity and $794,830, or 25.6 per cent, in value,
and a decrease in sulphur of 22,427 tons, or 31.9 per
cent, in quantity and $374,331, or 26.8 per cent, in
value. ‘

The quantity of nitrate of soda used in the manu-
facture of sulphuric acid can not be directly ascer-
tained, for the reason that in establishments produc-
ing sulphuric acid it is used for other purposes also,
varying with the nature of the establishment, as, for
example, in making nitric acid, fertilizers, gunpowder,
dynamite, or saltpeter; and for the further reason
that the nitrate used for all purposes in a single estab-
lishment is reported in gross. Axalysis of returns,
however, shows that on the average 1 part of nitrate
is used to every 100 parts of 50° Baumé acid produced.
Bearing in mind that no nitrate is used in the con-
tact processes, it is estimated that in 1900 there was

used in making sulphuric acid 15,481 tons of nitrate:

of soda, and in 1905, 18,467 tons. The ratio of ni-
trate to total acid will probably decrease greatly in
the future.

In the report on sulphuric acid for the census of
1880 it was stated that there were then 3 estab-
lishments in the United States burning pyrites, from
which it is inferred that the other 46 were burning
brimstone, as sulphur is usually styled in this indus-
try. In the census report for 1890 no mention is
made of the kind of materials used. At the census
of 1900 there were 77 establishments burning pyrites
only, 31 burning brimstone only, 17 burning both py-
rites and brimstone, and 2 producing the acid from
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the roaster gases in zinc smelting. At the census of
1905 there were 114 establishments burning pyrites
only, 19 burning brimstone only, 10 burning both
pyrites and brimstone, 5 producing acid from the
roaster gases in zinc smelting, 1 producing acid from
the roaster gases in copper smelting, and 5 engaged
in the recovery from spent or sludge acid. Two of
the pyrite plants were also engaged in the recovery of
spent acids.

The total amount of recovered acid included in the
product for 1905 was approximately 73,346 tons. It
is probable that the amount of sulphuric acid recov-
ered, or regained, during the census year was much
greater than this, for in many establishments, such
as explosives factories, it has been the practice to re-
cover and reuse the acid again and again, and the
acid so recovered is not reported. This practice is,
however, now being supplanted by that of rebuilding
the spent acid with oleum. At the census of 1900
the quantity of acid reported as produced in zine
smelting was 58,828 tons, having a value of $424,670;
and at the census of 1905 the quantity so reported
was 94,032 tons, having a value of $576,060. This
represents a gain for 1905 over 1900 of 35,204 tons,
or 59.8 per cent, in quantity and of $151,300, or 35.6
per cent, in value.

The increase between 1900 and 1905 in the number
of establishments burning pyrites was 30, or 31.9 per
cent; while for those burning pyrites only it was 37,
or 48.1 per cent. The decrease for the same period in
the number of establishments burning brimstone was
19, or 39.6 per cent; while for those burning brimstone
alone it was 12, or 38.7 per cent.

At the census of 1805 the average yield for 105 es-
tablishments burning pyrites only was 211 pounds of
sulphuric acid, reduced to 50° Baumsé, for 100 pounds of
pyrites. At the census of 1900 the average for the 30
works for which data are available was 206 pounds of
acid for 100 of pyrites. The theoretical yield of cham-
ber acid is given later. In practice 240 pounds have
been obtained. At the census of 1905 the average
yield for 15 establishments burning brimstone only
was 432 pounds of sulphuric acid, reduced to 50° Baumé,
for 100 pounds of brimstone. At the census of 1900
the average for the 20 works for which data are avail-
able was 402 pounds of acid for 100 pounds of brim-
stone. The theoretical yield of chamber acid is given
later. In practice 446 "pounds have been obtained.
In the report on this industry for.1900 attention was
called to the large use of sulphur in the United States,
while practically no brimstone acid was being made in
England or on the continent of Europe. The statis-
tics for the present census indicate that our manufac-
turers are coming into conformity with European
practice.

The large use made of pyrites and of sulphur in the
sulphuric acid industry and the continued growth of
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this industry make it proper to inquire into the extent | TaBue 15.—Sulphur imported and cntered for consumption in the

. . - ) pae 1
to which these raw materials are available. United States: 1895 to 1904.
TasrLe 14.—Pyrites producedin, andimportedinto, the United States: ‘x FLOWERS OF || oo
1895 to 1904 CRUDE. | SULPHUR. :
e o . _ | YEARENDING — I Total
T Ty T SECEMBER | Quan- Quan- | Qlixg,n- value.
PRODUCED. i IMPORTED.2 tity tity i tity b
(long Value. (long Value. (long Value.
YEAR. T | N tons). tons). tons).
Quantity olne. || Quantity e o i
\long tonsy vale lnghe t(ms) ’ Value. '
N . l 121,286 $1 546 481 581 [812, 888 220 | 84,379 ’Sl 613 754
99, 549 $322, 845 1 190, 435 $673,812 | 1897 ... .. ... 136, 54 6 ................ 34 8, 63 54, 073
115, ;;,3 32()§ 163 200, 10{: b48, 396 1898 ... ..... 151,225 2,891, 767 507 | 14, 548 1‘2 712 ) 183, 609 & Uﬁ‘) 924
143,201 391, 541 i - 259, 546 747,419 1899.......... 140,182 | 2, 484,801 335 ‘) 917 1| 1,016 | 28,485 2, 523 l, 203
103, 364 593, 801 | 252,773 717,813 1900 .. ...... 166,825 | 2,917,172 628 117,437 | 250 8, 385 2, 942,904
174,734 543,249 | ‘)(,q K68 1,077,061 1901 .. ... 174,160 | 3,256,990 748 20,201 301 | 10,715 3, 287,906
204, 615 749, 001 | 322, 484 1,055, 121 1902..........] 170,601 | 3,334,002 738 | 19,954 | 41 3, 604 3,357,650
8241,601 | 1,257,870 403, 706 1,415,149 1903.......... 188,900 | 3,649,756 1,864 02, 680 180 7,254 3, 709, 690
3207,874 047,089 | 440, 363 1, 650, 852 1904, .. ......] 127,996 | 2,462,360 1,332 | 39,133 | 204 9,776 2,511,269
S‘g:; BT IO0AIE || 20,410 16450 | T
333, 1 3,460, 863 | 29, 72 1,533,007
213 * 22,720 | 1,393,00 ! United States Geological Survey “ Mineral Resources of the United States,

1904.”
1["nltod States Geological Survey, * Mineral Resourees of the United States, 2 Includeslae sulphurand other grades not otherwise provided for, hut not
404, prrite.
1Iron pyrites containing 25 per cent or more of sulphtir and not more than

3.5 rent of co - - .p . .
" Fnchades proquetion of natural sulphus. It has been estimated that if the rate of increase in

the consumption of pyrites and sulphur which ob-
tained between 1893 and 1903 be maintained the
amount of sulphur required in the United States in
1913 in the form of elemental sulphur or of sulphur
bearing materials would amount to 1,045,875 long
tons. As similar activity in manufacture is noted in
several European countries, there is already a call for
new sources of supply of raw materials. Fortunately
there are many sulphur bearing materials, some of
which are used as sources of the metals.

Table 16 presents the names of several of the more
commonly occurring sulphur bearing minerals, with
their formulas, and the number of tons of *“real” sul-
phuric acid and of chamber acid which theoretically
may be produced from a ton of each mineral when
pure.

The chief sources of the supply of pyrites imported
into the United States are the celebrated Rio Tinto
and Tharsis mines of the Huelva district in Spain; the
San Domingo mine at Pomaron, Portugal; and the
Tilt Cove mines of Pilleys Island, Newfoundland.
The residue from the roasting or burning of pyrites is
known as pyrites cinders. Sometimes the pyrites con-
tain gold, silver, or other valuable metals in sufficient
quantity to warrant treatment to recover these values,
and as the sulphur present renders such ores refrac-
tory, it is the practice in some instances to send them
to sulphuric acid works to be burnt, the cinders then
being returned. Under such circumstances no cost is
assigned to the pyrites by the sulphuric acid works.
Pyrites cinders is useful in smelting acid ores, as the
contact mass in certain processes of making sulphurie
acid, and in the manufacture of pigment and of cop-
peras; it is also sometimes used as an iron ore In the
blast furnace for making pig iron. In 1900 there were

Tasue 16.—Tons of real sulphuric acid and of chamber acid theo-
retically produced by « ton of each of the minerals specified.

o = N . i Real sul-; <
returned 62,701 tons of pyrites cinders, having a value MINERAL. i Formula. phuric it
of $105,631, and in 1905, 163,276 tons, having a value - |
of $200,940. It is evident that but a small portion of | sulphur.........ccooooieiiiiiniiinne. Buoiieerneenes| 3060 403

. ’ye Pyrite..oooiiiiiiiiiaii s oodf FoSgo.. 1,63 2,62

the actual produet is utilized. Moreasite. | By Led 2
- - o . >yrrhotite .| Fey S 1.18 | 1.90

Pure pyrite contains 53.3 per cent of sulphur. The | sphalerite | 7n's. e vol| 163

. ° ) . . . Chalcopyr .| Cu Fe 1.08 | 1.73
pyrites commonly used for making sulphuric acid con- | Bormite. ... | Gus Fo S osel  Uss
. ’ . Chaleocite. . .| Cug S... . 0.62 | 1.00
tain from 43 to 48 per cent. When the ore contains | Galenito... 0 - JON 1B 2 R 0.4l | 0.6

over 35 per cent of sulphur it can be ignited and, with | - S -
a proper supply of air combustion, will continue until Of Lhe miner &13 named Sulphur pymte, and marca-
the greater part of the sulphur contents are burned, | site have long been used for making sulphuric acid.
for there is sufficient heat generated by the process to | In the report for 1900 the use of sulphur for this pur-
maintain it. Such is not the case when the amount of | pose was traced back to Basilius Valentinus, living in
sulphur in the ore is less than 35 per cent, and addi- | the fifteenth century. The first proposal to use pyrites
tional fuel is required with these low-grade ores. for this purpose is credited to an Englishman named
The statistics for sulphur produced in this country | Hill! a patent for the process having been granted
from 1901 to 1904 are combined ‘with those for py- | him in 1818. Little use was made of it until 1838,
rites, because the sulphur is largely the product of & | When the Sicilian government sold the monopoly of
single mine, and it is desired to avoid showing indi- the export sulphur to a French firm, a,nd tho pnce of

vidual operations. The remainder of the sulphur used | ree Lunge, Manufacture of Sulphunc Acid and Alkaki.

for all purposes is imported. | edition 1903, Vol. I, pages 36 to 38.
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crude brimstone was nearly trebled. Pyrites were
found so satisfactory a substitute that they have
steadily grown in favor ever since.

Pyrrhotite has come into use practically since the
last census. Its value was demonstrated at Sault Ste.
Marie, with Canadian ores, and the results were so
satisfactory that works have been erected in which to
utilize the pyrrhotite ores of Virginia. Pyrite, mar-
casite, and pyrrhotite, in the condition in which they
occur as ores, are all embraced in pyrites.

Sphalerite is used as a source of zine, and at each of
the last two censuses sulphuric acid has been reported
as having been produced in the process of zinc smelting.
Pure zinc sulphide contains 32.9 per cent of sulphur,
but the ores may range down to 18 per cent. In
roasting these lower grade ores fuel is required in
addition to that furnished by their sulphur contents.
When this was added directly, as in earlier practice,
the roaster gases were so dilute as to make the recovery
of the sulphur difficult, but by roasting in muffles in
such a manner as to keep the roaster gases separate
from the fire gases, it has become possible to utilize
the whole of the sulphur contents of the ore in vitriol
chambers, and with the introduction of the contact
process, it has even become feasible to recover it from
the more highly diluted gases. As early as 1855
there was erected at Stolberg, Germany, a Hasen-
clever furnace by which the roaster gases from
sphalerite, or zinc blende, could be converted into
sulphuric acid.

Chalcopyrite, bornite, and- chalcocite are copper
ores. In 1905 a small amount of sulphuric acid was
reported as having been produced in the process of
copper smelting. The burner gases from copper
smelting are quite lean in sulphur, yet as long ago as
1872 they were used at Altenau, Germany, in making
sulphuric acid. By the use of a contact process their
utilization becomes still more feasible. The Census
report on mines and quarries for 1902 states that
11,780,064 tons of copper ores were mined in that census
year, and it is well known that a large percentage of
;hem were sulphur bearing ores.

No reports of sulphuric acid production have been
eceived from any processes of smelting lead ores.
teferring to galenite, Lunge says:* “Galena is prob-
bly nowhere worked in such a way as to extract its

ilphur in the shape of sulphuric acid. The purest
ulena contains only 13.4 per cent of sulphur.”” The
3nsus report on mines and quarries for 1902 states
at 132,330 tons of nonargentiferous lead ore were
ined in that census year. The greater part of this was

Iphide ore. In addition, 9,787,804 tons of gold and

ver ores were reported as being treated in that census

ar,much of which consisted of sulphurets, the sulphur

Manufacture of Sulphuric Acid and Alkali, edition 1903, Vol. I,
e 85.
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from all of which was evidently lost in treatment. Bf
Salom’s process of electrolyzing galenite, however.
hydrogen sulphide is obtained, and this may be cor-
verted into sulphuric acid.

According to W. D. Harkins* the amount of mate-
rial of industrial value given out in smelter smoke is

the United States is often enormous. The analysis of
| the smoke of one smelter showed an approximate
daily output in smoke of 55,000 pounds of arsenic
trioxide, 1,500 to 2,000 tons of sulphur dioxide, 150
tons of sulphur trioxide, 6,000 pounds of zinc, 5,000
pounds of copper, 6,000 pounds of lead, and 5,000
pounds of antimony. From prlvate communications
it is learned that 1 establishment is daily liberating
into the atmosphere 850 tons of sulphur in various
states of combjnation, and that another, in a widely
different section of the country, is sending off in its
smoke approximately 237,500 tons of sulphur dioxide
perannum. It has been estimated® that a half mil-
lion tons of sulphuric acid could be produced annually
from the sulphur in the fuel burned in London.

This sulphur is not only wasted, but the emanations
from smelters render the atmosphere noxious to man
and other animals, and seriously affect the vegetation
for considerable distances about the smelters. This
has repeatedly led to litigation. So long ago as 1864
the owners of the works at Freiberg, Germany, were
compelled to pay upward of $14,000 damages on
account of the emanations from their works. The
recovery and utilization of these gases and fumes wil
not only abate the evils to which they give rise, but
will greatly increase the available supply of “the
sulphur compounds and other substances which are
much used in our industries.

The Tennessee Copper Company has recently erected a plant for
making acid from the gases of its smelting furnaces at Copperhill,
Tenn., which are now operated on the pyrite principle. Ithas been
determined that these gases average about 8 per cent in sulphur
dioxide, and when the plant is in full operation their quantity will
enable the production of upward of 700,000 tons of sulphuric acid
of 50° B. per annum.*

Other sources of sulphur are found in the spent oxides
from gas works, the waste liquors of Le Blanc sods
works and of ammonia works, and in petroleum, such
as the oils of Lima, Ohio, and of Canada. According to
Pennock,’ the hydrogen sulphide recoverable from
by-product coke ovens is sufficient, when oxidized, to
supply nearly one-half the sulphuric acid required in
converting the ammonia into sulphate. According to
Mabery,® “probably 50 tons of sulphur daily is &
conservative estimate of the amount extracted from
Ohio oil and burned off into the atmosphere.” The

2Science, 1907, vol. 25, page 407.

3 Nature, 1907, 'vol. 76, page 110.

4The Mineral Industry, 1906, vol. 15, page 708.

s Journal of American Chemical Somety, 1906, vol. 28, page 1257.
6 Ibid., page 432.




sulphur may be obtained from sulphur bearing petro-
leum in the form of hydrogen sulphide which can be
burned to sulphuric acid. This method is practiced to
some extent in the United States, but until it becomes
more general the product must appear in census statis-
tics as being produced from sulphur.

The sulphur gases obtained by the burning of pyrites
and other sulphurets are usually impure because of the
other minerals naturally occurring in the ore. As
pointed out in the report for 1900, in the contact
process there described, these gases are purified before
being brought into the presence of the contact mass.
In the chamber process it has been customary to use
these gases as produced and then to purify the sulphu-
ric acid when it was specially desired. According to
Schatterbeck,* several hundred tons of arsenic sul-
phide, which is obtained in our chemical works in
purifying sulphuric acid, are thrown away every year
in the United States, yet our imports of arsenic com-
pounds have for several years past amounted to from
6,000,000 to 8,000,000 pounds, having a value of from
$243,380 to $416,525.

In the Census report for 1900 it was pointed out that
owing to the contact process for the manufacture of
sulphuric acid having been made a commercial success
by the Badische Aniline und Soda Fabrik, a formidable
competitor to the long used chamber process had been
developed. As a result, the period since 1900 has been
marked by much activity in endeavors to improve the
chamber process and to devise contact processes that
are independent of the Knietsch process. The im-
provements in the chamber process consist largely in
a reassembling, proportioning, and arranging of the
chambers, with the introduction of dust chambers,
fans, and intermediate towers, and the use of atomized
water in place of steam. A notable departure from
previous practice is found in the Meyer’s tangent sys-
tem. The chambers in this system are eylindrical in
form, with the entrance pipe for the burner gases so
placed that the gases enter the top of the chamber
tangentially, and travel along the periphery in a down-
ward spiral, leaving the chamber by an opening near
the bottom. By this means a higher efficiency for
unit volume of chamber is obtained, and greater com-
pactness of plant results. Hence the cost of installa-
tion and interest, and the area required for the plant
are materially diminished. According to Guttmann,?
“the production of acid for a given chamber space is
with ordinary chambers now frequently 3 kilos of
H,S0, per cubic meter, but with the intensified work-
ing one arrives at 4 kilos. With atomized water and
fans in ordinary chambers 5.84 kilos have been
obtained. A set of Meyer’s chambers, without other
Improvements, produces 4 kilos. * * * With {fans

! United States Geological Survey, Mineral Resources of the
United States,” 1905.

#Journal of Society of Chemical Industry, 1903, page 1334.
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and atomized water a Meyer set will probably reach 8
kilos and more; at any rate the first chamber of the
system, which is not worked to its full capacity, pro-
duces 10 kilos, and more.”  Further, in comparing the
chamber processes with contact.processes, he says:
“The conclusion is therefore justified, that a factory
burning about 100 tons of pyrites per week, and hav-
ing a chamber plant, equipped with all recent im-
provements, can sucecessfully compete with a contact.
plant for even the strongest sulphurie acid in the
market.”’

According to Lunge,® there are six contact proc-
esses now in use, styled respectively, Badisehe, or
Knietsch, TIochst, Grillo, Mannheim, Freiberg, and
Rabe, about which, through patent specifications,
publications, or special communications, considerable
detail is known, and several others which have been
kept: secret.  In the Badische, Hoehst, Grillo, and
Mannheim processes the conversion of SO, into SO, is
rendered practically complete by contaet action, while
in the Freiberg and Rabe processes the contact
action is supplemented by lead chambers for work-
ing up the residual gases. The Grillo process is
known in this country as the Schroeder process.
Of the processes named by Lunge, five appear to be
in use in the United States—the Knietseh, Schroeder,
Mannheim, IMochst, and Rabe, while the American
inventions of J. B. ¥. Herreshofl are also used.  The
Knietsch was deseribed at length in the report for 1900,
and it may suffice to add that in this system the unit
is one having a capacity for treating 5,000 tons of 50
per cent ore a year. The Schroeder process was made
the subject of a symposium before the New York
Section of the Society of Chemical Industry in Feb-
ruary, 1903, and from the report* of this symposium
it appears that the process is distinguished by the
use of a contact mass composed of soluble salts, prin-
cipally sulphates, carrying the platinum.  According
to this report the following advantages are elanimed
for this method:

(1) The contact mass is easily regencrated, hence the kiln gases
do not need to be purified as perfectly as if working with platinized
insoluble vehicles.

(2) The calcined erusts are very porous, so that the contact mass
made from them offers much less resistance to the gases passing
through them than the tightly packed asbestos formerly used,

(3) The catalytic action of the contact mass made from soluble
salts is far superior to that of platinized insoluble carriers, and the
contents of the platinum in the contact mass, which were from 8
to 10 per cent of the weight of the asbestos in the old Schroeder
plates, have been decreased to one-tenth of 1 per cent without vo-
ducing the efliciency of the contact material.

At present (1903) there are 23 Schroeder plants built or building -
7 in Germany, 2 in Russia, 1 in Poland, 1 in Italy, 2 in France, 1
in Chile, 1 in Mexico, 2 in South Africa, and 6 in the United Statos,
| Some are using blendes, some pyrites, some brimstone, and one a

¥ Manufacture of Sulphuric Acid and Alkali, edition 1903, vol. 1,
page 1012. )
Journal of Society of Chemical Industry, 1903, vol. 22, page 348.




low-grade gold ore. Some of the ores are quite free from objection-
able impurities, while others are very impure, which necessitates
different methods of purification.

The cost of the plant is less than that of a chamber and concen-
trating plant of the same capacity.

The advantage of the Qontact process is greater the stronger the
acid made, the cost being the same per unit of sulphur for all
strengths. TFor acid stronger than 60° B. it is cheaper than cham-
bers; but for 50° B., and perhaps for 60° B., it has at present but
little, if any, advantage.

One application of the process that promises to be of great im-
portance is its use in connection with chamber plants to make
strong acid, in place of concentrating in the usual manner. A
plant is now being built for this purpose, and there is every reason
to believe that it will show a marked economy, both in first cost
and in operating expenses.

The Mannheim process was described by Wilke* be-
fore the New England Section of the Society of Chem-
ical Industry in December, 1905, as follows:

This process is based on the following fundamental principles:

First. To use the heat of the ordinary roasting process for carrying
on the catalytic action of the oxide of iron upon the sulphurousscid.

Second. The purification of the burner gases is a dry process.
In all other processes the gases are washed and have to be dried
again.

Third. The conversion or catalytic oxidation of that part of the
sulphurous acid which passed through the iron contact, but had not
been converted, is brought about by means of the waste heat of
the burner gases.

Fourth. The whole process is carried on by moving the gases by
means of exhausters only.

The roast gases leave the kilns at a temperature of about 700° C.
This is the proper temperature necessary in the iron oxide to pro-
duce the conversion or catalytic action to transform the sulphurous
acid into sulphuric anhydride. The iron oxide, at the above-men-
tioned temperature, forms iron arsenate, with the arsenious acid
which is contained in the roast gases. If roast gases are taken at
the temperature of the furnace through the oxide of iron, a large
proportion of the sulphurous acid (50 to 60 per cent) is converted
into sulphuric anhydride, while the arsenic contained in these roast
gases combines with the oxide of iron.

Water contained in the gases to be converted reduces the catalytic
property of the iron oxide. It is therefore necessary to produce the
roast gases with dried air. The drying of the air necessary for the
process is accomplished with sulphuric acid which is produced in
the process.

The roast gases are produced in a furnace which is protected with
an air-tight iron shell against any entrance of moist atmospheric
air. The air necessary for the roasting process passes through
towers which are scrubbed with sulphuric acid and is then con-
ducted through air-tight pipes entering the furnace or kilns below
the grate bars. The dry and hot roast gases so obtained are con-
ducted to a shaft which is attached to the furnace and filled with
oxide of iron (pyrites cinders). In this shaft part of the conversion
takes place; that is, part of the sulphurous acid is converted into
sulphuric anhydride, while at the same time the arsenic obtained
in the roast gases is retained.

The roast gases therefore are subjected to a dry purification, and
are considerably reduced in their contents of sulphurous acid.
After the sulphuric anhydride which is formed in this fivst part of
the process has been absorbed, the rest of the sulphurous acid con-
tained in the gases can be converted into sulphuric anhydride by
means of a very small amount of platinum. To do this, it is neces-
sary to remove any small quantities of sulphuric acid (monohydrate)
which have not been absorbed. This is accomplished by passing

1Journal of Society of Chemical Industry, 1906, vol. 25, page 4.
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the gases through layers of porous material which is not affected by
sulphuric acid. The main part of the sulphuric acid which is car-
ried over mechanically is eliminated or retained in this way. The
purified gases are now allowed to pass through layers of granulated
basic blast-furnace slag.

The gases which have passed through the iron contact mass con-
tain sufficient heat to reheat the filtered gases to the temperature
necessary for catalytic action in the platinum contact.

It would be possible to utilize this heat by giving it off to the
filtered gases. DBut the sulphuric acid (monohydrate) must be
carried along in the form of vapor. The heat, therefore, must not
be reduced too much to keep the monohydrate in a gaseous state.
The heat given off in the heater located over the iron contact is not
sufficient to raise the filtered gases to the temperature necessary to
carry on catalytic action in the platinum contact. It is, therefore,
necessary to have a small coal fire to raise these gases to their proper
temperature.

The platinum contact apparatus must be built in such a way
that it does not offer much resistance to the passage of the gases,
in order to move them with an ordinary exhauster. This is ac-
complished by using a number of platinized asbestos nets, the
meshes of which are such that the resistance in the whole appa-
ratus does not represent more than the pressure of a column of
water about 30 millimeters high. In constructing the platinum
contact apparatus in this way, it is possible to exchange a single
element during the process in the course of a few minutes without
interruption. In this process it is possible to have a conversion of
the roast gases up to 95 per cent.

The first plant in the United States was erected in 1903, in the
works of the Schoellkopf, Hartford, and Hanna Company, in the
city of Buffalo, N. Y. This plant consisted then of one unit with
a capacity of about 1,600 tons of sulphuric acid or its equivalent.
The original plant has since been enlarged to four times its original
capacity. Desides this plant, four other firms have adopted this
process, and there are now in use twenty-two unitswith a capacity
of about 35,000 tons, and in the course of construction, ten more
units with a capacity of 16,000 tons. This is a total capacity of
over 50,000 tons per year. This has been accomplished in a little
over two years since the process has first been introduced here.

This process does not require complicated or delicate pieces of
apparatus, a staff of scientific men, por any special apparatus for
the purification of the roast gases, as this is done in the furnace
itself. The amount of fuel consumed and motive power required
is smaller than in any other known process, and the plant can be
built up gradually on account of the units being small and being
easily arranged in groups. The cost of repairs is very low.

According to Falding (V. Internationaler Kongress
fir Angewandte Chemie, 1904, vol. 1, page, 768), the
following sulphuric acid plants were completed or in
course of construction in the United States between
1900 and 1903:

Contact process plants.

NAME AND LOCALITY. Process.

New Jersey Zinc Co., Mineral Point, Wis .| Schroeder.
New Jersey Zinc Co., Hazard, Pa..... Schroeder.
Peyton Chemical Co., Cal...... seeseas Schroeder.
Repauno Chemical Co., near Wilmington, Del. .-| Schroeder.
Dupont Powder Co., near Wilmington, Del............. .| Schroeder.
Harrison Bros. & Co., near Philadelphia, Pa................| Schroeder.
United Zine & Chemical Co., Argentine, Kans...............| Frasch converter.

Buffalo, N. Y. oot iiiiiiiiinacaanacanaeeanaas ..| Mannheim.
General Chemical Co., near New York, two plants........... m

1 Inquiry has developed the fact that the General Chemical Company is oper-
ating a large number of contact plants, and that as rapidly as its chamber sstrs—
tems wear out it is replacing them by contact plants. This company o&era es
under the Herreshoff patents and it also owns and utilizes the Knietsch, Hochst,
and Rabe patents. This company expresses great satisfaction with the working
of its contact processes and finds that the acid thus produced from pyrites is sub-
stantially free from iron and is superior to brimstone acid in its freedom from
arsenic.



Chamber process plants.

Chamili):er
" ; TY. : capacity
NAME AND LOCALITY Equipment. (cubic
s {eet).
0 6, 400, 000
Richmond Guano Co., Richmond, Va. Four intermediate towers..| 178, .
E. Frank Coe & Co., Barren Island, N.Y.|. ... ... ... ... 225 000
Southwost Chemical Co. . Arg,entmv Fifteen Gilchrist columns 4.50 000
Kans. and fans.
Lumrctto Guano Co., Baltimore, Md....| Nine Gilchrist columns and 336, 000
fans.
Western Chemieal Co., Denver, Colo 450, 000
Meridian Fertilizer Co Meridian, Pratt system 143, 000
Bussey & Sons, (“o]umbuq Ga.. Pratt system 90, 000
Greenvillo Fertilizer Co., Greonvi 5 . [ 130 000
Virginia-Carolina Chemical Co., Mem- 135, 000
phis, Tenn.
Anderson Fertilizer Co., Anderson, S. C.|..........co..... 124,000
Georgm Chemical Works, Rome, Gav..ofooiiiiaiianeanaa. 206, 000
Philip Carey Manufacturing Co., Tack- oo 158, 000
land, Ohio.
E. lRmih Sons Fertilizer Co., Indianap- | Two Gilehrist columns..... 101, 000
-olis, Ind.
Jackson Fertiliger Co., Jackson, Miss....| Threo Gilehrist columns. . ... 220, 000
Scott Bros. Fertilizer Lo Elkton, Md. . 83,000
C. . Dempwolf & Co., Ym'k, Pa........ .. 170, 000
A. P. Brantley Sons Co., Blackshear, Ga. 101, 000
Vl]r{.,inm\ State Fertilizer Co., Lynch- 148,000
hur,
Graselli (‘honuml Co., Birmingham, Alu .............................. 400, 000
Jarecki Chemical Co., Clncixmati [0 ) ¢ L PN .| 140,000
Detroit, Chemical (,o Detroit, Mich... .. Tive Gilehrist columns. . ... 173, 000
Federal Chemical ‘(‘,n., Nushvillu, Tenn...| Thirteen Gilehrist columns.| 278, 000
Soutlh('rn States Fertilizer Co., Savan- | Pratt system......ooooo... 130, 000
nah, Ga.
V;lig\zmlnﬁmulmn Chemical Co., Do~ | Hoffman. ... eeeeaenenean.n 100, 000
an, A
Omo Fu.mmrs Tertilizer Co., Columbus, | Hoflman. .. .cceeeaianean.. 204, 000
Armour Fertilizer Co,, Atlanta, Ga...... 166, 000
Virg;:ni:(m-(‘nrolinu Chemical Co., Savan- 120, 000
nah, Ga.
Maerrimae Chemical Co., Boston, Mass. .. 202, 000
Sayles Bleacheries, buylasviut\ R.I.. 10, 000
Bowker Fertilizer Co., St. Bernard, Ohi 141, 000
T. P. Shepard & Co., Providence, R. 1. 140,000
Virgmiu aroling Chemieal Co., Alhzmy. 160, 000
SttltYllda,rd Chemical and Oil Co., Troy, 150, 000
F. 8. Royster Gunno Co., Columbig, 8. C.| Seven Gilehrist columns. ...[ 173,000
Griflith & BOYd.uesaceuraeeaicaeiannnnn Meyer Tangential . 75,000
Virgﬁniz:%(s}rolmu Chemical Co., Green= {...viiveereseanonsnainsnsenann 200,000
ville {

Sulphuric acid is probably used for a greater variety
of purposes, especially in the chemical arts, than any
other substance. According to Lunge,' the principal
applications are the following:

1. In a more or less dilute stale (say from 144° Tw. downwards).
Tor making sulphate of soda (salt cake) and hydrochloric acid, and
therefore ultimately for soda ash, bleaching powder, soap, glass, and
innumerable other products. Further, for superphosphates and
other artificial manures. These two applications probably consume
nine-tenths of all the sulphuric acid ‘produced. Further applica-
tions are for preparing sulphurous, nitrie, phosphoric, hydrofluoric,
borie, carbonie, chromic, oxalic, tartaric, citric, acetic, and stearic
acids; in preparing phosphorus, jodine, bromine, the sulphates of
potassium, ammonium, barium (blanc fize), calcium (pearl-harden-
ing); especially also for precipitating baryta or lime as sulphates for
chemical processes; sulphates of magnesium, aluminum, iron, zine,
copper, mercury (as intermediate stage for calomel and corrosive
sublimate); in the metallurgy of copper, cobalt, nickel, platinum,
silver; for cleaning copper, silver, ete.; for manufacturing potas-
sium bichromate; for working galvanic cells, such as are used in
telegraphy, in electroplating, etc. ; for manufacturing ordinary ether
and the composite ethers; for making or purifying many organic
coloring maitters, especially in the oxidizing mixture of potassium
bichromate and sulphuric acid; for parchment paper; for purifying
many mineral oils, and sometimes coal gas; for manufacturing
starch, sirup, and sugar; for the saccharification of corn; for neutral-
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izing the alkaline reaction of fermenting liquors, such as molasses;
for effervescent drinks; for preparing tallow previously to melting
it; forrecovering the fatty acids from soapsuds; for destroying vege-
table fibers in mixed fabrics; generally, in dyeing, calico printing,
tanning, as a chemical reagent in innumerable cases; in medicine
against lead poisoning, and in many other cases.

I1. In a concentrated state. Tor manufacturing the fatty acids by
distillation; purifying colza oil; for purifying benzene, petroleum,
paraffin oil, and other mineral oils; for drying air, especially for
laboratory purposes, but-also for drying gases for manufacturing
processes (for this, weaker acid also, of 140° T'w., can be used); for
the production of ice by the rapid evaporation of water in a vacuum;
for refining gold and silver, desilvering copper, etc.; for making
organo-sulphonic acids; manufacturing indigo; preparing many
nitro compounds and nitric ethers, especially in manufacturing
nitroglycerin, pyroxylin, nitrobenzene, picric acid, and so forth.

IIX. As Nordhausen fuming oil of wvitriol (anhydride). TFor manu-
facturing certain organo-sulphonic acids (in the manufacture of
alizarin, eosin, indigo, etc.); for pwrifying ozokerite; for making
shoe blacking; for bringing ordinary concentrated acid up to the
highest strength as required in the manufacture of pyroxylin and
other purposes.

It is of value to know the extent to. which sulphuric
acid is used in the more important industriesin which it
is employed, and an attempt has been made to ascer-
tain this by an investigation of the data of the census
of 1900. For purposes of comparison the various
grades of acid occurring have been reduced to a com-
mon standard of 50° Baumé. The results of this in-
vestigation are set forth in Table 17.

Tasue 17.—Quantity of sulphuricacid conswmed for specific purposes:

1900.
Tons

Total domestic production. ... ...oooiii i, 1,548,123

l’urgosos for which consumed:

Portilizer mManufacture. ..oy wee e 803, 358
Potroleum refining. .o oo oe i 181, 782
Plekling fron and 8teel. .o oovveaiiiiiiii i 125,000
Alum manufacture.. ..o 71,
Mixed acids manufacture. 63,059
Toxtile INAUSELY v v venvieei i e eaaan , 000
Muriatic acid manufacture...........ooeviini i 48,750
Nitric acid manufacture. ..... reneenaneeapeaan 47,348
Acetic acid manufacture. .............. 17,814
Ammeonium sulphate manufacture 3,908

. Explosives manufacture.. 13,500
Blue vitriol manufacture 10, 645
Epsom salt manufacture 2,773
Storage batteries....... 2,640
Tartaric acid manutactu 1,508
Iron liquors manufacture. 1,220
Borie acid manufacture.. 707
Zine sulphate manufacture. . ceeesisaimennaranne . 415
AlL OLhEr PUIPOSES. . - oeneeeneanar et e e e aans 92,275

The first and largest item for the separate industries
is the amount actually returned, as ‘“materials used”
and as “products consumed,” by the fertilizer estab-
lishments. The second is estimated from the amounts
reported ? at the censuses of 1880, 1890, and 1905,
since no report was recorded for 1900. The third is
estimated from the statement of F. J. Falding?® in
1905, that “about 150,000 tons of 60° Baumé ac1d are
used yearly in the iron and steel industry for pickling
sheets, wire, etc., previous to galvanizing or tinning,

! Manufacture of Sulphuric Acid and Alkali, edition 1903, pages
1169 and 1170.

% (Census of Manufactures, 1905, Bulletin 70, page 11.
8 Journal of Society of Cheémical Industry, 1905 vol. 25, page 403.



and this must contain less than 0.002 per cent of As.”
Most of the other figures were obtained by stoichio-
metrical calculation from the quantities of the given
products returned. It has been the endeavor to make
the estimates conservative and to avoid duplication.
Possibly an error may exist in the item of alum, owing
to the use of ammonium sulphate or of sodium sulphate
from nitric or hydrochloric acid manufacture, or of
natural potassium sulphate, in the manufacture of the
product named, but the quantity of sulphuric acid re-
quired for the aluminum sulphate produced is large.
It is to avoid duplication that certain industries,
known to make use of large quantities of sulphuric
acid, do not appear in the list. An example of this is
found in the manufacture of dyestufls, which is
omitted, because the sulphunc acid of this industry i s
already accounted for in the nitric and mixed acids
placed on the list. Accepting the figures of this list
as fairly approximate, it appears that the sulphuric
acid used in the fertilizer industry at the census of 1900
constituted 51.9 per cent of the total quantity of sul-
phuric acid produced in that census year. The sul-
phuric acid used in petroleum refining formed 11.7 per
cent, and that used in pickling iron and steel 8.1 per
cent, or these three industries together consumed 71.7
per cent of the total. This is lower than the estimates
usually given, and may arise from the fact that in this
Investigation the acid of all grades has been reduced to
a common basis, as the sulphuric acid used in the fer-
tilizer industry is 50° Baumé acid, so that if the strong
acid used in many other industries had not been so
reduced for purposes of comparison, the acid used in
the fertilizer industry would have appeared to form a
larger percentage of the total.

Nitrie acid.—Nitric acid, the second -substance in
this subeclass, has been known from early times. The
first description of its production, so far as is now
known, appeared in 778, in the writings of Geber, who
made it by distilling niter (potassium nitrate) with
copper sulphate and alum. Raymond Lullius, in the
thirteenth century, gave directions for making it by
distilling niter with sulphate of iron. Soon after-
wards Glauber obtained it by distilling niter with oil of
vitriol. Nitric acid of 1.375 specific gravity, known as
gilder’s aqua fortis, and made by this method, sold in
England in 1771 for 57 cents per pound. Nitric acid
was ‘manufactured at Philadelphia by Carter and
Scattergood in 1834. It is to-day made commercially
by distilling sodium nitrate with sulphuric acid, though
other methods are now competing for recognition.

The quantity and value of the total amount of nitric
acid manufactured, including that produced as a sub-
sidiary product and that produced and consumed in
the same establishment, was ascertained at the census
of 1900, the value assigned that produced and con-
sumed in the same establishment being the average
value per unit for that reported for the acid produced
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for sale. Proceeding in the same way for the census
of 1905, a comparison may be instituted between the
returns for each census. This is shown in Table 18.

Tapre 18.—Niiric acid—quantity and valuwe of products: 1905 and
1900.

CENSUS. ; 7]

| Per cent

i || Increase. |;.. ense.
1905 l 1900 ‘!

| -

Q,ua.ntlty, pounds. ........... 1108,380,387 | 263,084,722 l\ 45,205, 665 71.8

........................ $5,232, 527 $2,964,700 22, 267, 827 76.5

Vulue perpound............. $0. 04 30 047 |eeieaeanans oo
(

1 Includes 62,116,306 pounds, with an assigned value of $2,081.583, consumed in
establishments where manufactured.

2 Includes 32,123,221 pounds, with an assigned value of $1,509,791, consumed in
establishments where manufactured.

The increase in value per pound may have arisen
from the increased cost of nitrate of soda,“r fromthe
fact that a larger quantity of the higher grade acid was
produced. The Census form. of inquiry does not
specify the different grades of nitric acid, and all of
those returned are embraced in a common total in the
above statistics.

In 1900 it was estimated that to produce the total
amount of nitric acid reported at that census there
would have been required 43,841 tons of nitrate of soda
and 47,348 tons of sulphuric acid, and there would
have been 52,609 tons of niter cake produced as a by-
product. Using the same proportions for the returns
at the census of 1905, there would have been required
75,319 tons of nitrate of soda and 81,344 tons of sul-
phuric acid, and there would have been produced
90,383 tons of niter cake as a by-product. These
results are necessarily but approximations, because,
as mentioned above, the many different commercial
grades of nitric acid are all combined in the figures
used and because the different methods employed give
dlﬁ"erent yields.

TaBLE 19.—Nitric acid—number of establishments, by states: 1905
and 1900.

STATE. 1905

United StAtES. oo et

k.
=

California. ..ot et ae e
Colorado....
Connecticut
Illinois. .

Indiana..
Kansas..o..oooimicinnaonnas

R

Ma.ry land.
Michigan....
%issouri. .

ew J ersey. .
New York..

Laed SRRl o

Table 19 shows a total gain of 3 establishments. At
both censuses New Jersey ranked first and California
second. Pennsylvania, which shared the second place
with California and New York in 1900, in 1905 fell to
the third place, while New York became fourth.



Nitric acid is usually manufactured by heating
sodium nitrate with sulphuric acid in iron retorts.
The reactions taking place are probably somewhat
complex,' but the initial and final stages may be
represented by the equations:

(a) 2NaNOy+1H,80,=Na,80,+2HNO,, or
(b) NaNOy-+IL,80,=NaH80,+HNO,.

If the proportions of the materials used be such that
the first equation holds, the temperature which ob-
tains must be very high in order that it may be real-
ized, and as a consequence the nitric acid produced
may be partly decomposed before it leaves the retort.
This results in a diminished yield, and a product high in
nitrogen oxides, and therefore discolored. Moreover,
the normal sodium sulphate which remains solidifies in
the retort and is difficult to remove. If, on the con-
trary, the proportions of the materials be those indi-
cated in the second equation, too much sulphuric acid
would be required for economic operation, .unless the
nitric acid works were carried on in connection with
soda or muriatic acid works where the sodium hydro-
gen sulphate could be used in a “salt cake’” furnace.

As a rule the proportions of the materials put into
" the retort are such as to produce a mixture of the two
sodium sulphates which remains liquid at the final
temperature employed, so that, after the nitric acid
has been formed and distilled from the retort, the
niter cake may be run off from the retort.

The sodium nitrate used is purified Chile saltpeter
containing, when dried, from 98 to 99 per cent of
NaNO,, and should be {ree from sodium chloride in
order that the nitric acid may not be contaminated
with hydrochloric acid. The sulphuric acid used
differs with the strength of the nitric acid sought.
For nitric acid above 1.38 specific gravity, 66° Baumé
sulphuric acid is used; but for weaker grades, sul-
phuric acid from'the lead pan evaporation, of about
1.7 specific gravity. The size of the charge employed
in different factories varies necessarily with the quan-
tity of acid required, but charges of over 2,000 pounds
of nitrate with somewhat more than an equal weight
of sulphuric acid are now not uncommon.

The retorts used most commonly have been cylin-
drical in form. They are set in a horizontal position
and partly inclosed in brickwork above a grate. More
recent forms approach the shape of a short cylinder
or inverted cone. They are set in a vertical position
and entirely inclosed in brickwork, so that the flame
may play all about them. The horizontal retorts are
provided with a manhole, and the vertical with a tube,
through which the molten niter cake may be run off.

A system long used for condensing the nitric acid
vapors from the retort is that of passing them through
a series of air-cooled earthenware Woulfe bottles, or
bombonnes, and finally to a coke tower, fed with water

L Journal of American Cllemi»;u,ylv:ééciety, 1900, vol. 23, page 489.
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or concentrated sulphuric acid to dissolve the vapors
which have escaped condensation. Usually no water
is placed in the Woulfe bottles unless a weak acid is
required. Sometimes the Woulfe bottles are arranged
in step-like positions, called en cascade, so that the
acid vapors may enter the system in the opposite
direction from that in which the condensed acid is
flowing down.

Guttmann has constructed a nitric acid condensing
apparatus of vertical earthenware pipes, having very
thin walls, and joined at the top by 180° bends of the
same material. These pipes open at the bottom into
a slightly inclined collecting pipe of earthenware, which
is divided by diaphragms into sections joined by U-
tubes passing under the diaphragms. These dia-
phragms force the acid vapors to pass up one pipe
and down the next in order to traverse the system.
The system of pipes may be air cooled or water cooled,
and thereby the acid vapors are rapidly condensed.
The inventor also introduces an injector, fed with com-
pressed air, immediately behind the exit tube from

‘the still, and thus the nitric acid vapors are rapidly

drawn off and mixed with hot air.

Hart’s condensing apparatus consists of a series of
superposed glass or earthenware tubes, slightly in-
clined to the horizontal, which starts from one ver-
tical standpipe and ends in another. Jets of water
are allowed to play upon the tubes from above,
which by evaporation cools the nitric acid vapors
within the inclined tubes.

In the Greisheim process a reflux cooler, consisting
of a Rohrmann stoneware worm immersed in water
kept at a temperature of about 60° C. by the heat of
the operation itself, is placed behind the retort so that
the acid vapors are partly condensed, while the nitro-
gen oxides pass on to a tower where they are con-
densed or converted and recove ed. Through this
modification a very pure colorless nitric acid may be
made in one operation.

Rohrmann and Lunge have devised plate towers,
or columns, which take the place of coke towers, and
consist of large stoneware cylinders filled with per-
forated plates of the same material, of such form and
so disposed, one above the other, as to condense and
concentrate rapidly the vapors rising in the column.
Such towers are not only more efficient than coke
towers, but, as coke reduces nitric acid, they give
better yields.

Valentiner’s process is one in which a vacuum is
produced in the retort and condensing apparatus dur-
ing the distillation of the nitric acid.

All of these processes are in use in this country in
different establishments. The results of the operation

of Valentiner’'s apparatus, which has been installed in
this country since the taking of the census of 1900, are
set, forth in Table 20.
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TABLE 20.-—RESULTé OF NITRIC ACID DISTILLATION OBTAINED WITH THE FIRST TWO VALENTINER VACUUM
APPARATUS INSTALLED IN THE UNITED STATES: 1904.

CHARGE. Theo-
retligal Rc(eicov;-d
| yieldin ered aci
Niter. Sulphurie acid. | Nitric acid. pounds as 100 Pero‘ée“t
DATE OF RUN. of 100 percent | 4 o
— i per centd nitric gm)d Ty,
! nitric aci ounds).
Pounds. { Percent.| Pounds. | Percent. | Pounds. w] Percent. || (pounds). ®
<) b 2 97.7 2, 466 1,574 1,559 9.0
February 29. .. oooooviiiaaaon 97.3 2,466 1,587 1,609 10L3
Mareh 1. ..ol 97.3 2, 466 1,587 1,537 96.8
March2.......... 98.5 2, 560 1,605 1, 596 93.4
May 7 96.3 2,430 1,569 1,544 - 98.4
May 8 96.3 2, 400 1,569 1,554 99.0
May 12 96.3 2,383 1,569 1,505 99.7
May 13 96.3 2,383 1,569 1,553 99.1
May 14 96.3 2,475 1,657 1,649 9.5
May 10, oo 96.3 2,383 1,569 1,538 98,1
May 17 96.3 2,383 1, 569 1, 564 99.7
May 18 96.3 2,465 1, 569 1,551 98.9
Juned. . ....... 96.8 2, 600 2,236 2,208 8.7
Juneb......... PR 1,935 2,166 2,153 69.4
L5 T L U PR P 2,350 1,304 1,300 99.7

The first twelve distillations were made with niter
and sulphuric acid of different strengths. The thir-
teenth was a distillation with niter and sulphuric
acid, but charging at the same time some weak and
dirty nitric acid. The fourteenth and fifteenth dis-
tillations were redistillations of weak and dirty nitric
acid with sulphuric acid only. Ninety per cent of
the yield was obtained as nitric acid of 93 to 96 per
cent, with five-tenths of 1 per cent and less of nitrous
acid. By redistillation in the same apparatus, the
nitric acid was purified and concentrated to a strength
of 96 to 98 per cent, with less than one-tenth of 1 per
cent of nitrous acid.

Although for a long time sodium nitrate has been
practically the sole commercial source of nitric acid,
yet in the last five years many attempts have been
made to obtain it in other ways. Ostwald has sought
to produce it from ammonia and air by a contact proc-
ess. This would necessitate a supply of cheap am-
monia in order that the manufacture may be carried
on profitably. Frank proposes to make this am-
monia from calcium cyanamid prepared from atmos-
* pheric nitrogen.

The atmosphere in which the earth is enveloped
consists of 79.2 per cent of nitrogen and 20.8 per cent
of oxygen by volume. Its depth is such that, calcu-
lating from the pressure it exerts, it is estimated that
the air existing above each acre of ground contains
approximately 33,880 tons of free nitrogen. Natu-
rally many have realized what important results would
follow if a means could be devised by which this nitro-
gen could be made to combine with the oxygen with
which 1t is intermingled in the atmosphere. As early
as 1775 Priestley noted that nitrogen compounds
were formed when electric sparks were passed through
. the air, and not long after Cavendish produced salt-
peter by absorbing air, so treated, in caustic potash
solution. Although many subsequent observations
along this line were made by Berthelot, Lord Ray-
leigh, and many others, no method for accomplishing

this end which appeared in the least promising was
devised until Bradley and Lovejoy were, on Septem-
ber 30, 1902, granted United States patents for a
method and apparatus. Their process, which was
tried by the Atmospheric Products Company of Niag-
ara Falls, N. Y., consisted in producing in the air a
flaming electric arc of minimum volume by the rapid
rotation of electrodes carrying high tension currents.
While nitric acid was thus produced, the process
proved too costly, and the experiments ceased.

Since then Birkeland and Eyde have devised a proc-
ess which has been put into operation at Nottoden,
Norway. In their device the flaming ares produced
by high tension currents are made to move to and fro
through the atmosphere in the apparatus by exposure
to the attraction of powerful magnets. This apparatus
is characterized by a marrow air chamber through
which air is passed, and within which the electrodes,
placed near together, are arranged between the poles
of a strong magnet and at right angles to these poles.
A disk-shaped or deflected electric arc is thus obtained
perpendicular to the lines of force of the magnetic
field. Three such furnaces at Nottoden, using 500
kilowatts and 5,000 volts, give deflected arcs about 3
feet in diameter. This process has been operated on
a very considerable 'scale. According to O. N. Witt!
the daily production now amounts to 1,500 kilos of
anhydrous nitric acid, and an output of 500 to 600
kilos of nitric acid per kilowatt year can be regularly
maintained. It is evident that Witt's figures simply
set forth the nitric acid content of the product actually
obtained, for the weak nitric acid which is directly
produced in the atmosphere about the electric dis-
charges must be combined with a basic radical in order
to be recovered. For this purpose the nitrogen com-
pounds formed are absorbed in water in towers, the
weak acid being exposed repeatedly to the nitrogen
oxides until it attains a strength of 50 per cent. The

! Journal of Society of Chemical Industry, 1905, vol. 28, page 699.



incompletely oxidized nitrogen oxides which leave the
absorption towers are passed through milk of lime and
then over quicklime, and are thereby converted chiefly
into calcium nitrite. This is treated with the nitric
acid, through which calcium nitrate is formed and
nitrous acid set free. The latter is then oxidized to
nitric acid and sent to the absorption towers. The
calcium nitrate has been offered in commerce for use
as a fertilizer, but, as the normal salt is extremely de-
liquescent and therefore troublesome, it is now con-
verted into the more permanent basic calcium nitrate
by the addition of more quicklime or of calcium sul-
phate. To obtain nitric acid of merchantable strength
this calcium nitrate must be distilled with sulphuric
acid, but there are difficulties in the way, such as the
formatlon of caleium sulphate that is not easily fusible.
Thus far no commercial nitric acid seems to have been
formed by this process.

Notwithstanding that processes for the direct pro-
duction of nitric acid from atmospheric nitrogen have
not yet been made commercially successful, the neces-
sity for other sources of supply is so pressing and in-
creasing that this problem will probably be solved
before the next census.

Niter cake, the by-product of this industry, is known
also as “sal enirum,” “Sally Nixon,” and “cylinder
cake.” Its composition approaches that of sodium hy-
drogen sulphate or sodium bisulphate, but it frequently
carries considerable adherent sulphuric acid. It gen-
erally contains from 25 to 30 per cent of ‘“free acid”
or “‘bisulphate acid,” calculated as SO, and only traces
of nitrate. Much of this material has in the past been
thrown on the dumps, greatly to the injury of neigh-
boring water courses and of surrounding vegetation,
but it may be utilized in many ways. By fusing it
with common salt the latter reacts with the excess sul-
phuric acid in the niter cake to form hydrochloric
acid, which distills off and leaves the residue composed
entirely of salt cake. By treating phosphate rock with
niter cake, superphosphate, mixed with sodium sul-
phate, is produced. By reaction of a solution of niter
cake in water with lime water, calcium sulphate,
which may be used as a pigment in paint making or as
a filler in paper making, is produced, together with
Glauber’s salt. Other instances occur in which the
excess acid in niter cake may be used in substitution
for the more costly sulphuric acid, and its use is ex-
tending.

Mized acids.—Mixed acids, produced by mixing sul-
phuric acid with nitric, have been used in this country
on a considerable commercial scale since the gun
cotton and nitroglycerin industries were established,
and their use has become ¢common in other chemical
industries. The statistics of this industry were re-
ported separately only at the census of 1900 and at the
present census. By assigning to the acid reported as
produced and consumed the same value per unit as
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that found for the acid reported as produced for sale,
the comparison set forth in Table 21 may be made.

TaBLE 21.— Mized acids—quantity and value of products: 1905 and

1900.
CENSUS. Per cont
Increase. |  of
1905 1900 increase.
Quantity, pounds............ 1140,668,959 | 2135,610,005 5,058,864 3.7
Value...o..oooooiiiiiii. 84,142,147 83,535,431 $606,716 17.2
Value per pound............. $0. 029 80.026 [{oceeeeuaninaaamenannan

1Includes 75,337,632 pounds, with an assigned value of $2,184,791, consumed
in establishments where manutactured; and also the mixed acids produced in
establishments engaged primarily in the manufacture of other products.

2Includes 93,241,276 pounds, with an assigned value of $2,424,273, consumed
in establishments where manufactured; and also the mixed acids produced in
establishments engaged primarily in the manufacture of other products.
. The data presented in Table 21 show that this
industry is steadily growing and that the larger part
of the material is produced in establishments in which
it is consumed in further manufacture. This fact
tends to make it difficult to secure complete returns
of the industry, for while manufacturers’ books usually
show records of the materials purchased, the stock on
hand, and the products sold, they often may fail to
show the materials produced and consumed in further
manufacture. This may explain the decrease in
amount of produced and consumed mixed acids that
was returned at the census of 1905 as compared with
that for 1900. The decrease, however, may be but
partly due to this cause, for during the period since
1900 the practice of rebuilding the spent acids for
further use has been greatly extended. Hence while
from the standpoint of use and of the quantity of
material nitrated the quantity of mixed acids employed
may have increased largely, yet as the larger portion
of this rebuilt acid is used over and over again, the
total quantity used in the industry may have been
less.

TaBLE 22.— Mized acids—number of establishments, by states: 1905
and 1900.

STATE. 1905

United States. . oo it a e

©
w

<

California...
Connecticut.
Illinois. ..
Indiana..

.
1O 120 e e D RO
[CY Ry RE T

- - I
Penmylvanm . !
i

There has been an increase in the total number of
establishments at the census of 1905 as compared with
1900 of 10, or 45.5 per cent. New Jersey has ranked
first at both censuses, and is followed at the census of
1905 by New York and California in the order named.
No other state has at this census shown more than two
establishments.



"Table 23 shows the distribution of this industry,
based on the output of the different geographic divi-
sions at the censuses of 1900 and 1905.

TABLE 28.— Mized acids—quantily of products, by geographic divi-
stons: 1905 and 1900.

DIVISION. 1905 1900
Pounds. Pounds.
United States. ..o ovoen et 140,668,959 | 135,610,095
North Atlantie.. 96,400,122 40,834,129
North Central... .- 20,400,758 31,055,966
LT R c) 6 o U SR S 14,868,070 54,720,000
|

Although there was an increase of 46,565,993 pounds
in the North Atlantic division, yet in the North Cen-
tral and Western divisions there was a decrease due
undoubtedly to the operation of the causes set forth
above in the discussion of Table 21. .

Mixed acids, as used in the various industries and for
different purposes, vary in their relative contents of
nitric and of sulphuric acid. Asan example there may
be cited the following:

Percentage composition of various mized acids.

MANUFACTURE. | HNOs

i

|
B oY= T o 1 PR 61.9 | 3.5
Gun cotton... .- 8.6 21.0
Pyrocellulose. 57.0 28.2
Pyroxylin for plast .. 66. 0 17.0
Pyroxylin for smokeless powdor.....oooveivreiiieneiaa s 56.0 20.0

These percentages are generally approximations,
and the data are given in terms of real sulphuric and
nitric acids. There are other compositions used in the
coal tar dye industry and other industries, but by far
the largest amount is consumed in the manufacture of
nitroglycerin. It may therefore be fairly assumed that
the average composition of the entire quantity of
mixed acid is approximately 62 per cent of H,SO, and
30 per cent of nitric acid, the remainder consisting of
water, nitrogen oxides, and impurities. Proceeding
in this way it would appear that at the census of 1900
there were used in the making of mixed acids 63,059
tons of 50° Baumé sulphuric acid and 20,342 tons of
nitric acid, and that at the census of 1905 there were
used for this purpose 65,411 tons of 50° Baumé sul-
phuric acid and 21,100 tons of nitric acid.

Mixed acids are manufactured by mixing sulphuric
and nitric acids, of the strength and in the proportions
required for the purpose to which the product is to be
put. The mixture takes place in iron tanks, and is
promoted by stirring with paddles or with compressed
air. .

The method of rebuilding, or regenerating, mixed
acids, which isin use at the United States Naval Smoke-
less Powder Factory at Indian Head, Md., has been de-
scribed by G. W. Patterson.! At this factory the acid

! Bericht V. Internationaler Kongress fiir Angewandte Chemie
1904, Vol. 11, page 474. & § ’
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is used in making a cellulose nitrate which must contain
12.5 per cent of nitrogen and be soluble in a mixture of
two volumes of ethyl ether and one volume of 95 per
cent ethyl alcohol.

The allowed limits of variation in this product are so small that
every detail in the nitrating process requires to be carefully checked
and accounted for. The exact strength of the nitrating acids is most
important, and every batch of acid must conform to a certain stand-
ard. The acids used for the manufacture of this grade of nitrocellu-
lose are a mixture of approximately 56 per cent of H,SOy, 29 per cent
of HNQ,, and 15 per cent of H,0. With such a mixture, it is the
usual practice to regenerate the spent acids by the addition of a mix-
ture of strong sulphuric and nitric acids, this mixture being given the
name of fortifying acid.

* % % All handling of mixtures of nitric and sulphuric acid is
carried on in cylindrical steel tanks, connected by heavy 23-inch
pipes, one pipe for receiving acid, the other for delivering. Iron
cocks on these pipes control the flow of acid. (‘ompressed air at 20
pounds pressure is used entirely for mixing and transfer of acid.
The air pipes are 1 inch in diameter, and in tanks, where mixing is
done, the pipeisextended inside the tank and alongits entire length
just clearing the bottom. The end of the pipe is plugged and a row
of holes drilled in the underside of the pipe forms an air chamber of
the pipe, allowing the air to escape along its entire length simultane-
ously. A tank 23 feet 6 inches long and 5 feet in diameter holds con-
veniently 42,000 pounds of mixed acid; one 35 feet long and 6 feet
in diameter holds 90,000 pounds. Each tank is provided with a
1-inch vent hole through a flange in the top. When air pressureisto
be applied to the tank this hole is closed by a wooden plug.

The tanks are arranged close together in a battery, two of the
90,000-pound tanks for spent acids; 8 of the 42,000-pound tanks for
mixed acid, fortifying acid, and 98 per cent sulphurie acid; one
42,000-pound tank mounted on a platform scale as a weighing tankis
connected by permanent 23-inch pipe to the other tanks, as it is
found that a 15-feet lead of pipe is sufficient to prevent any influence
on the weighing.

Spent acid having been collected in a tank to the amount of 85,000
to 90,000 pounds, it is mixed by blowing air through it for one hour,
sampled, and carefully analyzed. The proper quantities of fortify-
ing acid and sulphuric acid or nitric acid, as the case may be, to be
added, are calculated; 34,000 pounds of the spent acid are trans-
ferred to the weighing tank, and the other necessary acids are then
transferred to the weighing tank. Air pressure is now put on the
weighing tank and the whole charge transferred to a mixing tank,
where it is mixed one hour by blowing air. Amnalyses of the mixed
acid invariably agree with the calculation. Two important require-
ments are necessary for accurate work: (1) The weighing tank must
have an inside air pipe to give a preliminary mixing and to entirely
clear the tank of acid; (2) If less than one-half a tank of acid is
being mixed, the circulation is not so good, and a longer time is
required to mix the charge, up to one hour and a half or two hours.

An air pressure of 20 pounds will transfer 1,000 pounds of acid per
minute.

* % % The number of times that a spent acid may be regener-
ated appears to be unlimited, provided the amount of N,0, does not
exceed the limit of 5.5 per cent. The acid at present in use in the
factory has been regenerated at least 150 times and remains practi-
cally unchanged. The amount of suspended nitrocellulose in the
spent acid under normal conditions is less than 0.01 per cent, while
the total iron present calculated as Fe is only 0.025 per cent. Dur-
ing the winter months there is a slight but constant decrease in lower
oxides in the spent acid, while in the summer months they increase.
The nitrocellulose in suspension in mixed acids is continually de-
composing, and if allowed to stand undisturbed, entirely disappears.

* ¥ % The fortifying acid contains 44 per cent H,SO,, 48 to 49
per cent HNOg, and 0.2 to 2 per cent N,O,, with a total acidity of 94
per cent. In preparing this acid, the precaution is taken to have a



sufficient amount of nitric acid contained, so that no nitric acid, as
such, must be added to the spent acid for regeneration. It is ana-
lyzed by the same methods as are used for other mixed acids, and
must contain only traces of chlorine and no metallic salts, except
salts of iron. This acid is handled and treated in exactly the same
way as mixed acids of less strength.

Crass I. B.—OturEr Acips.

The subclass ““ other acids’ includes all of the sub-
stances appesring in commerce which are styled acids
by the chemist, except sulphurie, nitric, and mixed
acids. At the census of 1900 the quantities and values
of the hydrochlorie, borie, acetic, tartaric, tannie, and
gallic acids reported were set forth separately. The
quantities and values of the lactic and citric acids re-
ported were combined in the presentation, since there
were less than three independent establishments re-
porting these products. As our industries expand and
become more diversified, the number of different acids
for which returns may be separately published will
undoubtedly increase, for new and useful purposes to
which they may be applied in the arts are frequently
being discovered.

TABLE 24 .—“Other acids’’—comparative summary, with amount and
per cent of increase: 1905 and 1900.

CENSUS.
Per cent
e | T ETOABO. of
1905 1900 increase.
Number of establishments....... 11 13 12 115.4
Capital......ooviviiianann ...| 84,857,350 | $2,300,787 2, 490, 563 105.8
Salaried oflicials, clerks,

01000 03 0753 123 09 54 78.3
Salaries........ $208, 316 $00, 440 $117,876 130.0
Wage-earners, a 692 4446 | 246 55.2
Total wages....... 8428, 989 $205,715 || 8103,274 61.4
Miscellancous expen L $203,300 $G9, 770 $133, 620 191.5
Cost of materials used .81, 608, 649 $045, 055 659, 694 69.7
Value of products................ $2,720,487 | $1,848,348 $878, 139 47.5

1 Deerease,

From Table 24 it appears that though there has been
a decrease in the number of principal establishments in
this subclass, due probably to the products being more
frequently manufactured in establishments where other
substances having a larger value are also produced, yet
in every other item there has been a marked increase.
The percentage of increase in miscellaneous expenses
and cost of materials has been far greater than in value
of products; and the percentage of increase in salaries
much greater than that in wages.

Muriatic acid.—Muriatic acid, in some respects the
most important member of this subclass, has been
known also as spirit of salt, chlorhydric acid, and hy-
drochloric acid. It is a solution of hydrogen chloride,
HCL in water, and occurs in commerce in various
strengths. Basil Valentine, in the fifteenth century,
was the first to deseribe its preparation, producing it by
heating a mixture of common salt and green vitriol,
although Geber, whose work was accomplished in the
second half of the eighth century, made use of aqua
regia, which isa mixture of hydrochloricand nitricacids.
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It is a curious point in chemical history that muriatic
acid, which at present is so cheap, and which has at
timesbeen considered almost worthless, was in Glauber’s
time (1604 to 1668) the most costly of the mineral
acids.!

The condition of the muriatic acid industry as such
is ascertained by combining the returns from all estab-
lishments in which it was manufactured either as a
principal or subsidiary product together with the fig-
ures for that consumed in further manufacture, the lat-
ter being given the same value per unit as was found
for the former. The results are set forth in Table 25.

TaBLE 25.— Muriatic acid—gquantity and value of products: 1905

and 1900.
o 1
CENSUS. i Per cent
| Increase. of
H i O,
1905 1900 fnerease.
Quantity, pounds............ 1188, 538,396 | 2134,220,012 1| 54,309, 384 40.5
Value... .ol $1,730,281 | $1,173,900 || $530, 331 47.4
Value per pound. . $0.009 $0. 009 1 ............. .

!Includes 61,035,714 pounds, with an assigned value of $549,321, consumed
in establishments where manufactured; and also the muriatic acid produced
inestablishments engaged primarily in the manufacture of other products.

2 Includes 17,553,003 pounds, with an assigned value of $157,985, consumed
in establishments where manufactured; and also the muriatic acid produced
in establishments engaged primarily in the manufacture of other products.

The marked increase shown in the amount pro-
duced and consumed indicates that in this industry,
as in those previously discussed, there is a healthy
tendency to realize the profit which accrues from
further elaboration of the products of a chemical
industry.

The quantity of muriatic acid given in the table
includes all grades. The ordinary muriatic acid of
commerce contains 40 per cent by weight of dry
hydrogen chloride. Assuming the entire product
reported in 1900 to be of this grade, there would have
been required for its production about 41,427 tons of
common salt and 54,582 tons of 50° Baumé sulphuric
acid, while there would have been produced 52,624 tons
of salt cake. For the quantity returned in 1905 there
would have been required 59,700 tons of salt and
78,659 tons of 50° Baumé sulphuric acid, while there
would have been 75,836 tons of salt cake produced.
The above calculation is based on the further assump-
tion that the acid was produced entirely by the action
of sulphuric acid on common salt, for if niter cake
were used with the common salt it would not only
replace the sulphuric acid, but also a part of the salt
required for the production of the quantity of salt
cake desired. No definite information is at hand as
to the extent to which niter cake is used in this in-
dustry, but there are indications which suggest that
upward of 20 per cent of the common salt may be
thus replaced, and of course a lesser amount of sul-
phuric acid.

1. von Meyer, History of Chemistry, 1891, page 507.
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TaBLE 26.— Muriatic acid—number of establishments, by states:

1905 and 1900.

1905 | 1900

United States

OT I Tes 17 PR PRRRPIEERPRE PR PR
Colorado ceen e
Connecticut. ..
Illinois
Indiana...
Kansas...
Maryland.......
Massachusetts

Michigan.
Missouri. .

(SIS

1Includes 25 establishments engaged primarily in the manufacture of other

oducts. .
er 2Tncludes 18 establishments engaged primarily in the manufacture of other

products.

From Table 26 it appears that there has been an
increase of 5 in the number of establishments, or 16.1
per cent. Pennsylvania, which was second in rank in
1900, passes to the first place, while New York, which
was third, now shares second place with New Jersey,
which was first in 1900. California now ranks third.
No other of the states reports more than 3 establish-
ments. ,

Table 27 shows the geographic distribution of the
industry according to the quantity of the output at
the censuses of 1900 and 1905.

TaBLE 27 .— Muriatic acid—quantity of products, by geographic divi-
sions: 1905 and 1900.

DIVISION. 1905 1900
Pounds. Pounds.
United STateS. e e meevereaneecneenaenraaanaceans 188,538,306 | 134,229, 012
North Atlantic and South Atlantic.................. 121,125,924 | 89,257,974
North Central 61,861, 453 37,495, 038
T 73 o+ VU 5,551,019 7,476,000

From Table 27 it appears that there has been an in-
crease in every one of the divisions presented except
in the Western. There appears no evident cause for
this exception. '

Muriatic acid is manufactured by heating common
salt with sulphuric acid or with niter cake. The roast-
ing is carried on in salt cake furnaces of either the form
known as the ““open roaster,” which consists of a cast-
iron pan and a reverberatory hearth, or the “closed
roaster,” in which the pan and hearth are inclosed in a
brick orfire clay muffle in order to prevent the soot and
dust from the fire reaching the acid vapors and min-
gling with them. During the second stage of the proc-
ess, when sulphuric acid is used, or throughout it, when
niter cake is used, the charge must be constantly
stirred to prevent ““ crusting,” or adhering to the hearth.
This has been accomplished by the use of a “rabble”
worked by hand, but in the more modern Mactear fur-
nace it is effected by a mechanical device. The acid
vapors are absorbed in water. Formerly, and to-day
still to some extent, this was done by the passage of the

vapors through Woulfe bottles, placed en cascade and
leading to a coke tower. The Lunge-Rohrmann plate
tower will largely replace both, especially when coma—
bined with long cooling pipes exposed to the air, sO
that the vapors may be cooled before coming in corn—
tact with the water. A recent device for absorbing
the vapors is found in the Cellarius tourill, or jar.

The results of a year’s run with air cooling, using
salt containing from 97 to 98 per cent of sodium chlo-
ride, is shown in Table 28.

TaBLe 28.— Muriatic acid produced with Cellarius jars during <
twelve months’ run.

20° acig | Yield
Salt er 100
MONTH. ( roduced | P!

pounds). pounds

pounds). of salt.
September 205,926 431,992 209. 8
October.... 229, 416 456, 156 198. 8
November 215, 309 397,370 184. 6
December 213,688 412,660 193. 1
January 250, 654 490, 490 105. 7
February 197, 802 390, 337 197.3
March 187, 160 355,605 190. O
April 101, 560 190, 740 187. 8
May. 245, 858 469, 396 190. 9
June. © 226,311 442,054 195.83
July.. 210, 080 405, 556 193.0
AUGUSt. i 218,196 416, 699 191. O

Acetic acid.—Acetic acid, as considered in the census
returns, does not include the dilute acetic acid, pro—
duced by the fermentation of diluted alcoholic liquids
or by the oxidation of alcohol, and known as vinegar.
The grades of acetic acid found in commerce contain
from 28 to 90 per cent of real acetic acid,'and, unlike the
other liquid acids in commerce, it is graded by its real
acetic acid contents instead of by its specific gravity,
because a 50 per cent solution of acetic acid possesses
about the same specific gravity as anhydrous acetic
acid.

This acid, in the form of vinegar, was known to the
ancients. It is mentioned by Moses in Numbers vi, 3.
Hippocrates employed it in medicine. Hannibal is
said to have softened rock by fire and vinegar during
his passage over the Alps. Acetic acid in its more con-
centrated form was known to Geber and to Stahl as
being produced by the distillation of verdigris, which
is an acetate of copper.- It is to-day made by dis-
tilling brown or gray acetate of lime with concentrated
muriatic acid, or sodium acetate with sulphuric acid.

TaBLe 29.—Acetic acid—quantity and value of products: 1905 and

1900.
CENSUS. Per cent
Increase. | O
1905 1900 irierease.
129 506,021 | "227,875,222 || 1,630,799 5.9
$597, 235 $446,326 ||~ $150,909 33.8
Value per pound.. $0. 02 80.016 ||.-coeecacac]mneeemmon

3 Includes 2,431,741 pounds, with an assigned valuc of $28,635, consumed in
establishments where manufactured; aund also acetic acid produced in establish~
ments engaged primarily in the manufacture of other products. R

?Includes 1,214,667 pounds, with an assigned value of $19,434, consumed in
establishments where manufactured; and also acetic acid produced in establish~
ments engaged primarily in the manufacture of other products.
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This comparison shows that the acetic acid industry
is characterized by the same tendency as that pointed
out in industries already presented, for while the in-
crease in the total quantity of acetic acid is but 5.9
per cent, the increase in that produced and consumed
is 100.2 per cent.

TaBLe 30.—Acetic acid—number of establishments, by states: 1905
and 1900.

STATE. 1900

United States. .o ee e 12 14

Missouri.. ...
New Jersey
New York...........

Pennsylvania - .....cooeeieniiiinaoan. e et ia et

From Table 30 it appears that the number of estab-
lishments returned as producing acetic acid was
smaller by 2 in 1905 than in 1900. Nevertheless both
the quantity and value of the product for 1905 were
larger than for 1900.

All other acids.—Table 31 contains the returns for
all acids not already presented, by .quantity and
value, for the censuses of 1905 and 1900.

TaBLe 31.—Minor acids—number of establishments and quan-
tity and value of products: 1905 and 1900.

|
1905 1900
Num- Num-
ACID.
ber of - ber of :
_ | Quantity _ | Quantity
elsigtﬁ)z (pounds). Value. elsiféelmllz (pounds). Value.
ments. ments.
Boric.............. 7| 6,956,806 | $527,190 3| 2,684,935 | $198,212
Citric............. 4| 2,265,631 | 598,718 13 13,886,382 | 1335,297
Hydrofluoric...... 6| 2,932,358 | 151,218 4 698,000 34,890
Lactic............. 3| 2,906,555 | 158,911 || (%) Q] (2)
Phosphoric........ 9 991,050 68,541 (3) ® (3
Pyroligneous...... 5 11,240 1,432 O] *) )
Tannic............ 3 715,500 | 195,136 5 282,515 135,662
Other acidss...... B P, 975, 551 11 | 1,151,819

1 Includes lactic.

2Included in citrie.

3 Less than 3 establishments; included in *‘other acids.”’

4 None reported.

s Includes gallic, salicylic, stearic, and tartaric acids in 1905 and 1900, and
phosphoric and oleic acids in 1900.

The figures of Table 31 are only for acids produced
for sale and do not include such as were consumed
where produced.

The statistics for acids imported from 1891 to 1905
are given in Table 32. The data have been compiled
from Commerce and Navigation of the United States,
published by the Bureau of Statistics.

TasLE 32.—ACIDS—IMPORTS FOR CONSUMPTION: 1891 TO 1905.

SULPHURIC ACID,
OR OIL OF VIT-

SULPHURIC ACID.}
RIOL (N.E.S8.).!

CHROMIC AND

BORACIC ACID. LACTIC ACID.

CHROMIC ACID.

YEAR ENDING

JUNE 30— Commercial.

Pure. All kinds.

Pounds.| Value. Value.

Pounds. | Value. ! Value.

| Pounds. | Value.

Pounds.

Pounds.| Value. | Pounds.| Value.

152,003

475,378 | $30,138

701,625
771,775
292,900
925,154

555,769
548,603

648,994
795,024
783087
721,532
660,150
A N ..
: CITRIC ACID. TARTARIC ACID. OXALIC ACID. SALICYLIC ACID. TANTIC A0 OR ALL OTHER ACIDS.
YEAR ENDING
JUNE 30— - -
) Pounds. | Value. Pounds. | Value. Pounds. Value Pounds. Value. Pounds. | Value. Pounds. Value.
45,197 | 815,482 1,511 $468 2,743,222 8200,595 |- cvmucemmn]aeaiianas 659 $239 1,350,710 | $380,054
80,034 27, 461 10 5 2,209, 940 150,529 floceeoiiaean]eineeaaaaas 564 216 1,024, 580 347, 510
13,315 4,633 130 39 2,464, 443 143,194 260, 027 $254, 022 1,443 597 685,677 175,637
5,502 1,810 113 32 2,783,876 159, 026 252,332 231,946 94 287 835,215 134,665
8,895 2, 480 355 88 2, 889, 513 189, 506 196,974 140,197 1, 500 597 1,798, 417 228, 430
39,671 12, 521 212 66 3,164,969 219, 630 335,354 338, 013 1,745 681 1,027,235 240, 522
73,133 18,158 225 71 3,602,124 246,200 616, 187 201,980 3,144 1,296 3,040,325 223, 458
, 3 . 1,108 455 128 3,747,041 242,216 92,943 28,688 2,335 927 ... P 45,265
65,190 16, 659 23,298 5,737 3,981,768 246, 027 185,358 57,192 3,697 1,371 |locemeeeaae 56, 428
60,354 14,213 954 252 4,990,123 275,747 240,687 89, 17§ 1,415 [ N | 53,625
76,805 | 23,038 1,068| 200 5622000 | 300,879 | 222,270 76,786 2,007 | 1,002 ..ol 12,838
74712 | 21,085 1483 377 || 5678139 | 300675 | 219127 57,852 1938 | g1 (Il 61,236
12,338 , 544 5,950 1,482 5,363,646 257, 289 78,266 19,012 1,847 918 ool 27,026
5,546 | « 1,461 849 215 6,726,159 329,836 32,759 7,305 5,855 2,829 (| oot 23,793
2778 728 446 132|| 7,906,886 | 360,951 7, 455 2,302 "652 | 30108 |....oiiiill 37, 404

1 From the value given, this would appear to be fuming sulphuric acid.
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Crass II.—Sopas.

This class comprises soda ash, including white al-
kali and refined alkali; sal soda, including natural soda,
mild mineral alkali, soda crystals, washing soda, and
crystallized sodium carbonate; bicarbonate of soda,
including bread soda, saleratus, sodium bicarbonate,
and sodium hydrogen carbonate; caustic soda, in-
cluding soda lye and sodium hydroxide; and borax,
including borax glass, lime and sodium borates, and
sodium biborate. Salt cake, or anhydrous sodium sul-
phate, and sodium silicate may be included here when
products of a soda establishment. In addition to the
original establishments, there are those in which soda
ash is converted into sal soda and bicarbonate of soda,
and those of the compounders or packers who give an
added value to soda lye or the carbonate.

The term ‘“soda’’ has acquired in use a variety of
meanings. In the laboratory the term has been used
in the past to designate the sodium oxide or hydroxide.
In technology it has long been used to designate the
normal sodium .carbonate; yet the mixture of normal

“and acid carbonates found in nature is styled natural

soda, and the industry in which soda ash, normal and
acid sodium carbonates, and caustic soda are manu-
factured is called the soda industry.

Soda was known to the ancients and was used by
them in making glass. They may have obtained it in
the form of natural soda, for this exists in the waters
of many lakes or in the residues from them. TUp to
a recent date! 5,000 tons of natural soda have been ex-
ported annually from Alexandria, Egypt. Or they
may have obtained it by extracting the ash of sea-
weeds and marine plants with water and evaporating -
to dryness. These remained the only sources of soda
until the latter part of the eighteenth century, when
Le Blanc, stimulated by a prize offered by the French
Academy about 1775, followed out the proposal of
Duhamel de Monceau to prepare soda from common
salt. This he accomplished by acting upon the salt
with sulphuric acid, obtaining hydrochloric acid and
sodium sulphate, and then converting the sodium sul-
phate into carbonate by fusing it with lime and coal.
This process became established on a sound commer-
cial footing when introduced into England by Losh in
1814.

' Wagner’s Manual of Chemical Technology, 1892, page 309.



At the time the Le Blanc process was before the
French tribunal, it was placed in competition with a
process offered by Fresnel, which was based on the
reaction taking place When a solution of common salt
is brought in contact with a solution of ammonium
carbonate, by which sodium hydrogen carbonate, or
bicarbonate of soda, and ammonium chloride are
formed; but Fresnel’s process was rejected because at
that time no method for the recovery of ammonia was
known. It was revived by H. G. Dyar and J. Hem-
ming in England, about 1838, and was tested on a con-
siderable scale, but failed of success because of mechan-
ical difficulties. These were finally overcome by
Ernest Solvay, a Belgian, who made the process a
commercial success in 1863. To-day the Le Blanc
and Solvay processes are the chief sources of soda,
‘though some is made from cryolite, and caustic soda is
.obtained in the electrolysis of common salt.

Saleratus, which is bicarbonate of soda, was re-
ported at the census of 1860 as being manufactured
in this country in 11 establishments, the product hav-
ing a value of $1,176,000. For 1870, 4 establishments
were returned, with a product valued at $231,647. At
the census of 1880 and at each subsequent census
the statistics for soda products have been made a
feature in the special report on chemicals and allied
-products.
~ Table 33 shows an actual increase for 1905 over 1900
in every item. The increases in capital and value of
products were especially noteworthy, being over
$7,000,000 in each case, while the increase in value of
products was more than double that in cost of mate-
rials. The largest proportional increase was in miscel-
Janeous expenses, while the next largest was in number
of salaried officials.
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Tasue 38.—Sodas—comparative summary, with amount
cent of tnerease: 1905 and 1900.
CENSUS. Per ?ent
s}
1905 1900 Increase. |inorcase.
Number of establishments ....... 39 33 1 2.6
Capital... ...t $22,728, 369 [$14, 951,960 |! $7,7706, 409 52.0
Salaried officials, clerks, etc.,

number.......o.iiieaaia.. 784 370 414 111.9
Salaries....ooooeiiiii i $1, 046, 891 $521, 492 $525, 399 100.7
Wage-earners, average number. . . 5 981 5,788 193 3.3
Total Wages. .. .coooveiiiinnaaa. 83, 310, 216 | $2, 503,203 $307,013 32.2
Miscellaneous expenses. .. .| $2,150, 469 §979,759 || $1,170,710 119.5
Cost of materials used. .. ‘38 255,037 | §5,331,823 | §2,923,214 54.8
Value of produets................ ‘1$'18,4GG ,504 1$11 07.3 406 || $7,393,008 66.8

1Includes “‘all other products.”

Table 34 shows that from 1880 on there has been a
steady growth in both the quantity and.value of the
sodas produced. The percentage of increase in quan-
tity was, up to 1905, greater than that in value, but at
the present census this condition was reversed. In
the figures for 1905 and 1900 borax and ‘““all other
products’” were omitted from the list in order to make
the statistics fairly comparable with those for the
earlier censuses.

TasrLe 34.—Sodas—quantity and value, with per cent of increase:
1880 to 1905.

PER CENT OF IN-
Number of . CREASE.
CENSUS. estahlish- Q(légggty Value.
ments. :

Quantity.| Value.
163 | 734,200 |$13, 357,983 14.8 30.5
150 | 639,541 | 10,237,944 284.0 88.5
2 | 166,562 | 5,432,400 727. 4 526.9
3 20,130 866, 560 |f-ceuarerenliainaanan

! Includes establishments engaged primarily in the manufacture of other
products.

‘TaBLE 35.—SODAS—QUANTITY AND VALUE OF PRODUCTS, WITH AMOUNT AND PER CENT OF INCREASE: 1890 TO 1905.

CENSUS. INCREASE. P?ﬁcgiﬁgm?!‘
KIND. :
1905 1900 1890 1900 to0 1905 | 1890 to 1905 || 1940 £0,1890 to
734,209 639, 541 166, 562 94, 668 567,647 14.8 340.8
$13,357,983 | $10, 237 944 $5, 432, 400 $3,120,039 | 87, 925 583 30.5 145.9
68,867 68,856 30,339 11 38, 528 m 127.0
$1,135, 610 $1,332,765 $2, 009, 800 4 §197, 155 28874,190 214.8 243.5
86,840 166,783 6,501 279,943 70,339 247.9 426.3
$3,185, 959 83,170,280 5661 114 $15,679 $2,524, 845 0.5 381.9
59, 548 63,249 72,322 23,701 12,774 25.9 217.7
$831, 869 $875,243 $1, 581,766 2 343 374 2 5749 897 25.0 247.4
518,954 390,603 47,400 128, 351 471, 554 32.9 994.8
$8,204, 545 $4,859,656 $1,179,720 $3, 344, 889 $7, 024, 825 68.8 595.5
1XT.ess than one-tenth of 1 per cent. 2 Decrease.

The figures of Table 35 show that while there was
an increase in the total quantity and value of sodas
produced at each census as compared with the previous
one, there was at the census of 1900, as compared with
that of 1890, a decrease in the total value of the bicar-
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bonate of soda and also in the quantity and value of
the sal soda. At the census of 1905 there was a de-
crease in the value of the bicarbonate of soda, and in
both the quantity and value of the sal soda. These
decreases are largely due to the increased use of these



substances in the establishments in which they are pro-
duced. In such a summary as Table 35, if the pro-
duced and consumed products were included, thefigures
would be duplicated, for the other sodas are as a rule
produced from the bicarbonate or the soda ash. There-
fore, with the increased practice of soapmakers, wood
pulp manufacturers, and others of causticizing soda ash
and using the caustic soda produced in the manufac-
ture of soap or wood fiber, the quantity produced for sale
would be likely to be reduced. As explained in the
report for 1900, the decrease in the production of sal
soda is due to the increasing use of soap powders and
other specially prepared washing materials.

At the census of 1890 sodas manufactured from
natural soda were reported to the amount of 10,964,390
pounds, having a value of $124,783; and at the census
of 1900, 20,420,000 pounds, valued at $106,600. At
thecensus of 1905 the number of establishments report-
ing was not sufficient to permit of the statistics being
published separately, but they are incorporated with
soda ash in the data of Tables 36 and 37 for each census
enumerated.

- At the census of 1900, 7 establishments reported a
- product of 11,756,000 pounds of borax, having a value
of $541,160. At the census of 1905, 7 establishments
reported 41,764,000 pounds of borax, having a value
of $2,122,808. This does not include the borax which
was produced and consumed in the same establish-
ments in the further manufacture of boric acid or other
products.

TasLe 36.—Sodas—number of establishments, by states: 1905 and
1900.

STATE. 1905 | 1900

[=3
o

=

Ty
Massachusetts.
Michigan.......
Missouri....
Montana. ..
New Jersey.
New York..
Nevada.....
Ohio....coeaunn
Pennsylvania. .
Rhode Island..
Virginia
‘Wisconsin
‘Wyoming

oo»umro\n—*;oc;-w»—u—-w.ppo:

Lol ol

1Includes 5 establishments producing ¢ soda products,’”” but no ““sodas.”

From Table 36 it appears that at the census of 1905
as compared with the census of 1900, the establish-
ments of the soda industry have increased 8 in num-
ber, or 14.5 per cent. The relative positions of New
York and Pennsylvania remained unchanged in 1905,
the former still ranking first and the latter second
among the states. New Jersey, however, advanced
from seventh to third place, with California fourth
and Michigan fifth. No other state or territory re-
ported as many as 5 establishments in 1905.
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TaBLE 37 .—Sodas—value of products, by geographic divisions: 1905
and 1900.

DIVISION. 1905 1900

United States......coeveemiaemaaiaiiiiaaaaes 1$19,785,385 | 1$10,922,536

North Atlantic and South Atlantic.................. 10,512,852 6,559,295
North Central.. .. iooiiiiiim i iiaaaaaans 8,745,382 3,694,436
RIS o « DN 527,151 668,805

LIncludes products other than sodas reported by establishments engaged

‘primarily in this industry; and also the sodas produced by establishments

engaged primarily in the manufacture of other products.

The figures of Table 37 show an increase in the value
of sodas in all divisions shown except in the Western,
the greatest increase being in the North Central. The
decrease shown in the Western division can not be
accounted for except perhaps by the fact of the exist-
ence of small establishments working natural soda
or borax deposits as neighborhood industries, which
would not under the rule be included in the establish-
ments enumerated at the last census.

Up to the date of the commercial success of the Le
Blanc process for making soda, potash, or ““vegetable
alkali,” was much cheaper and more largely used than
soda, or ‘“mineral alkali.”” Since the development of
the Le Blanc process the reverse hasheld true. Singu-
larly, notwithstanding that the United States has been
a large consumer of sodas, and that muriatic acid, and,
on further treatment, chlorine and bleaching powder,
are side products of the Le Blanc process, it never se-
cured a firm foothold in this country.

The ammonia-soda process, on the other hand, has
become a factor in our industries. The first to experi-
ment with this process in the United States were Her-
man and Hans Frasch, who located a plant at Bay
City, Mich., about 1880, but the enterprise was not a
success and the plant was abandoned some two or
three years later. In 1881 the Solvay Process Com-
pany, of Solvay, near Syracuse, N. Y., and Delray,
near Detroit, Mich., was organized under the laws of
the state of New York. According to Pennock,' the
following plants in the United States were in 1900 en-
gaged in manufacturing sodas by chemical methods as
distinguished from electrolytic methods: The Solvay
Process Company at Syracuse, N. Y., and Detroit,
Mich.; the Michigan Alkali Company at Wyandotte,
Mich.; the Mathiesson Alkali Company at Saltville,
Va.; and the Pennsylvania Salt Company at Natrona,
Pa. Between 1900 and 1903 the plant of the Columbia
Chemical Company was installed at Barberton, Ohio,
and the Frasch process at Cleveland, Ohio. All of
these plants used the ammonia-soda process except the
Pennsylvania Salt Company, which produced its sodas
from cryolite.

In the operation of the ammonia-soda process a puri-
fied and concentrated salt brine is saturated with
ammonia. This brine is then sent through iron

1Bericht V. Internationaler Kongress fiir Angewandte Chemie,
1904, vol. 1, page 661.



towers, where it encounters carbon dioxide gas, result-
ing in the formation of bicarbonate of soda, which
separates out in.crystals, while the liquid containing
the ammonium chloride formed by the reaction, to-
gether with some ammonium carbonate and the residue
in the brine, passes on and is collected for subsequent
use. :

The bicarbonate of soda, after wringing and washing
in a centrifuge, is dried in an atmosphere of carbon di-
oxide and may be sold as bicarbonate, or it is calcined
and converted into soda ash. When the soda ash is
dissolved in warm water and the hot solution is al-

‘lowed to stand until all sediment is deposited, large
crystals of quite pure sal soda will be deposited as the
solution cools. If the soda ash solution be treated
with lime water, calcium carbonate will be formed and
precipitated, while sodium hydroxide or caustic soda
will remain in solution and may be obtained as a solid
by evaporation of the solution. In the Hewitt and
Mond, or Loewig’s process the soda ash may be fused
with iron oxide forming sodium ferrate, which is easily
decomposed by warm water into caustic soda and
ferric oxide. Pure iron ore or pyrites cinder may be
used in this process.

Since the common salt used in the ammonia-soda
process must be in solution, natural brine supplies this
requirement in the mosteconomical way., Byreference
to the bulletin on salt it will be noticed that most of the
establishments cited above from Pennock’s article are
located near salt deposits, where natural salt brine, or
that formed by sinking shafts to salt deposits and dis-
solving the salt in place, is cheaply obtained. :

Since ammonia, is so largely used in this industry,
soda works are frequently operated in conjunction with
by-product coke ovens. Much of the combined and
free ammonia in the liquid running off from the bicar-
bonate of soda crystals in the carbonating tower is,
however, recovered for further use by heating the
liquid alone or with lime. Such repeated utilization
must be taken into account in any attempt to estimate
the quantity of ammonia used in this industry.

The carbon dioxide used for carbonating is originally
obtained by calcining limestone, but much of it is re-
covered when calcining the bicarbonate of soda to soda
ash, and from the treatment of the ammoniacal solu-
tion from the carbonating tower. Carbon dioxide
might be obtained from the burning of coke or coal, but
as quicklime is needed both in caustic soda manufac-
ture and in the ammonia recovery process, it is neces-
sary to calcine limestone.

The lime is recovered partly in a salable condition,
either as crystallized calcium sulphate, used as a filler in
paper making and for weighting cloth, under the names
of “crown filler”” and ““pearl hardening,” or as calcium
chloride, which is used in the brine tanks of ice ma-
chines.

In his address® before the Congress of Applied

!Bericht V. Internationaler Kongress fiir Angewandte Chemie,
1904, vol. 1, page 108.
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Chemistry, Ernest Solvay reviewed the history of the
soda industry and presented the data for the total pro-
duction of sodas from 1850 to 1902, set forth in Table
38, but with the metric tons converted into short tons
and the francs into dollars.

TaBLe 38.—World’s production of sodas: 1850 to 1902.

Average
Total P ;(;dgfgd P-E;dﬁfg’d selling price

YEARS. quantity | yo°plane | smmonia | (P tOR

produced taken at
(tons). pzocess p:ocess the factory

(tons). | (tons). | in Furope.
1850 e 165, 345 165,345 |............ $135.10
1863....... 330, 690 330,690 [..oeueen.... 86.85
1864 to 1868 413,363 412,260 331 77.20
1869 to 1873.. 496, 035 492,728 , 865 54.04
1874 to 1878. . 578, 708 545, 639 33,069 54.04
1884 10 1988, BU0o | domor | iovag| 516
0 1888 . , 5 , .
1889 to 1893. . 1,127,653 429i 897 697, 756 22.20
1894 to 1898 1,377,875 492,109 | 1,085,765 21.23
2 e 1,940,048 165,345 | 1,744,703 21.23 )

Thorp describes the manufacture of sodas by the
cryolite process as follows:?

The ground cryolite is mixed with powdered limestone, and cal-
cined at a red heat. Carbon dioxide escapes, and a mixture of cal-
cium fluoride, sodium oxide, and sodium aluminate remains. On
lixiviating this mixture with water another sodium aluminate is
formed and goes into solution, leaving the calcium fluoride as an
insoluble residue. The solution of sodium aluminate is then de-
composed according to the third reaction, by passing into it purified
limekiln gases, or the furnace gases of the calcining operation.
Hydrated alumina is precipitated, while sodium carbonate remains
insolution. Sal soda may be made by evaporating the solution, and
was formerly the chief source of bicarbonate for culinary and medic-
inal purposes. If carried to complete dryness and calcined, a high
grade of soda ash is obtained. By causticizing, it yields a very
excellent caustic.

The by-products aluminum hydroxide and calcium fluoride are
used in the alum and glass industries, respectively.

Soda ash appears in the market as 58 per cent, dense
58 per cent, 48 per cent, special 48 per cent, and 36 per
cent; caustic soda, as high test 76 per cent, 74 per
cent, 70 per cent, special 70 per cent, 60 per cent, and
special 60 per cent; soda crystals, as monohydrate
crystals, 49.8 per cent, and snow flake crystals, 40.9
per cent; and bicarbonate of soda, as pure bicarbonate,
99 per cent, for baking soda, and anchor dust, which
is an inferior grade used as a source of carbon dioxide
in charging “soda water.” The percentages refer to
the Na,0 contents in each case except that of the
bicarbonate, where it refers to NaCO,. In the census
returns no cognizance is taken of these many grades,
so that the figures given for any item in the tables
are the gross amount for all grades.

Sodas are used in glassmaking. Thus at the census
of 1890 * there were reported as used by this industry
96,777 tons of soda ash and 38,092 tons of salt cake R
at the census of 1900, 157,779 tons of soda ash and
53,257 tons of salt cake; and at the census of 1905,

2 Qutlines of Industrial Chemist
3Twelfth Census, Manufactures
*Census of Manufactures, 1905, B

, 1905, page 96.
art I1I, page 983.
ulletin 57, page 46.



215,462 tons of soda ash. They are used in soap-
making, 53,777 tons of soda ash and 71,551 tons of
caustic soda, having been reported as used in this
industry at the census of 1905.! Soda ash, caustic
soda, and salt cake are used in the treatment of wood
in the manufacture of wood fiber. The statistics of
consumption are not at hand, but at the census of
1900,* 94,042 touns, and at the census of 1905, 120,978
tons of soda wood fiber were reported as having been
purchased for use in paper making. According to
Griffin and Little,* with -indirect steam in rotaries,
about 700 gallons of a liquor, containing from 6 to 9
per cent of NaOH, are used to a cord of wood, while
upright digesters require considerably more. As the
liquors from the digesters are treated so as to recover
their soda contents for further use, it is difficult to
estimate the quantity of sodas actually used in the wood
pulp industry, but it is large. There is a great variety
of other uses to which sodas are put, but the three in-
dustries named are the largest consumers.

The natural soda industry was described with much

“detail in the special report on chemicals and allied
products at the census of 1900.

The borax industry is closely associated with the
natural soda industry since both substances, or at
least boron compounds from which borax may be ob-
tained, are found as residues in arid regions. In fact,
deposits of a mixture of natural soda, common salt,
and borax are known in California as ‘‘borax beds.”
According to Bailey ® borax was first discovered in the
United States on January 8, 1856, by Dr. John A.
Veatch, on evaporating water from the Tuscan
springs, Tehama county, Cal. Bailey describes the de-
velopment of the industry as follows:

California in 1849 started the gold mining industry in the United
States, and fifteen years later followed it with the establishment of
the borax industry. The 12 tons made at Borax Lake, on the mar-
gin of Clear Lake, in Lake county, were the first produced on the
American continent.

The young industry thrived for the next four years, although the
maximum output of 220 tons in one year would seem small now.

The next three years, 1869, 1870, and 1871, were dark years for
those watching the growth of the youngster, for the supply of the
pure crystals in the blue mud of the famous little lake had given
out, and an unruly artesian well had ruined the waters of the lake by
diluting them beyond the profit point.

The deposits of Lake Hachinhama, on the opposite side of Clear

Take, exhausted themselves in yielding 140 tons in 1872.
The prospectors, however, had been aroused to interest in the

mineral that was worth over $600 per ton and ““‘only had to be shov-

eled up to be ready for the market,”” and discoveries in the deserts
of California and Nevada followed each other with bewildering
rapidity. ‘

In 1873 San Bernardino county began her big record with the
production of 515 tons from the so-called borax “marshes,’” or the
“dry lakes” of the desert. Inyo county soon followed in lively
rivalry, and the high water mark of the early years was reached in
1876, when 1,437 tons were produced, worth at that time over

! Census of Manufactures, 1905, Bulletin 57, page 43.
2 Twelfth Census, Manufactures, Part III, page 1030.
8 Census of Manufactures, 1905, Bulletin 57, page 38.
% The Chemistry of Paper Making, page 162.

% Saline Deposits of California, page 36.

$312,000.
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From 1880 to 1888 the production increased slowly but
steadily from 609 to 1,405 tonsin a year. The year 1887 saw the sus-
pension of work on the “marsh” beds, and the establishment of works
on “colemanite” or borate of lime ores, in the Calico district, San
Bernardino county. Since the discovery of these beds, large estab-
lishments have been erected in Alameda, near San Francisco, at
Marion and Daggett, and at Bayonne, N. J., for the treatment of
borates, and the production has risen from 1,405 tons in 1888 to
25,837 tons in 1900. The discoveriesin Kernand Ventura counties
alsoled to the establishment of boric acid manufacturing by the Stauf-
fer Chemical Works of San Francisco, and the making of borax by
the Chas. Pfizer & Co. works of New York.

‘When borax was first made in California, in 1864, the value of the
refined article was 39 cents per pound, or $780 per ton. In spite of
the discovery in Lake county, the price, while gradually declining,
did not fall below 30 cents until 1873, when the borax “marshes”
of S8an Bernardino county produced over 1,000,000 pounds, worth
24¢ cents per pound, or $496 per ton.

The next year, 1874, saw the price fall to 14} cents per pound, or
$284 per ton, and the decline continued until 1879, when it stood at
9 cents per pound, or $180 per ton. From 1880 to 1883 the price
varied from 12 to 142 cents per pound, or from $245 to $295 per ton.
Prices in New York varied more widely than on the Western coast,
as may be noted from one incident of many that might be quoted.
In January, 1883, a tariff law was enacted that went into force in
July of that year. During this six months, while imports were free
from duty, 2,500 tons of boric acid, equivalent to 3,500 tons of borax,
were imported. This, added to the large accumulations of the
home manufacturers, caused the price to drop to 4} cents per pound
in New York, or less than the cost of production.

On the Coast, the result was that the producers combined and
waited for living prices. From 1888 to 1894 the price stood still,
practically, ranging from 6 to 74 cents per pound, or from $120 to
$150 per ton. Since that time the value of the refined article has
been 5 or 6 cents per pound on the Coast, and about a cent higher
in the FEast.

Owing to the establishment of the immense works in New Jersey,
the shipments to the East are mainly in the form of crude borates,
worth from $20 to $35 per ton, according to purity. The depression
in prices, owing to rivalry between companies competing for the
market, has been done away with, and the industry has outlived
the disturbing features incident to youth, and has finally settled to
a more certain and stable basis.

‘While the margin of profit is too small to permit the working of
any but the most favorably located and economically handled de-
posits, yet the prevailing low prices are evidently causing an in-
creased consumption of borates in the arts and manufactures in
which they have been employed, and new uses are being contin-
ually found for the various compounds of boric acid. In this
extended and ever growing consumption, the manufacturers find
their compensation for low prices.

He further describes the process of preparing com-
mercial borax as follows:

Every year has seen some improvement made in the industry in
the way of more perfect appliances and processes. The process at
first used in Lake county consisted in boiling the borax and crystal-
lizing it in small pans holding from 2 to 3 gallons each; and the
plant that produced the first 12 tons in 1864 consisted of some 4,000
such pans. The processes at the period when the ‘““marsh” beds
were worked consisted of boiling the crude material in large iron
tanks and then running the solution into wood or iron settling tanks,
the crude borax obtained being purified by recrystallization.

In the Calico district the colemanite ore is treated as follows at
Marion: Low-grade ores, that were formerly rejected, are roasted in
a Holthoff-Withey furnace, with two hearths having a capacity of
100 tons a day, six oil burners furnishing the heat. Colemanite
when mildly heated is reduced to a fine powder, which is bolted,

sacked, and shipped to the company’s works at Bayonne, N. J.,
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where the “flour” is boiled with soda to form borax. Any pander-
mite ore present is not affected by the heat and is lost in the waste,
known locally as “dry bone.” This waste often amounts to 50 per
cent of the “flour” secured.

At Bayonne the huge machinery is driven by sets of independent
electric motors. The crude colemanite reaches the works in sacks,
as shipped from this state. It is first coarse-crushed on the ground
floor of the works, and then conveyed to a Griffin mill, which re-
duces it to the fineness of flour. It is then carried by a screw con-
veyor to the foot of an elevator, which raises it to the first floor.
Here it is dropped into a 100-ton tank and boiled with water. After
boiling, it is drawn into settling tanks on the second floor, where
the clear solution is run back to crystallizing vats on the first floor,
the sediment being raised by a centrifugal pump to a tank on the
third floor, and -thence into a filter press of 50 pounds per square
inch, the pulp receiving finally, however, double that pressure.
The liquor drawn from the press goes back to the settling tank,
and the refuse cakes go to the dump.

The crystallizing vats are of sheet iron 20 feet long by 6 feet

.upon the wires and on the sides and bottoms of the vats.

wide and 63 feet deep. Two-inch iron pipes are laid across the top
of the vats, from which wires 5 feet long and 0.25 inch in diameter
hang into the vats. As the-solution cools, the borax crystallizes
After
crystallization, the mother liquor is pumped out and used again
as a solvent, and the borax crystals removed. The crystallized
borax is raised to the fourth floor to crushing rolls and screens and
sorted into three sizes, viz: (1) Refiried crystals; (2) refined screen-
ings; (3) granulated borax. The granulated borax is then dried by
hot air, in an inclined rotary cylinder; then pulverized in a cyclone
pulverizer; then caught in dust chambers; and finally barreled
for the market.

It is found that while the borax from the wires in the vat is pure,
that from the sides and bottom has to be redissolved and refined.

The statistics of imports are from ‘Commerce and.
Navigation of the United States,” published by the
Bureau of Statistics, Department of Commerce and
Labor.

Tapre 39.—SODAS—IMPORTS ENTERED FOR CONSUMPTION: 1891 TO 1905.

BORATES OF LIME OR
SODA ASH. SAL SODA. CAUSTIC SODA. AL e LTS BORAX. SODA, OR OTHEE

: BORATE MATERIAL.

YEAR ENDING JUNE 30—
Pounds. Value. Pounds. | Value. Pounds. Value. Pounds. | Value. || Pounds.| Value Pounds. Value.

1891 e 1354, 744,335 | $4, 382,917 (%) ® 78,743,976 | $1,874,700 || 18,136,888 | $118,713 10,725 $1,062 414,151 817,681
1339,057,006 | 4,496,597 [©) (2) 04,741,106 1, 598, 903 || 22,348, 570 f 3,970 426 40 6
388,910,183 | 4,855,008 || 27,531,554 | $238,029 || 57,485,106 | 1,344,525 || 47,664,938 | 207,761 11,230 1,327 543, 967 13,659
256,203,395 | 2,520,921 16 893 760 | 120,794 || 38,987,832 850,753 || 14,829,622 | 104,800 1,812 225 441, 066 11,427
300, 599,257 | 2,367,109 || 28,761,108 | 167,325 || 57,653,959 | 1,044,809 || 11,803,171 | 141,070 612, 730 26, 429 4,234,361 105, 604
251,067,856 | 1,950,981 17, 906, 996 84,423 || 61,713,044 | 1,071,169 9,090,367 | 149,248 11,376 796 4,307,100 104, 952
162, 585,074 | 1,241,321 || 18,875,029 82,695 || 66,476,152 | 1,147,763 3,919, 339 67, 684 2,209 249 6, 946, 205 171,101

87,809, 6. 589,714 8,851,011 40,266 || 29,697,185 476,032 || 21,400,585 | 225,628 42,407 2,541 1,381,175 1, 721
45, 444, 305 310, 742 4,224, 680 20,905 || 18,405,272 252,297 || 23,891,135 | 317,032 35,228 2,755 1,161, 808 24,903
78,571,870 648, 450 6,024, 314 31,072 || 11,429,989 177,857 || 23,632,374 | 314,425 136, 610 5,960 36, 266 3,504

34,451,228 307,298 5,191, 350 28,229 5,119,099 106,248 || 16,757,354 | 178,205 501, 136 18,291 84, 2 7,491
27, 636, 757 262, 106 3,560, 460 21,084 4,297, 850 100,557 || 15,422,281 | 276,239 849,088 26, 865 121, 686 10,746
24, (88, 625 232, 201 4,083,961 23,298 2,657,751 66,176 || 17,705,615 | 281,505 72, 47 4,441 206, 839 13,841
19, 5(33 349 188, 750 3,705,930 20, 855 2,945,709 74,072 || 10,550,404 | 278,333 72, 88 5,464 122,848 11,021
17, 930 376 166 279 2,901, 544 18,344 2, 190, 820 54,474 || 10,044, 341 230 570 192, 950 13,002 27,056 1,157

1Includes sal soda. 2Not reported separately.
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Crass III.—PoTASHES.

The class of potashes comprises stone-ash (known
also as crude potash and lump potash), which is a mix-
ture of caustic potash, potassium carbonate, and po-
tassium sulphate with organic and various kmds of in-
org&mc matter; potash, or biack salts, or black flux,
which is the unreﬁned potassium carbonate produced
by calcining stone-ash or argols, or wine lees; and
pearlash, or white flux, which is refined potassium car-
bonate. Theterm ¢ potash’ hasalso longbeen used to
designate caustic potash, known also as vegetable
alkali, potassium hydrate, or hydroxide, but as here
used the term is more comprehensive. Caustic potashis
properly included here with the potassium carbonate,
as caustic soda was with the sodium carbonates under
“sodas.” Were any potassium hydrogen carbonate or



bicarbonate of potash to be reported, the data for it
would be entered under this class.

A detailed description of the American process for
the production of potashes from the ashes of plants, to-
gether with a resumé of the processes in use abroad, and
of those proposed for use in the production of potashes
from various sources, was given in the special report on
chemicals and allied products for the census of 1900.
It is evident from the nature of the operations and the
character of the materials used in the American process
that, in a majority of instances, the industry is a neigh-
borhood industry, and hence one which does not come
within the scope of the census of 1905. Statistics for
production, however, were taken within the states, and
it therefore becomes possible to present their results in
comparison with those presented separately at each
census beginning with that of 1850. The quantity and
value of the potashes reported at each census from 1850
to 1905 are set forth in Table 40.

TasLe 40.—Potashes—quantity andvalue of products: 1850 to 1905.

Num- PRODUCT.
Der of Average
CENSUS. estab- - price per
ni;;h{s_ Pounds. | Value. || Pound.
1,811,037 | $104,655 $0. 058
3 8()4 766 | 178,180 0. 046
5 106 939 | 197,507 0.039
4 571,671 232, 643 0.051
............ 32 7 671
............ 538, 55
............ 1401 533

1Includes establishments engaged primarily in the manufacture of other
products.

The statistics in Table 40 show a constant decrease
in the total value of the product since 1850 and a
steady decrease in the quantity of the product since
1890. This seems quite reasonable, in consideration
of the destruction of the forests during recent years,
and the resulting decrease in the quantity of ashes
readily available for the manufacture of potashes;
also in consideration of the decrease in the native fer-
tility of the soil, with which has come an inclination
to return potash to the soil as it occurs in the ashes

rather than to extract and market it; and also in con- |

sideration of the cheapening of soda or hard soaps and
ncreased facilities for bringing them to agricultural
sommunities, whereby the temptation to extract pot-
wsh from ashes for the manufacture of potash or soft
0aps is lessened. These causes, combined with the
omparative cheapness of foreign potashes, tend to
lestroy the domestic industry. The data of Table 40
adicate that the industry is a waning one, and that it
aay come to be-of so slight importance as not to war-
ant separate consideration in subsequent censuses,
nless other causes, recently set in operation, shall
svive it in another form.
Although potassium occurs in considerable quantl-
es in India saltpeter, in orthoclase feldspar, and in
wny other minerals which have long been used for
\any purposes in the arts, yet up to a,bout the middle
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of the nineteenth century the ashes of plants were prac-
tically the sole source of supply of potashes. In the
beginning of that century Stassfurt, in Germany, was
noted for its salt works, in which salt was produced by
the evaporation of natural brine obtained, by pumping,
from driven salt wells. With the utilization of rock
salt deposits in various localities the price of salt was
reduced to such a point that the Stassfurt works ceased
to yield their former large revenue to the Prussian Gov-
ernment, and with a view of making them again valu-
able the Government began boring for rock salt in this
locality in1839. In 1857 a shaft, which was begun in
1852, reached at a depth of 1,080 feet a stratum of rock
salt, but in doing so it passed through a heavy deposit of
so-called ‘‘abraumsalze,” or refuse salts, which con-
sisted largely of compounds of potassium and magne-
sium, which were then considered worthless.* This
deposit is now, and has long been, the chief source of
the potashes and the potassium salts of commerce.
These native Stassfurt potash salts consist of the min-
erals carnallite, which is a magnesium potassium
chloride; sylvite, which is potassium chloride; and
kainite, which is a magnesium potassium chloride con-
taining also magnesium chloride.

Asearly as 1861 patents were granted to A. Frank for
the extraction of potassium chloride from the abraum
salts, and since then a variety of processes of extraction
have been invented and putinto use. By treating this
potassium chloride with sulphuric acid, limestone, and
coal, as Le Blanc treated sodium chloride, potassium
carbonate is obtained. By means of a process anal-
ogous to the ammonia-soda process, potassium chlo-
ride being used in place of sodium chloride and tri-
methylammonium carbonate in place of ammonium
carbonate, potassinm hydrogen carbonate, or bicar-
bonate of potash is obtained. By causticizing these
carbonates with lime, caustic potash is obtained.

The Stassfurt deposit of potassium salts has been
explored since its discovery and it has been found to
cover an area of about 100 square miles. The stratum
of carnallite, which is the most abundant and com-
mercially most important, is from 50 to 150 feet in thick-
ness. This deposit continues to be the chiefl source
of the world’s supply of potassium salts, except the
nitrate, and the mining of them and thelr conversion
into potashes and other commercial salts gives em-
ployment to a large force of men. It is stated that
these German mines, and the chemical works con-
nected with them, employ 10,000 miners, 15,000 la-
borers, and 800 chemists and technical experts, be-
sides a large clerical force.?

Consideration is now being given to deposits of po-
tassium salts within the territory of our own country,
and this subject is discussed at length by William M.
Courtis, who says:?

1Potash in Agriculture, The German Kali Works, page 5.
2 Mineral Industry, 1907, Vol. XV, page 659.
3 Ibid., page 663.



There are several large and well-known supplies of surface potash
in this country, which could be utilized in the event of the im-
ports of the United States being entirely cut off, but at present
they are remote from railroads, in the desert portion of this country,
and the cost of working would be prohibitive. These deposits are
largely mixed with soda salts and would require washing, and this
would be costly. The salts consist of sulphates and nitrates only,
the chloride not having been found in any quantity. It is prob-
able that with so many surface indications, occurring where condi-
tions are similar to those of the Stassfurt district, boring on a large
scale would supply information which would eventually lead to
the discovery of a bed similar to that of Germany, but it would
require a large expenditure for blind boring. However, in Ger-
many the surface indications were so slight that the immense de-
posits were not discovered until a comparatively few years ago, and
then only by accident.

Since the census of 1900 a new method for the manu-
facture of caustic potash from potassium chloride has
been put in operation in this country. This is de-
scribed as follows:!

The Roberts Chemical Company, of Niagara Falls, electrolyze
potassium chloride. At the cathode caustic potash is produced
and hydrogen is set free, while at the anode chlorine is set free.
The quantities of hydrogen and chlorine are in equivalent pro-
portions, so that they may be combined to form hydrochloric acid.
This is done by the Roberts Chemical Company, the two products
of which are, therefore, hydrochloric acid and caustic potash. In
the September issue of Things Chemical, of the Charles E. Sholes
Company, who are the sales agents of the Roberts Chemical Com-
pany, it is pointed out that on account of its method of produc-
tion, this hydrochloric acid can not contain the ordinary impurities
of muriatic acid unless they were expressly and intentionally added.
Its only impurity is a small amount of free chlorine, which gives
it a pale yellow color. Theacid is of special interest to manu-
facturers of fine chemical products, gas mantles, cereals and food-
stuffs (where there must be no arsenic), high grade and fancy
leathers, and in general, for all purposes where quality is of more
importance than a slightly increased first cost. The electrolytic
caustic potash is made in three forms: Fused (solid), in drums of
100, 200, and 800 pounds; broken, in drums of 100, 250, 500, and
1,000 pounds; and caustic potash solution, in drums of 325, 650,
and 1,350 pounds. The solid and broken grades analyze not less
than 85 to 87 per cent KOH and 10 to 15 per cent carbonate and
chloride of potassium. The solution containg 45 to 47 per cent
KOM. Caustic potash is now very largely used in electroplating
shops for removing grease from metallic surfaces before plating. In
the laundry a dilute solution of caustic potash is an excellent
“Dbuilder,”’ for the soap will remove all grease and produces excel-
lent suds, without injury to the fabric. Soapmakers use caustic
potash especially for all the finest soaps, whereas caustic soda is
used for the common grades.

Another direction in which the potash industry
tends to develop is in the production of potashes from
the potash or orthoclase feldspar and from other min-
erals containing potassium. Several inventions for
the extraction of potash from these minerals have been
patented, the latest patent, No. 851922, of April 30,
1907, having been granted Dr. Allerton S. Cushman,

1 Electrochemical and Metallurgical Industry, 1906, Vol. IV,
page 382,
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assistant director of the United States road material
laboratory, for a process for the extraction of potash,
soda, and other soluble bases from ground rocks.
This is described as follows: *

Feldspathic or other potash bearing rock is ground to fine powder,
slimed with water, and placed inside of a suitable wooden container,
which is then set inside of another larger vessel. Water is now
placed in the outer vessel and electrodes inserted, so that the inner
or slime chamber becomes connected with the positive pole, and the
outer chamber with the negative pole. A current of electricity
from a dynamo is then turned on. When this is done the potash,
soda, and other soluble bases are partially set free from the combi-
nations with alumina and silica in which they exist in the feld-
spathic rocks.

‘Under the influence of electrolysis the"soluble bases pass through
the wooden partition and the water in the outer vessel becomes
alkaline, owing to the accumulation of potassium and sodium
hydroxide. The electrical resistance of the cells arranged in this
way is so high that only a small fraction of an ampere passes through
under a potential of 110 volts. After a certain percentage of the
alkali has been extracted in this manner, the action slows down,
and it has been found necessary to devise methods to accelerate the
action.

Doctor Cushman has discovered two methods for accelerating the
decomposition of the rock slime and hastening the extraction of the
potash: (a) By a suitable grinding or churning arrangement the
glime in the inner chamber can be kept in a continual agitation,
which causes the necessary reactions to go on more rapidly. (b) If
a small quantity of hydrofluoric acid is added to the slime a very
great acceleration in the rate of decomposition and extraction is
obtained, and it is possible in a reasonably short time to make a
complete extraction of all the potash contained.

If instead of caustic potash it is desired to make various salts of
potash such as are in ordinary use for fertilizers and other purposes,
that is, nitrate, sulphate, chloride, and phosphate, the correspond-
ing acids—nitric, sulphuric, hydrochloric, and phosphoric—are fed
in a dilute form into the outer or so-called cathode chamber, fast
enough to neutralize the caustic alkali as it forms. By varying the
amount of acid added, the resistance of the cell can be controlled
and the decomposition of the rock carried on under the best and
most economic conditions.

The consumption of potash or pearlash in the glass
industry of the United States was, at the census of
1890,% 2,544,978 pounds, valued at $135,047, and at
the census of 1900, 4,406,211 pounds, valued at
$186,847. The quantity of potash used in the soap
industry at the census of 1905 ¢ was 4,453,800 pounds,
valued at $191,933, but this does not include the quan-
tity of potash produced and consumed in the same
establishments in the manufacture of soft soap.
These are two of the industries in which the largest
quantities of potashes are used.

Table 41 shows the imports and exports of potashes
and ashes as taken from Commerce and Navigation of
the United States, published by the Bureau of Sta-
tistics.

2 The Chemical Engineer, 1907, Vol. V }}a.ge 21.
3 Twelfth Census, Manufactures, Part 11 page 983.
4 Census of Manufactures, 1905, Bulletm 57, page 43.
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Tapie 41.—IMPORTS OF POTASHES, ASHES (WOOD) AND LYE OF, AND BEET ROOT ASHES, ENTERED FOR
CONSUMPTION; AND DOMESTIC EXPORTS OF POTASHES AND PEARLASHES: 1891 TO 1905.

IMPORTS OF BICAR~- DOMESTIC EXPORTS
BONATE OF POTASH. IMPORTS OF CARBONATE OF POTASH. IMPORTS OF CAUSTIC OR HYDRATE OF POTASH. || Imports| oF POTASHES AND
of ashes || PEARLASHES.
YEAR (vv;i)old) |
ENDING : . N . and lye
TUNE Crude orhblack salts. Refined. Not including refined, | Refined, in sticks or of. & n};i
30— in sticks or rolls. olls. beet root
Pounds.| Value. ashes Pounds. | Value.
Pounds. Value. Pounds. Value. Pounds. Value. Pounds. Value (value).
1891.. . 76,828 $4,344 || 16,207,419 $219, 557 $84, 429 9,145 81,106 || $42, 624 430,582 ) 324,432
1802.. .. 40, 759 2,290 8, 745,268 309, 585 |.. 79, 649 56,075 , 035 54, 855 1, 307, 634 99,566-
1893. .. 74,983 3,903 || 10, 115,017 329,805 |.. 99, 177 , 513 1,781 76, 306 634, 421 31,775
1894 ... 2,716 168 |7t 8, 130,975 262,818 |.. 62, 671 36,510 1,877 74,050 650, 2061 29,205
1895... . 117,674 7,401 |t 11, 602,272 364, 506 |. 123, 798 1, 3l 194 77,708 664, 876 30,188
1806. ... 71,35 3,457 |l 12, 439,180 401, 819 1511 P R 67,393 969, 874 41,208
. 15,053 7, 501, 497 229, 029 165,735 |oeeceeannfnn A, 66, 423 511,830 21,727
5,936 || 15,844,374 471,019 125, 501 15,577 2,119 62, 206 869, 841 33, 202!
7,239 || 16,018,889 437, 675 132,331 36,055 3,643 59,970 745,433 29,676
, 666 || 21,191,258 QL’S, 922 157,842 23,297 2,715 06, 453 1,273,905 49, 566
5,064 || 18, 888,012 627, 601 180,277 86, 798 7,195 76,306 || 1,043,817 6, 072°
3,625 |l 18, 671, 566 624,042 191,281 33,518 4,526 88,006 || 1,363,355 62, 529
1,518 || 11,130, 789 141, 033: 103, 350 31,632 3,853 76,156 1,193,258 , 376
4,778 || 8,193,872 224,396 | 13, 586,300 397,104 || 4, 810,993 194,839 36, 048 4,879 62,641 || 1,027,181 , 800
4,504 ! 7,166, 569 218,816 | 13,687,083 440,139 || 5,269,804 217,041 22,313 2,537 60,713 542,832 30, 156
1 Fused.

Crass IV.—Aruwms.

The class of alums comprises potash, ammonia and
soda alums, and all other double sulphates of alumi-
num with the alkali metals, or their isomorphs, such
as chrome alum; burnt alum, known also as dried
alum and alumen exsiccatum, or ustum; porous alum,
which is effloresced soda alum, or else the product ob-
tained by mixing soda ash with alum cake; aluminum
sulphate; concentrated alum, which is: crystallized
aluminum sulphate; alum cake, which is crude alumi-
num sulphate; alumino-ferric cake, which is alum
cake containing a considerable amount of iron; and
aluminum hydrate, or hydroxide.

Statistics for the alum industry have been reported
separately at each census beginning with that of 1880.
At the census of 1900 the quantity and value of each
of the chief varieties of alums were also set forth.

Y

2 Includes some refined admitted free.

TaBLE 42.—Adlums—comparative summary, with amount and per
cent of increase: 1905 and 1900.

CENSUS. Per cent
Increase. | of
1905 1900 increase..
Number of establishments....... Sg 4 4 100.0
[ S50 031 1 $11, 836, 9 85,558,313 || $6,283,020 1182
Salaried officials, clerks, ete.,
nUMber. . e 87 27 60 2.2
Salaries. . .cooeiiiiiiiiiiiiiaaan $135,226 $64, 328 $70,898 110.2
Wage-earners, average number. . 2,559 1, 490 1,063 711
Total WagesS . emcirmaninannanns $1,331,776 $773, 356 $568, 420 72.2
Miscellaneous expenses. ......... $467,113 $214,997 $252, 116 173
Cost of materials used........... $2,583,173 | $1,318,906 || $1,204, 207 95.9
Value of products?.............. $5,058,395 | $2,882,421 || $2,175,974 75.5

1Includes “all other products.”

Table 42 presents the statistics for the principal
establishments only. An increase is shown in every
item, the largest per cent of increase being in the num-
ber of salaried officials, clerks, etc., and the next.
largest being in miscellaneous expenses.

TanLe 43.—ALUMS—QUANTITY AND VALUE: 1830 TO 1905.

INCREASE. PER CENT OF INCREASE.
Estab- "
CENSUS. lish- | Quantity Value.
ments,| (POURds). El?gg?- Quantity | aie Eﬁ;’ﬁ?‘ QUADILY | alce.
ments. (pounds). . ments. (pounds).
17| 225,543,308 $2,056, 844 4 40,808,011 $440, 424 30.8 2.1 17.5
13 | 1184, 645,297 12,516,420 3 90,647,289 899,710 30.0 96. 4 55.7
10| 93,008,008 | 1,616,710 4| 547800283 | 808,545 | 66.7 139.7 1000
6 39,217,725 P 120 | PR IR FPRRPIPUUNIY | PORPN BRI AP

1 Includes 5,177,826 pounds, with an assigned value of $69,844, consumed in establishments where manufactured; and also the alum reported by establish-

ments engaged primarily in the manufacture of other products.

The data of Table 43 shows, when the industry is
comnsidered as a whole as well as when only the opera-
tion of the principal establishments is considered, that
there has been an increase in every item at each suc-
ceeding census, and that the industry was in a flourish-
ing condition at the census of 1905. A comparison of
the increases at the various periods shows that while

the greatest percentage of increase in every item oc-
curred in the interval from 1880 to 1890, the largest.
actual increase in both quantity and value occurred n
the interval from 1890 to 1900. It is to be observed
that the data for 1900 includes the quantity and value:
of alum which was produced and consumed. No in-
formation on this point is available for 1905.



TaBLE 44.—Kinds of alum—quantity and value of products: 1905

and 1900.
! 1905 1900
KIND. —
Pounds. Value. Pounds. Value.
Total....cooveninonn 225, 543, 308 ‘ $2,936,844 || 179,407,471 | $2, 446,576
Ammonia alum............ 3, 467, 104 59,774 6,580, 373 102, 308
Burnt alum............ ... 15, 858, 335 364, 328 6,628, 914 174, 600
Concentrated alum........ 80, 919, 272 972,802 || 103,016, 815 1,002, 547
Potash alum............... 10, 307, 154 156, 448 14,200, 303 2135, 004
Soda alum. .. 82, 060 4,923 9,399, 550 228, 500
Alum cake..... 19, 496, 047 161, 906 4,048, 655 34, 047
Other alums. ......ooooont. 95,413,346 | 1,236,573 35,592, 771 29, 570

The data of Table 44 shows that a larger proportion
of the alums returned at the census of 1905 is in-
cluded under the heading “other alums” than at the
census of 1900, and that there has been a decrease in
every other item, except in the quantity and value of
burnt alum and of alum cake, items which show
marked increases. The greatest decrease is in the
quantity and value of soda alum, but, as pointed out in
the special report for 1900, this is often included under
burnt alum; there is reason for this, since as sold it
does not usually contain the water of crystallization,
which is characteristic of the crystallized alums. Some
manufacturers contend that soda alum, which is
known in trade as “C. T. S.,”” or “cream of tartar sub-
stitute,” is not an alum, and accordingly they may
have reported it under ‘“all other products.” This
would reduce the total quantity and value of alums
and may be an additional means of explaining why the
increases shown for the industry at the census of 1905
are not proportionate to those shown at the census of
1900.

.

TaBLE 45— Alums—number of establishments, by states: 1905 and

1900.
STATE. 1905 | 1900

United States. oo it e 117 113
| S P

3 1

3 3

1 1

2 2

N R,

6 6

1 Includes 9 establishments engaged primarily in the manufacture of other

products.

Table 45 shows the same number of establishments
in operation at the censuses of 1905 and 1900 in every
state except Illinois, where there has been a gain of 2
establishments, and California and Ohio, in each of
which 1 plant has been established. Pennsylvania
stands first at each census. Massachusetts stands
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‘of 1905 by Illinois.

second at each, being joined in this place at the census
No other state had more than 2
establishments at either census.

TABLE 46.—dlums—value of products, by states: 1905 and 1900.

1900

$2, 446, 576.

1905

$2,050, 844

STATE.

United States

PennS Yl VAN . oot e et vt e aaeneaaaas 1,479,340 1,411, 652
Massachusetts.... 270, (114 306, 754
Minois........... 481,754 O]

All other states? 725,136 728,170

! Tneluded in “all other states.”

2 Includes in 1905 California, Michigan, New York. and Ohio; in 1900, Illinoie,
New York, and Michigan.

Table 46 shows that at each census Pennsylvania.
stood first in the value of alums produced and ‘“all
other states’” second. It also shows for the later cen-
sus a decrease in the value of the product for Massa-
chusetts, and an apparent decrease for “all other
states,”” but as the value of the product from Illinois
was reported separately at the census of 1905, while
it was included in the item ‘““all other states’ for 1900,
the only real decrease is in the returns for Massachu~
sotts.

In the census year 1900 there were used in the manu-
facture of alums, including those produced and con-
sumed, 39,000 tons of bauxite, valued at $263,850;
5,000 tons of cryolite, valued at $110,000; 2,000 tons
of sodium sulphate, in the form of salt cake or niter
cake, valued at $4,100; 755 tons of soda ash, valued
at $8,744; 360 tons of ammonium sulphate, valued at
$21,900; 477 tons of potassium sulphate, valued at.
$19,600; and 71,426 tons! of sulphuric acid, in the
manufacture of which were used 3,323 tons of sulphur
(valued at $66,000), 28,358 tons of pyrites (valued at
$133,282), and 720 tons of sodium nitrate (valued at
$25,200). In 1905 there were used in this industry
53,246 tons of bauxite, valued at $423,643; 4,867 tons
of aluminum hydrate, or hydroxide, valued at $223,--
882; 4,141 tons of sodium sulphate, valued at $11,627;
8,657 tons of soda ash, valued at $162,394; 179 tons of
ammonium sulphate, valued at $11,165; 1,288 tons of’
potassium sulphate, valued at $55,951; and 80,672 tons:
of sulphuric acid of 50° Baums, in the manufacture of
which were used 38,233 tons of pyrites (valued at.
$187,341) and 807 tons of sodium nitrate (valued at.
$32,280).

Table 47 shows the imports of alums and materials
for alum making as taken from Commerce and Navi-
gation of the United States, published by the Bureau.
of Statistics.

1Recalculated from ascertained yields in practice.
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TasLe 47.—ALUMS, CRYOLITE, AND BAUXITE—IMPORTS FOR CONSUMPTION: 1891 TO 1905.

ALUMS. | CRYOLITE. BAUXITE.
. . Alumi hydrate
YEAR ENDING JUNE 30— Bauxite, crude. (;‘rlug]ﬁggf bgu;g;e.
Pounds. Value. Tons. Value. N I
Pounds. Value. Pounds. Yalue.
DL TP 4,652,985 | $58,863 7,129
. 4,140,916 | 59,336 i 8,208
3 4,572,923 | 73,800 || 8,450
1,838,728 | 30,831 || 12,756 | 170,215 ||
2,083,682 | 46,815 1685 | 116,273 |loo e e o ae e feeeee e e en e e
Dhva| 0TS | 30| Soss | amsea | i |
5 4 96,529 | 722,07 , RSN ey
2)787.630 | 36,000 | 10,788 | 144178 [l..orioseiileaerninnss 3,002,082 $60,194
1,601,820 | 14,244 i 5,529 | 79,455 || 7,722,000 | 14,168 | 2,955,338 92,018
2,186,266 | 19,354 | 5,878 | 78,658 || 6,850,000 | 11,413 | 3,474,421} 109,574
2,120,119 | 21,179 | 6,167 | 82,533 || 33,526,000 | 63,507 | 5,584,477 | 198,950
1,970,961 | 18,217 || 4,653 | 61,116 (| 20,418,000 | 52,245 | 1,448, 505 53,557
1,865,006 | 17,320 || 7,505 | 104,178 || 33,534,240 | 56,861 | 1,520,273 50,132
1,465,700 | 13,501 | 6,332 | 84,350 || 38,609,160 | 62,452 | 1,650,635 55,826
2,395,071 | 23,600 1 998 | 17,707 || 19,100,000 | 32,813 16,201 1,388

Crass V.—Coar Tar Propucrts.

The class of coal tar products comprises the mate-
rials obtained by the distillation of coal tar, known as
coal tar distillery products, which include pitch, creo-
sote oil, dead oil and other tar oils, benzol (benzene),
toluol, xylol, naphthalene, anthracene and other coal
tar hydrocarbons, phenol (carbolic acid), cresol,
naphthol, resorcin, or resorcinol, and other coal tar ter-
tiary alcohols, and aniline, toluidine, xylidine, and other
coal tar amines; and chemicals made from coal tar
distillery products, which include the aldehydes, acids,
ketones, salts, and various other so-called benzene
derivates. These cover the so-called coal tar dyes,
which appear also under ‘“‘dyestuffs,” and many
nitro-substitution compounds and synthetic prepa-
rations, which appear again under ‘‘essential oils”
or ‘“fine chemicals.” There is a further duplication
in that many establishments in which coal tar is dis-
tilled consume part of the product in the further
manufacture of roofing felt, roofing paper, and roofing
preparations which belong either in the class of ““roof-
ing and roofing materials” or of ‘“paints.” These
duplications are necessary in order to show the con-
dition of the industry as a whole. In view of these
facts it is evident that the classifying of the coal tar
products presents very serious difficulties and that for
this industry there will necessarily be at the different
. censuses variations in the statistics.

TABLE 48.—Coal tar producis—comparative summary, with amount
and per cent of decrease: 1905 and 1900.

CENSUS.
Per cent
Decroase. of

1905 1900 decrease.
Nmﬁb?r of establishments....... 6 15 g 60.0
apital.. el $837,991 | $2,095,363 || $1,257,37. 60.0

Salaried officials, clerks, ete ' T T
DUMDbeT. oo ane.. 41 84 5.2
Salaries........... . $65,802 $152,817 $87,015 57.0
‘Wage-earners, average number. .. 129 514 3 74.9
Total wages . 370,972 $257,838 $186, 866 72.5
Mlsgellaneouq EXPONSes. .. ...... $114,389 $190, 041 $75,652 39.8
Costof materials used........... $538,017 | $1,341, 561 $802,944 59.9
Value of products................ $820,300 | $2,227,544 || 81,407,235 63.2

Table 48 shows a decrease in every item for 1905 as
compared with 1900, the greatest percentage of de-
crease being in the average number of wage-earners
and in wages paid, and the least in miscellaneous
expenses. The cause of the decreases is due chiefly,
if not entirely, to the fact that establishments which
in 1900 produced coal tar distillery products as their
principal product and roofing materials as a subsidiary
product, in 1905 produced roofing materials as their
principal product, and were thus taken out of the class
of coal tar products establishments. It is pointed
out, in the special report on this industry for the
census of 1900, that tarred felt and tarred paper, in
which part of the material produced from the coal
tar was consumed in further manufacture, were pro-
duced to the value of $442529.

Statistics for this industry were first reported sepa-
rately at the census of 1880, since which time they
have been reported separately at each census. As
no data are at command by which to ascertain the
quantity of the coal tar products which were pro-
duced and consumed, these statistics show only the
totals of those products produced for sale.

TaBLE 49.—Codl tar products—number of establishments, by states:
1905 and 1900.

STATE. 1905 | 1900

United States. .. .. ccooie i 139 2

1 1

linois ) O R
9015 M ESIE: ¥ RIS RPN (R

Maine. ... ) P,

BT 00 ET3 7 U 3 2

MG AN . ittt i eaeemaeaaeaaaan ) PR

B LT 7 RPN PR 1

MISSOUTT - e et i e i 3 3

8 2

8 3

3 2

8 6

1leeeinnns

1 1

1Includes 33 establishments engaged primarily in the manufacture of other
roducts.
P 2 Includes 7 establishments engaged primarily in the manufacture of other
products. !

Table 49 shows that there has been an increase of 17
in number, or 77.3 per cent, for the establishments
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in the United States for 1905 as compared with 1900,
the increases for the individual states reporting in
1900 being 6 in New Jersey, 5 in New York, and 1 in
Ohio, while Maine reports 3 establishments and Illinois,
Michigan, and Rhode Island 1 each for the first time
at the census of 1905. Louisiana and Minnesota which
reported 1 establishment each in 1900 did not report
anyin 1905. At the census of 1900 Pennsylvania stood
firstin the number of establishments, with Missouri and
New York sharing second place. No other state re-
turned more than 2 establishments. At the census of
1905 New Jersey and New York shared first place,
Pennsylvania occupied second, and Maine, Massa-
chusetts, Missouri, and Ohio shared third. No other
state returned more than 1 establishment.

TasLe 50.-—Coal tar products '—uvalue, by states: 1890 to 1905.

1905 1900 1890
Num- Num-
STATE.
her of ber of Value of
Value of Value of
eﬁ‘;‘;‘}." products. °ﬁg‘f}f’ products. %’é‘%g‘
ments. ments
United States......... 39 | $3,984,821 22 | $1,421,720 || $687,501
District of Columbia. .. .....|ooiriilieinanaann
[T 4 U ) M PP | P
Maine........ 3 30,051
Massachusetts 3 175,978
Missouri.. ... 3 284, 637
New Jersey.. . 8| 1,664,136
New York. 8 926, 329
ORi0..oveininns 3 463, 001
Pennsylvania. .. . [ 375, 757
All other states............. 35 64,932

18howing value of coal tar groducts only.

2Included in “all other states.”

3Includes in 1905 California, Illinois, Michiﬁm,Rhode Island, and Tennessee;
in 1900, California, Louisians, Massachusetts, Minnesota, New Jersey, Ohio, and
‘Tennessee; in 1800, Massachusetts and Tennessee.

The rank of the states at the different censuses, as
“determined by the value of products, has varied in
an erratic manner. New Jersey, which ranked first
in 1890 and again in 1905, was classified under “all
other states’ in 1900; Missouri, which ranked first in
1900, took the fifth place in 1905; and Pennsylvania,
which ranked second in 1900, passed to the fourth
place in 1905; New York, which ranked third in 1890
and in 1900, rose to the second place in 1905; Ohio,
which had not been reported separately at any pre-
vious census, took the third place in 1905. At each
census the largest portion of the product has been
reported from the Middle Atlantic states.

Coal tar is produced in the destructive distillation
of bituminous coal, and is therefore a by-product of
the coal gas industry and, when by-product ovens are
used, of the coke industry. The unit of measure
used in treatises on this material is sometimes gallons
and sometimes tons. But since a gallon of coal tar
weighs, on an average, 10 pounds, it is a simple mat-
ter to convert the quantities given in one of these
units into terms of the other. At the census of 1900*
it was estimated that the quantity of coal tar pro-

1Twelfth Census, Manufactures, Part I'V, page 549.

duced in the gas industry in this country was 67,094
tons, and the quantity of water gas tar produced,
222,868 tons. At the census of 1905* the quantity
of tar reported was 67,515,421 gallons, or 337,577
tons. This includes both the coal tar from the
straight coal gas process, and the water gas tar pro-
duced chiefly in carbureting the water gas. As the
two processes are often carried on in conjunction, it
is not a simple matter for the producers to give sepa-
rate returns for them, and hence a combined return
was received. Assuming, however, that the ratio of
each approximated that reported for the census of
1900, which was closely 23 of coal gas tar to 77 of
water gas tar, the amount reported for the census of
1905, in the gas industry, was equivalent to 77,643
tons of coal tar and 259,934 tons of water gas tar. In
the coke industry, at the same census, the quantity of
coal tar reported was 26,223,323 gallons, or 131,117
tons.® There was therefore available in the United
States in 1905, 208,760 tons of coal tar as compared
with 119,438 tons in 1900, and 468,694 tons of coal
and water gas tar as compared with 342,306 tons in
1900. It is to be noted that at the later census the
coal tar production from coke ovens exceeded that
from coal gas plants. The amount of coal tar reported
as used in the United States at the census of 1900
was 110,023 tons, and at the census of 1905, 127,756
tons; at the later census there were also reported as
used 117,459 tons of oil gas tar.

Among the products of this industry reported at the
census of 1905 were 61,100 tons of pitch, valued at
$800,862; 577,750 gallons of refined coal tar, valued at
$22,704; 18,750 gallons of ready mixed paints, valued
at $5,621, these three products evidently having been
made from coal tar pitch and light distillate; 288,817
gallons of creosote oil, valued at $17,546; 17,175 tons
of oils, including light, heavy, and dead oils, and prob-
ably some creosote oil, valued at $308,830; coal tar
distillery products, probably comprising some of the
foregoing, valued at $7,613; 5,872,360 pounds of coal
tar dyes, valued at $2,348,189; and 2,391,866 pounds
of chemicals made from coal tar distillery products,
including salicylic acid and its derivatives, saccharine,
and phenol preparations and derivatives, valued at
$569,024. It is believed that many of these are lost
in the classifications “druggists’ preparations’” and
“patent medicines and compounds.” At the census
of 1900 the chemicals made from coal tar distillery
products were valued at $205,047. Pyridine and its
homologues, some of these chemicals, are used for
denaturing alcohol, and, as the Commissioner of Inter-
nal Revenue has ruled that alcohol denatured by their
use may be used tax free in the arts and manufac-
tures and for domestic purposes, it is reasonable to
suppose that in subsequent census returns these sub-
stances may be enumerated as separate items.

2Census of Manufactures, 1905, Bulletin 57, page 42.
3Census of Manufactures, 1905, Bulletin 65, page 17.



A comparison of the coal tar reported as used in
the manufacture of coal tar products, with the coal
tar produced in the coal gas and coke industries,
shows that in 1900 there was used in the manufacture
of coal tar products 92.1 per cent of the entire amount
produced, and in 1905 but 61.2 per cent; at the latter
census the amount of oil gas tar used nearly equaled
that of the coal tar. These figures indicate that
other and increasing uses for coal tar than that of
converting it into coal tar products are being found,
such for instance as employing it for fuel in internal
combustion engines of the Diesel type. Despite these
uses, however, our resources for tar are by no
means exhausted; it is estimated that in 1905, 28 per
cent of the tar produced in by-product coke works
was consumed as fuel in the works, and it is shown
in the bulletin on coke for 1905,! that had all the
coal which was coked in that census year been coked
in by-product ovens, at the average rate of yield which
obtained for the coal actually so coked, there would
have been produced 295,273,173 gallons, or 1,476,366
tons, of coal tar from that source alone. There is
therefore no lack of coal tar for our industries. In
fact, the difficulty of profitably disposing of that now
produced is a large factor in delaying the erection of
additional by-product coke plants. Nor is there yet
any restriction on the amount of benzene and its hom-
ologues available for use in the aniline dye industry,
for, besides that which occurs in the coal tar, a con-
siderable amount, which might be utilized, is allowed
to pass off in the gas from by-product ovens. Of the
10,000 cubic feet of gas produced from a ton of coal,
6,500 cubic feet are required in the coking process.
This gas contains three-fourths of 1 per cent of ben-
zene and its homologues, which may be removed by
washing the gas with petroleum, or coal tar oil; the
product thus obtained is a benzolized oil containing
from 2 to 3 per cent of benzene. On distillation a
crude benzene light oil is obtained which contains
only slight quantities of impurities, such as carbon
disulphide, hydrogen sulphide, thiophene, and naph-
thalene, which by purification and redistillation yields
a 100 per cent pure benzene,® suitable for converting
into aniline. The extraction of the benzene and its
homologues does not seriously affect the heating value
of the gas, and is now being practiced to some extent.
At the census of 1905 the yolume of gas reported as
produced and consumed in by-product ovens was
16,232,309 thousand cubic feet. The volume which
would have been produced had all of the coal which
was coked in that year been coked in by-productovens
is estimated at 183,025,147 thousand cubic feet.

The statistics given in Tables 48 and 50 show that
the manufacture of coal tar products in the United
States is an important and a growing industry, yet

when compared with the same industry in Germany
it sinks into insignificance.

* Census of Manufactures, 1905, Bulletin 65. p

: : ( s{ge 18.
2 Journal of American Chemical Society 1906, Vol. 28, page 1254.
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Table 51 sets forth the imports of coal tar and of coal
tar products from 1896 to 1905, as taken from Com-
merce and Navigation of the United States, published
by the Bureau of Statistics.

TasrLe B1.—Codl tar end coal iar products—imports for consump-
tion: 1896 to 1905.

COAL TAR, CRUDE Preparations
AND PITCH. of eoal tar
Coal tar except me-
products nlot dlicl nal, )
medicina. coloTrs an
YEAR ENDING JUNE 30— and mat dygs, %;ldi
colors or dyes| products of,
Barrels. Value. (value).l | notspecially
provided for
(value).
139,976 $288,750 gi) $313,043
111, 53 258,900 2) 373,224
89, 346 158,589 $228, 037 134,416
26, 704 60, 500 393,602 221,101
80,047 165,072 397,780 274,946
39,062 104, 547 383, 559 342,116
28,390 84,410 368, 098 496,9
57,114 141,822 425, 069 544,176
38,277 83,323 391,645 522,242
46, 057 114, 500 468, 352 545,830

1 These preparations are known as benzol, toluol, naphthalin, xylol, phenol,

cresol, toluidine, xylidin, cumidin, binitrotoluol, binitrobenzol, henzidin,

tolidin, dianisidin, naphthol, naphthylamin, diphenylamin, benzaldehyde,

benzyl chloride, resorcin, nitrobenzol, and nitrotoluol.
2 Not reported separately.

Crass VI.—CyANIDES.

The class of cyanides comprises potassium cyanide
(cyanide of potash, or white prussiate of potash),
sodium cyanide, and other simple cyanides including
““cyan-salt,” which is a mixture of potassium and
sodium cyanides; potassium ferrocyanide (yellow
prussiate of potash) and potassium ferricyanide (red
prussiate of potash); the cyanates, ammonium and
potassium sulphocyanates (thiocyanates or sulpho-
cyanides), and other sulphocyanates; and cyanamids.

TaBLE 32.— Cyanides—comparative summary, with amount and per
cent of decrease: 1905 and 1900. '

CENSUS.
Per cent
v Decrease. of

1905 1900 decrease.
Number of establishments......... 6 12 6 50.0-
Capital...... esesmseciescecatmaecnas $342,233 | $1, 250,941 $908, 708 72.6-

Salaried officials, clerks, ete., num- |
L} U P 20 13 65.0
Salaries. .o .iiiiii i $12, 538 $36, 475 $23,937 65.6
Wage-earners, average number 1 376 263 6.9
Total wages............. $72,768 |  $190,568 ||  $117,800 61.8
Miscellaneous expenses. .. 871,332 $173,133 $101, 801 8.8
Cost of materials used. . .| $348,490 | $1,283,949 $935, 459 72.9
Value of products..........lv.cea.. $586,581 | $1,769,736 {| $1,183,155 66.9

The statistics of Table 52 show a decrease in every
item, the greatest in amount being in value of products
and the greatest percentage in cost of the materials
used and in capital. This comparison is made between
those establishments only in which the cyanides are
the principal products. Since in 1900, several estab-
lishments produced a notable amount of subsidiary
products, part of this reduction may be accounted
for through these subsidiary industries outgrowing
the cyanide industry in such establishments, and
thereby carrying these establishments into another
Census classification.




A better idea of the condition of the industry at
the census of 1905 may be gained by bringing together
the quantity and value of the cyanides produced either
as a principal or as a subsidiary product, and com-
ring these results with similar ones for the census
1600, the first census at which the cyanides were
ported separately.

rys
LR

avti 33v—Cyanides— quantity and value of products, with amount
and per cent of increase: 1905 and 1900.

i

— - _— Per cent
i1 Increase. of
1905 1900 | increase.
Quantity, poun 11,106,318 | 8,460,980 || 2,735,320 32.3
Vialueoooooo oo $1,710,823 | $1,505,505 | 115,318 7.2
Malue per pound . -

$0. 153 $0. 189 |

The statistics of Table 53 show an increase in each
item reported, though the increase in value is rela-
tively less than the increase in quantity. The cyanide
process for the extraction of precious metals from their
ores was first made commercially suecessful in 1890.
Its introduetion into this country was slow at first, but,
very rapid after its utility was once demonstrated. . In
1905 there were 132 establishments operating in the
United States in which the eyanide process was used.
When the rapid increase in the use of cyanides for this
purpose and the constant increase in their use in the
fextile and paint industries are considered, and espe-
cinlly when, as shown in Table 56, it is found that the
tnports for consumption of cyanide of potash and of
vellow prussiate of potash were less in 1905 than in
1900, while the imports of red prussiate of potash were
but slightly greater, it is believed that the statistics
available at the census of 1905 do not fairly represent
the condition of the cyanide industry. There are
probably two reasons to account for this: The first,
that possibly some manufacturers, instead of making
separate returns for the cyanides which they produced
for sale or used in further manufacture, have reported
them under ““all other products;”” and the second, that
possibly some of the larger consumers, subh as those
engaged in the manufacture of printed fabries, or
paints, or inks, have begun the manufacture of the
cyanides consumed by themselves in further manufac-
ture, and, in cases where this manufacture is, relatively
to the principal product of the establishment, of very
minor importance, it has been found difficult to secure
separate returns.

TaBLe .)‘,l.wr‘A(.‘yanidcsmnurmIwr of establishments, by states: 1905
and 1900.

STATE.

United States

Maryland...
Massachuset

New Jersey
New York.
Ohio
Pennsylvania

OB LD b

éIngludes 5 establishments engaged primarily in the manufacture of other
roduets.
P !Includes 6 establishments engaged primarily in the manufacture of other
products.
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Table 54 shows a decrease of 7, or 38.9 per cent, in
the number of establishments of all classes manufac-
turing cyanides at the census of 1905 as compared with
that of 1900. The largest decrease is in New Jersey,
which returned 6 establishments in 1900 and but 1
in 1905. The other decreases are 2 in Missouri, and
1 each in Maryland, Ohio, and Pennsylvania. At the
census of 1900 New, Jersey ranked first and Pennsyl-
vania second. At the census of 1905 Pennsylvania
ranked first, with 3 establishments, while New York
and Ohio each had 2 establishments.

5

TaBLe 55.—Cyanides—uvalue of products,' .

by states: 1905 and 1900

j 1905

.| 1,710,823 |

United States...o....o..........

E L T P 1,053,472
Pennsylvania.... 434,770 303,245
ORIO. L e 86,852
Allother states®. oo it 1,276,053 151,936

1 Tncludes value of eyanides only.

¢ Includes in 1905 Massachusetts, Michigan, Missouri, New Jersey, New York,
and Ohio; in 1900, Louisiana, Tennessee, Ohio, California, Minnesota, Massachu-
setts, and New Jersey.

The statistics of Table 55 show that New Jersey,
which is included in “‘all other states” in 1905, re-
turned 66 per cent of the total value of products in
1900. In both Pennsylvania and ‘‘all other states”
there is an increase at the later census. The in-

-crease in “all other states’ is due partly to the fact that

the statistics for New Jersey and Ohio, which in 1900
were set forth separately, can not be shown in 1905,
because less than 3 establishments reported. It is
worthy of note, considering the extent to which the
cyanides are used in metallurgical processes in the far
West, that their manufacture is largely confined to
the Eastern states.

At the census of 1900 there were reported® as used
in this industry, 9,315,080 pounds of potassium caz-
bonate, valued at $279,602; 3,456 tons of hoofs and
of horn waste, valued at $87,502; 19,417 tons of scrap
leather, valued at $150,213; 1,200 tons of spent iron
oxide from gas works, valued at $3,000; 300,000
pounds of sodium, valued at $93,183; 2,400 bushels of
lime, valued at $480; scrap iron, valued at $9,520;
and 2,401,180 pounds of potassium ferrocyanide.

At the census of 1905 there were reported as used
9,981,700 pounds of potassium carbonate, valued at
$215,664; 1,279,447 pounds of sodium carbonate, val-
ued at $5,037; 13,478 tons of scrap leather, valued at
$87,253; 3,248 tons of spent iron oxide, valued at
$25,146; 2,478,966 pounds of sodium; 40,034 bushels
of lime, valued at $6,112; 175 tons of scrap iron, val-
ued at $7,000; and 54,966 pounds of potassium fer-
rocyanide, valued at $7,695.

Among the cyanides reported at the census of 1900!
there were 6,165,407 pounds of potassium ferrocyan-
ide, valued at $994,014, and 2,317,280 pounds of so-
called potassium cyanide, valued at $601,491. At the
census of 1905 there were reported produced, 5,027,264

! Twelith Census, Manufactures, Part IV, page 553.



pounds of potassium ferrocyanide, valued at $683,277;
78,584 pounds of potassium cyanide, valued at
$17,438; and 6,197,470 pounds of sodium cyanide,
valued at $923,210.

At a meeting of the Fifth International Congress of
Applied Chemistry held in Berlin in 1903, Mr. George
Beilby said that the whole ““turnover” of the Euro-
pean trade at its best, in the cyanide'industry, did
not exceed $2,919,000 a year, and that the total net
profit in the best year was probably under, rather
than over, $486,650. He estimated that the con-
sumption of European-made cyanide throughout the
world, not counting that exported to America, was
normally about 5,500 tons per annum, while the ca-
pacity of the then existing works in Germany, France,
and Great Britain was 12,600 tons, and with the then
proposed additions would soon be 15,700 tons per
annum. He said also that on account of the conges-
tion of the European market during the two or three
previous years, relief had been sought through ex-
ports to America at a low price. He referred to the
new industrial sources of the cyanides, such as the
““‘Schlempe,” or residue of the beet root molasses re-
fineries, which through Bueb’s process had been made
to yield a gas very much richer in ammonia and hydro-
cyanic acid than coal gas; to the improved processes
for the production of the cyanides and ferrocyanides
from coal gas} to the improved Gelée process for the
production of ammonium sulphocyanide from carbon
disulphide and ammonia, and its further conversion
into ferrocyanide; and to the Siepermann and his own
process for obtaining cyanide from potassium carbon-
ate, charcoal, and ammonia. At the same Congress,
Dr. F. Rossler traced the development of the synthetlc
processes of manufacture. Descriptions of all these
processes are given in great detail in the recently pub-
lished book of Robine and Lenglen.

The most important discovery in the cyanide in-
dustry, in the interval which has elapsed since the
last census, is in the manufacture of calcium cyana-
mid, or lime nitrogen, by the process of Frank and
Caro, which consists practically of the passage of
nitrogen over heated calcium carbide, for in this is
found a practical and economical process for the fixa-
tion of atmospheric nitrogen, a further use for cal-
cium carbide, and a valuable and very extensive
field for the utilization of liquid air; while the prod-
uct itself is a valuable fertilizer, which may be used
directly as such. Furthermore, by very simple means
a considerable number of useful chemicals may be
produced from it, among which may be mentioned
potassium and other cyanides, ammonia and ammo-
nium sulphate or other ammoniacal salts, urea, guani-
din, dicyandiamid, and nitric acid. Since this proc-
ess was discovered, between 8,000 and 9,000 gross
tons of lime nitrogen have been manufactured by it,
and for more than a year past a plant havmg a capac-
ity of 3,750 gross tons per year has been in operation
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at Piano d’Orta, Italy. This plant is engaged in en-

larging its capacity to 15,000 gross tons per year,
while other plants having a combined capacity of
26,250 gross tons per year are under construction in
Europe. There is little doubt but that this industry
will have been established in this country by the time
of the taking of the next census, and that its stimu-
lating effect on related industries will be noted.

Table 56 shows the imports of cyanides from 1891
to 1905, as taken from Commerce and Navigation of
the United States, published by the Bureau of Sta-
tistics. '

TaBLE 56.—Cyanides—imports for consumption: 1891 io 1905.

YELLOW PRUSSIATE ‘ RED PRUSSIATE CYANIDE OF
OF POTASH. | OF POTASH. POTASH.
YEAR ENDING I
JUNE 30— |
Pounds. Value. || Pounds.| Value. Pounds. | Value.
|

2,223,154 | $368,366 35,826 | $10,650 |'
1,302,632 | 232,058 35,933 11,111 | ..
1,047,910 | 206,259 16, 679 5,743

509,103 | 114,826 11,125 3,339

878,727 | 161,009 26,703 7,593
1,056,562 | 157,457 0, 3 8,579
3,252,031 | 350,037 59,087 14,803
1,340,305 132, 508 77,246 18,674

,809,080 | 204,974 62,697 15,211
1,771,394 | 224,274 53,716 | 12,054
,609,358 | 218,909 30,262 7,357

594,295 66,756 47, 11,355
1,315,051 | 119,859 ! 57,169 13,757
1 736 564 156,275 | 55,624 13,508
1 165, 192 | 103,193 | 60,699 14,453 1 624 372 260 208
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Crass VII.—Woop DISTILLATION.

The class of wood distillation comprises wood alco-
hol (methyl alcohol), both crude and refined, acetate
of lime (calcium acetate), both brown and gray, ace-
tate of soda, acetic acid, charcoal, formaldehyde,
acetone, pyroligneous acid, pyrolignite of iron, dye
liquors, wood creosote, wood oil, wood tar, wood a,shes,
spirits of turpentme as produced by the distillation
of wood, pine oil, red liquor, wood preservative, tar
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oil, and pine tar. Naturally spirits of turpentine and
rosin, with other products, obtained from the distilla-
tion of the exuded turpentine of the long leaf pine
are reported under the classification of ‘‘turpentine
and rosin.”

Tasre 537.—Wood distillation—comparative summary, with amount
and per cent of increase: 1905 and 1900.

CENSUS.
Per cent
Increase. of
1905 1900 increase.
Number of establishments....... 141 102 39 38.2
Capital. oot $10,506,979 | $6,720,127 || $3,777,852 56. 1
Salaried officials, clerks, ete.,

NUMDbDET.  eceieiiiiiieaaaaann 301 66 28.1
Salaries. cooieiiiiiiiiii e $207,528 | $213,025 $84,503 30.7
‘Wage-earners, average number. . 2,272 1,556 716 46.0
Total wages............ .| $1,066,786 $700,484 $366, 302 52.3
Miscellaneous expenses . | 41 , 437 $308,305 $263,132 71. 4
Cost of materials used. .| 84,847,770 | 83,455,015 || 81,392,755 40.3
Value of products........ .| 97,813,483 | 86,001,023 || $1,812,460 30.2

Table 57 shows a marked increase in every item,
the largest percentage of increase being in the item of
miscellaneous expenses. A more significant increase
is in the item of capital, which shows nearly double
the percentage of increase that the value of produects
does. A part of this increase is due to the introduc-
tion into the South and West of distillation processes

for the treatment of pine wood and stumpage.

T

Statistics for this industry were reported separately
at the census of 1880 and have been reported sepa-
rately at each subsequent census. The figures given
in 1880 were for crude wood alcohol, acetate of lime, and
charcoal, and for purposes of comparison the figures for
these items are shown in Tables 58 and 59 for each
census. Since 1880, following the general trend of the
development of chemical manufactures, a number of
establishments manufacturing these erude products
have used the crude alcohol for the production of refined
alcohol, which is the form in which this product is
offered for sale. In the process of refining, the crude
alcohol is reduced in volume by about 20 per cent.
To ascertain the total volume of crude alcohol pro-
duced by wood distillation processes at any given
census, it is necessary, not only to add together all of
the crude alcohol produced as a subsidiary product,
but also to include that which is consumed in the
wood distillation establishments in further manu-
facture. Frequently this is not reported, but, know-
ing the volume of refined alcohol produced, the volume
of the crude alcohol can be determined with a close
approach to accuracy by multiplying the quantity
of refined alcohol by 1.25. Such a method of pro-
cedure was followed at the census of 1890, and has
been followed at each subsequent census.

TasLe 58.—WO0OD DISTILLATION—CRUDE PRODUCTS: 1880 TO 1905.

Number | WOOD ALCOHOL (CRUDE). ACETATE OF LIME. CHARCOAL.
: of es-
CENSUS. tablish-
ments. Gallons. Value. Pounds. Value. Bushels. Value.
129 18,282,286 | 142,672,507 110,383,997 | = $1,527,733 || 240,044,190 2$2,038,514
93 4,045, 963 1,976,986 86, 826,000 981, 286 17,154,302 726,672
53 1,116,075 088,764 26,778, 415 315,430 e meerinne e
17 {eeeenineanan 86,274 6,593,000 156,802 || aceeecennnnns 31,770

1 Includes 1,468,028 gallons, with an assigned value of 5470,546, consumed in establishments where manufactured.
2 Includes 11,026,978 bushels of charcoal, with an assigned value of $551,349, consumed in establishments where manufactured.

TasLe 59.—WOOD DISTILLATION—CRUDE PRODUCTS, INCREASE AND PER CENT OF INCREASE: 1880 TO 1905.

INCREASE. PER CENT OF INCREASE.
KIND. 1900 to 1905 1890 to 1900 1880 to 1890 1900 to 1905 1890 to 1900 1880 to 1890
Quantity. | Value. | Quantity.| Value. | Quantity.| Value. ||Quantity.| Value. |Quantity.| Value. |Quantity.| Value.
Wood aleohol (crude), gallons.| 3,336,323 | $6905,521 | 3,820,888 | $1,288,222 |............ $602, 490 67.5 35.2 343.2 187.0 |l ot 608.3
Acetate of lime, pounds....... 23,557,097 | 546,447 | 60,047,585 665,856 | 20,185,406 | 158,538 27.1 55.7 204.2 211.1 306, 2 101.0
Charcoal, bushelS. c.uovaunn... .| 23,780,888 | 1,811,842 | nianani]onmararenan]onnmcn e naiennes 138.7 B N P

Table 59 shows an increase in every item at each
census, indicating a constant progress in every branch
of the industry.

Table 60 shows that the number of establishments
has increased by 39, or 35.1 per cent, in 1905 as com-
pared with 1900, the greatest increase in any one

state being in Georgia, which reported 9 in 1905 as
compared with none in 1900. The increase in Mich-
igan was 7, in South Carolina 5, and in New York,
North Carolina, and Pennsylvania 4 each. It will be
observed that a large part of the gain is to be credited
to the Southern states.



TABLE GO0.—Wood distillation—number of establishments, by states: |

1905 and 1900.

STATE. 1905 | 1900

TUnited States. . ...t 1150 1111
BN 1 o P U ) S
LY £V LI A 10151 AR AN 1 1
B e 1
Florida. ... k30 R,
Georgia.... [ 2N PR
S T €T T 1
B £ 5T 3 )
LOUIRIATIA . < o e ee cieiiaeci e a et 2 e
Massachusetts. .. 2 4
Michigan. . 13 6
Minnesota. | DR
Mississippi. | S PR
Missouri... O P,
New YOorke o oeoiimiimii i eieaeeaenas 32 28
NOW JOISBY . eveveeaenniancamaecncaaannn 2 4
North Carolina. . 7 3
0 3 1
Pennsylvania. 64 60
South Caroling [ PO,
S B VT B 1
L5000 15 4L 7 2 1
Washington......o.ooooaoon. b N R
A TEICTo 151§ o PRV W ) S PR

1Includes 9 establishments engaged primarily in the manufacture of other
products,

Ranked by the number of establishments, Penn-
sylvania stood first at each census, New York second,
and Michigan third. Georgia in 1905 stands fourth,
North Carolina fifth, South Carolina sixth, and
TFlorida seventh. No other state reported more than
2 establishments. :

TasLe 61.—Wood distillation—uvealue of crude products,' by states:
1905 and 1900.

STATE. 1905 1900
United StateS. . cii it iiiaiaaacactaanneaanann 86,538,760 | $3,833, 266
LGOOTEIL « o e ee e e e e e et e e e e e aes 78,313 |,
Michigan. ... 1,343,163 505, 069
New York... 1,223,383 786, 252
North Caroli 74,501 18,409
Pennsylvania... 3,127,350 2,339,536
South Carolind . ..ooiieiiiii it 15,419 | .. ........
All other states...........o..o..n P R CRTTEPPPPPRS 677, 640 184, 000

1Includes crude products manufactured by establishments engaged pri-
marily in the manufacture of other products.

At the census of 1900 Pennsylvania ranked first in
the value of its crude products, New York second, and
Michigan third. At the present census Pennsylvania
ranks first, Michigan second, and New York third.
At the census of 1900 the value of the crude products
-of Pennsylvania, New York, and Michigan amounted
to $3,630,857, and constituted 94.7 per cent of the
‘total for the United States, while at the census of 1905
it amounted to $5,692,896, and constituted 87.1 per
-cent of the total.

At the census of 1900 there were 9 establishments
reporting the production of the crude material and the
refining of the alcohol in the same factory. These
establishments produced 637,856 gallons of refined
alcohol, valued at $370,513; 5,124,000 pounds of
acetate of lime, valued at $54,928; and 2,726,120
bushels of charcoal, valued at $114,663. At the
-census of 1905 the number of establishments thus
Teporting was 8, which produced 1,210,736 gallons of
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refined alcohol, valued at $503,884; 10,718,089 pound?
of acetate of lime, valued at $110,517; and 9,275,543
bushels of charcoal (including 3,035,100 bushels pro-
duced and consumed) valued at $536,926.

The quantity of wood used in this industry at the
census of 1900 was 490,939 cords, valued at $1,241,972,
or an average of $2.53 per cord. Of this, 3,134 cords,
valued at $7,822, consisted of soft wood, namely, long
leaf pine. The quantity of wood used at the census
of 1905 was 1,049,503 cords, valued at $3,755,627, or
an average of $3.58 per cord. Of this, 31,431 cords,
valued at $112,742, consisted of soft wood, principally
long leaf pine. It was estimated in 1900, on the
assumption that one man could cut on the average 1}
cords of wood per day, that the cutting of the wood
required for the wood distillation industry for that
year gave employment to 3,273 men for one hundred
days each. The cutting of the wood required for the
census year 1905 at the same rate would have given
employment to 6,997 men for one hundred days each.

Up to the census of 1900 the wood distillation in-
dustry was confined to the distillation of the hard-
woods, but at the census of 1900, 4 establishments
were reported as being engaged in the distillation of
pine wood, and at the census of 1905, 31 establishments
were reported as being so engaged. The products of
the distillation of pine wood are so unlike those of hard-
woods that the statistics of the two industries should
be reported separately. This was not done in the
report on chemicals and allied products at the census
of 1900, because the quantity and value of such prod-
ucts were relatively insignificant, but the growth of
the industry requires that this now be done.

TasLe 62.—Pine wood distillation products: 1905 and 1900.

1905 1900
KIND. - -
Quantity. | Value. || Quantity. | Value.
L1 Ne117 ) DN P $376,874 ||............| 831,18
Wood alcohol, gallons............. 18, 000 1,800 62,238 7,510
Pyroligneousacid, gallons. .. 277,500 8,005 12, 206 316
Turpentine spirits, gallons. 400,685 | 176,521 [l eececiennri]ananacrens
Tar, gallons........c...... 1,292,983 75,928 {l.coeiiiinns
Tar oil, gallons...... 176,849 8, 076 170, 960 13,677
Charcoal, bushels.................. 342,320 | 25,046 1,18 13
Al 0ther KindS. .. veeememeareee e o caeaenns 81,508 || vveenannnnn 9,448

Table 62 shows an increase of $345,726, or of 1,109.9
per cent in the total value of products for 1905 as com-
pared with 1900, and an increase also in every sepa-
rate item for which a comparison is made except in the
quantity and value of the wood alcohol and in the
value of tar oil. Furthermore, an increased number
of products is shown for 1905 as compared with 1900,
which indicates a marked improvement in manufac-
turing methods and a more complete utilization of the
distillation product.

Table 63 shows that the increase in the quantity of
refined wood alcohol at the census of 1900 over that of
1890 was 2,871,798 gallons, or1,726.4 per cent,and that



the increase at the census of 1905, as compared with
that of 1900, was 2,879,013 gallons, or 94.8 per cent,
in quantity, and $1,158,727, or 50. 4 per cent, in value.

The quantity of lime used at the census of 1900 was
524,508 bushels, valued at $86,635, or an average of
$0.165 per bushel, and at the census of 1905, 811,902
bushels, valued at $120,181, or an average of $0.148
per bushel.

TaBLe 63.—Production of refined wood aleohol: 1890 to 1905.

Number
CENSUS. of estab- | Gallons. Value,
lishments.!
SR N
L S 15| 5,017,133 | 83,455,625
! 18] i ()%‘4 140 2,208, 898
4 I 166,842 ...

The quantity of caustic soda returned as used at the
census of 1900 was 1,270,846 pounds, valued at
$33,717, and at the census of 1905, 346,150 pounds,
valued at $4,158. This very considerable shrinkage
is believed to be due to the failure of refiners to make
separate returns for this item of materials used.
‘Chloride of lime, sulphuric acid, and muriatic acid
were also reported at each census among the materials
used, but the quantities were not sufficiently large to
warrant them being presented separately.

In addition to the prineipal products of this industry
there were returned at the census of 1900 as subsidiary
products 182,446 gallons of pyroligneous acid, valued
at $9,481; 308,400 gallons of dye liquors, valued at
$20,440; and sundries, such as wood, ereosote, wood
oil, ashes, and tar to the value of $71,452. Many of
these substances returned at the census of 1905 are
accounted for in Table 61, the pine distillation industry
having increased so greatly since 1900 as to warrant
separate presentation. But there were also returned
from the hardwood distillation in 1905 as subsidiary
products 6,600 gallons of pyroligneous acid, valued at
$566, and 55,060 gallons as produced and consumed;
also 63,100 mxllons of pyrolignite of iron, valued at
$4,446; 22,000 gallons of red liquor, valued at $2,150;
28,000 gallons of iron liquor, valued at $345; 388,760
bushels of wood ashes, valued at $18,305; 62,700
pounds of acetone, valued at $6,897; and creosote to
the value of $209.

The methods of manufacture followed in this in-
dustry were described in the report on chemicals and
allied products for the census of 1900. The chief de-
velopment of the intervening period has been in pine
wood distillation in which processes for the utilization
of pine stumps and of pines killed in the extraction of
turpentine have been sought. Many of the establish-
ments have failed to make a commercial success of
this industry because of their inability so to conduct
the process as to keep the products of the destructive
distillation of the wood separate from the spirits of
turpentine, but apparently this problem has now been

30523—Bull. 92—08—4
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solved satisfactorily, and the resources of the country
in spirits of turpentine have been increased materially.

Table 64 gives the exports and imports of wood dis-
tillation products from 1891 to 1905, as taken from
Commerce and Navigation of the United States, pub-
lished by the Bureau of Statistics.

TaBLE 64+.—Wood distillation products—exports and imports: 1891

to 1905.
EXPORTS. TMPORTS. ggg:?ﬁgggg.
YEAR —
END- ot
ING . . ato of i cetic or pyro-
JUNE Wood alcohol. Acetate of lime, Charcoal|| ligneous acid.
30— e (value).
Gallons. | Value. | Pounds. Value. Pounds. | Value.
$56, 020 10,946 | $1,036
48, (020 12,280 ,302
189 51,034 18, 421 2,795
( 40,249 22,244 3,959
i 20,272 02, 880 8,088
\ 42,070 oo
. 32,100 oo ieiaaas
08 385,038 1$199,230 | 37,406,288 2,404 127,040 9,776
1899 727,062 | 414,875 | 48,087,511 700 90() m 202,838 | 14,467
1900 . 540,709 | 320,306 | 47,790,765 77(),4]3 Q) 202,801 | 19,189
1001 . 019,504 | 476,582 | 61,206,544 | 1,101,037 1) 201, 801 21,182
1902... G‘.Z() 925 | 338,019 | 60,488,500 062,265 1) 139,028 | 14,629
1903 ... 833 620 | 452,802 | 59,449,811 087,067 1) 125,083 | 11,623
1904 ... 1,194, 466 | 585,350 | 64,256,045 | 1,103,380 14,844 142, 620 ,262
1905...] 1,007,451 | 603,385 | 55,170,131 | 1,245,776 478 141,662 | 18,058
1 Not reported separately.
Crass VIII.—TFERTILIZERS.
The class of fertilizers comprises superphosphate

(acid phosphate), which is a mixture of the hydrated
mono-caleium tetra-hydrogen, and di-caleium di-hydro-
gen phosphates with hydrated calcium sulphate;
double superphosphate, which is hydrated mono-
calcium tetra-hydrogen phosphate; ammoniates or
substances containing nitrogen; ammoniated super-
phosphate, which is a mixture of ammoniates with
superphosphate; complete fertilizers, which consist of
mixtures of superphosphate, potash salts, and ammo-
niates; bones, tankage, and offal; ground bone; fish
scrap; cottonseed meal; basic calcium nitrate; and
cyanamid, or lime nitrogen. A comparison of the
substances above enumerated with the materials used
indicates that several of the substances are identical.
This arises from the fact that each of these substances,
as used in the manufacture of compounded fertilizers,
possesses of itself fertilizing properties, and is some-
times used as fertilizer. This is true even of phosphate
rock, which, under some circumstances is ground fine
and applied to the soil, also of the phosphatic slag,
Thomas slag, or Belgian phosphate, produced in the
basic process of manufacturing steel, and of gypsum,
or plaster. Where such substances are reported as
being manufactured for sale as fertilizers, they are
entered in- this classification, together' with special
composmons not provided for above, under ““all other
fertilizers.” Frequently they belong to the class of
products consumed in further manufacture in the
establishment where they were produced.



TaBLE 65.— Fertilizers—comparative summary, with amount and
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TABLE 67.— Fertilizers—number of establishments, by states end

per cent of increase: 1905 and 1900. N territories: 1805 and 1900.
CENSUS. Per STATE OR TERRITORY. 1905 | 1900
Increase. oexixg_ot -
1905 1900 crease. United States. .o v ie e e e ciiaccrecn e e 2553 LY vl
- 2| m
Number of establishments...... 400 422 122 15.2 Ll
T $69, 023,264 | 860,685,753 || $8,337,511 | . 13.7 20 §
Salaried officials, clerks, ete., 3l
number-. .. e 1,618 1,712 194 15.5 1L ¢
Salaries | 81,000,712 | $2,1240072 || 1$184,260 | 18.7 9 it
‘W age-earners, average number. . 14,201 11, ,620 22.6 4 7
Total wages $5,142,147 | $4,185,289 , 2.9 8 !
Miscellaneous expenses. ........| $4 019,824 , 734,285 || $1,185,539 31.7 57 &
Cost of materials used. .........| $39,343,014 | $28, 058,473 || $10,385, 441 35.9 %5 n
Value of products. ... ......... $56,632; 853 | $44, 657,385 || 811,075,468 | 26.8 | Indilama.............o.....oollllllllllL z %
....................... 2 !
1 Decrease. 6 4
‘ | i
The data of Table 65 shows an increase in every 4 i
item for 1905 as compared with 1900, except in those Michigan.......one oo - z !
of the number of establishments, the number of sal- | Mississippi.... LTI 5 3
. . : B o] S 7 4
aried officials, clerks, etc., and the amount of sala- | Nebraske 5 1
. . . N Nevada.. )R T,
ries paid. As all the other items increased by from New Jerse = 3
13.7 to 35.9 per cent, there appears to have been NﬁjrghCuéﬁM- 2 2
consolidations in this industry in the interval which | Oregon .. 1T111I1IIIIIIIIIII I 2 1
. Penn Syl VaDIf . . oo i e i 56 L]
has elapsed since the census of 1900. The largest Bhodelsland..... ....coooem e E o
. . hy -
absolute increase appears in the value of produects, Aenmesaea 12 ]
- - xXas

and the largest percentage of increase, in cost of Yirgimle % 4
materials used. 2 ]
' 2 LoD 4 13 1 Y 4l
e ol . ~ N FOIUNE. oot ettt e Thoo

TaBLE 66.— Fertilizers'—quantity and wvalue of products, with

amount and per cent of increase: 1905 and 1900.

CENSUS, Per
KIND. Increase. cea}:.of
1905 1900 crease.
Superphosphates:
L ¢ L . 21,670,078 | 81,480,414 180, 564 12.9
Value..cveoueoiiniiiiiinaes 2816, 495, 206 (3813,575, 393 $2,019, 813 21.5
Ammoniated superphosphates:
Velge LI s13,050, 535 | 52,400,588 || 510, 667,00y | .
alue .- y 857,93 428.
Complete fertilizer T T ’ 7 87
b B | W A
..... 6, 062 .
All other fertilizers: T T » 986,06 18.9
TONS. e tviiiiiamecaaanaannns 419,803 327, 522 02, 281 21.9
Value...ooooiniiiiiiiiaannn. $4,826,656 | $4,723,430 $103,226 2.2

i Not including cottonseed meal.

2Includes 884,211 tons of superphosphates, with an assigned value of
$8,674,110, consumed in establishmgn{ép whelz‘e manufactured. &n ©

3 Includes 543,406 tons of superphosphates, with an assigned value of
$4,083,033, consuméd in establishmegt;p where manufactured. &n

From Table 66 it is seen that by far the largest in-
crease in quantity and in value of the different kinds
of fertilizers was in ammoniated superphosphates,
which have increased in both respects more than 400
per cent. The marked relative increase in the value
of complete fertilizers is brought out strikingly by the
percentage colummn, an increase in quantity of omly
8.5 per cent being accompanied by an increase in
value of 18.9 per cent. Besides compounded fer-
tilizers not provided for under ammoniated super-
phosphates or complete fertilizers, ground gypsum,
marl, phosphate rock, bones or slag, wood ashes,
leached and unleached, and other such materials are
included under “all other fertilizers.” Evidently
much of such material which is produced and used
escapes census enumeration, and returns under this

heading will necessarily lack uniformity at the dif-
ferent censuses.

1 Does not include establishments making cottonseed meal.
c’l Infludes 153 establishments engaged primarily in the manufacture of other
products.

3Includes 53 establishments engaged primarily in the manufacture of other
products.

Table 67 shows an increase in the number of estab-
lishments in 27 states and a decrease'in 10, the actual
increase for the whole United States being 78. The
increase in Illinois was 13, in Georgia 12, and in Cali-
fornia 11. There was a decrease of 10 in Pennsylva-
nia; of 6 in New York; and of 4 each in Ohio and
South Carolina. Georgia, which held the second place
in 1900, takes the first place in 1905, and Pennsylvanis,
which held the first place in 1900, drops to second place.
Maryland, Virginia, New York, and New Jersey now
hold third, fourth, fifth, and sixth places, respec-
tively. North Carolina passes from the ninth place
to the sixth, sharing this place with New Jersey in
1905. Illinois rises from the eleventh to the seventh
place and Indiana from the tenth to the ninth. Ohio
falls from the sixth to the eighth place. Alabama
falls from the eighth to the tenth place. California
rises from the fourteenth to share with South Caro-
lina, which falls from the seventh to the eleventh
place. Massachusetts rises from the thirteenth to the
twelfth and Tennessee from the seventeenth to the
thirteenth place. Connecticut remains in the four-
teenth place, sharing it, at the census of 1905, with
Kansas, which has risen from the nineteenth place.
Delaware falls from the twelfth to the fifteenth place,
and Florida from the fifteenth to the sixteenth, shar-
ing this place with Minnesota, which has risen from
below the line of less than 3 estabishments. Missouri
rises from the eighteenth to the seventeenth place.



Kentucky retains the eighteenth place, but sharesit at
the present census with Iowa, which has risen from
below the line.
but shares it with Nebraska, which has risen from
below the line. Maine falls from the nineteenth to
the twentieth. The District of Columbia has fallen
from the fifteenth place, Louisiana from the sixteenth
place, sharing the twentieth place with Texas and
Washington, which rise from below the line, and with
Wisconsin, which first appears at this census.
rado, which also first appears at this census, occupies
the twenty-first place. At the census of 1900 there
were 25 states in which there were 3 or more establish-
ments and 9 states in which there were less than 3.
At the census of 1905 there were 32 states in which
there were 3 or more and 7 states in which there were
less than 3 establishments.

Although a consideration of the returns of the estab-
lishments primarily engaged in the manufacture of fer-
tilizers as set forth in the comparative summary in
Table 65 indicates that there has been a concentration
of the industry-in the interval from 1900 to 1905, yet
when the inquiry is extended so as to include also those
establishments which manufacture fertilizers as a
secondary product, it becomes evident that this indus-
try has, as a fact, become more widely diffused.

Table 68 shows that at both censuses the South
Atlantic division leads in both quantity and value of
products, with the North Atlantic second, the South
Central third, and the North Central fourth. At the
census of 1900 the product of the Western division
exceeded that of “all other states” in value but was
less in quantity. At the census of 1905 the product
of the Western division stood fifth in both quantity
and value.

Mississippi retains the nineteenth,

Colo- -
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TABLE 68.—Fertilizers—quantity and value of products, by states
and geographic divisions: 1905 and 1900.
1905 1900
STATE OR DIVISION. Quantit Quuntit
uantity uantity
(tons). Value. (tons). Value.
United States............. 3,501,771 | 856,973,034 || 2,887,004 | $42,097,673
North Atlantic division......... 709,875 | 12,320,747 685,893 | 11,978, 666
4,613 74, 991 1,828 27,902
82, 598 1,972, 988 83,733 2,108, 575

Connecticut. . 3 609, 705 11,077 313, 610

New York 106,010 1,695, 949 104, 266 2,610, 435

New Jersey. .. .| 285,613 4,523,675 247,144 3,820,189

Pennsylvania . .............. 211,535 3,443,439 177,845 3,007,955
South Atlantic division......... 1,924,623 | 28,039,923 || 1,531,688 | 19,402,816

Delaware. .o .vueoiiiananaan 13,673 225,348 49,042 634,213

Maryland. ........ 523,493 6,715, 402 386,133 5,213,925

District of Columbi 1) () 3,859 76, 480

Virginia. . ......... 250,877 | 3,902,938 || 258,474 | 3,325 542

North Carolina.. .. , , 865, 501 39, 582 1,727,270

South Carolin@.............. 254, 408 3,498, 127 388,572 4,657,275

GeOTZIA  weveeannivneaaan 620,250 | 9,242,836 278,082 3,331, 469

FIOHAY  cveeoemmmmannns 71,502 | 1,589,771 26, 144 496, 642
North Central division.......... 405,236 7,487,078 258,726 4,349,157

Ohijo... .| 149,855 2,262,711 - 103,814 1, 562, 638

Indians A X 447, 11,668 238, 161

Illinois. [ 155,802 | 2,758,473 || 104,120 | 1,842,300

‘Wisconsin, J. 1,419 |+ 31,081 1 2

Minnesota........oooennunenn 7,503 158, 749 1 1

TOWB. e eeimeniiie i 5,086 121, 540 1 1)

MASSOULT -« e e oo emennsaeinn 17,078 369, 547 8,753 156,115

Nebraskt. .ocveeeeniaaiennnn 16,750 545, 369 1 1)

Kansas....onerenivieennnens 21,321 794, 450 30,371 40, 943
South Central division.......... 512,482 8,001,153 352,778 5,053, 564

Kentueky........... 32,137 541, 553 17,315 205, 520

Tennessee. . ......... .| 159,593 , 663, 062 93,054 1,464,788

Alabama. .o...oann.e. .| 163,221 2,367, 258 139,282 1,944,283

Mississipplaeccue.... - 60,372 933, 877 37,704 492,772

Louisiang ... ..a... .| 88,016 | 1,289,659 65, 423 856, 201

TOXAS . cweennennnnn . 8,243 205, 744 [} O]
‘Western division........ . 28,160 867,383 22,131 630, 687

Californif .. coceeuiiininnnnns 28,160 867, 383 22,131 636, 687
All other states 3. ...........c.o. 11,396 257, 350 35,788 616,783

1 Included in “ all other states.”

2 Not reported. .

3 Includes in 1905 Alaska, Colorado, District of Columbia, Michigan, Nevada,
Oregon, Rhode Island, Washin on, West Virginia, and Wyoming; and in 1900,
Towa, Michigan, Minnesota, Nebraska, Oregon, Rhode Island, Texas, Washing-
ton, and West Virginia.

>

TasLe 69.—FERTILIZERS—NUMBER OF ESTABLISHMENTS AND QUANTITY AND VALUE OF PRODUCTS, WITH
AMOUNT AND PER CENT OF INCREASE: 1860 TO 1905.

EN- T

INCREASE. PER CENT OF INCREASE.
bex of
T 0 . -
CENSUS. estab- Q(‘%%Eg'fy Value. bNe‘}mot Quantit fe‘;“;t Quan-
lish- estab- (gcons) Y | Value. | estab-| tity | Value.
ments. lish- : lish- | (tons)
ments. ments.
553 | 8,691,771 | $56,973, 634 78 704,767 | $14, 875,961 16.2 4.7 35.
475 | 2887004 | 42,007,673 83| oss108| osr7ee| 2n2| 520| 18
392 | 1,808,806 | 35,519,841 114 | 1,171,353 . . 78.
28| 727453 | 19,921,400 || 182 |. . 249,
120 |eavenavannan 552.
L A P, 1 - .

The statistics of Table 69 show a constant increase
in every item. As compared with the returns for 1860
the product has at the census of 1905 increased
$56,082,290, or 6,291.9 per cent in value, and as com-
pared with the returns of the census of 1880, which is

the first at which the quantity is recorded, it has in-
creased 2,864,318 tons, or 393.7 per cent, in quantity.

Table 70 sets forth the materials used in the prin-
cipal establishments only, at the censuses of 1900 and
1905, together with the amount and per cent of increase.



Tapre TO.—Fertilizers'—quantity and cost of principal materials
used, with amount and per cent of increase: 1905 and 1900.

CENSUS.
Per cent
N KIND. Increase. of
1905 1900 increase.
923, 305 458,963 464,342 101.2
$880,142 $183, 542 $696, 600 379.5
.. 190, 493 54,700 135,793 248.3
.| $1,801,073 |  $520,833 || $1,370,240 263.1
20,281 7,158 13,123 183.3
$10,731 $7,322 $3,409 46.6
888, 571 787,927 100, 644 12.8
$4,244, 554 | §3,554,174 $690, 380 19.4
. 342, 962 288,718 54,184 18.8
-} §2,020,759 | $1,466,285 ||  $554,474 37.8
4,210 12,728 28,518 266.9
§02,234 | $268,670 || 2817, 436 365.7
22,131 13,130 9,001 68.6
$3,475 $887 $2, 588 201.8
122,107 Joooinninaallovmee s esea]acnaaasnae
Costoocvnannss .| 83,606,701 | 83,008,400 $508, 301 16. 4
Nitrate of potash
TonS...vavnn- . 1,160 884 276 31.2
OBt e enmeeaeanecacnieaeans $39,039 332,156 $6, 883 21. 4
Nitrate of sodas:
TONB e mmmeemeeeamvaaennnnn 42,213 19,518 22,695 116. 3
COSbe emmenaeeenenaneaaaaeennen $1,700,432 |  §709,841 || 81,050,591 148.0
‘Wood ashes:
Bushels..uuiiiinieneiaaans 17,083
Cost....... $2,050
Sulphurie acid:
Tons........ . 197, 865 231, 527 233, 662 2145
[ P §1,084, 304 | $1,355,382 || 28271,078 220.0
Superphosphate:
TONSn o nameeeenmneaneeanennens 320, 559 286, 898 33, 661 1.7
COSta e $2,912,010 | 82,176,245 $735,765 33.8
Ammoniates:
P ONS . taccreiraaennenaniannns L TR | PP
§2,445,051 |- .o eoeooio oo s
10,540 3,078 6,862 186.6
3600, 856G $186, 609 $414,247 222.0
2,406 481 1,925 400.2
§13,245 $2,211 $11,034 499.1
L.....1 82,376,448 | $167,410 || 82,200,038 1,319.5
Bones, tankage, ete. .. ........... $5,004,149 | 89, 706,735 ,” $4,072, 586 247.8

1Includes materials used in principal establishments only.
2Decrease. ’

The statistics presented in Table 70 show an increase
in every item except in the quantity and value of sul-
phur, in the quantity and value of sulphuric acid, and
in the value of bones, tankage, etc. Sulphur is used
in the fertilizer industry in the manufacture of sul-
phuric acid, which is consumed in the manufacture of
superphosphate from bones or from phosphate rock,
and, as pointed out when discussing the manufacture
of sulphuric acid under Class I, it is good practice to
substitute pyrites for sulphur in the manufacture of
the same, especially when it is to be used in the manu-
facture of superphosphate. Inspection of the table
shows that while there was a decrease of 8,518 tons in
the quantity of sulphur used, there was an increase of
54,184 tons in the quantity of pyrites used. The
decrease in the quantity and value of the sulphuric
acid purchased is accompanied also by a decrease in
the quantity and value of the sulphuric acid produced
for sale by these principal establishments, for, while
in 1900 there were reported as thus produced 2,816
tons of 66° Baums acid, valued at $50,004, and 66,952
tons of 50° Baumé acid, valued at $387,921, in 1905
there were reported as thus produced but 337 tons of
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66° Baumsé acid, valued at $9,521, and 23,997 tons of
50° Baumsé acid, valued at $185,327. These statistics
“together with those for pyrites and sulphur combine
to show that the practice of consuming in further
manufacture the sulphuric acid made is increasing.
The decrease in the value of the bones, tankage, ete.,
used may be partly accounted for by the separate
presentation of the statistics for ammoniates at the
census of 1905. As bones and tankage furnish phos-
phorus and nitrogen, the decrease in this item as
regards its phosphorus contents is offset by the
increase in the quantities of fish and phosphate rock
used, and as regards its nitrogen contents, by the
increase in the quantities of nitrate of potash, nitrate
of soda, ammonium sulphate and cottonseed meal
used. It is probable that much of the blood and bone
tankage is now prepared for marketing by drying and
pulverizing, and sold for use as a fertilizer without
further compounding.

It should be definitely borne in mind that the mate-
rials enumerated in Table 70 are only those which
were reported as used in principal establishments,
while the statistics for production given in Table 66
include both the products of establishments in which
the manufacture of fertilizers is a primary industry
and those in which it is a secondary industry. But in
establishments such as those engaged in slaughtering
and meat packing, which alone returned at the census
of 1905 a product of 211,137 tons of complete fer-
tilizers, valued at $4,397,626, and 157,937 tons of
fertilizing material, such as tankage, wvalued at
$2,806,435, the materials used in the fertilizers other
than the anirhals from which the blood, tankage and
offal were obtained, formed so small a proportion of
the whole that they were not enumerated separately
and therefore could not be directly ascertained for
insertion in Table 70. It is true that in the past
complete fertilizers have averaged 8 parts of super-
phosphates to 2 parts of potash salts and 2 of ammoni-
ates, the proportions being based upon the phosphorus,
potassium, and ammonia contents or equivalents, but
as in recent years there has been an increasing demand
for compositions of the ratio of 10 :2 : 2 any estimate
of the quantity of these substances used must be quite
rough, especially as by ammoniates in this connection
all substances containing nitrogen are meant.

The quantities of materials available for use may be
indicated by the fact that the by-product coke indus-
try produced 15,773 tons of ammonium sulphate in
1905, while the principal fertilizer establishments used
but 10,540 tons. In the same year the cottonseed-oil
factories produced $27,428,762 worth of cottonseed
meal and cake, while the principal fertilizer establish-
ments used but $2,376,448 worth, or less than one-
tenth of the total production.

The slaughterhouse fertilizing materials are mar-
keted in three grades known to the trade as ‘blood,”
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which is merely dried blood containing approximately
14 per cent of nitrogen; ‘‘tankage No. 1, containing
approximately 8.2 per cent of nitrogen; and ‘‘tankage
No. 2,” containing nearly#5.8 per cent of nitrogen.

Table 71 gives the imports of fertilizers for the years
1890, 1900, and 1905 as taken from Commerce and
Navigation of the United States, published by the
Bureau of Statistics.

TaBLe T1.—FERTILIZERS—IMPORTS FOR CONSUMPTION: 1890 TO 1905.

BONE DUST OR ANI-
s prr e conir || KIESERITE, KYAN- MAL CARBON AND ALL OTHBR SUB-
PHOS 2 ;
O AE Siub e, on K('\".mm'rm, GUANO. BONE ASH, FIT APATITE, STANCES, NOT ELSE-
- AND KAINITE, Y FOR PERTI- + SPECIFIED,
RN : omronTET iaR srscuiaD
R I e
Tons Value. Tons. Value. Tons. Value. | Tons. Value. || Tons. | Value. Tons. Value.
B 31,170 | $300, 704 62,871 | §422,225 8,432 | $111,811 3,219 | 850,059 126 $1,297 21,277 $333, 109
190(_). . e }-l, 075? ff(i, 63 133, 244 762,493 4, 765 58, 474 1,068 30, 180 333 4,019 99, 169 745, 124
005 . e e r e rimr e aca e 131,190 | 753,004 240,700 |1, 143, 206 34,431 | 545,354 5,551 80,110 08 1,276 130, 149 1,973, 588

Crass IX.—BrLEACHING MATERIALS.

The class of bleaching materials comprises chlorine,
chloride of lime (chlorinated lime, bleaching powder),
chloride of soda (chlorinated soda, solution of chlori-
nated soda, liquor sodae chloratae, Labarraque’s solu-
tion, eau de Labarraque), and other hypochlorites,
hydrogen dioxide (peroxide), sodium, magnesium,
caleium, barium, and other dioxides (peroxides), sul-
phur dioxide or sulphurous acid, sulphites, and sodium,
potassium, caleium, and other bisulphites (hydrogen or
acid sulphites). ‘

With the progress of invention in chemical manu-~
facture many of these substances have come to be
manufactured by the aid of electricity, and when so
made they are grouped under Class X. They are,
however, included in the discussion of Class IX when
it is sought to ascertain the total quantity and value
of the bleaching materials manufactured, the number
of establishments engaged in the manufacture, and
the geographic distribution of the industry considered
as a whole.

Table 72 gives a comparative summary of the bleach-
ing materials industry at the censuses of 1900 and 1905,
together with the amount and per cent of increase,
those establishments only being considered in which
bleaching materials are the principal product, and in
which they are made by processes other than by the
aid of electricity.

Tase T2.—DBleacking materials—comparative  summary, with

amount and per eent of increase: 1905 and 1900,

CENSUS. Per cent
o oo Inerense. of

1903 1900 increase.

Number of establishments.. . Q 5 4 80.0
(Taf)ita ................................. $221,874 | §05,713 || $126,161 131.8
Salaried oflicials, clerks, ete., number.. 54 10 44 440.0
Salaries. ... ...o.oiiiiiiiiiieae $60,330 | $12,734 | $47,605 373.8
Wage-earners, average number. .. ... 66 [ N A,
TOtAl WaZES. .. it it ieeeeaieaaenn 838,040 | $31,803 ||  $6,150 19.3
Miscellaneous exXpenses. . ..o cveeveeenns $67,352 $8,388 | $58,004 703.0
Cost of materials used................. $160, 547 | $37,000 | $123,451 332.8
Value of productsS.....veeeiereennnann $418,730 | $104,801 | $313,929 200.5

The statistics of Table 72 show an increase in every
item except that of the number of wage-earners for
1905 as compared with 1900, the large gain of $313,929
being reported for value of products. The greatest
proportional increase is found in miscellaneous ex-
penses and the smallest in total wages.

Table 73 sets forth the quantity and value of the
bleaching materials produced at the censuses of 1900
and 1905, together with the amount and per cent of
increase. The figures for bleaching materials manu-
factured as a subsidiary product are included.

Tasrun T3.—Bleaching materials—quantity and value of products,
with amount and per cent of tnerease: 1905 and 1900.

CENSUS. Por cont
KIND. Increase. of
1905 1900 increase.
Hypochlorites:
Tons 19, 588 10,979 8, 600 78.4
Value . $535, 835 $462, 949 $72, 886 15.7
Hydrogen dioxide: .
Pounds 4,370,614 588, 835 3,782,270 642.9
Value $413, 221 §63, 754 $349, 467 548.1
Sulphur dioxide:
Pounds..... SN 18,725,124 2684, 000 8,041,124 1,175.6
Value. 1§45, 083 2 80, 403 $306, 402 384.
Bisulphite:
Tons 6,223 1,461 4,762 325.9
. Valu . 8110,155 $34, 486 $75, 669 219.4
Chlorine, p .[315,670,000 | 8,784,000 6, 886, 000 78.4
All other products, value. $08, 306 $20, 643 $52, 163 195.8

1Includes 8,684,000 pounds, with an assigned value of $45,526, consumed in
establishments where manufactured.

tIncludes 333,415 pounds, with an assigned value of $4,667, consumed in
establishments where manufactured.

3 Consumed in establishments where manufactured.

The statistics of Table 73 show that the largest
actual increase at the census of 1905 as compared with
- that of 1900 was in the quantity of hypochlorites pro-
duced, although in percentage of increase this item is
the lowest. The greatest percentage of increase in
quantity produced was reported for sulphur dioxide,
the largest part of which product was, however, con-
sumed in further manufacture in the establishments
where produced. In values reported the greatest
actual increase as well as the largest percentage of
increase was in the production of hydrogen dioxide.
It is also to be noted that all of the chlorine reported
in the table was produced and consumed.
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TaBLE T4.—Bleaching materials—number of estchlishments, by
states: 1905 and 1900.

STATE. 1905 | 1900

............................................. 133 226

~309 4 00 10 b0 4 1t

- .
D OWNI

(;Includes 24 establishments engaged primarily in the manufacture of other
produc

ts.
2Includes 21 establishments engaged primarily in the manufacture of other
products.

The statistics of Table 74 show a net gain of 7 in
number of establishments in 1905 as compared with
1900, or 26.9 per cent. Illinois, which reported 3
establishments in 1900, reported none in 1905, while
Massachusetts, from which no establishments were
returned at the census of 1900, reported 4. New
York ranked first in the number of establishments
at each census, and Pennsylvania second. Massa-
chusetts, which appears for the first time at this
census, held third place. No other state reported
more than 3 establishments at either census.

Table 75 shows, for the establishments manufac-
turing bleaching materials either as a principal or
subsidiary product, the quantity and value of the
materials used as reported at the censuses of 1900
and 1905, together with the increase and per cent of
increase.

Tapie T5.—Bleacking materials—quantity end cost of principal
components used, with amount and per cent of increase: 1905 and
1900.

CENSUS.
Per cent
KIND. Increase. of
1905 | 1900 tnarease.
sl 9,08 b, 658 73.5
| re38)141 | 919105 | s$19) 036 99.6
{2358, 074 | 158,561 || 199,513 1%.8
2330, 600 | $20;532 || $10,068 9.0
Cost . $13 ’;’% 87, (1;(133 p2ad %3
Mangagess dioxide: T B ’ 3,557 -
Cgsl}‘.n T, %,% g?,% 88 556 29,2
Luriatic acid: ! ’ s 4
T 21 227 2% 10.6
$6,275 | 84,251 81,0850 151
733 974 3941 | e24.7
$15,353 | $23,368 || 538,015 34,3
1 7 4 57.1
$1,084 $420 2664 1581
2,171 171 2,000 | 1,160.6
$45,526 | 84,000 || $41,526| 1,038.2
218 7% 144 194.6
$53,849 | 16,540 | $37,308 2%.6
A 1551,206 | 74,490 | 476,716 640.0
43104,286 | $i4,808 | $89, 388 600.0
55 44 11 25.0
1 8,500 1,570 1$70 345
4180,000 | 92,600 || 87,400 944

1Includes 13,020 tops of salt from brine or the by-prod i -
EEF&‘R‘%Q? égf%maﬁee‘li c‘}sﬁ b 31219,823. or the by-product of other indus:
ludes ushels o i
thor Thumt e P me, having an estimated cost of $592, consumed in
3Decrease.
4Estimated.

From Table 75 it will be seen that there is an
increass in every item except in the quantity and
value of manganese dioxide, the quantity and value
of soda ash, and the value of bleaching powder. The
manganese dioxide is used with muriatic acid in mak-
ing chlorine bleach,such as the chloride of soda from
soda ash, and is of minor importance, particularly as
electrolytic chlorine is now being produced most abun-
dantly and cheaply, while the product may also be
obtained easily from bleaching powder. The decrease
in cost of bleaching powder has no significance when
the small quantities used are considered.

The greatest increase in quantity is found in phos-
phoric acid, the next greatest in lime, and the third in
salt. The greatest increase in cost is found in phos-
phoric acid, the next greatest in sulphur, the third in
barium dioxide, and the fourth in salt. The greatest
percentages of increase are found in the quantity and
cost of sulphur and the next greatest in the quantity
and cost of phosphoric acid, while barium dioxide
rank third.

TABLE 76.—Bleaching materials—value of products, by states: 1905
and 1900.

STATE. 1905

United States.....

.11$1,158,064 | 18592,658

Minois. ..... o eeen 42,39
Massachusett: 41,748 )oemnianese
New Jersey .. 46,595 39,171
New York... 799,521 407,327
Ohiv......... 13,774 9
Pennsylvania ... .......... 37,761 15,878
All other states3.. .. ... _......... U e 218, 667 f

1Includes value of products consumed in establishments where msautactured.
¢ Included in‘‘all other states.”

tIncluded in 1905, Maryland, Michigan, and Missouri; in 1900, Michigan,
Missouri, and Ohio.

The statistics of Table 76 show that New Y ork ranked
first at each census in the value of products. New
Jersey passed from the third place in 1900 to the second
place in 1905, displacing Mlinois, which did not report
any production of bleaching materials at the last
census. Massachusetts, which appeared in 1905 for
the first time, ranked third. The returns for the state
of Illincis at the census of 1900 were from establish-
ments in which bleaching materials were packed. At
the census of 1905 the reports from such establish-
ments were included under another category.

From the returns it appears that all of the bleach-
ing powder was made from electrolytic chlorine pro-
duced from salt. The principal competing process is
that in which the salt is first decomposed by the Le
Blanc method for producing soda products, forming
hydrochloric acid, which is then oxidized to set its
chlorine free. Although the latter is the older proc-
ess and was well and widely established, yet, accord-
ing to Hasenclever,' of the 260,000 tons of bleaching
powder, representing the world’s production in 1905,
one-half was produced electrolytically. The totsl
production of bleaching powder in Germany in 1905

! Journal of Society of Chemical Industry, 1907, vol. 25, page 1011.



was 60,000 tons, of which 65 per cent was prepared
electrolytically from potassium chloride.

Although, through the discoveries of Knietsch,liquid
chlorine has been made an article of commerce and is
found extremely useful and convenient in many in-
dustries and for laboratory purposes, and although
efforts are also being made to find new avenues for the
disposal of the chlorine output of this country, yet at
no census has there been any return made of liquid
chlorine as a product. "

The most novel advance in this industry since the
census of 1900 is perhaps that found in the develop-
ment of the dioxides or peroxides and their deriva-
tives. The preparation, properties, and uses of sodium
dioxide were set forth to some extent in the report on
chemicals and allied products at the census of 1900.
Harold J. Turner! has devised a very ingenious method
for utilizing this material as a source of oxygen.

The action of water on fused sodium peroxide is one of the most
convenient and elegant methods for the preparation of oxygen for
laboratory or lecture purposes. The liberation of the gasissolively,
however, that a specially constructed generator is usually required
to enable one to control the evolution of it. To prepare a small
quantity, the most efficient method is the decomposition of the
substance by means of water of crystallization. A mixture of equal
parts of fused sodium peroxide and crystallized sodium sulphate
or carbonate, upon being gently warmed, evolves oxygen in a steady
stream, under perfect control of the operator. A 10-gram piece of
“oxone” readily evolves, by this process, 4 liters of oxygen. The
oxygen is 99 per cent pure, perfectly odorless, tasteless, and color-
less. Within the last few months calcium carbide has been decom-
posed by a like process, known as the Atkins system, with the pro-
duction of the so-called *“‘sun gas,” which is being developed by
the Sun Gas Company, of London.

Fused sodium dioxide is now put upon the market
under the trade name of oxone. This product has a
specific gravity of 2.43; it is hard, but not brittle, and
is capable of being cast into any convenient shape; it
can be easily transported, without detriment or any
mechanical or chemical change, and can be stored and
protected from moisture, without any danger or risk of
deterioration. Upon contact with water oxone liber-
ates pure oxygen gas, just as calcium carbide in water
liberatesacetylenegas. Theamountof gasthusyielded
averages 2.2 cubic feet per pound, or 60 liters reduced
to normal pressure and temperature, which corresponds
to 322 times the volume of the body. The oxygen
evolved is of 99 to 100 per cent purity, the only im-
purity consisting of a slight vapor caused by the energy
of reaction, which is easily absorbed by passing the gas
through water, thus furnishing an absolutely pure
‘material. This chemical, furthermore, has the prop-
erty of absorbing carbon dioxide and moisture, a
quality which, combined with its oxidizing capacity,
makes it an ideal disinfectant and air purifier. Oxone
is sold in the following shapes: In crude form, in
2-pound and 10-pound tins, and in bulk; in cartridges,
in boxes of 20, generating 7 to 8 gallons of pure oxygen

1Dry Method for the Generation of Oxygen from Sodium Per-
oxide. American Chemical Journal, vol. 37, No. 1, January, 1907,
page 106.
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gas; and in square cakes, 16 in one tin, for calcium
lights, averaging 160 liters of oxygen gas.

The use of oxone for the purpose of making confined
spaces habitable has been carefully studied by G. F.
Brindley and R. von Foregger,? who find that one kilo-
gram of oxone would enable a man to live for five
hours and twelve minutes in a supply of air sufficient
for a single respiration.

Even more novel, possibly, is the manufacture on a
commercial scale of other peroxides and their deriva-
tives. :

TaBLE T7T.—Peroxides now offered in commerce, other than sodium

peroxide.
Vlolugxes
Per cent | Of 8ctive
KIND Per cent cf of | OXyEe| Method of
- peroxide. available witllx) one packing.
OXYBe | ‘yolume
of water.
Peroxide of calclum.....| 70-85 CaOg......... 16-18 120 | 3-b. tins émd
J ) upward.
Peroxide of magnesium. .| 25-32 MgOg........ 79 60 | 3-Ib. tins émd
upward.
Peroxide of zinc......... 50~60 ZnO0gaunnnn... 8-10 70 | 3-1b. tins émd
upward.
Peroxide of strontium...| 90-95 SrOsg......... 12-12.75 90 | 3~Ib. tins émd
upward.
%—lb.cartons.
Perborate of sodium. .. .| 100 NaBOg+4 H20 | 9-10 70 |{1-lb.cartons.
25 and 50 Ib.
' kegs.
Perborate of zine........ e cmeemraaaaae 7-8 55 | 3-lb.tins and
upward.
Perborate of magnesium.|.......c..coeiann.. 9-10 70 | #-1b. tins and
upward.

The peroxides named in Table 77 are active bleaching
agents and hence efficient disinfectants. The various
compounds, however, differ in solubility in water and
hence in the rate at which they evolve ozone. Because
of their relative insolubilities and slow rate of reaction,
calcium and magnesium peroxides have come to be
used to some extent, either alone or in admixture
with other substances, for tooth powders, the ozone
set. free or hydrogen peroxide formed serving to
cleanse and purify the teeth.

Table 78 sets forth the imports of chloride of lime,
or bleaching powder, for the years 1891 to 1905, as
taken from Commerce and Navigation of the United
States, published by the Bureau of Statistics.

TasrLe T8.—Chloride of lime, or bleaching powder—imports: 1891

to 1905.

YEAR ENDING JUNE 30— Pounds. Value
B L) P 107,475,715 | $1, 429,509
B PPN 110, 748,289 1,839,640
189: 2,213,121
1,503, Q76
\ 1,579,358
: 1,375, 560
1,421,920
113,107,250 1,159, 271
1,464,019
0,960,523 1,371,028

130, 251, 696 , 188,
107, 827,117 1,126, 666
, 085, 386 772,532
.................................................. 96,119,711 776, 281

2 Report of Experiments with Fused Sodium Peroxide for the
Regeneration of Air in Submarines. Ninth General Meeting of the
American Electrochemical Society, Ithaca. N. Y., May 1, 2, and 3,
1906.

i
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Crass X.—CueEMIcALS PrRODUCED BY THE AID OF
ErecTRICITY.

This classification appeared for the first time in
the special report on chemicals and allied products
for the census of 1900. In the comparatively short
time that has elapsed since electricity was first prac-
tically employed in the manufacture of chemicals,
many new and advantageous processes have been
found, which have resulted not only in the more
economical production of substances already ob-
tained by other methods, but also in the addition of
some hitherto unknown to commerce. With the con-
stant progress of discovery and invention in this
field it is to be expected that the industry will show
an ever widening range in the substances produced, as
well as a steady increase in the quantity and value of
its products. At the present time these products
include, commercially, aluminum, bromine, carbon (in
its allotropic form of graphite or plumbago), lead,
phosphorus, silicon, and sodium among elementary
substances; ferrochrome, ferromanganese, ferrosilicon,
and the titanium, tungsten, and vanadium composi-
tions among alloys; and adamite (fused corundum),
alundum (artificial corundum), barium hydroxide,
calcium carbide, carbon disulphide (bisulphide), car-
borundum (silicon carbide), caustic soda (sodium
hydroxide), hydrochloric acid, litharge and other
lead oxides, potassium chlorate (chlorate of potash)
potassium hydroxide (caustic potash), siloxicon, and
white lead among compound substances.

In this report all establishments producing the
above .substances, as described, by electricity are in-
cluded under the present -classification. Further-
more, there are establishments in which the direct
products of these electrical processes, such as bro-
mine, chlorine, carborundum, hydrogen sulphide,
phosphorus, sodium, and the like are partly or
wholly consumed on the premises in which they are
produced in the further manufacture of potassium
bromide, bleaching powder, graphite, sulphuric acid,
phosphorus acids, sodium cyanide, sodium and other
dioxides, or other substances, and such establish-
ments are also included here, although other estab-

lishments which use their original product to pro-
duce the same final product, but without the aid of
electricity, are classified elsewhere.

TaBLE T9.— Electro-chemicals—comparative summary, with amount
and per cent of increase: 1905 and 1900.

CENSUS. t
Per cent
| Increase. of
1905 1900 l increase.

|
Number of establishments...... 20 13 1 7 53.8
Capital.c.c.ooiviinaenaan..-| $11,495, 537 | $9,170,750 | $2,324,787 25. 4
Salaried officials, clerks, etc.,

DUMDEr . vt i i aes 245 88 157 178. 4
Salaries. ..aeeiiiiiiiiaiiiaaiaa. ... 8345,475 $134,033 $211, 442 157. 8
‘W age-earners, average number.. 2,082 733 1,34 184.0
Total Wages. .. o.vivraivaaanann $1,111,850 $374, 836 $737,014 196. 6
Miscellaneous eXpenses.......... &1, 457,191 $203,608 || 81,163,583 396.3
Cost of materials used.......... $2, 442, 506 $900, 554 || $1,542,042 171.2
Value of produets........cocaean $7,048,246 | 82,036,261 || $5,011,985 246.1

The statistics of Table 79 show an increase in every
item, the value of products making the substantial gain
of '$5,011,985, or more than doubling. The greatest
proportional increase is presented in miscellaneous ex-
penses, and the next in the value of products. Incon-
sidering Table 79 it should be noted that the statistics
for 1905 include those for the manufactureof aluminum,
while in 1900 the returns for this industry were pre-
sented under another heading. It must also be pointed
out that these figures give but a partial indication of
the extent to which electricity is employed in chemical
processes of manufacture. The returns from the re-
covery of gold, silver, copper, iron, and other strictly
metallurgical products are included in other categories,
while no report at all is made of the oxygen and hydro-
gen which some establishments manufacture exten-
sively for the purpose of employment in producing high
temperatures, or of the bleaches which textile estab-
lishments produce for their own use exclusively; and
other exceptions could probably be found.

TaBLe 80.—Electro-chemicals—number of establishments, by statess
1905 and 1900.

STATE.

g ol .
AT AT < o = PP ]

iIncludes 1 establishment engaged primarily in the manufacture of other
products.

New York ranked first at each census in the number
of establishments engaged in this industry, reporting
two-thirds of the total number returned in 1905. At
the census of 1905 Michigan reported 4 establishments.
No other state returned more than 1 establishment at
either census. This overwhelming supremacy of New
York is a consequence of the fact that hitherto the
electro-chemical industry has depended primarily for
its success on cheap and abundant supplies of water-
power, such as are found at Niagara Falls. With the
improvements in the efficiency of internal combustion
engines, however, through which producer gas, the
surplus gas from by-product coke ovens, and the waste
gases from blast furnaces may be utilized economically,
and with the constant inventions through which other
sources of energy in nature may be made use of, it s
reasonable to expect a wider distribution of this
industry in the future. Indeed it seems possible
that other hitherto unused sources of energy may be
available at the present time, since it appears by no
means impracticable to employ hydrogen sulphide,
sulphur vapors, and other combustible gases as

. the fuel in internal combustion engines and then to
utilize their products of combustion in further man-
ufacture.

L)



TasLe 81.—Electro-chemicals—value of products, by geographic
divistons: 2905 and 1900.

DIVISION, I 1905 1900
United SEAES. . .o ooevn et e eaaes | 87,008,246 | §2,015,535
" §
North Atlantic. .. 6,037,538 1,saﬂ,279
North Central.. | 827,583 1)
All other divisions.... | 203, 130 103,256

tIncluded in “ all other divisions.”

Out of the total value of products returned at the
census of 1900, New York reported $1,836,606, or 89.8
per cent; while at the census of 1905, out of the total
of $7,068,246, that state also reported substantially
all shown for the North Atlantic division.

Tasus 82.—Electro-chemicals—quantity and cost of principal ma-
terials used, with amount and per cent of inerease: 1905 and 1900.

i i i
CENSUS,
; : Per cent
LKIND. e -1 Increase. of
1905 increase.
Alumina and bauxite:
B 03 4 U A 4,064 1ot
Costooooiiian, SH0L,H63 1L e e
Carbons, cost .. .oviiiian . $230,744 | §32,121 |} $198,623 618. 4
Coal and coke .
TONS et e ieiinens 19,125 11,614 7,511 64.7
I Cost. .. $07,251 | 846,220 $51, 052 110.4
Ame:
Bmhels .......................... 1,300,716 V) ) (lg
............................... $133,333 m 10} I8
B 11U RN | AR F
( st FT 4 1 A | RO PO
I’hmphatu rock and other miner:
an . 6,180 3, 364 2,825 84.0
$44,437 | 824,812 §10,625 70.1
3,908 1,900 2,008 105.7
$200,008 } 880,007 || $119,011 149.7
13,175 M O] M
830,259 O] O] O]
1,717 (@) m Q]
§72,148 (1) ) ()
$338,592 | $247,300 || $91,222 36.9

tIncluded in ** all other materials.”

The statistics of Table 82 show an increase in the
case of each substance presented separately at both
censuses, the largest increase in quantity being found
in coal and coke and the next in phosphate rock. The
greatest increase in cost among the materials enumer-
ated is found in carbons and the next in potassium
salts. This latter includes muriate of potash and pot-
ash salts. The percentages show some exceptionally
large increases, but this is a necessary consequence in
an industry which came into existence but a short
time before the census of 1900 and at the census of
1905 had just attained to a respectable importance.
It may cause remark that coal, coke, and charcoal,
which are usually used as fuels, appear as materials
used, but as a fact carbon, in one of these various forms,
enters as one of the components into the production
of calcium carbide, carbon disulphide, carbon tetra-
chloride, carborundum, and other carbon compounds.

As already indicated, Niagara Falls, N. Y., is to-day
the chief seat of the electro-chemical industry and it
has held this rank since the industry was introduced
into this country. On the occasion of the holding of
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the International Electrical Congress in September;
1904, a guide! for visitors from abroad attending the
congress and visiting Niagara Falls was prepared under
the auspices of the American Institute of Electrical
Engineers, from which it-appears that in 1904 there
were two companies, the Niagara Falls Iydraulic
Power and Manufacturing Company and the Niagara
Falls Power Company, both situated on the American:
side of the Niagara river, engaged in transforming the-
energy of the water into electricity, while three com-
panies were then engaged in developing plants on the:
Canadian side for the purpose. The Niagara Falls
Hydraulic Power and Manufacturing Company estab--
lished its first station for supplying electricity for com-
mercial purposes in 1881, and it was here that the
public distribution of electricity from Niagara Falls:
began. In 1904 current was being supplied from its
power house to the Pittsburg Reduction Company for
use in the isolation of aluminum; to the National Elec-
trolytic Company for the manufacture of chlorate of’
potash; and to the Acker Process Company for the
manufacture of caustic soda, bleaching powder, tetra--
chloride of tin (known to the trade as bichloride of tin),.
oxide of tin, tin crystals, and carbon tetrachloride.
The Niagara Falls Power Company supplied current.
to the Pittsburg Reduction Company; to the Carbo--
rundum Company for the manufacture of silicon car-
bide and silicon; to the Union Carbide Company for
the manufacture of calcium carbide; to the Electrical
Lead Reduction Company for the manufacture of
spongy lead, litharge, red lead, and white lead; to the
International Acheson Graphite Company for the
manufacture of graphite, graphite paint, and graphit-
ized electrodes; to the Roberts Chemical Company for
the manufacture of caustic potash and hydrochloric
acid; to the Norton Emery Wheel Company for the.
manufacture of alundum; and to the Niagara Re-
search Laboratories, where new electro-chemical proc-
esses are tested on a large scale and with a view to their
commercial form until factory conditions are deter-
mined.

_There appear to have been other establishments.
making electro-chemical products at Niagara Falls
that are not enumerated in the publication just men-
tioned. Taking into account all the establishments,
it is reported that the average consumption of electric
energy in the electro-chemical industries of Niagara
Falls was, at the census of 1900, 15,161 kilowatts and,
at the census of 1905, 37,910 kilowatts. The peak
load figures were naturally higher than this, being
about 50 per cent greater at the census of 1900 and
about 23 per cent greater at that of 1905. It is reason-
able to expect, as the manufacture of electro-chem-
icals increases in magnitude and operating methods are
perfected, that the percentage of difference between
the average and the peak load will be a diminishing
quantity.

1The Niagara Falls Electrical Handbook.
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Table 83, taken from The Mineral Industry,! sets | duced, imported, exported, and consumed in the
forth the quantity and value of the aluminum pro- | United States from 1897 to 1906.
! The Mineral Industry, vol. 15, page 11.
Tarre 83.—ALUMINUM—PRODUCTION, IMPORTS, EXPORTS, AND CONSUMPTION: 1897 TO 1906.
PRODUCTION. IMFPORTS.
Consump-
Exports :
YEAR. Crude. — (éﬁue) ° (Vg&rg .
Pounds. Value. o ggd_ factures
Pounds. | Value. (value).

14,350,000 | $5,166,000 |  $0.36 || 770,718 | $154,202 | $1,860 || $364,251 | $4,957,907

11,350,000 | 3,632,000 0.32 | 530,420 | 106,108 33 || 290,777 | 3,015,
7,700,000 | 2,233,000 0.20 || 515,418 | 128,350 478 || 166,876 | 2,494,052
7,500,000 | 2,325,000 0.31 || 4980655 | 130,208 | 4,273 || 157,187 | 2,311,384

7,300,000 | 2,284, 590 031 | 745,217 | 215082 | 3,810 | 116,082 | 2,38,
7,150,000 | 2,238,000 0.31 || 564803 | 104,168 | 5,580 | 183,579 | 2,164,169
7,150,000 | 2,288,000 032 || 256,559 | 44455 | 5,080 || 281,821 | 2,056,638
6,500,000 | 2,112,500 0.33 53,622 9, 7,828 201,515 |  1,838,28
5,200,000 | 1,890,000 0.33 60 30 | 13,840 || 238,007 | 1,474,8
4,000,000 | 1,400,000 0.35 1,822 1,082 3,647 ™ 1,404,729

1Not reported.

Continuing, The Mineral Industry says:

Aluminum is now a strong competitor with copper and other
metals, and doubtless the increase in the price of copper has been
instrumental, on this account, in the rise in price of aluminum
which occurred during 1906. However, the fact that the demand is
far in excess of production is the chief reason for the present high
price of aluminum. The amount of aluminum consumed is limited
only by the number of furnaces which are now in operation, and by
the capacity of the dynamos which operate the furnaces.

The Pittsburg Reduction Company (now the Aluminum Com-
pany of America) was the only producer. It owns large bauxite
deposits in Georgia, Alabama, and Arkansas, obtaining, however,
most of its ore from Saline county in the latter state. It has done a
large amount of stripping and development work at its mines at
Bauxite, Ark., also is just completing there a new crushing, grinding,
and drying plant, and has built a railroad called the Bauxite and
Northern, connecting all of its mines in that region with the Chicago,
Rock Island and Pacific Railroad and the Missouri Pacific and Iron
Mountain systems. This company has realized that reserve stores
of bauxite are as essential to the welfare of a large aluminum com-~
pany as reserves of iron ore are to a great steel corporation, and it
has accordingly spent large sums of money in purchasing bauxite
lands both in the eastern district—Georgia and Alabama—and in
Arkansas.

Concerning the production of pure alumina, this company has
enlarged to great dimensions its chemical plant at East St. Louis.
The process used is the same as heretofore, but the capacity of the
plant has been increased several times. The power for the plant is
furnished by condensing turbine engines; the evaporating plant is
the most complete and largest of its kind ever built.

The carbons used in the reduction are now manufactured entirely
by this company, being baked in electrically heated furnaces pat-
ented by Charles M. Hall. The old plant for making carbons, at
the upper Niagara works, has been practically torn down and
rebuilt to three times its previous capacity; the buildings are of
steel, with traveling cranes and every up-to-date conveying appli-
ance; the new plant has an equipment and capacity equal to that
of any other carbon electrode plant in the world.

The rolling and sheet mills of the company have been correspond-
ingly enlarged; a new mill for this purpose is in course of construc-
tion at Niagara Falls. This is of reinforced concrete, and when
finished will be one of the largest and most complete sheet rolling
mills in America.

The work thus done by this company within the last three years,
in plantsand processesentirely outside of the reduction of the metal,
has been on a scale which, remembering the former infancy of the
aluminum industry, may be properly characterized as stupendous.

The investments thus made in these accessory enterprises have
amounted to several millions'of dollars.

The reduction plants of this company, at Niagara Falls, Massens,
N.Y.,and Shawenegan Falls, Quebec, Canada, are all in process of
being greatly enlarged. At Niagara Falls, the lower plant, using
power supplied from the canal of the Niagara Falls Power and
Manufacturing Company, which has heretofore been reported as of
12,000 horsepower capacity, has been increased by the building of
a very large plant to use 45,000 horsepower, consisting of five units
of 9,000 horsepower each. Two of these units (18,000 horsepower)
will be in operation by May, 1907, and the whole plant in June,
1907. At Shawenegan Falls, the company is quadrupling its
already large capacity and expects the new plant to be finished
ready for operation in April, 1907. This plant is nominally cou-
trolled by the Northern Aluminum Company, which is a subsidiary
company of the American company, and manufactures aluminum
chiefly for export; it is expected that this increased capacity will
exceed the demands for export, but the company is intent upon
providing reserve facilities equal to all possible demands of the near
future. At Massena, the company has purchased the entire plant
of the St. Lawrence River Power Company, with its canal and
power house of 40,000 horsepower capacity, and is actively pre-
paring to dredge out the canal to double this capacity. One of the
largest of modern dipper dredges and the most powerful elevatdr
dredge ever built have been installed ready to commence operations
as soon as the winter isover. The complete dredging plant has cost
over a million dollars. A new power house for thisenlarged capacity
will be started in 1907, and eight large water wheels, to absorb the
capacity of the first canal, have been purchased and will be placed
in position in the old power house within a few months. The output
of this plant in 1907 -will be from two to three times the output of
1906.

Bradley’s United States Patent No. 168148, cover-
ing the production of aluminum from a molten elec-
trolyte by the action of the internally generated elec-
trical heat of the .decomposing current and without
the aid of external heat, was confirmed by the United
States circuit court of appeals, and this patent holds
until February, 1909. Hall's original patent, cover-
ing the electrolysis of a melted bath of double fluoride
of aluminum and a more positive metal, as a solvent
for alumina, expired on April 2, 1906, and as such is
now the property of the public, but it must be oper-
ated by externally applied heat.




Aluminum ! is largely supplanting phosphide of copper as a
deoxidizer in brass and bronze, in which it acts by reducing the
qxides of copper, zinc, or tin with which the metal may be con-
taminated. A small excess of aluminum does not injure the
metal so much as a small excess of phosphorus. Care must be
taken, however, not to cast the alloy immediately after using the
deoxidizer, since the alumina formed must be given an oppor-
tunity to rise out of the metal and enter the slag. If this is not
done, the quality of the metal may be injured by the intermingled
alumina. With pure copper used for electrical purposes, silicon
is found superior as a deoxidizer to aluminum, because the silica
formed is less infusible, tends to unite with copper oxide to a fusible
slag, and thus gets out of the melted metal quicker and more com-
pletely, leaving it with higher electric conductivity.

Dr. Hans Goldschmidt, the inventor of the process of reducing
metallic oxides by powdered aluminum, has recently patented
improvements in his method of obtaining fluid iron at high tem-
perature for welding purposes. In place of aluminum as the sole
reducing agent acting upon iron oxide, producing the difficultly
fusible alumina, he uses a granulated alloy of caleium and alumi-
num, or a mixture of these two metals in granular form. This
alloy gives a very high thermal effect, higher even than aluminum
alone, while the heat of formation of the aluminate of lime slag is
also utilized, and the slag is much more fusible than alumina alone.

Accofding to The Mineral Industry, volume 15,
page 28—

The manufacture of alundum was begun by the Norton Emery
Wheel Company, of Worcester, Mass., in 1904. It is an artificial
product formed in the electric furnace from bauxite, and is used
as an abrasive. Its chemical composition is exactly the same as
that of natural corundum. The production of alundum has been
as follows: In 1904, 4,020,000 pounds, valued at $281,400; in 1905,
3,612,000 pounds, valued at $252,840; in 1906, 4,331,233 pounds,
valued at $303,186.

Before the invention of the electric furnace, artificial abrasives
suitable for grinding purposes were unknown, and manufacturers
necessarily depended upon natural products, chiefly corundum,
emery, and garnet. Briefly, the process of making alundum con-
sists in taking the mineral bauxite (oxide of aluminum), purifying
it and melting in an electric furnace into & large homogeneous mass.
Upon cooling, this molten fluid solidifies and crystallizes in solid
masses of alundum of great purity and uniformity. .

The bauxite is heated in large preliminary furnaces to drive off
its combined water and is then melted directly in electric furnaces
of special design. There are 11 electric furnaces installed at the
company’s plant at Niagara Falls, N. Y., each furnace being capa-
ble of producing three tons of alundum per twenty-four hours.
The temperature at which the bauxite melts into a homogeneous
mass is estimated at between 6,000 and 7,000 degrees Fahrenheit.

After the large masses of molten bauxite have cooled in the fur-
nace, the fusion is broken up by crushers and passed through rolls
to reduce the product to various sizes of grain, which are finally
graded by passing througli sieves of different mesh in preparation

for manufacture into grinding wheels and blocks, polishing stones, .

ete.

Alundum is much harder than the correspondingly natural prod-
uct, corundum, represented by the sapphire or ruby, and alun-
dum powder is used for cutting and drilling rubies and sapphires
for watch jewels, but its chief use is in the manufacture of “arti-
ficial emery” grinding wheels, as they are called.

Many new applications of carborundum have re-
cently been made in the arts, but notwithstanding its
varied uses in the mechanical, chemical, and metal-
lurgical fields its application-as an abrasive is still of
chief importance and consumes the major part of the
production.

l

1 The Mineral Industry, vol. 15, page 23.
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In this field a development of great interest is the application of
carborundum to the marble industry. The methods of cutting,
dressing, and polishing marble are now in a process of rapid and
complete revolution owing to the use of carborundum wheels. A
complete line of machinery has been developed for the various
operations of coping, countersinking, molding, rubbing, and polish-
ing, which largely dispenses with the old style machine tools and
also with skilled labor. The molding machine equipped with car-
borundum wheels is capable of removing stock at the rate of 60
cubic inches per minute. The carborundum drum rubber dis-
places five of the old style rubbing beds.

The methods of beveling plate glass have undergone radical
changes and one operator is now able to bevel 6,500 feet per day,
using in this time 10 pounds of carborundum grains. The use of
carborundum has long been general throughout the granite industry
and its introduction in the marble and glass industries naturally
follows and promises equally important economies.

Carborundum paper is now being introduced in the woodworking
trades, where it displaces garnet paper, and into the hat trade, in
competition with fine flint paper for pouncing and finishing hats.
The paper industry now utilizes carborundum in the form of blocks
for the construction of bedplates in the beaters and for the lining of
Jordan engines. It assists in refining the pulp.

Carborundum applied to nonslipping stair treads, carriage treads,
and to nonslipping horseshoes has been made the subject of several
recent patents. This branch of the trade consumes an important
amount of product. Carborundum is being introduced for the same
purpose in the construction of cement pavements and sidewalks.

Amorphous carborundum, or as it is commercially called, carbo-
rundum fire-sand, is now widely used as a refractory material, and
the methods of using it in the form of bricks and various furnace
linings have heen the subject of a large number of patents both in
this country and abroad. This product occurs in the carborundum
furnace immediately outside the crystalline zone and contains car-
bon, silicon, and oxygen in the form of various compounds repre-
senting the partial reduction of silica by carbon. It is used in lin-
ing crucible furnaces for melting brass and also in the later designs
of tilting brass furnaces, especially in those burning crude oil fuel.
It resists severe flame action as do few refractory materials available
to the furnaceman. The material is ground to the fineness of about
No. 20 mesh and is mixed according to the following formula:
Carborundum fire-sand, 70 parts; fire clay, 15 parts; silicate of
soda, 52° B., 8 parts; water, 7 parts. This mixture is tamped in
place and slowly dried. When subjected to furnace temperatures
it burns into a strong refractory body. Amorphous carborundum
is one of the few refractories which can withstand the heat of the
powdered coal flame. Fire bricks made from carborundum are now
on the market and have given favorable results in the arches off cop-
per reverberatory furnaces and also in boiler furnaces where special
smoke consuming devicesareused. The use of both crystalline and
amorphous carborundum for the manufacture of zinc retorts is
increasing, especially among foreign smelters,” and many hundreds
of tons were exported for this purpose during 1906. The best results
are obtained by making the inner lining of the retort of carborun-
dum and the exterior of fire clay. W. A. McAdam (British-patent
No. 16168, July 17, 1906) uses powdered carborundum in molds for
the casting of aluminum and obtains a rapid chilling of the metal,
which increases its tensile strength:

Carborundum has found important use as a resistance material,
especially in the manufacture of resistance rods for lightning arrest-
ers. In one method of manufacture the rods are made up from a
mixture of plastic clay, powdered carborundum, graphite, etc.,
and are fired in a potter’s kiln. The rods are then glazed through-
out their length to prevent the absorption of moisture and the ends
are electroplated or otherwise treated to provide good electrical
contact to the terminals. These rods are generally made in small
sizes, from 6 to 10 inches long, and are used to protect circuits of
comparatively low voltage. For high potential lines rods made of
No. 40 to 60 carborundum grains with a vitrified porcelain binder
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are giving satisfactory service for potentials of 60,000 volts. These
rods are 6 feet in length and 3 inches in diameter. When measur-
ing the electrical resistance of the rods no readings can be obtained
with the ordinary Wheatstone bridge. When, however, they are
subjected to a potential of 10,000 volts current readings are obtained
which indicate a resistance of from 120,000 to 150,000 chms. Sie-
mens Brothers, of Charlottenburg, in a recent patent propose to
make electric resistance rods and anodes for electrolytic baths from
a mixture of silicon carbide and silicon. Another inventor makes
resistance rods for heaters, rheostats, and the like, using carborun-
dum with a vulcanized rubber bond.

A carborundum wireless detector was developed in 1906 by Gen.
H. H. C. Dunwoody of the American DeForest Wireless Telegraph
Company and is'being used in a large number of the company’s
installations. The device consists of a minute fragment of carbo-
rundum held in place between two metallic terminals or conductor
plugs of copper or brass.

As a result of several years’ research work, Prof. H. (. Parker and
W. G. (lark brought out in 1906 the Helion lamp. The filament
of this lamp is formed by subjecting a heated carbon filament to
vapors of gilicon, whereby there is produced a conductive com-
pound of silicon and carbon, which doubtless coincides-chemically
with the silicon carbide. The Helion lamp is claimed to have
remarkable life and efficiency, surpassing in this respect the new
tantalum and tungsten lamps.

The calcium carbide industry has been given a
marked impetus by the invention of the Frank and
Caro process for the manufacture of calcium cyanamid
from calcium carbide and atmospheric nitrogen, which
has already been felt abroad and which will probably
be shown statistically in the report of the next census.
According to The Mineral Industry! the production of
calcium carbide in the United States is now controlled
by the Union Carbide Company, operating at Niagara
Falls and at Sault Ste. Marie, as the only other pro-
ducer is operating on a small scale and is involved in
litigation.

The utilization of electrolytic chlorine in the manu-
facture of carbon tetrachloride has so cheapened the
cost of this very useful article that since 1900 it has
passed from the category of rarely occurring chemicals
found in laboratories to that of the commonly occurring
bodies applied to common uses.

Carbon tetrachloride is a heavy, colorless, transpar-
ent liquid with an agreeable and aromatic odor. Its
specific gravity is 1.604 and one gallon weighs 13.3
pounds. It is noninflammable, noncombustible, and
nonexplosive, and its vapor extinguishes flame. TIts
boiling point is 77° C. It can be evaporated off com-
pletely without residue. It is insoluble in water, in
alcohol containing less than 75 per cent by volume of
absolute alcohol, and in glycerin. It is freely soluble in
acetone, glacial acetic acid, oleic acid, ethyl and amyl
alcohol, chloroform, carbon disulphide, benzole, ben-
zine, ether, aniline oil, spirits of turpentine, petroleum
and all petroleum oils, and fixed and volatile oils.

Cerbon tetrachloride is one of the greatest of sol-

vents. It dissolves oils, fats, resins, wax, gutta-per-
cha, ceresin, spermaceti, paraffin, stearin, varnish,
asphaltum, pitch, balsams, coal tar, pine tar, rubber,

! The Mineral Industry, vol. 15, page 89.

salicylic acid, carbolic acid, iodine, bromine, iodoform.
bromoform, menthol, thymol, camphor, naphthalene,
sulphur chloride, soda and potash, soaps, ammonis,
and numerous other chemicals and products. Itis not
acted upon by either strong acids or alkali. As an
extracting medium, it has found wide applicationin the
extraction of fats and oils from oil seeds, oil cake, ani-
mal tankage, wool, wool and cotton waste, and other
oil and fat bearing materials. They are extracted
pure, absolutely free from residual solvent and con-
taminating odor, taste, or ‘‘chemical smell,”’ and the
extracted materials may be produced absolutely free
from solvent and with no odor or taste imparted to
them.

Oil cake extracted with carbon tetrachloride is afeed-
ing stuff of excellent quality, better than unextracted
cake, in which the high oil content is worthless and
generally considered objectionable. It is very much
better than cake extracted with other solvents, which,
because of the residual solvent, usually is of poor taste,
and has an objectionable physiological action on cattle,
so that material extracted with such other solvents has
to be used for purposes which command a much lower
price.

Its remarkable solvent properties make it an ex-
tremely valuable constituent in rubber and gutta-
percha cements and in the rubber and gutta-percha
industries, likewise in the lacquer, varnish, and paint
remover industries, and for innumerable other pur-
poses of similar nature.

A carbon tetrachloride solution of sulphur chloride
is a vulcanizing agent of great value.

It is & very excellent cleansing agent, as it does not
affect in the least the most delicate fabrics, including
silk, satin, wool, cotton, lace, feathers, etc., and the
most delicate shades of color are not injured in the
slightest degree when carbon tetrachloride is properly
applied. It istherefore of peculiar value for dry elean-
ing and cleansing establishments, which have hereto-
fore used naphtha and benzine.

Aside from its advantage as a solvent it has the addi-
tional advantage of being fireproof, noninflammable,
and nonexplosive, and therefore eliminates the extreme
fire insurance premiums which are charged when ben-
zine, benzole, naphtha, and similar solvents are used.
In a suitable apparatus the loss of carbon tetrachloride
is very minute, so that many important economies in
operation are permitted, and the products produced by
its use command higher selling prices as well as open
and larger markets. Garments cleaned with tetrs-
chloride of carbon do not have an offensive smell, as
they may have when cleaned with benzine, naphtha, or
gasoline. Carbon tetrachloride can be mixed with tur-
pentine, naphtha, gasoline, benzine, benzole, etc., so 2
torender these products noninflammable and nonexplo-
sive at an ordinary temperature, and is therefore of
decided importance to those who are obliged to use
considerable quantities of the solvents named.



Carbon tetrachloride is packed in steel drums holding
approximately 215 pounds, 650 pounds, and 1,350
pounds, and also in 10-gallon, 5-gallon, 2-gallon, and
1-gallon cans, weighing approximately 140 pounds, 68
pounds, 27 pounds, and 14 pounds, respectively.

A recent development of scientific interest is the
use of the electric furnace in the process of melting
quartz or rock crystal, which is a pure form of silica
occurring in nature, for it becomes possible by this
means to produce, for use in chemistry and physics,
vessels which endure high temperatures without melt-
ing, great variations in temperature without cracking,
and the corrosive action of the larger number of con-
centrated acids.

According to Dr. L. H. Baekeland,! a marked im-
provement has been effected in the manufacture of
alkaline hydroxides and chlorine by the electrolysis of
alkali chlorides through the use of the cell invented by
Clinton P. Townsend. This has been worked on a
commercial scale at the Niagara plant of the Develop-
ment and Funding Company, which has an average
daily capacity of 5 tons of caustic soda and 11 tons of
high-grade bleach, and the results have been so encour-
aging that the plant is about to be increased to four-
fold this capacity. The form of the cell is such that
the anode space contains saturated brine while the
cathode compartment contains kerosene oil. On ac-
count of the difference in specific gravity between the
two liquids there is a hydrostatic pressure from the
anode compartment toward the cathode compartment.
Even if the level of the two liquids be the same, there
is a tendency on the part of the brine in the anode
compartment to press through the diaphragm and flow
into the kerosene. If the electric current be turned on,
the percolating brine becomes cathode liquid and car-
ries caustic hydrate. The strength in - caustic will
increase according to the number of amperes which
are sent through the cell. ~ Furthermore, each drop of
liquid as soon as it traverses the diaphragm runs
through the perforations of the anode plate and
acquires a globular shape, by a capillary phenomenon,
produced on contact with the kerosene oil. This pro-
vokes a rapid separation of the aqueous liquid, so that
every drop as soon as it forms detaches itself rapidly,
sinks to the bottom of the oil, and accumulates in a
small caustic pocket. This puts it entirely outside of
the zone of possible chemical or physical action. A
goose-neck tube drains this liquid from the super-
natant oil, and thereby avoids its accumulation in
quantities more than desired. The inflow and out-
flow of the brine at the anode compartment are so
regulated as to maintain a steady level. By a simple
contrivance this level can be increased or decreased at
will, thus controlling the hydrostatic pressure on the
inside of the anode compartment. This gives a simple
means of increasing the rate of percolation, and thereby

14“The New Electrolytic Alkali Works at Niagara Talls”—
Electro-Chemical and Metallurgical Industry, 1907, vol. 5, page 209.
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producing stronger or weaker caustic liquor, in accord-
ance with the density of the electric current.

The first diaphragms used in the Townsend cell were
made of asbestos paper, but this necessitated deli-
cate handling, and the expense for renewals was con-
siderable. During the last fourteen months the whole
plant has been operated with diaphragms after Baeke-
land’s patent. These latter consist of a woven sheet
of asbestos cloth, the pores of which are filled with a
special mixture of oxide of iron, asbestos fiber, and
colloid iron hydroxide. The latter material produces
a sort of binder for the asbestos fiber and the oxide of
iron; its function is somewhat similar to that of rosin
or glue size in the manufacture of asbestos paper, but
it has a great advantage over organic sizes, in that it
does not become gummy in contact with sodium
hydrate. The mixture is applied with a brush and
painted on as ordinary paint. Whenever a diaphragm
has to be renovated the surface is simply scrubbed and
washed with water; a new coat of paint is applied,
and after this is dry the diaphragm is again ready for
use. This process has only to be repeated at long
intervals, and requires but a few minutes. A dia-
phragm may not require repainting for several months.
Even when impure or unsettled brine is used the
painting has to be done only about once in five weeks.

If the cells are run with proper care, the Acheson
graphite anodes used last an astonishingly long time.
In some experiments where cells were operated with
especial attention, corrosion was so slight that delicate
scratches which had been made with the point of a
needle on the surface of the anodes showed very dis-
tinetly and with no alteration after several months
of continuous operation. Even under the worst con-
ditions the anodes only require partial renewal after

~one year of continuous hard service.

The strength of the caustic liquor produced in the
Townsend cell can be regulated at will by increasing or
decreasing percolation in conjunction with the strength
of the current. By reducing percolation, cathode
liquor containing 250 grams of NaOH per liter or more
can be produced. In practice it is found advanta-
geous to produce liquor containing about 150.grams of
NaOX per liter. Such liquor carries also about 213
grams of salt. The latter is separated by evaporation
from the caustic lye and is used over again.

Among notable suggestions relative to the utiliza-
tion of sodium is the proposition to use it as a sub-
stitute for copper in electric conductors, since sodium
has the greatest conductivity per unit of weight of any
of the common metals. Mr. Anson G. Betts® con-
structed such a conductor in January, 1906, by filling
lengths of 1 3-inch wrought iron pipe with molten sodium
and, when the sodium was solidified, screwing the
lengths together to form a line. For the same con-
ductivity the price of the complete sodium conductor

2 Flectrical World, 1906, vol. 48, page 914.
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is much below that of copper cables,* being in small
sizes not more than 50 per cent and in large sizes not
more than 20 per cent of the cost of copper. For
instance, a half-inch wrought iron pipe filled with
sodium has a capacity of 109 amperes, and costs about
3} cents per foot, against 8% cents for a copper line of
the same capacity. A 6-inch sodium conductor would
carry 8,130 amperes, the cost of the line being about
$1.40 per linear foot, as compared with $6.30 per
linear foot for copper. These figures were estimated
on the basis of 7} cents per pound for sodium and 16
cents per pound for copper.

Another product of electro-chemical establishments,
which consumes surplus chlorine, is sulphur chloride,
which is a yellowish red, oily liquid, having a specific
gravity of 1.709, and mixes in all proportions with
carbon tetrachloride, benzol, carbon disulphide, etc.,
also with petroleum or naphtha. It is used in the cold
or dip process of vulcanizing rubber; in the prepara-
tion of rubber substitutes, artificial drying oils, linseed
oil substitutes from menhaden, and fish oils, corn oils,
etc., and for the thickening of oils, rapid manufacture
of printers’ ink, and other manufacturing and special
purposes. It is sold in lead-lined steel drums holding
about 675 pounds and 1,300 pounds, respectively, in
5-gallon boxed jugs, and in l-pound and 5-pound
bottles.

Other developments worthy of special note in this
industry are found in the electric smelting of iron ore
for the production of iron and steel, there being in 1906
five electric smelting furnaces for this purpose in the
United States and Canada, furnaces of .the induction
type of - Colby, Kjellin, and Heroult being used; in
the manufacture of phosphorus, since the nodules of
wavellite found with iron and manganese ores, in the

clay deposits near Carlisle, Pa., are mixed with apatite.

and used as a source of phosphorus; in the manufac-
ture of graphite, since Acheson has been able to pro-
duce a form which remains suspended indefinitely in
lubricating oil, thus forming an ideal lubricant; and
in the manufacture of barium hydroxide and silicide,
for which considerable commercial uses are being
found.

Tasie 84.—Plumbago—imports entered for consumption: 1891 to

1905.
YREAR ENDING JFUNE 30— Tons, Value.
10,135 $509, 809
13,511 7206, 648
14,207 866, 300
7,935 410, 819
7,051 208, 935
11,891 384,554
12,459 321,355
11,154 472,401
15,970 | 1,081,859
20,597 | 2,345,294
18,077 929,09
6,081 963, 356
18,354 | 1,247,584
3,302 901,134
13, 676 915, 306

! Daily Consular and Trade Reports, 1907, No. 2797, page 14.

Table 84 sets forth the imports of plumbago for the
years 1891 to 1905, inclusive, as taken from Commerce
and Navigation of the United States, published by the
Bureau of Statistics. ‘

Crass XI.—DYESTUFFS.

The class of dyestuffs comprises natural dyestufls,
including logwood, fustic, quercitron, cochineal, lac
dye, kermes, gambier, Persian berries, curcuma,
Brazil wood, madder, cutch, and yellow oak bark, the
ground and chipped wood, bark, or berries of these
natural dyestuffs, and extracts such as logwood
extract; artificial dyestuffs, such as the aniline,
phenol, azo, quinoline and anthracene colors, synthetic
indigo, the so-called coal tar dyes, special composi-
tions or mixtures of dyes, and mineral dyes used in
printing, such as chrome yellow, orange and green,
iron buff or nankin yellow, prussian blue, ultramarine,
and manganese brown; mordants such as myrobalans,
valonia, divi-divi, chestnut, nutgalls, oak and hem-
lock bark, the ground product and the extracts of
these materials, special mordanting liquids contsining
inorganic compounds, and assistants such as turkey
red ail, iron liquor (black liquor, pyrolignite of iron),
red liquor (aluminum sulpho-acetate), gums, dextrins,
and sizes.

Tasie 85.—Dyestufs—comparative summary, with amount and per
cent of increase: 1905 and 1900.

CENSUS. Peroent
Increase. 01:1 "
1905 1900 nere
Number of establishments ... ... 51 44 7 15.9
Capital. ..ooovreoiee oo $7,507,837 | $6,279,877 | 1,227,060 10.6
Salaried officials, clerks, ete.,

DUIDET e e eemsee e cemieaene s 103 165 17.0
Salaries. .. oveiioiiiiiiaiciia $348,318 $236, 084 $112,234 14}5
W age-earners, average number. . 816 1,003 12 .3
TOtel WAGeS. - .evm . ooennnenan...| $476,041 |  $5680,606 || 18104, 504 18.0
Miscellaneous expenses..........| $426,327 | $379,238 347,089 }2-4
Cost of materials used. ..........| $3,471,236 | $3,725,149 || 1$253,913 16-8
Value of produiets. c.o.coeenn.....| $5,277,523 | 85,637,464 || 18359,94L 6.4

1 Decrease.

The statistics of Table 85 show an increase in the
number of establishments and of salaried employees,
and in the amount of capital, salaries, and miscella-
neous expenses for 1905 as compared with 1900, but
they show a decrease in every other item, the largest
decrease appearing in the value of products and the
next largest in the cost of materials used; while the
largest decrease in per cent appears in the average
number of wage-earners and the second largest in the
total wages paid. As the dyeing and printing ir-
dustries have prospered and should therefore con-
sume more rather than less dyestuffs at the later
census, it would appear that, following the course of
industrial development so strongly emphasized in this
census, the dye and print works have manufactured
a large part of the dyestuffs which they have con-
sumed in the manufacture of their finished products,
in place of purchasing them from other manufacturers
as formerly.



TaBLE 86.—Dyestuffs—quantity and value of products: 1905 and

1900.
1905 1900
KIND.
Pounds. Value. Pounds. Value.

N7 72,421,670 | $5,606, 416 || 60,729,671 | 86,523,618
Artificial dyestufls........ ...| 10,640,910 | 2,665,134 || 7,698,435 | 2,280,899
Ground and chipped wood 9,033, 867 83, 16 ?) E‘)
Gum and dextrin........ 6,366, 351 223,326 1) 1)
Iron liquor............... 2,120,968 45,316 || 3,344,568 32, 065
Mordants. .. .............. ... 5,154,330 246, 432 34, 85, 466
Natural dyestufls .| 81,755,886 | 1,766,273 || 48,245,628 | 3,435,808
Red liquor. . ... . (O] ) 707,0 7,340
Bizes............. 7,349,358 223,326 flooeoviiiiaeniiiiaaeans
All other dyestuffs. .............{............ 413,443 |l......o.onn 682,040

1Not reported separately.

The statistics of Table 86 show an increase in the
total quantity but a decrease in the total value of the
products for 1905 as compared with 1900. The sepa-
rate items of the table show an increase in every item
which appears at both censuses except in the quan-
tity and value of natural dyestuffs, the quantity of
iron liquor, and the value of all other dyestuffs. It
is believed that much of the dextrin is manufactured
as a subsidiary product in another industry which
does not report it separately, and therefore it is not
given separately in Table 86. '

TasLe 87 .—Dyestufls—number of establishments, by states: 1905
~and 1900.

1905 | 1900

United States

g

Connecticut. .
Florida......
Illinois. .
Maryland........
Massachusetts. ..
New Jersey
New York

Pennsylvania..
Rhode Island..
South Carolina.
Vermont......
West Virginia.
‘Wisconsin

Lt -2 N

(;Intcludes 10 establishments engaged primarily in the manufacture of other
products.
r 2 Includes 16 establishments engaged primarily in the manufacture of other
products.

Table 87 shows that the total number of establish-
ments has increased by but 1, and that there have been
some marked changes in the different states, New York
decreasing 12 in number, while Rhode Island has
gained 6, New Jersey 4, and Maine 2. Massachusetts
ranks first at the census of 1905, New Jersey second,
New York and Rhode Island third. It is interesting
to note that this industry is practically confined to the
states of the North Atlantic division.

The statistics of Table 88 show a decrease for 1905
as compared with 1900 in the total value of the product
and in the value of the product of every state exceépt
New Jersey, for which comparative statistics are set
forth. New Jersey, which ranked fourth at the census
of 1900, ranks first at that of 1905. The statistics for
Rhode Island and Maine are presented separately
for the first time at -the present census.
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TaBLE 88.—Dyestufls—uvalue of products, by states: 1905 and 1900.

STATE. 1906 1900

United States............... 85,606,416 | $6,523,618
Maine.................. 30, 051 O
Massachusetts. . 863, 406 1,377,822
Neow Jersey..... 1,925, 473 899, 468
New York...... 1,611,244 2,008, 402
Pennsylvania. .. 489, 167 906, 564
Rhode Island............ 513, 006 ™
All other states 2. ... ool i 233,979 1,241,362

1Included in “all other states.”

2 Includes in 1905, Connecticut, Illinois, Maryland, North Carolina, South
Carolina, Vermont, West Virginia, and Wisconsin; in 1000, Connecticut, Florida,
Illinois, fM.'a.ine, Rhode Island, Vermont, and West Virginia.

The statistics of Table 89 show a decrease in each
item for natural dyestuffs set forth at both censuses, but
an increase in each item for artificial dyestuffs. Sul-
phuric acid has decreased in quantity and increased
slightly in value, while other acids have decreased
in quantity and increased greatly in value, facts which
indicate a greater consumption of the higher priced
acids. Chemicals have increased in value, and salt
in both quantity and value.

TasLe 89.—Dyestuffs—quantity and cost of principal materials
used: 1905 and 1900.

KIND. 1905 1900
Logwood
TOT .« e s e vee e weme et e n e e e 45, 556 51,956
Co8b e e innanannns fevecaasmaancsanacnanessnonnannan $703,865 | $1,084,746
Cutch:
708, 508
$61,607
3,204
08t $51, 585
Logwood extract:
Potnds. o v e e eaan 264, 304 2, 364, 792
08h <+ < oo e e $21,785 | $163,408
Fustic extract:
PounAS . e 5,000,880 |.eonaenan..n
(07} 7 $37,520 |.oineicinnn
Aniline colors:
Pounds. .. 1,321, 567 1,734,717
$636, 617 8849, 229
I 13,950, 842 1,417,325
CO8tanm v s araem e a e §751,905 | 333,317
Indigo'.
OTIIAS . 4 o ee e et ee et e e e anbin e anas 08, 500 109, 034
[ I , 000 $125, 069
Acids:
Sulphurie—
Pounds. ..ot 1,173, 989 1,222, 357
L1 $18, 992 $18, 750
Other acids—
POUNAS - e meeee e et e eeae e eeeeeeaaan 2,005,046 | 4,135,328
o) 81,020 854,208
6,815,442 1
$173,103 8
154 (’g
$8, 366 (1
1,885 Elg
$60, 521 v
1,190 b
$24, 600 8
110, 608 Elg
$38, 265 1
830,783 gl)
[0 PP $46, 642 1)
Chemicals:
Pounds. ..o e 1,003,660 |...........
C $30, $14,510
2,935 1,078
9,790 $5,208
POUNAS. - caeeneme i { lg 201, 400
T S Y $9, 065

1 Not shown separately.

The dyestuffs and tanning extracts industries are so
closely associated that combined statistics have been
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«compiled for them since the census of 1880 under the
caption ‘‘dyestuffs and extracts.”” These statistics
are set forth in Table 90 for each census from 1880 to
1905.

"TaBLE 90.—Dyestuffs and ertracts—comparison of statistics: 1880

to 1805,
Derat Numb
er o . Wmber | yralue of
CENSUS. estab- | Capital. |of wa
2 ot D amneze” | products.
ments.
98 |814,004,150 | 2,707 | $10,803,113
7 7,839,034 1,647 7,350,748
62| 8,645,458 | 2,111 | 9,992,514
4| 2363700 | d092 | 5,253,038

1Includes salaried employees.

The statistics of Table 90 show a constant increase
1in every item at each succeeding census except in the
amount of capital, number of wage-earners, and value
of products at the census of 1900, which show a decrease
as compared with these items at the census of 1890.
Tt is to be noted that the capital invested hasincreased
to a greater extent than the value of the products, for
while the former has increased from 1880 to 1905 to
the amount of $12,540,450, or 530.5 per cent, the latter
‘has increased but $5,640,075, or 107.4 per cent.

It has been said! that—-

Almost the first industries established in the American colonies,
after they were settled, and after they had taken measures to estab-
lish a food supply, were spinning and weaving, and dyeing came
soon after. New dyestuffs were found here, and permanent dye-
houses were established sooner than woolen factories. Butternut
was a very common dye, but logwood and other substances pre-
vented it from being used in any other than the most common work.
Indigo, cochineal, annotto, quercitron, and Brazil wood were among
those introduced from abroad shortly afterwards, and have stayed
in use up to the present time. Mordants afterwards became known,
and later mineral dyes. Within the lifetime of the present genera-
tion a new and exceedingly brilliant series of colors for dyeing has
been evolved from coal tar. The industry of dyeing is now very
widely spread. Nearly every mill devoted to textiles has a dye-

house, and there are many independent works throughout the
-country.

The year 1906 marked the fiftieth anniversary of the
epoch making discovery by William Henry Perkin of
the dyestufl ““mauve,” by which the foundation of the
coal tar color industry was laid and a great stimulus
‘was given to the study of organic chemistry. This
anniversary was celebrated on an extensive scale
‘throughout the civilized world, and honors, titles, and
-dignities were conferred on the discoverer.

The discovery, which was destined to have such far-
reaching consequences, was made in the Easter vaca-
tion of 1856, while Perkin, then only a lad of 18 was
‘working in a private laboratory he had fitted up in his
father’s house. The coloring matter was patented on
the 26th of August of the same year, and in the early
‘part of the following year the erection of the first coal
tar color works was commenced at Greenford Green,

_»C. M. Depew, One Hundred Years of American Commerce,
1895, page 671. .

near Harrow, England. Here mauve was soon p -
duced in quantity and here also were manufactuy,
later other coal tar dyestufls, including artificial alizg
rin. From these small beginnings the industry hy
now grown to dimensions which neither the discoveyg,
nor any man of his time could have foreseen. Ng;
only has an enormous and highly scientific industy,
been established, which with its collateral brancheg
has an output with an estimated value of upward o
$100,000,000 per annum, but the dyeing and relateq
industries have been subjected to a complete revoly.
tion by which empiric methods have been changed t,
scientific ones. Side by side with this technical prog.
ress and closely interrelated with it is the immengy
stimulus which the establishment and rapid growth of
the coal tar industry have given to the study of pure
organic chemistry, especially that of ring carbon com-
pounds. The development of this industry has also
exerted a large influence upon the entire chemical trade
of the world, and directly given birth to several deriva-
tive industries, such as the manufacture of synthetic
medicinal agents, antiseptics, synthetic perfumes,
artificial sweetening materials, and explosives.

It is a curious fact to note that although French
manufacturers promptly recognized the importance of
Perkin's discovery and were, in fact, the first to put
mauve colored calicos upon the English market, the
manufacture of coal tar dyestuffs has passed almost
wholly into the control of the manufacturers of Ger-
many where it gives employment to thousands of
workmen. It was stated at the Perkin Jubilee that
there were at that time 700 distinct color dyestuffs
produced from coal tar.

The first mention of the coal tar dyestuff manufac-
ture in the United States was at the census of 1880,
when 3 establishments were reported as producing
80,518 pounds of aniline dyestufls, valued at $107,292.

At the census of 1905, 10,640,910 pounds of artificial
dyestuffs, valued at $2,665,154, were reported as pro-
duced. Since these dyestufls included products
obtained by mixing purchased coal tar dyes to give
desired shades or effects, products obtained by mixing
extracts with coal tar dyes to form special composi-
tions, and compositions formed from vegetable
extracts and mineral substances, and since the total
annual production of artificial dyestufls throughout
the world is in the neighborhood of $100,000,000, it is
evident that the quantity and value of the dyestuffs
produced from coal tar derivates or distillates in the
United States is still relatively insignificant.

Schultz and Julius? in their Tabular Presentation
of Artificial Organic Dyestuffs found in Commerce,
published in 1902, give a list of 63 firms operating 88
establishments, then engaged in the manufacture of
coal tar dyestuffs. Thirty-one of these establish-
ments were in Germany, 19 in France, 13 in England,

2 Gustave Schultz and Paul Julius, Tabellarische iibersicht der
im Handel befindlichen kiintslichen Organischen Farbstoffe, Bet-
lin, 1902.



6 in Russia, 6 in the United States, 6 in Switzerland,
3 in Holland, 2 in Belgium, and 2 in Italy. In this
book 681 different dyestuffs are described which the
authors found were prepared for sale and use. Two
hundred and forty-five of these were granted the pro-
tection of patents in the United States. Out of these
681 different substances, only 20 are mentioned as
being manufactured in the United States and of these
20, but 3 were protected by patents, so that we may
say that the manufacture of artificial organic dye-
stuffs in this country is confined largely to those whose
manufacture Is open to all.

While there is no criticism to be made on Schultz and
Julius’ estimate, it would appear that the number of
colors made in this country is larger now than in 1902,
for in a circular received from one manufacturing estab-
lishment in 1906 there are enumerated 97 different
colors: 49 acid colors, 33 basic colors, and 15 direct
colors, divided among water soluble, alcohol soluble,
and oil soluble colors, and in some instances there are
as many as six grades of a given color.

Inspection of Table 91 shows that coal tar colors or
dyes not specially provided for to the value of $5,635,-
164 were imported into the United States in 1905.
This value is larger than the value of any other item
shown in the table and is more than twice the value of
all the artificial dyestuffs reported as manufactured
in the United States at the census of 1905.

As stated above, this industry is controlled by Ger-
many. Considering the foreign trade alone of that
country the value of the chemicals exported from Ger-
many ! in 1905 was $131,395,500, of which the artificial
dyestufls, valued at $48,665,000, constituted nearly 40

‘per cent. Among these were included aniline dyes,
valued at $24,065,500, and alizarin and indigo, valued
at $9,733,000. The extent of the development of this
industry in Germany is further emphasized by the
statement ! that of the 31 aniline color works in Ger-
many, the bulk of the trade is in the hands of 5 firms,
forming two large combinations. The combined nomi-
nal capital of these 5 firms is nearly $24,332,500, and
the net annual profits $9,733,000, 60 per cent of which
is paid in dividends and the remainder of which is car-
ried to depreciation. The average dividend of these
aniline dye works has exceeded 20 per cent for many
years, while the dividend paid by individual firms has
in some cases exceeded 30 per cent. The Badische
Anilin und Soda Fabrick began business in 1895 with
40 men; in 1905 it employed 7,251. Many of the rea-
sons that have been advanced for the acquisition of the
control of this industry by Germany are set forth in
the prefatory remarks to the special report on chem-
icals and allied products at the census of 1900, and
others will be found in revision of the Tariff Hearings
before the Committee on Ways and Means, Fifty-first

1J. T. Conroy, “The Chemical Trade of England and Germany,”
Journal, Society Chemical Industry, 1906, vol. 25, page 1011. X
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Congress, 1st session, 1890, pages 391 to 398, and Fifty-

“third Congress, 1st session, 1893, pages 22 to 26.

These remarks are strongly stated in a History of the
Development of the Coal Tar Industry in the United
States, prepared by Mr. J. F. Schoellkopf for presenta-
tion to Congress when the Wilson Tariff bill was under
consideration. He has kindly permitted its use here,
and asit hasnot been published heretofore and as there
is much in it which is worthy of consideration in this
connection, it is given below.

To properly understand the causes of the slow development of this
industry in the United States, it will be advisable to give a short
sketch of its inception and progress in Europe up to the present time.

Though Perkin began the manufacture of coal tar dyes in England
in 1857, they were first produced on a considerable commercial scale
in France, and at a later date their manufacture was taken up in
Switzerland and Germany. But while the growth of this new
branch of industry was not extraordinary in the first-named coun-
tried, the history of it in Germany reads like a fairy tale. One can
truthfully say that Germany’s greatness and present supremacy in
the chemical arts dates from the time it actively engaged in the pro-
duction of coal tar dyes. From practically nothing in 1862, the
value of the output of the German factories had risen to $6,000,000 in
1874, t0 $10,000,000in 1878, $12,500,000 in 1882, and to fully $17,000,-
000 in 1890. Thisis in the face of the fact that the goods were not
only vastly improved in quality, but also very materially cheapened
in price; magenta for instance falling in this time from $300 per
pound to 90 cents, and aniline blue from $800 per pound to $1.

Germany has a capital of at least $20,000,000 invested in the in-
dustry which gives employment to fully 15,000 hands directly and
to at least as many more indirectly. The amount of chemicals and
other material consumed by this industry is simply stupendous,
one factory alone using 160,000 tons of coal annually. The main
reason for this wonderful growth in Germany was probably the judi-
cious cooperation of theory and practice, the working together of
factory and university, which in no other country was carried out
to the extent it was in Germany. Duringthis period of rapid devel-
opment, itisobvious, there could be no surplus of scientific orexpert
manual help to start factories of a similar nature in America. The
chemists graduated from German universities who had chosen this
branch of chemistry as their specialty immediately found remu-
nerative employment inone of the home factories. No one thought
of leaving the “Fatherland,” and secking his fortune elsewhere.

These conditions, however, changed radically about the year 1880.
The universities and chemical schools had continued to grind out
coal tar chemists in increasing numbers, until the home factories
were no longer able to take care of all of them, and naturally they
looked around for other fields of operation. At this time the United
States apparently presented an inviting field. The consumption of
colors was already large and constantly increasing. Theimport duty
at that time was 35 per cent ad valorem and 50 cents per pound
specific, which, taking into consideration the low price the dyes had
reached, was ample protection. There were as yet no colors pro-
duced in this country, if one excepts the magenta turned out by
the now extinct Albany Aniline Color Works. They produced a
small quantity of poor magenta in a very crude way and had been
doing this ten years back, without attempting to enlarge by adding
new colors to their product. As stated above, America presented
an inviting field and during the years 1880 to 1883 no fewer than 9
different plants for the manufacture of coal tar dyes were established.
The prospect of becoming independent of other nations for our sup-
ply of these important colors was bright indeed until the passage of
the tariff act of July 1, 1883. This act abolished the specific duty
of 50 cents per pound, leaving an ad valorem duty of 35 per cent on
coal tar colors, or dyes, and 20 per cent on coal tar preparations not
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colors, or dyes. Thisleft a net protection for the colors of nominally
15 per cent, but it will appear later that even this meager protection
was completely neutralized through various circumstances.

The evil effects of this adverse tariff legislation showed itself
almost immediately. No new factories were started and within one
year after the new tariff took effect, 5 of those already established
were forced to succumb and go out of business. The remaining 4
would have gladly followed their examples, but they had invested
large sums of money in plant (the Buffalo factory having expended
about §500,000 in this way), which would not have brought 10 cents
on the dollar if sold. 8o they decided to continue to operate their
factories, hoping for more favorable legislation in the future. But
thus far they have always been bitterly disappointed in this. At
every tariff revision this industry, which, if properly fostered, would
be of such enormous importance to the chemical industry at large,
has been treated in a most unfair and unkind manner. The parties
interested have repeatedly asked for an increase of duty, which has
as often been refused. They have asked for a decrease of duty on
raw material, which has also been refused. As their raw materials

are not made in this country, and never will be under existing con- -
ditions, it is not comprehensible why this latter request has not been

granted. They finally petitioned Congress to change the phrase-
ology of the paragraphs referring to coal tar colors and alizarin red,
to prevent fraud and misunderstandings at the custom-house. But
even this just request, which was recommended by the appraisers
department in New York, was not acceded to.

It can be safely predicted that unless the policy of Congress
toward this industry shows a decided change for the better very
soon, it will soon entirely disappear in America. Itisa well-known
fact, that since 1883 the European factories, especially those in
Germany, have been distributing ever increasing dividends, the
earnings of the larger concerns for the past few yearshavingamounted
to over 50 per cent on their enormous capital invested. During all
this time the industry in America has languished. The factories
have been barely able to hold their own and as to making any prof-
its or even interest on the capital invested, that was out of the
question entirely.

The principal causes of the nondevelopment of the industry
in America, under existing conditions, are as follows: Fiyst, high
wages; second, greater first cost of plant and larger annual cost of
wear and tear; third, higher cost of coal tar preparations and other

* chemicals and materials; fourth, high tax on alcohol for industrial

“

purposes. Each of these causes will be discussed separately, and
as to their correctness, each reader can judge for himself after perus-
ing the following. All the statements made and the figures given
are the results of actual experience and positive knowledge and are
vouched for as absolutely correct.

First—High wages.—It must be taken into consideration that in
works of this kind, besides the regular labor engaged in the produc-
tion of colors, a number of mechanics are permanently employed
such as engineers, machinists, carpenters, masons, pipe fitters,
etc. This class of help is necessary to renew and keep the plant
in repair and to carry out the frequent changes made necessary by
improvements or changes in the processes. This class of labor
forms quite an important item in the weekly pay roll. Its remu-
neration is from $2to $3 perday of ten hours, while the same men in
German factories receive but 75 cents per day of eleven hours.
Ordinary labor in America costs $1.50 per day of ten hours, while
the German manufacturers pay only 60 cents per day of eleven
hours for similar help. To more clearly illustrate the advantage
the foreign employer possesses over his American competitor in
this respect, we give under ‘“Exhibit A the labor cost of an Ameri-
can coal tar dye factory, with a capacity valued at $25,000 per
month, as compared with a factory of the same kind and size in
Germany. From this exhibit it appears that to produce $25,000
worth of colors the American is obliged to pay directly for labor
$4,110, while his German rival has the same work performed for
but $1,798.20.

Second—Greater first cost of plant and larger annual cost of main-
tenance.—In America a plant designed for an output valued at
$25,000 per month will cost:

Forland and building ...... . ... ... .. i $100, 000
For machinery, tools, etC........coveeinineiiiaanaan 180, 000
For working capital. .. ... ... 200, 000

7 480, 000

In Germany the same plant would cost at the outside:

For land and building .. .. ... ... ... .. .. ... ..... $75,000
For machinery, tools, etc.... ... coieiiviiiiieaannnn 100,000
For working capital. . ... .. ... .. 140,000

Total - e 315,000

This shows a higher first cost for the American factory of $165,000,
which at 6 per cent per annum amounts to an extra yearly charge
of $9,900. If we allow 5 per cent for depreciation on buildings
and 10 per cent for ‘“wear and tear” on machinery, etc., we find
that these items amount to $1,916.67 per month in America and
to only $1,145.83 per month in Germany. See ‘“Exhibit B.”

Third—Higher cost of coal tar preparations and other chemvicals and
materials.—"Exhibit D” shows the kinds and quantities of mw
materials used for producing $25,000 worth of coal tar dyes. It
also shows their cost in Germany and in America under the present
law, and under the proposed Wilson bill. This is the class of nw
materials now principally used by the American manufacturers.
‘“Exhibit C” shows prices of these products per 100 pounds in
Germany, and in America under the present law, and under the pro-
posed Wilson bill. From “Exhibit D” it appears that the mate-
rials used cost 22 per cent more here than in Germany under the
present tariff and under the proposed Wilson bill would still cost
19.75 per cent more. Now as the Wilson bill places coal tar prepa-
rations on the free list, the small benefit shown requires some ex-
planation. By referring to “Exhibit D” it will be observed that
the coal tar preparations, aniline oil and aniline salt, which con-
stitute 60 per cent in value of the materials used, are on the free
list to-day and are therefore not cheapened by the Wilson bill. In
fact, the only materials cheapened to any extent are the sods
products and naphthol.

Fourth—High tax on alcohol for industrial purposes.—In America
alcohol for industrial purposes costs about $2.25 per gallon. In

" Germany alcohol for industrial purposes costs only about 35 cents

per gallon. It is obvious, therefore, that coal tar colors, requiring
in their preparations the use of alcohol, can not be profitably made
in the United States.

“Exhibit E” shows the total cost of producing and marketing
$25,000 worth of coal tar dyes: First, when made in the United
States under the McKinley tariff; second, when made in the
United States under the proposed Wilson bill; third, when made
in Germany and imported, including a duty of 35 per cent ad
valorem. It is clearly shown that the German-made goods can be
imported, and after paying a duty of 35 per cent, can be sold as
low as the American-made colors. It is obvious, therefore, that if
the duty on coal tar dyes is reduced below the present rate of 35
per cent, the American manufacturers will be quickly driven out
of business. In preparing the Wilson bill the fact was not taken
into consideration that the colors now being manufactured in
America are made from free coal tar preparatjons, and that those
paying a duty of 20 per cent can not be used. It was evidently
taken for granted that coal tar preparations constituted the item
of chief value in the make-up of coal tar dyes. We have shown,
however, that they constitute only about one-third of the value of
the finished product. The Wilson bill, by putting all coal tar
preparations on the free list, will permit the use of a large number
of products for the manufacture of a new line of dyes, but only if
the duty of 35 per cent on colors is retained.

‘We repeat: The Wilson bill as it now stands means the extinc-
tion of every coal tar dye factory in the United States, even if the
20 per cent duty is honestly paid. But there is a paragraph in the
free list, which in a short time will admit every important coal tar
color absolutely free of duty. The paragraph. referred to is No.
366 in section 2: “Alizarin, natural or artificial, and all colors or
dyes, commercially known as alizarin colors, or dyes.”” Under
this provision every color or dye of any importance will be rebap-



tized and become commercially known as alizarin color, or dye.
Why any product should be admitted under its commercial name
is incomprehensible and requires an explanation. This is a vicious
attack on the American color industry, and if allowed to stand must
be followed by disastrous results, no matter how high the duty on
colors may nominally be.

If it be desirable to retain and develop the coal tar dye industry
in America, the present duty of 35 per cent must not be disturbed.
All coal tar preparations, not colors, or dyes, should be made free,
and the words “and all colors, or dyes, commercially known as
alizarin colors or dyes” should be stricken out of paragraph 366 of
the Wilson bill.

Exumsrr A.—Table showing employces needed for a codl tar dye factory
having a capacity valued at $25,000 per month.

| MONTHLY WAGES IN~

EMPLOYEES.
ng}sgg Germany.
Total wages permonth. ... iiiiiiiiiiaaas $£,110.00 | $1,798. 20
4ehemists. ..o e 700. 00 400. 00
2clerks......... 200, 00 100. 00
60men........ . 2,250, 00 900, 00
LR (03 {37 250. 150. 00
D TR o A 75.00 19,50
A2 B ¢ o0 0 LT <) o NP 130. 00 39. 00
1 engineer..... R 75. 00 35. 00
2 Bipe S 120. 00 39.00
Ihlacksmith.. ..o s 45,00 19. 50
2night watehmen. ..o o e 110. 00 39,00
B 110 0 11217 o RN 90, 00 31.20
4T Y 65,00 26, 00

Exuisrr B Table showing cost of coal tar plant designed jor a
monthly ouwtput valued at $25,000, also showing the monthly cost
of depreciation of buildings and wear and tear of the machinery, ete.

e

Exmrsir D.—Table showing the quantity and cost of raw materials
used for the production of $25,000 worth of coal tar dyes.

COST IN—
Pounds America.
MATERIAL. ased.
Under Under | Germany.
' McKinley | proposed
s tarifl.  |Wilson bill.

Sulphuric aeid.. . ............... 155,500 || $1,237.51 | $1,237.51 $553. 25
Muriatic acid.................... 47,730 477,30 477. 30 119, 33
Nitrie acid..........ocoooieaet 12, 450 560. 24 560, 24 435. 76
Common salt. ... ....oo.aai 150, 000 262, 50 262. 50 188. 50
Lime........ooooiiiiiiia 5,280 17.60 17. 60 13,20
......... 27,000 27.00 27. 00 27,00
......... 450 2,70 2.70 2.01
......... 11, 550 404. 24 346. 50 250, 87
......... 5,520 00, 36 92.7: 7176
......... 9,780 709. 04 700. 04 528,12

......... 6, 000 270, 00 237. 00 180.
....... 10, 830 758, 10 758.10 758. 10
..... 61, 200 8,262, 00 8,262. 00 7, 650. 00

Aniline salt..............o. ... 5,400 675. 00 675. 00 648,
Beta naphthol .................. 10, 020 1,232, 46 1,040. 08 842. 92
Benzoicacid.............c....l. 30 12,00 12. 00 11. 70
Total. .o e 518,830 || 15,007.05 | 14,717.31 12,280, 52
122% 119. 75% 100%

Exwurprr E.—Table showing total cost of producing $25,000 worth of
coal tar dyes in America as compared with equal quantity produced
abroad and imported.

COST WHEN MADE IN
UNITED STATES— || Cost when
made in
Germany
Under M¢- | Under pro-| and im-
Kinley tar-{posed Wil-| ported.
iff. son bill.
Raw materials (see ‘‘Exhibit D”)......... $15,007.05 | $14,717.31 || $12,280. 52
Depreciation and wear and tear (see *‘ Ex~
BIDIEB ) e e 1,916.67 1,016. 67 1,145.83
Expense for steam for power and heating..| 1,000.00 ,000. 1,000. 00
Incidentals.........cclvieiiiiiiininninnnn. 500. 500. 00 400. 00
Labor (see *‘ Exhibit A7) .cuoveiiniiianaan. 4,110.00 4,110. 00 1,798.20
Total o8t . o m. et 22,533.72 | 22,243.98 16, 633. 55
Duty, 35 per cent ad valorem. 1R P fertraanaan 5,820. 34
Selling expense 10 percent.......ccvouneen. 2,500.00 2,500. 00 2,500. 00
Aggregate cost. . ..o.iiiiiiiiiaaioa, 25,033.72 | 24,743.98 24, 053. 89

COST OF PLANT IN~-
i ni
g&"fgg Germany.
Total cost of plant. ..o i 18480, 000. 00 | $315, 000. 00
For land and buildings. . ......coiuiviiiiiiiiiiiainina. 100, 000. 00 5, 000. 00
For machinery, tools, etc...... 180,000. 00 | 100, 000. 00
For working capital.......oooiiiiiiiiiiiiiiiiiaaiian 200, 000. 00 | 140, 000. 00
Total monthly cost for depreciation and wear and
L PP ~..l 1,016, 67 1,145, 83
Depreciation per month on land and buildings at rate
of & per cent per AnNMUML. (.o viviivinrennananns [ 416. 67 312, 50
Wear and tear per month on machinery at rate of 10 per
QU o103 1% €3 ¢ 13 o ¢ 1,500. 00 833,33

.

Exusir (.- Table showing principal raw materials used in American
color factories, giving prices for same here and in Germany.

PRICE PER 100 POUNDS IN CENTS IN—
America.
MATERIAL. ]
Under Under | (ermany.
McKinley | proposed
tarifl. ilson bill

Sulphuric acid..c..oooiii i 85.0 85.0 38.0
Muriatic acid.. .- 100. 0 100.0 25.0
Nitric acid. . .. . 450, 0 450. 0 350. 0

Common salt.. . 17.5 17.5 12,
ime.......... . 3.0 33.0 25.0
(¢ TR . 10.0 10.0 10.0
Iron horings. . 60. 0 60.0 45.0
Caustic soda. . . 350. 0 300. 225.0
Soda ash...... . 180. 0 168.0 130.0
Nitrate soda. . . 725. 0 725.0 540.0
114 TR R 450. 0 305.0 300.0
Benzole..... . 700. 700.0 700.0
Aniline oil, .. 1,350.0 1,350.0 1,250.0

Aniline salt. .. . . 1,250.0 1,250.0 » 200.
Beta naphthol ....... . 1,230.0 1,038.0 961.0
Benzole acid. .. vveie e cern e aiaanae ,100.0 4,100.0 4,000.0

Among the innovations in this industry that have
come into special prominence since the census of 1900,
although they originated much earlier, are the sulphur
dyes. According to Matthews'—

The original representative of these colors was discovered a num-
ber of years ago, in 1873, by Croissant and Bretonniére, and it was
given the name of “ cachou de Laval.” It was prepared in rather a
peculiar manner by the fusion of organic vegetable matter, such as
sawdust, etc., with sodium sulphide and sulphur. The resulting
product was a porous, lumpy mass of a brownish black color and
readily soluble in water, and decomposing in moist air with the
liberation of some sulphuretted hydrogen. It was found that un-
mordanted cotton could be dyed by this substance a brown color,
though. the dyestuff, it is true, had but slight tinctorial properties
compared with the other artificial dyes, yet the color obtained with
it was very fast to washing. It was on account of its fastness that
the new coloring matter received a considerable amount of atten-
tion. The general method of applying the dyestuff was to boil the
cotton material in a solution containing the coloring matter together
with a rather large proportion of common salt. This was for the pur-
pose of forcing on the fiber more color, as otherwise it took a very
large proportion of the dyestuff to produce any depth of color.
Even under these conditions, however, the dyestuff does not ex-
haust from the first bath to any great degree. By after-treating the
dyed color with a solution of potassium bichromate, the intensity
of the color is somewhat enhanced and the general fastness of the

!Journal of the Franklin Institute, 1905, vol. 109.
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dyestuff isimproved. By asimilar after-treatment of the color with
bluestone or copper sulphate, the fastness of the dyeing to light ap-
pears to be somewhat increased.

It was also found that cachou de Laval when dyed on cotton acted
as a mordant toward a large number of other coloring matters, such
as most of the common basic dyes, the vegetable dyewoods, and the
alizarin dyes. The shades obtained with the basic dyes, however,
are not as fast to washing as the original cachou de Laval, also those
with the vegetable dyewoods are not so fast to light; but the shades
obtained in conjunction with the alizarin dyes are as a rule fast to
both washing and light.

Owing to the small tinctorial powers of cachou de Laval, it never
became of much commercial importance in dyeing. It was looked
upon chiefly as a curiosity among the artificial dyestuffs, particu-
larly on account of its peculiar method of manufacture.

A number of years passed before the sulphur dyes received any
further development. It was not until about 1893 that the French
chemist Vidal publicly announced his discovery of a black sulphur
dyestuff which he called ‘Vidal black.” This coloring matter was
made by fusing para-amido-phenol with sulphur. The product
obtained was of uncertain composition, but was found to yield black
colors on unmordanted cotton, and was especially characterized by
its great fastness. The dyestuff, however, was liable to decomposi-
tion on exposure to the air, and presented certain practical diffi-
cultiesin dyeing so that at first it was not received with much favor.
A number of years passed in the development and perfection of this
coloring matter and a study of its properties and possibilities, until
it had passed beyond the stage of experiment and finally attained
commercial success. This led the attention of other dyestuft
chemists, especially those of the large German color factories, to

the investigation of the sulphur dyestuffs, with the result that great
activity was soon displayed in the preparation of new colors, and
the purification and modification of those already known. A large
number of these dyes have appeared in trade during the past five
or six years, and the range of colors has been so extended as to in-
clude various shades of black, brown, blue, green, olive, yellow,
and orange colors; a red color among the sulphur dyes is still lacking,
the nearest approach being the so-called orange, and certain very
red shades of brown. All of these colors are applied in about the
same manner and are only used on cotton, giving shades which are
very fast, especially to washing and acids, and on this account are
very desirable products.

The sulphur colors usually appear in trade in the form of blackish
lumps, which are hygroscopic and rapidly deteriorate on exposure
to the air, especially in the presence of moisture. On this account
the dyestuff should be used up as soon as possible after the package
is opened. Recently, however, some of these dyes have appeared
in the form of dry powders and are not so hygroscopic, being mixed
with some suitable dryer, and consequently are not so liableto de-
teriorate. The manufacturers also seem to be preparing these dyes
in a much purer and more concentrated form so that their tinctorial
power is considerably increased. The sulphur dyes nearly all
smell more or less of sulphuretted hydrogen, especially when mois-

tened or dissolved in water; they also, as a rule, contain more or less
sodium sulphide.

Some of the sulphur dyes may be dyed directly on cotton with
nothing but the solution of the coloring matter; in other cases,
however, a considerable amount of sodium sulphide must be added
to the dye bath for the purpose of bringing the dyestuff into proper
solution; there is also added some soda ash for the purpose of cor-
recting any hardness which may be present in the water and which
would cause a precipitation of the coloring matter. In general,
‘hese dyes are applied in about the same manner, as regards the
manipulation of the cotton materials, as when other dyes are em-

sloyed. Care must be taken, however, in most cases, not to have
Iy copper or brass fitting present in the dyeing vats, as the dyestuff

is decomposed by these metals; iron and lead, however, may be
used without danger. Some of the dyes require an after-treatment
with certain metallic salts, especially potassium bichromate or
copper sulphate, in order to yield the full development and fast-
ness of the color. In their general fastness they far surpass the other
colors available for cotton dyeing, and are comparable in fastness
to indigo and aniline black. They are especially suited to the
dyeing of material contained in cotton and woolen fabrics, where
the cotton is dyed first and the wool is afterwards dyed in acid baths,
as these colors will stand the treatment with hot acid baths. The
dyestuff does not cause any injury to the cotton fiber, though the
dyed goods should be carefully washed in order to-climinate all
excess of sodium sulphide, the retention of which by the fiber would
eventually cause a weakening; but beyond this the dyestuff itself
does not weaken the goods. One drawback to these colors, however,
is that in dyeing them the cotton is liable to become somewhat harsh
to the feel, although the fiber may be softened by suitable treatment
with oil or soap baths. The sulphur blacks are especially adapted
for the dyeing of fast blacks of hosiery, as also are the brown colors,
as the dyestuffs stand the repeated washings and the effect of the
acid preparation to which the color of hosiery is subjected.

It is interesting to note the consumption of the
products of the dyestuff industry at the different cen-
suses. Fortunately this may be done with the aid
of the following tabular statement from Bulletin 74
of the census of 1905, which shows the cost of chem-
icals and dyestuffs used in all textile establishments
(exclusive of shoddy and felt hat mills) and inde-
pendent dyeing and finishing works in 1890, 1900,
and 1905.

Cost of chemicals and dyestuffs used in all textile establishments:
1890 to 1905.

1905 1900 1890

b X 7 S $26,682,6190 | $25,392,573 | $19, 686,663
Independent dyeing and finishing estab-

HSBI0CHES « s B 10,587,319 | 10,667,621 8,40§,693
Other textile establishments. ............. 16,005,300 | 14,724,952 | 11,278,970
Cotton manufacturesl................ 4,573,375 | 5,718,107 | 4,266,773
Wool manufactures 2. ................ 9,177,681 |  7,983,68: 5,880,612

Hosiery and knit goods............... 1,677,252 1,023,161 s
Silk manufactures. ... . e eemeenaanans 8 ® 558,532

1Tncludes cotton goods and cotton small wases.

2 Includes worsted goods; woolen goods; carpets and rugs, other than rag;
felt goods, and wool hats. .

¥Not reported separately in 1900.

Rather more than one-half, in value, of all the materials reported
as consumed in 1905 byindependent establishments consisted of
chemicals and dyestuffs. Inasmuch as the value of such articles
shows a positive decline since 1900, although the work done by
these establishments, being of the same character and presumably
divided as to the amount of each particular process in fairly similar
proportions, has largely increased, it seems a reasonable inference
that the average price of those materials decreased but that the
quantities used increased.

Table 91 sets forth the imports of dyestuffs for
consumption during the years ending June 30, 1891
to 1905, as taken from Commerce and Navigation of
the United States, published by the Bureau of Statis-
tics.

! Page 206.
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Tasie 91.—DYESTUFFS—IMPORTS ENTERED FOR CONSUMPTION: 1891 TO 1905.

EXTRACTS AND DECOC- .
LOGWOOD. TIONS OF LOGWOOD CAMWOOD. FUSTIC. ALL OTHER DYEWQODS. CUDBEAR.
YEAR ENDING AND OTHER DYEWOODS. i
JUNE 30— {

Tons Value. Pounds. Value. Tons Value Tons Value. Tons, Value. Pounds. Value.
84,381 $1,842,954 3,282,227 $275,802 3 $220 9,100 $132, 841 1,002 $28, 960 402,241 $37,889
60,297 1,233,592 4,227,017 325,576 29 3,339 8,400 |, 125,067 2,527 50,131 27(:, 690 24,597
56,404 1,218,934 3,757,259 287,723 26 3,745 10,293 165, 807 479 8,978 320, 348 25,317
53,700 1,313,376 2,817,451 196,307 70 5,770 7,765 126, 309 347 4 426 151, 121 12, 666
50, 68! 1, 78, 618 3,565,277 261,762 23 1,676 6,299 89, 696 553 2,386 148, 024 13,129
66,074 1,522,069 4,910,176 "87 120 50 3,748 6,832 0, 389 1,155 18.583 118, 517 9,256
33,462 (711,010 459, 302 "77 798 ...................... 7,918 102, 472 639 8,327 66, 804 8
46,977 744,135 3,664, 623 9,923 137, 666 2,726 33,475 66, 795 4,795
37,518 547, 334 3,113, 558 9,198 121, 665 , 834 103,276 36, 487 2,919
48,190 628, 464 3,420,276 , 440 60, 886 20,967 205, 351 61, 305 3,944
54,480 857,901 2,864,875 7,140 83, 695 14,985 151,849 44, 332 2,964
53,625 774,796 3,221, 606 4,353 , 502 11,128 101,188 60, 909 3,779
51,008 748, 550 3,480,032 8,516 114, 569 28,560 290,473 50,117 2,945
48, 491 663, 572 3 121,218 4,618 51,011 28,799 313,262 55,250 3,558
36,167 459, 824 3 686, 730 323 763 1 131 4,371 ,909 849 7,7 36, 088 3,785

? MADDER OR MUN~ Safflower
. : JEET, OR INDI-
GAMPIDE, Of XERRA CRUDE INDIGO. INDIGO CARMINE. ||EXTRACTS ORPASTES|| Subgti- | AN MADDER, ) and ex-
. JAPONICA. OF INDIGO. GROUND og | Orchilor | tractof
YEAR ENDING | tute in- nilliquid| saff a
JUNE 30— | digo FPREFARED. on(:vall;g)m sasal.‘f(l”:‘loﬁn
} ¢ e
. - e B | — (value). oake
Pounds. Value. Pounds. | Value. | Pounds.| Value. |i Pounds. | Value. Pounds. | Value, (value).
27, 610, 504 ! $1, 343, 604 2,089,500 | 81,600, 865 28,175 | $33,145 881,000 | $58,288 $416 || 673,260 539,806 881, 974 §44, 508
95, 808, 405 | 1,000,043 2, 4()0, 635 1,772, 506 23, 6 28, 636 820, 887 58,845 |.......... I 518,78 2, 003 68, 779 , 391
36,762,640 | 1,305, 468 3,226, 314 3,137, 511 29, 687 35,304 || 1,317,835 | 101,347 2,793 | 053,779 01 720 64, 928 27,607
2(», 4()8, 4568 i 981, 328 1,717, 636 1,218, 580 12, 504 16, 907 829, , 474 1,687 | 262,563 17, 576 43, 235 24,341
29, 022, 603 963, 255 3,411, 539 1,940, 250 26,173 33,405 605, 750 57,317 187 329, 477 18, 541 50, 317 16, 462
32,343,256 1 1,108, 611 2,707, 92 1,571,018 34,967 42, 369 590, 664 56,301 |l.......... 18,313 15,746 62, 831 33,765
31, 349, 555 | 59, 3,010, 005 1, 586, 300 52,102 59,182 469, 729 51,153 II. 202, 462 12,963 , 065 38,022
42,333,480 | 1,021,288 3,088, 7, 1, 807, 336 25,671 206, 642 306, 760 59,001 ||. 246,218 11,816 56, 765 52,482
38, 123, 478 | 754, 497 3,127,182 1, 698, 583 17, 505 17,172 254, 531 23,324 ||. 280, 081 12,298 45, 404 32,417
38,857, 515 906, 2,747,043 1, 446, 490 18,204 15,767 251, 538 20,004 ||. 120,736 5,869 47,134 44,502
"(x, 811, 197 824, 444 3, 139, 063 1, 402, 894 11,061 9,789 181, 168 12,202 |l 178,872 11,329 31, 937 42,502
28, 508, 836 1, 165, 081 2,057, 673 1, 035, 980 15, 555 13,401 145, 024 9,022 |. 118,316 6,615 44, 847 35,005
42,719, 254 ! 2,042, 036 4,532,021 1,202, 342 22,200 17,190 168, 484 12,912 |1, 153,171 9,706 63, 438 43,554
28, 887, 608 1,274,048 5, 046, 612 1,282 497 18,731 13,775 132, 247 9,522 |I. 14(5,382 9,073 56, 028 43,145
32,192,801 | 1,712,660 || 4,830,955 873,781 || 24,304 | 18,520 || 126,070 | 8640 ||..iiI1llC 8,218 | 3,841 44,205 60,132
- } ‘
ALIZARIN, NATURAL | |
OR ARTIFICIAL, AND i
DYES COMMER- X
CIALLY XNOWN AS || Conltar | “Sinon soToBtE | ALIZARIN Asgler- || DEXTRIN, BURNT
e ) ALIZARIN YELLOW, || colors or STARCH, GUM SUB-
COCHINEAL. OIL OF ANILINE. ) OIL, OR OLEATE ANT, ETC., ALL
Saltsof | ORANGE, GREEN,| dyes,not|| op8opa,oR TUR-| OTHER STITUTE, OR BRIT=
YEAR ENDING aniling || BLUE, BROWN, AND | gpecially KEY RED OIL . ISH GUM.
JUNE 30~ (value). | BLACK, INCLUDING|| provided | y
EXTRACT OF MAD- for
DER. (value)
T — | i e s
Pounds. | Value. Pounds. | Value. Pounds. | Value. | Gallons. | Valne. || Pounds.| Value. || Pounds. Value.
86,707 | $10,935 || 1,480,008 | $200,602 || $713,732 || 3,443,167 | $674,101 |81, 632,042 | 6,310,352 | 8212, 068
230,030 | 55,883 1 428,070 | 953,248 || 536,477 4 £38,220 | 1,020,122 || 1) 640,024 | 3,275,326 | 137, 408
215,512 52,572 ,211, 818 | 163, 530 432,134 || 5,720,221 | 1,125,500 2, 322, 258 ¢ . 4,650,215 161, 430
104, 284 J,Ql»() 070 722,919 |1 1,429,101 | . . 3, 088, 361 121,963
130, 205 8 5, 287, 720 870,383 | 2,739,033 92,158 ”5 735 .....................
160, 422 6,154, 156 094,395 || 2,918, 33 82,370 | 24,626 ||...ooiiii]eeiieiii e
137,201 6,109,018 | 1,023,425 || 3 4,874, 656 124,719
158, 055 . 5,871,962 386, 349 3,737,575 108,919
07, 563 . . 5,226,452 700,780 .!, 402, 474 99, 056
158,011 . - 8 6,009, 552 771,336 5, 050 487 169, 470
114,414 20,414 1,530,950 | 143,268 580,535 | 4,046,986 713,302 5, 092 305 164,120
138, 821 24,865 1 ‘ﬁﬁ!H 920 | 177,41 (31,467 | 6,560,083 | 1,028,327 b, 544 470 160, 607
112,714 24 215 1 8(\9, 933 | 167,976 789 563 | 4,307,428 060, 464 6, 532, 764 149, 637
162, 362 (\4,24(‘) 2,.’38, 200, 569 (586, 184 \ 4 (1()('», 007 636,418 4,784, 981 131 289
84,332 36,876 || 2,362,480 | 200,385 || 712,925 | 4 076,573 I¥25 076 || 4,000,102 779

Crass XII—TANNING MATERIALS.

The class of tanning materials includes the ground,
chipped, and comminuted products of oak, chestnut,
chestnut oak and hemlock wood or bﬂl‘l\, palmetto
roots, sumac leaves, and the fluid or solid extracts
from these materials or from quebracho wood and
quercitron bark or other tannin-containing materials;

tannic or gallic acid; and chrome tannage or other
tannage solutions. The statistics presented in Table 92
show an increase in every item for the census of 1905
as compared with that of 1900, the largest increase in
amount being in capital and the next largest in value of
products. In common with most of the industries
shown, the increase in capital is represented by a much
larger percentage than the increase in value of products.




TaBLE 92.—Tanning materials—comparative summary, with
amount and per cent of increase: 1905 and 1900.

|

CENSUS. 5 Per cent
| Increase. | ' of

= | increase.

1905 1900 i

! i
Number of establishments.......} 47 33| 14 42.4
Capital..o...coconnn fveeeeas ...| 87,390,313 | 81,559,157 |} $5,837,156 374.4

Salaried officials, clerks, etc., i
falit 1T N 168 64 |1 104 162.5
Salaries. . ....... P, $260, 472 876,025 || 184,447 242.6
‘Wage-earners, average number . . 1,801 55 1, 241.3
Total wages. ... ..o 8788, 451 $207,337 858,114 280.3
Miscellaneous expenses..........| $518,033 $78,974 $439, 059 556.0
Cost of materials used...... .| 23,358,104 | $1,020,763 || $2,337,341 229.0
Value of products................ $5,615, 590 | 81,713,284 || 83,902,306 227.8

70

Table 94 shows that the principal increases in the
number of establishments at the census of 1905 as
compared with that of 1900 were in Virginia, North
Carolina, and Tennessee, and the principal decreases
in Pennsylvania and New York.. Practically all of
the gains were in the Southern states, which in 1905
contained more than half of the establishments of the
country. Virginia ranked first in 1905, and Pennsyl-
vania first in 1900.

TaBLE 94.— Tanning materials—number of establishments, by-states:
1905 and 1900.

The statistics of Table 93 show an increase in every
item for 1905 as compared with 1900 except in the
quantity and value of ground bark, ground sumac,
hemlock extract, and sumac extract, and in the value
of ““all other products.” The largest increase in both
quantity and value is found in the item of ground and
chipped wood, in which there was an increase of
636,858,006 pounds, or 336.4 per cent in quantity and
of $6,370,994, or 336.6 per cent in value, but it will be
observed that these figures are based on reports of
estimates of materials used. The next largest increase
is found in oak and chestnut extract, in which an
increase of 121,846,126 pounds, or 351.4 per cent, in
quantity corresponds with an increase of $1,750,065,
or 264.7 per cent, in value. As shown by the table
the proportionate increases and decreases in quantity
among the different products are remarkably consist-
ent with the corresponding increases and decreases in
value. Itis believed that if the returns of the indus-
try in tanning hides could be obtained in detail, the
quantity of tanning materials, and especially of tan-
ning liquors used, would be greatly increased, since
many establishments in this industry manufacture
their own tanning materials.

TaBLE 98.—Tanning materials—quantity and value of products:
1905 and 1900.

1905 | 1900
|
KIND. Quantt a
uantity > ) uantity
(pounds). Value. (pounds). Value.
Total.....ooooiian.. 1,132, 307,832 ($13, 943,190 424,120,026 | $5,548,522
jround bark............... 174,847,272 |  1260,460 || 2136, 380, 000 2696,125
tround and chipped wood - | 3826,147,006 | 88,263,884 |; 4189,289,000 | 41,892,890
fround sumae... . ........ 5,129,333 65, 631 9, 528, 800 114,660
femlock extract. .......... 18,833, 450 406,619 || 35,591,329 572,882
'ak and chestnut extract ..| 156,520,123 | 2,411,184 || 34,673,997 661,119
umeac extizgact ............. g, ggg, gég o?)g’ 93 4, (3.%9, 742 103,085
annic acid.... ... 5 200,1 5

anning liquors. ... 41,571,520 | 1,618,821 || 14,307,158 353,143
1l other produets.. ... fee.iiaoaaa.. 611,498 .. Lo....... 1,154,618

 Includes 36,553,420 pounds, with an assigned value of $18,277, consumed in
tablishments where manufactured; and also the tanning materials produced
r establishments engaged primarily in the manufacture of other products.

2Includes 109,352,000 pounds, with an assigned value of $546,760, consumed in
tablishraents where manufactured; and also the tanning materials produced
“establishments engaged primarily in the manufacture of other products.

3 Includes 825,181,300 pounds, with an assigned value of $8,251,813, consumed
sstablishments where manufactured; and alsothe t&nnin% materials produced

establishments engaged primarily in the manufacture of other produets.
4 Estimated. gagedp v ?

5Included in ‘‘all other products.”

STATE.

United States

California..
Connecticu
Florida....
Illinois. ...
Kentueky...
Maryland............
Massachusetts
Michigan......
New Jersey..
New York.............
North Carolina
Pennsylvania
Tennessee. ..
Virginia.......

West Virginia...........

O3 0D 1ok et D et bk b

-
gy =

1Includes 4 establishments engaged primarily in the manufacture of other
prod

frote i ily i f other
2Includes 14 establishments engaged primarily in the manufacture of otoel
produets.

_ Virginia and New Jersey, which shared the second
place in 1900, passed to the first and second rank, respec-
tively, at the census of 1905. North Carolina, whi.ch
did not appear at the census of 1900, Pennsylvania,
which stood first at that census, and Tennessee, which
was in the sixth rank in 1900, now share the third place
in rank. West Virginia has held the fourth rank at
both censuses. Massachusetts has passed from the
sixth to the fifth rank. California, which held the
fifth, Florida the sixth, and New York the third plaqe
in 1900, now share the sixth place in rank. Connecti-
cut, which did not appear in 1900, with Kentucky and
Michigan, which both held the sixth place in 1900,
now share the seventh place in rank.

TapLe 95.— Tanning materials—ualue of products, by states: 1905
and 1900.

STATE. 1905 1900

$5,673,100 | $3,108,872

[C)

399, 481
301,756
753,182
1
470,223
232,365
951,865

1Included in *‘all other states.” .

2 Includes in 1905 California, Connecticut, Florida, Kentucky, Michigan, and
New York; in 1900, California, Florida, Illinois, Kentucky, Maryland, Massachu-
setts, Michigan, and Tennessee.

The statistics of Table 95 show that as measured by
the value of products in the states which are reported




separately at each census, Virginia, which stood second
in rank at the census of 1900, stands first at the census
of 1905. Tennessee, which was combined with “all
other states” in 1900, now ranks second, and North
Carolina, which did not appear at the census of 1900,
ranks third. At the earlier census the value of the
product of “all other states” exceeded that of any
single state specially enumerated. This condition was
still more marked at the census of 1905, notwithstand-
ing the fact that the returns for Massachusetts and
Tennessee were shown separately, because of the
increase in the number of establishmentsin these states.

The table also shows for those states whose returns
have been presented separately at each census that,
while there has been an increase in the returns for
Virginia and North Carolina, there has been a decrease
in the returns for New Jersey and Pennsylvania.
Inspection of the returns of the individual establish-
ments shows that the decrease in New Jersey and
Pennsylvania has been due to the growing remote-
ness of natural raw material

TaBLE 96.— Tanning malerials—quantity and cost of principal
materials used: 1905 and 1900,

FIND, 1905 1900
Hemlock, oak, and chestuut bark:
Tons. . . . - 48,468 93,104
. - §706,865 $436,071
247,295 27,813
§750,591 $86,728
4,004 O]
$816,817 | cviieanaenn
) TN 4,476 11,538
(0113 R $03,059 $176,353
All other materials. $466,016 $155,469

Hneluded in “all other materials.”

The statistics of Table 96 show an increase at each
census for every item except sumac leaves, which show
a decrease in both quantity and value. The general
increase is in accordance with the increase noted in
the value of products in Table 95.

It is evident when we consider the nature of this
industry that a complete presentation of it can not be
made for several reasons. In the first place, logwood
and other materials of the dyestuff industry are used
to a certain extent in treating leather, but as there is
no information at command by which to determine
what portion of the logwood is used in each industry,
the whole has been accredited to dyestuffs. Some
tanning materials, on the other hand, are used in dye-
ing textiles, and as in this instance also no separation
can be effected, they are all included in the class now
under treatment. This constitutes an offset in the
bookkeeping. A more serious difficulty is met with
in the production of tanning materials in tanning fac-
tories in which they are consumed in further manu-
facture.

The extent to which tanning materials from all
sources are used in the manufacture of leather is shown
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in Table 97, the data being taken from Census Bulle-
tin 57.

TaBLE 97.— Tanning materials used in the manufacture of leather:
1905 and 1900.!

XIND. 1905 1900
Hemlock hark:

L0 o - R 1,000,328 1,170,131
$8,471,202 | $7,347,242
422,260 445,934
$3,765,509 | $3,174,9095
214,301 54,231
.| 82,300,395 8550, 065
.| $2,490,487 $202,133
.| §2,847,441 | 82,257,751
$5,154,870 | 83,395,261

1Census of Manufactures, 1905, Bulletin 57, page 37.

Examination of the data given here shows that the
statement made at the census of 1900 practically holds
good to-day. It was as follows:*

The early tanners were conservative in adopting new processes.
Various tannages and substitutes for oak and hemlock bark, which
furnished all the tannin of former years, have come into wide use.
Standard tannages are now made from hemlock and oak barks, from
their extracts, from gambier, sumae, and quebracho, and from chem-
icals. Mechanical devices have shortened the time required for
getting good results, but the tanner is constantly on the alert to
secure something that will diminish.the number of weeks he is com-
pelled to wait while his hides are assimilating the liquors in which
they are placed. Some such shortening process as that employed
in the manufacture of kid or morocco is confidently anticipated by
manufacturers of sole leather, calf, upper, etc. In the case of kid,
hyposulphite of sodium added to the chromium compounds makes
the tannage more permanent, while the desired results are obtained
in a shorter time. To this discovery is due the sudden growth of a
most important branch of leather manufacturing.

Notwithstanding the numberless inventions that have to do with
the chemical side of tanning, hemlock and oak bark still furnish the
great bulk of the material upon which the manufacturers of leather
rely for their tannin. This is accounted for by the practically un-
limited supply and the satisfactory results obtained through their
use. Inventive genius has exhausted almost every expedient for
getting the last particle of tanning material from the bark, so that,
whereas not long ago a large percentage of tannin was lost to the
manufacturer, he is now able to utilize practically all that the bark
is capable of yielding.

The process of chrome tannage above referred to is
described by Thorp? as follows: ,

Chrome tannage, or tawing with chromium salts, has been chiefly
developed in this country and is now in general use here. The
principle of the process consists in precipitating an insoluble chro-
mium hydroxide or oxide on the fibers of a skin which has been
impregoated with a soluble chromium salt, usually potassium
bichromate; basic chromium chloride, chromium chromate, and
chrome alum are also used. The skins, having been limed, un-
haired, fleshed, bated, drenched, and scudded, are worked in a

‘solution of potassium bichromate to which some common salt has

been added, together with one-fourth to three-fourths of the theo-
retical amount of hydrochloric or sulphuric acid necessary to liberate
all the chromic acid (CrO;). After several hours, when the skin
shows a uniform yellow color when cut through the thickest part, it
isremoved, the excess of water pressed out or drained away, and the

1Twelfth Census, Manufactures, Part III, page 716.
2Frank Hall Thorp, Outlines of Industrial Chemistry, 1905,
page 540. .



gkin worked in a bath of sodium bisulphite (NaHSO;), or thiosul-
phate, to which has been added some mineral acid to liberate the
sulphur dioxide:

(1) K;Cr,0,42 HCl=2 KC1+H,0+2 CrO;.

(2) Na,S,05+2 HCl=2 NaCl+H,0+8+S0,.

(8) 2 CrO3+3 SO,+3 H,0=3 H,30,4Cr,0,.

The chromic acid is absorbed by thefiber and is later reduced in
gitu by thesulphurousacid. Itisnecessarytouseastrongsolution of
the reducing agent, so that the reduction may be fully accomplished
before the chromic acid has time to ‘““bleed’’ from the skin. The
strength of solutions recommended vary somewhat in the various
processes, but are usually made from 10 to 30 grams per liter for the
bichromate, and 30 to 50 grams for sodium thiosulphate. Calculated
on the weight of the skin, from 4 to 9 per cent of bichromate, and
about 15 per cent thiosulphate are usually employed. The amount
of chromic acid fixed on the fiber is about 4 to 6 per cent, calculated
as bichromate, X,Cr,0,.

Chrome leather is tough and resists moisture very thoroughly.
On this latter account, skins which are to be dyed should be intro-
duced into the dye at once after reducing and washing, for if allowed
todry thedyeingisincomplete. Theleathermay beheated to80°C,
or more without injury, and hence can be dyed with some of the
alizarin colors. Itisa veryrapid process, the time of steeping in the
chrome bath being only a few hours and even less in the reducing
bath. Ttisa verylight tannage, and on thick skins has considerable
tendency to contract the fiber, and so is not used for sole or upper
leathers. Itis chiefly employed for glazed kid, calf kid, and glove
leathers. The tanned or colored skins are oiled and stuffed before
drying.

Table 98 sets forth the imports and exports of tan-
ning materials for the years ending June 30, 1891 to
1905, as taken from Commerce and Navigation of the
United States, published by the Bureau of Statistics.

Tasre 98.—TANNING MATERIALS—IMPORTS FOR CONSUMPTION AND DOMESTIC EXPORTS: 1891 TO 1905.

|
IMPORTS. %g[nggg%c‘
YEAR Ottier arti-
Sumac, unmanufac- Hemlock Extracts other cles in
Jggxg)c; Sumac, extract of. Sumac, ground. %ured. Hemlock bark. extract. than hemlock. He;%lgck erggg c{“i:gte Bark and
other | tanning, fgfg%"ufi;g
extracts| not spe- (value).
. (value). | clally pro-
Pounds. | Value. | Pounds. | Value Pounds. Value. | Cords.| Value. | Pounds. | Value. | Pounds.| Value. v(ngﬂlg?r
|
$77,152 | 11,412,297 | $235,729 | 2,953,202 | $65,802 768, 710 }514 958 3,310 $241,382
68,853 | 10,822, 614 | 225,801 | 2,841,200 | 60,657 | 53,010 | 256,346 |.......... o 12,973 | 408 , 230, 708
108,447 | 14,363,922 | 280,953 | 3,817,568 | 70,152 i 672 - 232,260
54,535 | 8,315,551 | 191,333 970, 207 21,427 271, 236
53,260 | 12,242,216 , 541 3, 6 40,021 , 362
78,504 | 13,349,233 | 231,324 | 1,027,824 24, 861 354, 007
84,150 | 18,530,104 | 245,992 | 2,117,439 | 30,554 241,919
48,399 | 8,836, 1 121,461 | 3,754,307 | 62,553 320, 904
38,700 | 14,156,344 | 202,605 | 3,011,810 | 42,297 369, 663
,205 | 10, 644, 001 | 233, 1,048,055 | 20, 800 376,742
52,105 | 9,935,746 | 179,801 | 1,422,822 | 26,138 986, 238
45,375 | 13,047, 249 ) 1,204,030 | 20,88 [ 988013
50,681 | 13,659,289 | 199,290 | 1,131,629 | 16,553 [ 239,78
50,045 | 18,007,931 | 209,459 | 2,660,936 | 38,723 W
38,572 | 16,413,560 | 235,403 | 3,745,016 | 51,162 oo s

Crass XIIL.—PAINTS AND VARNISEES.!

The products of this class embrace pigments, includ-
ing dry white lead (basic lead carbonate, corroded lead,
ceruse), sublimed white lead (basic, oxy-, or anhydro-
lead sulphate usually containing some zinc oxide), dry
white zinc (zinc oxide, Chinese white), zinc lead white
(composed of about equal parts of lead sulphate and
zinc oxide), leaded zinc oxide (zine oxide containing
varying amounts of lead sulphate), lead oxides (lith-
arge, lead monoxide, red lead, minium, orange lead,
orange mine, orange mineral), lampblack and other
carbon blacks (vegetable black, gas black, ivory black,
animal black, Frankfort, German, or drop black, can-
dle black, graphite, plumbago), barytes (barium sul-
phate, heavy spar, ‘“‘sugar,” blanc fixe), fine colors
(artists’ colors, including among others true vermilion,
Chinese vermilion, cadmium yellow, true chrome green,
cobalt green, cobalt blue, ultramarine blue, Chinese
blue, ceruleum, umber, Vandyke brown, sepia, and
bister), iron oxides and other earth colors (rouge, light
red, Indian red, red oxide, Venetian red, purple oxide,
scarlet red, burnt sienna, burnt umbers, and other colors

!Including bone, ivory, and lamp black.

obtained artificially from iron compounds or iron and
other earthy minerals), dry colors (including all other
pigments in the dry condition either simple or com-
pounded), and pulp colors sold moist; paints, includ-
ing white lead and other white pigments in oil, “‘paints
in oil and in paste,” and “paints in oil already mixed
for use;” varnishes and japans, including olecresinous
varnishes, spirit varnishes, dammar and similar turpen-
tine and benzine varnishes, pyroxylin varnishes, drying
japans, dryers, baking japans and lacquers, and enam-
els, fillers, including liquid, paste, and dry fillers and
putty; and water paints and kalsomine, including
water paints dry or in paste, and water paints already
mixed for use.

This classification, therefore, covers many forms of
industry, such as the corroding of lead; roasting lead
to form the oxides; volatilizing and oxidizing galena
to form sublimed lead; distilling zinc and burning its
vapors to produce zine white; grinding and bleaching
barite, heavy spar, cawk, or lead bloom to form bary-
tes, or the artificial formation of barium sulphate to
produce blanc fixe; thermolyzing hydrocarbons and
other carbonaceous compounds to produce carbon
blacks, the electric furnace production of artificial
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graphite; and the large number of chemical processes
through which a great variety of colors are formed, the
mechanical processes of grinding colors in oil or other
vehicles to produce paint, and the physical process of
dissolving gums in solvents to produce varnishes.

TasLe 99.—Paints and wvarnishes—comparative summary, with
amount and per cent of increase: 1905 and 1900.

CENSUS.
NSUS Per :r:ent
Increase. |; .0

1905 1900 Increase.
Number of establishments........ 664 615 49 8.0
Cg})ita.l ........................... $77,149,357 (860,834,921 {/$16,314,436 26.8

Salaried officials, clerks, ecte.,
bo100 0 0YoTc) 4,455 3,7 724 19.4
Salaries....coeeiiiiiiiiaan .| 85,725,041 | $5,040,301 $685,640 13.6
Wage-earners, average numbe ,8 9, 7! y 21.0
TOotal WAZeS. oo vamannnnnn $0,368,767 | 84,971,697 || $1,397,070 28.1
Miscellaneous expenses. . .. ..| $9,720,791 | $5,122,381 || 84,508,410 89.8
Cost of materials used.... -.|$60,030,070 [$44,844,220 |1$15,185,841 33.9
Value of products................ $01,487,326 869,922,022 ||821, 565,304 30.8

The statistics of Table 99 show an increase in every
item, particularly noteworthy being those in value of
products and in capital, $21,565,304 and $16,314,436,
respectively. The largest proportional increase, 89.8
per cent, was in miscellaneous expenses, while cost of
materials ranked next, the relative increase in this
latter item slightly exceeding that in value of products.
It is evident that there has been a material develop-
ment in the industry since the last census, the in-
crease in the value of products in particular reported
for the five-year period at the census of 1905 being
markedly greater than the corresponding increase in
the ten-year period between the censuses of 1890 and
1900.

Table 100 shows, for the censuses of 1900 and 1905,
the quantity and value of the different products of the
paint and varnish industry, including bone, ivory, and
lamp black, for all establishments where they were
manufactured either as principal or subsidiary prod-
ucts, including also the quantity and value of such
products as were consumed in processes of further
manufacture in the same establishments where they
were originally produced.

The statistics of Table 100 show an increase in every
item except in the quantity of dry white lead, dry
colors, and of liquid dryers, the value of iron oxides
and other earth colors, and in both the quantity and
value of paints in oil, in paste. In the case of both the
dry colors and the liquid dryers the value has increased,
which would indicate that superior and more efficient
articles are being produced thereby rendering a smaller
quantity adequate for a given amount of work. It
may be mentioned that both of these products are
used in the compounding of paints ready mixed for
use, that they may therefore be consumed in such
further manufacture in the establishment where
originally produced, and that there is, as already
pointed out, an increasing tendency on the part of
manufacturers to pursue this practice; it has not,
however, been possible in this investigation to ascer-
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tain definitely the quantities so used. The decrease
in both the quantity and value of the paintsin oil, in
paste is more than offset by the increase in quantity
and value of both white lead in oil and in paints ready
mixed for use, which indicates a growing tendency on
the part of the consumer to mix his colors at his con-
venience and to‘suit his own taste, or to use the ready
mixed paints in preference to buying separately the
colored paint in oil, in paste and the vehicle, and then
compounding them for use.

Tasie 100.—Paints and varnishes—quantity and value of products:
1905 and 1900.

1905 1900
KIND.
Quantity.| Value. Quantity. Value.

‘White lead, dry, tons .. 1120,046 |* $11, 761,909 2127,346 | 289,317,765
Oxides of lead, tons.. .| 336,663 | 34,001,775 432,233 | 42,958,184
Oxides of zinc, tons... . 58,743 4,330,394 37, 551 2,718,700
TLampblack, pounds. .. .| 20,208,385 640,701 || 7,670,931 425,028
Fine colors, pounds. .......... 8,030,330 1,001,853 || 3,808, 447 1,009,096
Iron oxides and other earth

colors, tons. . ..ouiiian... 524,723 5342 816 17, 454 367,987
Dry colors, tons.............. 661,804 | © 4,550,295 75, 909 3,655,718
Pulp colors sold moist, pounds | 25, 505, 482 931,131 || 20,060, 935 31, 531
White lead, in oil, tons....... 7114, 816 | 711,790, 482 59, 506 6,127,960
Paints in oil, in paste, tons. ... 67,021 8, 802,756 95,710 | 11,751,240
Paints ready mixed, gallons..| 22,755,018 | 20,771,387 || 17,437,311 | 15,302,481
Oiland turpentine varnishes,

F&llons e eaiaeas 817,929,403 | 916,170,614 || 14,804,251 | 14,530,150
Aleohol varnishes, gallons....| 91,542,502 | 92,202,645 , 432 921,169
Pyroxylin varnishes, gallons..| 10458,361 10 562, 620 171, 127 187,626
Liquid dryers, gallons........[11 5,201,187 | 13,908,635 || 6,564,370 | 3,085,954
Liquid fillers, gallons. .| 1,059,948 786,517 123, 552 112,921
Putty, pounds............ , 931, 556 728,468 || 17,287,323 238, 427
Water gmnts. dry or inpas

ounds . 28, 457, 447 936,607 || 14, 412, 653 744,024
All other products............l............ 14,827,101 §|. cvecann... 4,939,215

. ! Including 88,823 tons, with an assigned value of $8,882
lishments where manufactured.

_ ?Including 68,811 tons, with an assigned value of $4,816,707, consumed in estab-
lishments where manufactured.

. ¥Including 4,925 tons, with an assigned value of $492,500, consumed in estab-
lishments where manufactured.

4 Including 1,040 tons, with an assigned value of $95,441, consumed in estab-
lishments where manufactured.

6 Including 310 tons, with an assigned value of $6,200, cousumed in establigh-
ments whaore manufactured.

¢ Including 619 tons, with an assigned value of $6,190, consumed in establish-
ments where manufactured.

7 Including 5 tons, with an assigned value of $500, consumed in establishments
where manufactured.

8 Ineluding 605,684 gallons, with an assi
establishments where manulactured.

9 Including 2,200 gallons, with an assigned value of $3,432, consumed in estab-
lishments where manufactured.

10 Ineluding 5,800 gallons, with an assigned value of $6,670, consumed in estab-
lishments where manufactured.

UIncluding 843,682 gallons, with an assigned value of $649,635, consumed in
estalishments where manufactured.

In explanation of the falling off in the quantity of
dry white lead reported in 1905, together with the
large increase in the quantity of white lead in oil, it
may be stated that it appears probable, after a care-
ful serutiny and checking of the returns for both
censuses, that in 1900 a considerable quantity of
white lead in oil may have been tabulated as ‘‘white
lead, dry,” for the reason that at that census many
establishments returned white lead without indi-
cating whether it was dry or in oil, or furnishing a
criterion by which this fact could be definitely ascer-
tained. As each of these substances was specifically
called for in 1905, the separation has undoubtedly
been made more completely in the present report.

A means of checking the figures for dry white lead
is found in the quantity of pig lead used in the paint
and varnish industry. Out of the total quantity
reported, 40,011 tons were used in the manufacture

,300, consumed in estab-

gned value of $406,377, consumed in
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of lead pipe, sheet lead, solder, and other manufac-
tures of lead. By calculation based on the residue,
the quantities reported for dry white lead have been
confirmed.

Although Table 100 gives for the most part a rea-
sonably accurate presentation of the paint and var-
nish industry so far as those products which are pro-
duced for sale are concerned, yet the actual manu-
facture of these substances for use is probably much
greater. It is well known that large establishments
engaged in the manufacture of cars and other struc-
tures on an extensive scale use large quantities of
paint in the preservation and decoration of their prod-
ucts, and it is a sound policy for these establishments
to manufacture a material which they consume so
largely, but no means are at hand by which to deter-
mine the extent of this manufacture. Again it is
known that litharge is used in the making of glass.
In 1900 there were used for this purpose 8,386,106
pounds, costing $490,200, and in 1905, 9,613,649
pounds, costing $555,130. It has long been a prac-
tice in some glass works to manufacture there the
litharge consumed in the making of the glass, and the
item in Table 100 foroxidesof lead contains the returns
for such litharge in 1900, although not for 1905. -

TasLe 101.—Paints and varnishes—number of establishments, by
states: 1905 and 1900.

STATE. 1905 | 1900
United States. . ... il 1712 2652
AIBDAMA. ..o IR P,
California. ... .. ... ... . LI 24 16
Colorado. . 5 3
Connecticu 14 11
Delaware...... 4 2
Distriet of Columbia. . 1 2
Florida. «ooo.oooviii o0 1.
GOOTZIB v eeeiviainiiie e s o 6 5
Tinols. ... oo LI 66 55
Indiana. ... ... Ll Il 16 10
Jowa._.. 5 6
Kansas. 3 1
Kentucky. .. 14 12
Louisiana........ 3 4
R, 1 3
Maryland...... ... .. .l llllTIIIT 13 16
Massachusetts.. .. .. ... .. .o Il 35 46
chigan...... 19 17
nnesota. . 6 7
Mississippi. .. 1
fssouri................. 41 30
Nebraska.............. .. 0 3 3
Nevada......... .. [0l 11T 1 1
New Jersey......... ol T
New York. . 134 126
North Carolin: 2 2
Ohijo......... 77 67
Oregon........ 4 4
Pennsylvania........... ..ol 12 111
Rbode Island....... . ... [0 1l 5 6
B ‘4 6
CRAB. oI 2 5
Vermont 1 2
Virginia. .. 4 2
Washington........ 6 3
West Virginia.................." ...
iseonsin. ... .. I lllTIIIIIIIII I 1 7

1Includes 48 establishments engaged primarily in the manufacture of other
products.

ptoé‘llggudes 37 establishments engaged primarily in the manufacture of other

At both censuses New York ranked first, Pennsyl-
vania second, and Ohio third in the number of estab-

! Census of Manufactures, 1905, Bulletin 62, page 25.

.

lishments, New York and Pennsylvania both report-
ing over a hundred establishments at each census. In
1905 Illinois, which stood fifth at the census of 1900,
exchanged places with New Jersey, which stood
fourth, while a similar exchange occurred between Mis-
souri and Massachusetts for the sixth and severth
places. California ranked eighth with 24 establish-
ments. No other state reported 20 establishments
at either census. The largest increase in the number
of establishments was in Missouri and West Virginia,
which reported a gain of 11 each. Twelve states and
territories reported a decrease, the largest loss, 11
establishments, being shown for Massachusetts.

TasLe 102.—Painis and varnishes—uvalue of products, by geographic
divisions: 1905 and 1900.

DIVISION. 1905 1900

United STates. oo e it et e $98,804,910 | 874,343,037
North Atlantie division.......c...o..coooiooon .. 51,987,750 | 43,330,875
Sowthers Mosih Kilatie, Il AR | A
South Atlantic division..... . ....ooioieoe e 1,614,425 034,288
Southera South Avianie A
North Central Aivision. . ... co.oiieiooouneoni . 39,943,031 | 27,133,057
Wentorn Nowh Contmi S | i
South Central Aivision..........o.oceoieoianii.. 1,770,765 1,039,985
Eastern South Central- .. ............_............. 1,570,200 860,053
Western South Central..........._...o........_.... 200,475 179,832
Western division. ........._.................. 3,488,039 | 1,004,832
Bugy Moo md pesimond e B B

The statistics of Table 102 show an increase in the
value of the products for 1905 as compared with 1900
in every main division and subdivision presented
except in New England, in which there was a decrease
of $121,414, or 3 per cent. The greatest actual in-
crease in one of the main divisions, $12,810,874, is
reported from the North Central division, followed
by the North Atlantic with an increase of $8,656,875.
The greatest proportional increase, 83.1 per cent, is
found in the Western division followed by the South
Atlantic with an increase of 72.8 per cent, although
the absolute increase in these divisions is relatively
small. At each census the North Atlantic division
stood first in the value of products, reporting 52.6
per cent, or more than half of the total value returned
in 1905, the Southern North Atlantic minor division
alone reporting 48.7 per cent. The North Central
division ranked second at both censuses, followed by
the Western, South Central, and South Atlantic
divisions in the order named. '

Table 103 sets forth the quantities and values of
the more important materials used in the manufac-
ture of paimts and varnishes, either as a principal or
subsidiary product, as returned at the censuses of
1900 and 1905.

.
1



Tasre 108.—Paints and varnishes—quantity and cost of principal
materials used: 1905 and 1900.

1905 1900
KIND. -
Quantity. Cost. Quantity. Cost.

Aleohol, grain, gallons. . ..... 59, 064 8138, 703 78, 309 $175,907
Aleohol, wood, gallons....... 1,357, 682 700, 243 310, 059 285, 510
Barytes, natural and artifi-

cial, pounds 47,788, 162 218,602 1 59, 675,207 1241,778
Benzine, gallons. . 13, 306, 420 | 1,276,578 || 10,081, 945 1,045, 488
Dry colors, pound 151,086,244 | 5,322,157 ||...veannnnn 4,258,959
Gums, pounds. .. ............ 37,712,476 | 4,320,031 || 306, 533, 632 3, 470, 695
Iron oxides and other earth

colors, tOnS .. .oorriinanana 63, 610 518, 950 20, 993 1337,733
Lead oxides, pounds......... 3, 690, 402 242,475 6, 118, 576 1429, 121
Linseed oil, gallons. .. 20, 642,781 | 7,904,978 | 10, 187,117 7, 495, 196
Piglead, tons....... 129, 629 | 11,214, 961 99, 052 8, 585, 688
Turpentine, gallons. 7,160,774 1 3,540, 250 0, 519, 408 2,965,061
White lead, pounds. 261, 768, 068 | 23,046,005 || 39, 689, 235 1,970,614
Whiting, pounds............. 46, 598, 424 332,836 |1 10, 690, 441 55,157
-Zine white, pounds.......... 65, 408, 503 | 2,814,710 i 45,178,276 | 12,531,087

i

1Included in “‘dry colors” in Twelfth Census Bulletin No. 210.
2 Includes 342,014 pounds of white lead in oil, valued at $16,335.

The statistics of Table 103 show an increase in every
item except the quantity and value of grain aleohol,
of barytes, and of lead oxides. The marked increase
in the quantity and value of the wood alcohol used
indicates that it has been substituted for the more ex-
pensive tax-paid grain alcohol. At the same time, in
the pyroxylin varnish industry, other cheaper solvents
than grain alecohol have come into use. The decreases
in the barytes and lead oxides have probably resulted
also from the substitution of other pigments and dryers
for these substances. The largest increase in quantity
is found in the item of iron oxides and other earth col-
ors, amounting to 42,617 tons, or 203 per cent; while
the largest increase in value was that of $2,629,273,
or 30.6 per cent, reported for pig lead. A comparison
of the amount of pig lead returned in 1900 and 1905
with the dry white lead reported as produced at these
censuses tends to confirm the statement previously
made that in 1900 the statistics for dry white lead
probably included a quantity of white lead in oil also.

The growth of the industry is brought out more
clearly in Table 104, which shows the number of estab-
lishments, capital, number of employees (including
both salaried employees and wage-earners), and value
of products reported for the industry at each census
from 1850 to 1905, inclusive. Fstablishments manu-
facturing paints or varnishes as subsidiary products are
not included.

TasrLe 104.—Paints and varnishes—comparative summary: 1850 to

1905.
%\Jumz lN umz
)r 0. . »er o Value of
CENSUS. t\ﬁtﬂ%\z- Capital. Ie):]r:)l}-’_ products.t
ments. ees.
664 | 877,140,357 | 16,288 | 801,487,326
615 | 60,834,921 } 13,513 69,922,022
6 | 40,045,797 | 10,973 55,204, 711
343 | 17,960,742 , 28 20,773,317
224 | 13,040,740 | 3,504 22, 512,860
164 7,402, 69 2,216 11,107,342
68 3,217,100 | 1,579 5,466,052

1Includes custom work and repairing.
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It will be observed that there has been a steady
increase from census to census in every item shown in
Table 104, and-that there has been no abnormal
growth in any one item as compared with the others.
The increase in number of establishments is per-
haps particularly noteworthy, as many industries
showed a falling off in this item at the censuses of 1900
and 1905, as a result of the prevailing tendency to
concentration.

Lead oxides and carbonate are found occurring as
minerals in the earth and were known to the ancients.
Minium was used as a rouge and white lead as a
cosmetic by the Romans and Athenians. White lead
was also used by the Romans as a body for their paints.
Its manufacture was described by Theophrastus
about 300 B. C., the method followed being to place
sheets of lead in pots with vinegar or wine lees and
allow them to stand, whereby, evidently through the
action of the carbon dioxide of the air, the basic lead
acetate first formed was converted into basic car-
bonate. This practice with some improvements
appears to have been revived in Holland about the
sixteenth century. This method is still known as the
Dutch process, and is held to give a white lead of
superior covering power which is especially valued
as a basis for colored pigments in the manufacture of
mixed paints.

The process as practiced in this country is de-
scribed in a circular of the Sterling White Lead Com-
pany, as follows:

The pig, or metallic lead, is melted and cast into perforated
disks called “buckles,” ¢ inches in diameter, which are put into
pots containing about 1 pint of vinegar. These are placed in
rooms holding ten layers, or tiers, 600 to 1,000 pots each. The pots
are covered with boards, and layers of spent tan bark placed be-
tween each tier. The rooms, technically called ““beds,” are kept
closed from three to four months. During this period the heat
and carbonic acid gas generated by fermentation of the tan, together
with the acid vapors, combine to corrode the lead into a white
flaky substance. This, after it is crushed, screened, ground in
water, and dried, forms the white lead of commerce, and is either
sold in the dry state to mixed paint and color manufacturers, or
ground in linseed oil and sold under corroder’s brand for general
painting purposes. The works comprise a corroding house 78 by
450 feet, containing 34 corroding beds with a capacity of 60 tons of
pig lead each every one hundred days, with ample room for addi-
tional beds when required; an iron building containing the buckle
machine, pig lead storeroom and machine shop; an irom boiler
house equipped with three safety hoilers of over 600 horsepower;
an exceptionally solid mill building of brick and stone, 75 by 150
feet, four stories high, with a fine light and dry basement; an iron
and frame building containing the oxide furnaces and plant, with a
capacity of 1,200 tons of red lead and litharge annually; a bark-
extracting plant sufficient to supply all the tan bark required for
corroding; and a pumping house on the river bank equipped with
a fine steam pumping engine. The corroding department is
equipped for the “old Dutch” process exclusively (one hundred
days’ corrosion), but instead of the usual arduous and tedious method
of charging and discharging the beds by hand, an electric traveling
crane has been introduced. This crane, with a capacity of 3
tons, travels the entire length of the corroding beds, and is utilized
for quickly and economically handling the charged pots, the tan



bark, and the corroded product. With this crane it is possible to
conduct all the work of charging in a much shorter time and with
far fewer hands in proportion to tonnage than is possible in any
other “old Dutch” process works in the world. The dust-proof
separator has a capacity of 50 tons daily, and there are two double
run water mills, with a combined daily capacity of 30 tons. These
are run in connection with 14 cedar settling tanks holding about
100 barrels each. The drying rooms on the top floor are furnished
with 17 pans with a present capacity for 150 tons a week, with room
for additions if necessary. Of these pans, 6 are of the ordinary
steam-jacket type, but these are soon to be replaced with new pans
of the filter type, which are in exclusive use at this plant. The
combined steam and filter drying pan is an invention of the Sterling
Company. It comprises an inclined bed, with a false hottom of
brass wire cloth covered with filtering fabric, underneath which
lies a series of steam coils. Instead, therefore, of having to provide
sufficient heat units to evaporate all the moisture from the pulp,
only enough is consumed to evaporate the residue that can not be
drawn off by gravity and filtration. The saving in coal consump-
tion and in time is apparent at once. But the improvement is still
more significant in jts effectiveness as an additional washing process.

With the ordinary drying pan any acetic acid retained in the pulp
after settling remains in the finished product, but with these filter
pans it is drained off to the last degree. The oil grinding plant
comprises 10 double buhr mills, with a combined daily capacity of
2 carloads of ground lead, with mixers adequate to supply all the
mills. The mills are all set on ponderous brick piers extending to
solid foundations. An improvement over the ordinary practice
with oil grinding consists in allowing all the ground lead to cool in
tubs before packing. The mill is also equipped with a pulverizing
machine in connection with the automatic packer for reducing the
dry lead for barreling. The bark-extracting plant was established
for the purpose of insuring a permanently adequate supply of tan
for corrosion, as well as to control the quality of the tan provided.
Chestnut oak bark is procured from the adjacent country, and the
plant is similar to those installed at first-class tapneries, with a
vacuum pan for reducing the extract.

Theoretically, 100 parts by weight of lead should
yield 124.8 parts of lead carbonate, but in practice the
yields vary from 106 to 117 parts of dry white lead.
The dross, or skimmings, is used in further manufacture.

In addition to the Dutch process there are the
English process, in which litharge is moistened with a
solution of lead acetate and the mixture stirred by
machinery in an atmosphere of carbon dioxide gas
produced by the combustion of coke, and the French
process, in which a current of carbon dioxide is passed
through a solution of basic lead acetate; but neither
of these appears to be in use in this country, though
mention is made in literature, but without descrip-
tions, of the use of ““quick” processes. Quite a num-

ber of electrolytic processes for the production of white

lead have been devised, but these do not appear in
practice, either because the product is not satisfactory
or the operating costs do not compete successfully with
those of the older methods.

Sublimed white lead is a strictly American product,
the process for its manufacture having been invented
and patented by Messrs. E. O. Bartlett and George T,
Lewis. This substance is an oxy- or anhydro- lead
sulphate which is obtained, without grinding, in the
form of animpalpable white powder, having a specific
gravity of 6.2, high covering power and wearing quali-
ties, and a high degree of resistance to blackening
when exposed to the sulphur compounds occurring
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in fuel and sewer gases. Furthermore, as it is diffi-
cultly soluble, it is free from the poisonous properties
which characterize many other lead compounds. The
methods employed in its manufacture are described
as follows:!

Viewed in the gross the process is most simple: The sulphide are
of lead (galena) is heated to the sublimation point and the heated
vapors, taking up oxygen from the air, are transformed from the
sulphide into the oxy-sulphate of lead. But in detail the trans-
formation is not 80 easily or simply accomplished. To comprehend
thoroughly, we must begin with the ore and follow it through the
successive steps of manipulation. The ‘“mineral,” as it is called
in miners’ phrase, after being taken from the mine, is finely crushed,
washed, and separated by a gravity process known as ‘‘jigging”
from accompanying rock and other minerals. In this purified
condition it is delivered to the works, where it is again crushed,
sized, and inspected. The ores of this district are the purest in the
world, and the Picher plant was located at Joplin because of this
fact; nevertheless great care is taken in their preparation for the
furnaces. The ore thus prepared is charged, with proper carbon
fuel, into patent furnaces of different types specially constructed
for the different stages of the process. In the last stage the chargeis
subjected to a heat sufficiently intense to vaporize the lead contents
with sufficient access of air to oxidize it into a basic sulphate com-
pound of lead. Powerful suction fans carry these volatilized vapors
through a long series of sheet iron pipes or flues up around and
through the famous “goose necks,’’ the oxidation being completed
during the progress, until the cooled and condensed white vapors of
lead oxy-sulphate aré finally collected in fabric condensers, which
allow the gases of combustion to escape through their meshes.
These condensers or collectors are in the form of long bags, hung
perpendicularly in alarge building, technically known as the ¢ bag
house.”” When it is remembered that in this process a pure lead
pigment is carried in the form of vapor through a series of winding
flues for a distance of practically 1,000 feet, until it is finally canght
and retained in the fabric strainers (bags), it will be realized that
the pigment particles must be in a fine state of subdivision. Assa
matter of fact these ultimate particles of dry sublimed white lead
are 80 fine as to be practically formless—perfectly amorphous.
Many pigments, especially those formed by slow processes of pre-
cipitation, corrosion, etc., are either crystalline or cryptocrystalline,
to use the chemical term; but no other pigment, except lampblack,
approaches sublimed lead in fineness and absence of structure; and
there is no other pigment to which it can be compared in durability.
The two are practically equal in this respect, though there are many
instances in which the lettering painted with Picher Sublimed
White Lead on a lampblack ground has remained intact after the
ground had disappeared.

According to Joseph Hyde Pratt? the production of
sublimed lead in the United States from 1902 to 1904
was as follows:

.. Quantity ",
YEAR. (pounds). Value.
$550, 587
386, B40-
449,611

Another white pigment produced in this country by
the oxidizing smelting of lead and zine ores in a fur-
nace of special design is known as zinc lead, and is
composed principally of lead and zinc oxides. Accord-
ing to Pratt® the production in the United States from
1901 to 1904 was as follows:

! The Story of Picher Sublimed White Lead, pages 8 to 10
2The Production of Mineral Paints in 1904, page 18.
3Ibid., page 19.




’ Quantity
YEAR. (tons). Value.
5,779 | $404,530
4, 500 247, 500
4,000 225,000
2, 500 150,000

Zinc white, also known as Chinese white, is zinc
oxide. According to Dudley,! it is produced as follows:

In Leclaire’s process zince is volatilized in retorts, and the hot
vapors of metallic zine issuing are met by o current of air, which
completely oxidizes them. The resulting products of combustion
are led through a series of pipes and chambers, where the zinc
oxide is deposited in the shape of a flocculent, impalpable white
powder. This method of production, commonly known as the
“French process,”” was the only one in use until Samuel T. Jones,
an American, invented, in 1850, a furnace for the direet sublima-
tion of zincite into the oxide of zine. Zincite, which occurred as
an ore at Sterling Hill, N. J., was soon exhausted, and were it not
for the invention of another American, Col. Samuel Wetherill,
the paint trade would be dependent for zine white entirely upon
that produced by the more expensive and roundabout French
process. Colonel Wetherill’s invention consists in mixing the
Franklinite ore, mined at Sterling Hill and Franklin, N. J., with
finely divided anthracite coal and oxidizing it in & closed furnace,
an air blast applied under a perforated grate supplying the necessary
oxygen. The products of combustion are carried through a long
series of pipes and condensing chambers, in which all the ingre-
dients except the finely divided pure white zinc oxide are removed,
the latter being finally collected in long muslin bags, through
which the gases of combustion filter. By means of this process
the all but inexhaustible deposits of Franklinite ore existing in
Sussex county, N. J., were rendered available for the production
of a high-grade zinc white, and a large proportion of this pigment
as used in this country has its origin in these ore deposits.

Zine white is not poisonous and is not blackened by
contact with hydrogen sulphide or the vapors of other
sulphides, a fact which was observed as early as 1779
by Courtois.

The lead oxides are obtained by roasting metallic
lead in an oxidizing atmosphere on the hearth of a re-
verberatory furnace. To obtain litharge (PbO) the
lead is oxidized in a current, of air at a temperature
sufficiently high to melt the oxide as it forms. To
obtain red lead, or minium, the lead is oxidized at a
temperature below the melting point of litharge in a
“drossing” furnace. The mixture of unmelted PbO
and particles of metallic lead are ground and levigated
in water, the oxide sifted from the particles, and then
roasted, with stirring in an oxidizing atmosphere, in a
coloring furnace until the desired red color is obtained.
Minium has the formula of Pb,0, or Pb,0,. Orange
mineral, which has an analogous formula but a paler
color and a lower specific gravity, is obtained by roast-
ing white lead or white lead skimmings in an oxidizing
atmosphere. Orange mineral is used as a base, with
eosin and other aniline colors, to produce artificial
vermilion. Theoretically, 100 parts by weight of lead
will yield 108 parts of litharge and 110 parts of red
lead.

! Stanton Dudley, The Paint Question, page 9.

(i

Lampblack is obtained by the imperfect combustion
of turpentine, rosin, fats, grease, oils, coal tar, and gas
through chilling the flames from their combustion,
the lampblack being deposited as soot on the cold
surfaces against which the flames impinge. It is made
largely in this country from natural gas, this variety
being known as gas black or carbon black. As pro-
duced by deposition of the soot on revolving plates or
cylinders it forms one of the purest and most desirable
varieties of lampblack. From 2,000 to 8,000 cubic
feet of gas are required to produce 1 pound of black.

Barytes is obtained from the mineral heavy spar or
tiff by grinding the cleaned and sorted mineral, bleach-
ing it by boiling in acid until the iron and other stain-
ing constituents are removed and washing with dis-
tilled water, grinding again in buhr mills to the requi-
site fineness, and grading by elutriation in water.
When manganese dioxide is present a special treat-
ment with nitrate of sqda, salt, and sulphuric acid is
required. Off-colored barytes is used in compounding
colored paints. Purified barytes mixed with an equal
quantity of white lead produces Venice white; with
one-fourth its quantity of white lead (Dutch white),
and with an intermediate quantity Hamburg white.
Forty parts of cream-floated barytes to 60 parts of
zine oxide produce a paint which has been used in can-
vasing hams to close the meshes of the canvas so as to
prevent the ingress of insects and air. Barytes is used
as a base in compounding many colored pigments.
Blanc fixe is obtained as a fine white powder by pre-
cipitating a barium salt with aluminum or other sul-
phate. In the moist condition, containing from 25 to
30 per cent of water, it is used in paper making and
cotton finishing. In'the dry condition it is used as a
base for coal tar colors in the preparation of colored
pigments. Lithophone is a white pigment consisting
of barium sulphate, zinc oxide, and zine sulphide.

The individual substances constituting the fine
colors, iron oxides and other earth colors, and dry
colors are so numerous that their mere enumeration
would fill a very considerable space. Moreover, many
of them are produced in but small quantities and
therefore can mot be considered separately in the
present report. Among the more important are true
vermilion, produced by heating mercury with sulphur .-
and treating the product with soda lye, or potash lye
and potassium sulphide, or nitric acid, to improve the
brilliancy or fire; cadmium yellow, prepared by treat-
ing the solution of a cadmium salt with hydrogen sul-
phide or ammonijum sulphide; and chrome green.
True chromo green is the chromium trioxide, Cr,0,,
though some_authors include under chrome green the
chromium phosphate, Cr,P;0,, also, notwithstanding
that it is of inferior brilliancy. The former is made by
calcining potassium bichromate with boric acid or
ammonium chloride, or by precipitating the chromium

? hydroxide from it with caustic soda or sodium car-



bonate and then caleining the hydroxide; the latter is
made by boiling a solution containing potassium bi-
chromate, sodium phosphate, and sodium thiosul
phate, when the chromium phosphate is precipitated
out and is collected and calcined. Ultramarine is
produced by calcining kaolin mixed with soda ash,
sulphur, sodium sulphide, sodium sulphate, silica, and
rosin. Fine colors are used by artists and in expen-
sive work like the painting of coach bodies.

Iron oxides and other earth colors are artificially
produced by calcining the material in its natural form
o0 as to drive off water of constitution or hydration, or
carbon dioxide, whereby the shade or color, and some-
times the condition of aggregation of the pigment, are
changed. Venetian red and other iron oxides are also
produced by precipitating, with lime, the liquors
resulting from the pickling of iron or steel with sul-
phuric acid, and calcining the precipitate.

The term ‘‘dry colors” includes any dry pigment
suitable for grinding in a medium for the production of
paint. Such pigments are produced largely by grind-
ing together their components, as, for example, bruns-
wick green, which is a mixture of barytes, prussian
blue, and chrome yellow. A considerable number,
however, are produced by strictly chemical means.
For example, to produce red shade prussian blue, a
mixture of solutions of potassium ferrocyanide and
copperas is boiled with sulphuric acid and nitrate of
iron till complete oxidation is reached. After wash-
ing, solutions of aluminum sulphate and soda ash are
added and the blue precipitate is collected, washed,
and dried. Chrome yellow is obtained by precipi-
tating lead acetate with potassium bichromate, and
satin white by precipitating alum with lime water so
as to produce a mixture of calcium sulphate and
aluminum hydroxide. These are but a few among

many examples. Dry colors are used as pigments in
the manufacture of paints and of engraving and
printing inks. To be well adapted for these purposes
they must possess working quality, which comprises
»il absorbing power, ‘‘tackiness,” stretch, and capacity
‘or being easily wiped off a plate when ground up with
il.  The qualities depend mainly on the base used to
etain the pigment or dye, but partly on the fineness
f the material. The mixtures of an organic coloring
1atter with inorganic bases such as aluminum hy-
roxide are styled lakes. :
Pulp colors are produced from much the same ma-
rials as dry colors, but they have the consistency of a
astic watery pulp. They frequently contain a con-
derable percentage of clay, which imparts to them
rtain desirable qualities, since they must be adapted
r work on a spreading machine when mixed with
ing. They are chiefly used:-in coloring window
ades, book coverings, wall paper, and glazed paper.

Paints in oil properly include white lead in oil, since

is may, like the paints, be used in painting after it

s been extended by means of proper vehicles.

lef difference is that paints contain pigments and

The
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some turpentine in addition to white lead. A typical
composition for paints in oil, in paste, is white lead 10
parts, linseed oil 22 parts, turpentine 2 parts, dry colors
66 parts. According to Hurst '—

The quantity of cil required to grind colors into the stiff past,e‘in
which they are now so largely sold varies very considerably with
different pigments; some only require a comparatively small quan-
tity of oil, others a relatively large quantity. Even with diﬁe_rent
samples of the same color the proportion will vary a little. Differ-
ent color malkers, too, use different proportions of oil and dry color
in grinding. The following table will give some idea of the pio-
portions usually adopted, which are essentially the same both for
raw and for boiled linseed oil:

White 1ead ... un e i ie e ie e aeaeaaens 73 per cent of oll
ZAnC White. e 22 per cent of ail
Barytes < e oo e e eaeaan 7 per cent of oil
17 N 18 per cent of cil
BlacK - n e e e 27 per cent of il
Brunswick green. ......ovcoaiceiaiiaaaaaans 11 per cent of oil
Red 0xides oo vovn e i e 10 per cent of oil
Brunswick blue. .. ...oireciaiee e eaaaans 11 per cent of oil
Oxford 0Cher .« oo o e 16} per cent of oil
Burnt Turkey umber. «....oovieieeeeeeacacnannn 29 per cent of oil
English umber....... e e e 20 per cent of oil
Vandyke brown. o, oo e e 40 per cent of ail
S 153 e 374 per cent of oil
Black INturps. cvoceeeiee e e ee 55 per cent of oil

These figures are based on practical working, but, as mentioned
above, are liable to vary a little from time to time.

Paints in oil already mixed for use are those in which
linseed or other oil, turpentine or other volatile vehicle,
dryer, and varnish or japan have been mixed in such
proportions with the pigment as to render the product
fit for immediate application. According to Heckel®
the ready mixed paint industry began in this country
about 1860. The proportions and kinds of materials
used vary widely, but the following is a typical mixture:

Whitelead. ... i 6.75 per cent
Lead oxide 17. 08 per cent

Linseed 0fl ¢ o mt ce e e eeeaaaas 27. 64 per cent
TUEPEDtINe .o o v e e e e i aaaaaea 3.75 per cent
Varnish .o e e 4. 78 per cent
Pigments oo oo e 40. 00 per cent

This category, however, includes many other com-
positions such as anticorrosive and antifouling paints
and roofing paints.

The term varnish embraces a large number of dif-
ferent substances, all of which are viscous liquids
containing a volatile solvent or solvents which on
evaporation leave behind coherent, flexible, and
usually transparent films. The most important of
these, because of their more extended use, are the var-
nishes which are made by dissolving resins, or so-called
gums, in linseed oil, and thinning with turpentine,
This is generally accomplished by melting the resin
in a copper kettle over a fire, adding linseed oil, heating
the mixture until the incorporation is complete and
then, when partly cooled, thinning with turpentine.

1 G. H. Hurst, Painters’ Colors, Oils and Varnishes, London, 1896,
page 353. . )
2 Recent Mixed-Paint Literature, page 4.



The large number of such mixtures which are made is
indicated by Sabin® in the following extract:

If 10 gallons of oil is added to the melted mass, weighing, let us
say, 95 pounds, which results from melting 125 pounds of resin, the
resulting varnish is said to be an 8-gallon vamish, because it con-
tains 8 gallons of oil to every 100 pounds of resin originally taken.
Similarly, 25 gallons of oil would 1pake a 20-gallon varnish, and so
on, the varnishes being designated by the proportion of oil to the
hundred pounds of unmelted resin, and nothing is said about the
turpentine which is, to some extent, a variable quantity. Of
course this is purely a factory nomenclature. The purchaser
knows the varnishes he buys by certain descriptive or trade names,
and, as in every other business, a name which takes the public fancy
is very valuable. Further, the varnish as it comes out of the kettle
is not usually of the same composition as any varnish sold, because,
inordertoget certain qualities, it is necessary to mix varnishesmade
in different ways and of different resins. It will be obvious that if
the maker has, for example, three tanks of 10-gallon varnishes, made
respectively of Zanzibar, Kauri, and Manila resin, and also three
tanks of 30-gallon varnishes made from the same resins, he is in a
position to supply nine different kinds of 20-gallon varnish, each
differing from the othersin certain properties peculiar to each mix-
ture, and also in price; making each of these mixtures from two
tanks, and an indefinite number by mixing them in a more intricate
manner.

It would be indeed remarkable if some of these 20-gallon mixtures
were not better for some special purpose, or even for general use,
than any possible 20-gallon varnish, made from a single resin, just
as it comes from the kettle. It will also be obvious that an indefi-
nite number of 12-gallon, 15-gallon, 18-gallon, 22-gallon, 25-gallon,
and 28-gallon varnishes may be made from these same tanks, and if,
in addition, the manufacturer has a set of tanks of 8-gallon, 16-
gallon, and 20-gallon varnishes, each set representing, say, these
same three resins, the number of possible combinations passes
imagination. It is to be further remembered that varnishes are
made with as little ag 3 gallons of 0il and as high as 60; that the more
important resins are sold in from two to ten grades, and that the num-
ber of these resins is very great and is constantly increasing. It
will be seen that a knowledge of the qualities of the various varnishes,
and especially of their effect in mixtures, is of as much importance
ag knowing how to manipulate the materials in the kettle, and the
expert, to be an expert, must be intimately and practically ac-
quainted with the use to which the varnish is to be put and the way
in which it is necessary to apply it, and how these uses and condi-
tions vary. He should, therefore, have as the simplest foundation
a good working knowledge of the furniture trade, of wagon and car-
riage building, of railway engines and coaches, of ship and hoat
construction, and of house painting and decoration. To these he
may add the lesser trades and specialties, from the making of oil-
cloth to the japanning of hooks and eyes, as far as his natural abili-
ties and acquired opportunities may allow.

As Chinese wood oil, or tung oil, corn oil, and other
oils are used in place of linseed oil, and rosin oil, ben-
zine, benzol, and other volatile solvents in place of
turpentine, the number of oil and turpentine varnishes
is enormous and the variety of materials employed in
their manufacture is very large.

Spirit varnishes embrace turpentine varnishes, of
which dammar wvarnish is an e\ample, alcohol var-
nishes, of which shellac varnish is an example; and as-
phaltum varnishes, produced by dissolving asphalt in
coal tar naphtha, carbon disulphide, and other solvents.
Both grain and wood alcohol are used in making
alcohol varnishes, the standard shellac varnish of the
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country being made with 1 pound of shellac to 1 gallon
of 95 to 97 per cent alcohol, or about 1 part by weight
of shellac to 1} parts by weight of alcohol. It is
expected that a considerable use for denatured alcohol
will be found in this industry.

Pyroxylin varnishes or lacquers are formed by dis-
solving pyroxylin in a mixture of volatile solvents.
An example of such mixture, given by Sabin,? is 97
per cent of methyl alcohol, 65 parts; amyl alcohol, 25
parts; and amyl acetate, 10 parts; 16 ounces of:
pyroxylin being dissolved in 1 gallon of this mixture.
Colors are dissolved in these varnishes, or pigments
are ground up in them so as to be held in suspension
in the liquid, and these latter are used as enamels.
These varnishes are greatly improved for use with the
brush by adding various resins to them, as the body is
increased without increasing the viscosity. Pyroxy-
lin varnishes are largely used in covering polished
metal surfaces and enameled leather, and in coating
incandescent mantles.

Drying japans and liquid dryers shade into one an-
other. An example of a simple dryer is one which is
made by heating 1 gallon of linseed oil with 4 pounds
of a mixture of lead and manganese oxides, in which
the lead oxide is in great excess, to a temperature of
from 500° to 600° F. until saponification ensues, and
then dissolving the resulting black colored compound
in turpentine. Examples of solid dryers are found in
litharge, lead acetate, and manganese borate.

Baking japans are hard black varnishes used for
producing a glossy black and enamel-like surface on
iron, tin, or other materials. Such a japan may be
made by cooking asphaltum with linseed oil and thin-
ning the resulting thick mass with turpentine. ILac-
quers are varnishes which are used for coating instru-
ments and other objects made of brass, nickel, silver,
and other bright metals or alloys to prevent their tar-
nishing. Such a lacquer may be produced by adding
to a varnish composed of seed lac 2 parts, sandarac 4
parts, elemi 4 parts, and alcohol 40 parts, alcoholic
tinctures of gamboge, dragon’s blood, magenta, pic-
ric acid, Martin’s yellow, or corallin. Enamels are
varnishes holding the pigment in suspension. Fillers
oceur as liquid fillers, paste fillers, and dry fillers and
are used to fill the pores of the wood to which the
paint or varnish is to be applied, giving thereby a more
even surface and economizing the paint or varnish.
Fillers are also styled dopes. Liquid fillers are com-
monly solutions of rosin, but raw or boiled linseed oil
may be used as such. An example of a paste filler is
a mixture of pulverized quartz with a quick drying
varnish. Putty, which is a mixture of whiting with
oil, is used in filling holes and crevices before painting,
butis also, and probably most largely, used in glazing.

Water paints and kalsomine embrace the mixtures
made from lime or whiting, dry colors, size, and
water. In making certain of these compositions it

! Alvah H. Sabin, The Industrial and Artistic Technology of
Paint and Varnish, 1905, page 82.

2Alvah H. Sabin, The Industrial and Artistic Technology of
Paint and Varnish, 1905, page 113. .
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was long ago found beneficial to add a certain pro-
portion of milk. It has been found that the benefit
was due to the casein in the milk, and as with the de-
velopment of the creamery industry a large quantity

of casein has become available, an extensive industry |

has grown out of its applications, chief among which
is its usein cold-water paints. According to Scherer!
it is only within a couple of decades that any exten-
sive use has been made of casein for this purpose,
though casein has been detected in old paintings. He
gives many formulas for casein paints, among which
that for “marble lime”” color for outside work may be
cited. This consists of—

Casein soluble in alkali..._...... e 100 parts
Caustic lime, from marble.... ... .. .. . ... 100 parts
Levigated chalk (whiting).............. ... ... .. 800 parts
205 1 part
UHramarine. « . .o oo o i e e e e 21t02.5 parts

Casein paints are met with in commerce in the form
of paste or liquids, containing the casein in a dissolved
condition, but more commonly as dry powders, con-
taining the casein and an alkali in the dry form. When
these powders are mixed with water the alkali is dis-
solved, and this acts as a solvent for the casein. This
then forms compounds which become insoluble, after
the paint is applied, by exposure to the air, thus hold-
ing the pigments on the surfaces to which they have
been applied.

Table 105 sets forth the imports and exports of
paints and varnishes, for the years ending June 30,
from 1891 to 1905, as taken from Commerce and Navi-
gation of the United States, published by the Bureau
of Statistics.

Tasre 105.—Paints, pigments, and colors, and varnishes, spirits, and
“all other’’—imports and domestic exports: 1891 to 1905.

PAINTS, f{;i‘é’;‘g“’ AND || ¢ \RNISHES, SPIRITS, AND ‘' ALL OTHER.”
YEAR El;(l‘)ING i
JUNE 30-— (S. i
- ‘ Domestic Imports Domestic exports.
Imports | o ortal
(value). (.vzpuu )
| Y0 Gallons. | Value. | Gallons. | Value.
81,439,127 $600,608 35,073 | $07,208 | 153,365 | $203,285
1 ,31 2,052 709,857 38,737 101,692 | 215,266 293,059
1,466,761 700,308 41,216 | 111,675 | 210,007 258,400
980,715 825,087 20,337 54,746 | 226,760 282,278
1,246,924 729,706 39,005 | 106,927 | 256,800 303,959
1,309,041 880,841 0,644 | 105,551 | 335,979 362,975
1,387,353 944, 536 62,655 | 150,024 | 409,560 | 431,761
1,065,088 | 1,079,518 32,848 79,702 | 398,841 492,693
1,207,440 | 1,447,425 33,907 | 79,461 | 436,817 | 463,547
1,535,461 | 1,902,367 43,743 | 103,985 | 588,545 620,104
1,487,381 | 2,030,343 46,030 | 119,888 { 606,187 611,459
1,608,181 | 2,006,379 47,703 27, 619,024 607,685
1,827,110 | 2,350,937 40)730 | 131,114 | 660,553 | 667,475
1,674,103 | 2,756,581 30,771 | 105,808 | 713,147 | 726,385
1,524,301 | 3,126,317 41,536 | 103,224 | 747,017 | 791,578

1 Includes carbon black, gas black, lamp black, and oxide of zing, prior to 1808,
Crass XIV.—EXPLOSIVES.

This class of explosives embraces gunpowder (includ-
ing blasting powder and all mechanical mixtures of
inorganic nitrates with carbon or any carbonaceous
substance which does not of itself possess explosive

. Robert Scherer, Casein—Its Preparation and Technical Utiliza-
tion, translated by Charles Salter, New York, 1906.

properties), chlorate powders, nitroglycerin, dyna-
mite (including blasting gelatin, gelatin dynamite,
and all explosives containing nitroglycerin which are
used in blasting), gun cotton (including pyroxylin and
all other cellulose nitrates and all nitric esters other
than nitroglycerin used as explosives), nitrosubstitu-
tion compounds and the explosives of which they are
components (joveite, arctic, masurite, and other safety
explosives), smokeless powder (including cellulose
nitrate-nitroglycerin, nitrosubstitution and all other
high-powered powders used as propellants), and ful-
minates (such as mercury fulminate, fulminating silver,
acetylides, hydrazotates and other detonants). Cun-
dill's Dictionary of Explosives, published in 1895,
gives the names of upward of one thousand explosives,
and the number of explosives has been considerably in-
creased since, but all that occur in commerce in this
country are comprised in the above classification.
Cartridges, detonators, fuses, and other devices con-
taining explosives for use in guns and in blasting, are
classed under “‘ammunition,” while colored fires,
rockets, railroad torpedoes, signal lights, and other
devices of this nature are classed under ‘‘fireworks.”

Tasre 106.—Ezplosives—comparative summary, with amount and
per cent of increase: 1905 and 1900.

CENSUS. Percent
Increase. |  of
1905 1900 Inerease.
Number of establishments....... 124 97 27 21.8
Capital..o..ciieiniciiiaiiaaaans 842,307,163 |$19,465,846 ||$22,841,317 117.3
Salaried officials, clerks, ete.,

DUMDET . ol eecimicaeaecennaenas 1,289 768 521 67.8
S8 3 1 S $1,797,050 $914,447 $882,603 96.5
‘Wage-earners, average number.. 5,800 4,502 1,2 28.8
Total wages $3,308,774 | $2,383,756 $025,018 38.8
Miscellaneous expenses 81,657,665 | $1,096,604 $561,061 51.2
Cost of materials used. $17,203,667 110,334,974 || $6,868,603 66.5
Value of products .. 929,602,884 ‘l$17 ,125,418 l|812,477,466 72.9

The statistics of Table 106 show an increase in every
item for 1905 as compared with 1900, the largest
increase in amount being in the item of capital, the
next in the value of products, and the least in the item
of miscellaneous expenses. The largest percentage of
increase is found also in the item of capital and the
second largest in the item of salaries.

TasLe 10T .—Ezplosives—quantity and value of products: 1905 and

75900.
1905 1900
KIND.
Quantity. Value. Quantity. Value.
Gunpowder, pounds....... 10,383,944 | $1,541,483 5,450,773 $6141299
Blasting powder, kegs 8,217,448 | 7,377,977 4,774,948 | 4,780,903
Nitroglycerin, pounds .....| 251,579,270 | 7,730,175 || 835,280,498 | 5,832,570
Dynamite, pounds......... 130,920,829 | 12,900,193 85,846,456 | 8,247,223
Gun cotton, pounds........ £5,005,958 | 2,435,805 || 62,988,176 | 1,473,610
Smokeless powder, pounds.| 7,009,720 | 4,406,477 3,053,126 | 1,716,101
All other eXploSiveS. c.vueelueeenanumnnnn. 190,948 ||, .o oviiennnns 6,493

1 A keg contains 25 pounds of blasting powder.

2 Including 43,643,270 pounds, with an assigned value of $6,110,058, consumed
in establishments where manufactured.

3 Including 31,661,806 pounds, with an assigned value of $4,749,271, consumed
in establishments where manufactured.

1 Including 5,522,796 pounds, with an assigned value of $2,209,118, consumed
in establishments where manufactured.

5 Including 2,189,834 pounds, with an assigned value of $1,069,917, consumed
in establishments where manufactured.



The statistics of Table 107 show an increase in every
item for 1905 as compared with 1900, the largest in-
crease in value, $4,652,970, being for dynamite, and ex-
cept for all other explosives the largest percentage of
increase in value, 156.8 per cent, for smokeless powder.
The largest increase in quantity, 86,062,500 pounds,
is shown for blasting powder, and the next largest,
45,074,373 pounds, for dynamite, but the greatest per-
centage of increase in quantity, 129.6 per cent, is
shown for smokeless powder.

A comparison of the statistics for 1900 as given here
with those set forth in the report on chemicals and al-
lied products for the census of 1900 shows apparent
discrepancies, and it should be stated that it was found
that in several of the returns for that census gunpow-
der and blasting powder were reported together.
These returns have been analyzed and separated, with
the result that the quantity and value of the gunpow-
der was found to be less, and the quantity and value of
the blasting powder greater, than the published figures
for 1900.

Again, at the census of 1900, when discussing in the
text the subject of gun cotton or pyroxylin, the statis-
tics for the cellulose nitrates used in the manufacture of
pyroxylin plastics, varnishes, and collodion were in-
cluded in the totals there given. As these cellulose
nitrates are used for other purposes than the manufac-
ture of explosives, and as they are of little or no value
as explosives, they are omitted from the statistics of
both censuses in Table 107.

Furthermore, the returns for 6 establishments manu-
facturing railroad torpedoes, fuses, and blasting caps,
which were included in the statistics for 1900 under
“all other explosives,” were at the census of 1905
transferred to classifications other than‘‘chemicals and
allied products.”, The values returned for these prod-
ucts in 1900 have therefore been, in the present report,
deducted from “all other explosives” and credited to
“all other products.” The result of these transfers in
the accounts is to make the statistics for the two cen-
suses as set forth in Table 107, much more strictly
comparable.

The statistics presented in Table 108 show that this
industry was represented in about half of the states
of the country at the censuses of 1900 and 1905, and
that more than half of the establishments at each
census were in the states of Pennsylvania, Ohio, and
New Jersey. The whole United States shows a gain
of 30 in number of establishments, notwithstanding
the fact that 6 establishments included in the list for
1900 have at the present census been classified under
other categories. Omne of these was located in Califor-
nia, 1 in Illinois, 1 in Massachusetts, 1 in New Jersey,
and 2 in Pennsylvania. The principal increases were
in Ohio and West Virginia, each of which gained 7,
and in Pennsylvania and Kansas, each of which gained
4. Pennsylvania ranked first at each census, and at
the census of 1905 Ohio ranked second and New Jersey
third.

30523—Bull. 92—08—=6
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Tapie 108.—Ezplosives—number of establishments, by states and
territories: 1905 and 1900.

STATE OR TERRITORY. 1900

United States. ... e eremamaaas

g

W= NI

Indian Territory
Indiana.
Jowa
Xansas.....
Kentucky...
Maine. ......
Maryland...
Massachuset
Michigan. ..
Missouri....
New Jersey
New York....

—_

Pennsylvania........
Rhode Island.
Tennessee.
Vermont
Virginia
Woest Virginia.
Wisconsin

P
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et et bt 15 4 520 1 S b L1 D b

—_00

(liIn‘fz]udes 6 establishments engaged primarily in the manufacture
products.

2 Includes 3 establishments engaged primarily in the manufacture
products. B

The statistics of Table 109 show that the North At-
lantic division has stood first in rank at each census,
the North Central division second, the South Central
and Western divisions combined third, and the South
Atlantic division fourth, and that in the interval be-
tween 1900 and 1905 there has been an increase in
every division in value of products. The greatest
increase, $7,856,325, has been in the North Atlantic
division and the next greatest, $3,416,620, in the
North Central division.

of other
of other

Tasue 109.—Ezplosives—uvalue of products, by geographic divi-
sions: 1905 and 1900.

DIVISION. 1905 1900

United States.........oooviiniiiiiiiiiiianas, 1§30,202,916 | 1$17,186,164

North Atlantic. 15,035, 556 7,179, %’:1“
South Atlantic. . 1,347,407 542,110
North Central..... 8,322,367 4,905, 747
South Central and Western......co.ooviiieiiaaan.. 5,587,586 4,559, 076

! ncludes Eroducts other than explosives reported by establishments engaged
primarily in this industry; and also the explosives produced by establishments
ongaged primarily in the manufacture of other products.

The statistics of Table 110 show an increase in every
item, the largest increase in quantity, 53,002 tons,
being in mixed acids; the second largest, 44,510 tons,
in nitrate of soda; and the third largest, 18,504 tons,
in charcoal. The largest increase in any single item
of cost, $2,705,691, is for nitrate of soda; the second
largest, $1,307,663, for mixed acids; and the third
largest, $1,113,108, for glycerin.

Pyrites appears among the materials used in this
industry for the first time at this census, and its use
marks the introduction into this country of the con-
tact process for the manufacture of sulphuric acid,
which is so extensively consumed inh the manufacture
of explosives. The marked increase in the quantity
of nitrate of ammonia used, 3,202,058 pounds, or
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539.1 per cent, indicates the marked increase in the
quantity both of safety explosives manufactured, and
of weak nitric acid residues utilized. Tt is to be
noted that in some instances sulphate of ammonia
is employed in place of the aqua ammonia or am-
monia liquor mentioned in the table. The increase
in the quantity of ether used, 2,167,341 pounds, most
of which is produced in the establishments in which
it is consumed, corresponds closely with the increase
in the production of smokeless powder, particularly
that portion of it used in the manufacture of military

powders.

TasLE 1LO.—Explostves—quantity and cost of materials used: 1905

and 1900.
1905 1900
KIND.

Quantity. Cost. Quantity.| Cost
Alecohol, grain, gallons ........... 850, 560 | $231,353 191,125 | 999,166
Aqua ammonia, pounds. .. - 997, 830 46,916 649, 703 11,303
Chaxcoal, bushels. .. ..............| 12,408, 667 446,078 2028, 344 114,172
Cotton, pounds. .. PN ...| 4,515,787 443,998 1,771,221 103,971
Ether, pounds. ... ... 83,425,245 479,494 || 11,257,904 88,053
Glyeerin, pounds... .| 24,561,527 | 3,129,665 || 16,983,918 | 2,016,557
Mixed acids, tons......... 692, 598 093,429 639,596 | 1,785,766
Nitrate of ammonia, pou 73, 796,033 948,307 8503,975 26,7
Nitrate of potash, tons. .. 94,114 08, 644 103,315 270, 186
Nitrate of soda, tons. ... 133,034 | 5,608, 557 88,524 | 2,902, 866
Nitric acid, tons. ... 1120,406 | 1,646, 543 7,528 601, 494
Pyrites, tons.. ..... 12,256 67,261 ... ... ...
Sulphur, tons. ....... 19,574 | 507, 46 12,742 | 317,383
Sulphuric acid, tons.. 18 49,298 774,361 14 40,385 081, 934
Wood,cords.......oooviiiaiinns 5,0 8, 7 600 4,

1Includes 1,156,918 bushels, with an assigned value of $214,030, consumed in
establishments where manufactured.

2¥ncludes 118,419 bushels, with an assigned value of $14,210, consnmed in
establishments where manufactured.

3Includes 3,382,805 pounds, with an assigned value of $473,605, consumed in
establishments where manufactured.

4Includes 1,222,704 pounds, with an assigned value of $85,589, consumed in
establishments where manufactured.

3Includes 37,669 tons, with an assigned value of $2,260,129, consumed in
establishments where manufactured.

6 Includes 6,000 tons, with an assigned value of $270,180, consumed in establish-
ments where manufactured.

7 Includes 2,863,857 pounds, with an assigned value of $715,064, consumed in
establishments where manufactured.

8 Includes 483,975 pounds, with an assigned value of $21,779, consumed in
establishments where manufactured.

¢ Includes 1,778 tons, with an assigned value of $133,385, consumed in estab-
lishments where manufectured.

b Includes 1,468 tons, with an assigned value of $119,042, consumed in estab-
lishmentg where manufactured.

U Includes 18,988 tons, with an assigned value of $1,519,040, consumed in estab~
lishments where manufactured.

12 Includes 7,274 tons, with anassigned value of $583,125, consumed inestab-
lishments where menufactured.

18 Includes 30,994 tons, with an assigned value of §526,808, consumed in estah-
lishments where manufactured.

4 Includes 32,360 tons, with an assigned value of $548,222, consumed in estab-
lishments where manufactured.

Table 110 differs from other tables of materials used
presented in this report in that the statistics for ma-
terials produced and consumed are included therein,
but it appears that, with the exception perhaps of
nitrate of potash, none of the substances enumerated
in the table are produced for sale by these establish-
ments, and therefore the statistics for these substances
lo not appear elsewhere.

Statistics for the explosives industry as a whole and
‘or certain of its products have been reported and
yublished at each census as far back as that of 1840,
r from the date of the census at which the newer

xplosives first appeared for census enumeration.

'able 111 presents a comparative summary of this
dustry from 1840 to 1905.

Tasie 111.—Esplosives—comparative summary: 1840 to 2903.

Num- PRODUCTS.
Aver:
bex of numggf
CENSUS. eit%b- Capital. of wage-
180~ . Value.
ments, earners. Pounds. {
14| $42,307,163 | 5,800 || 363, 748,007 | 1928,204 51
97 19,465, 846 4, 502 218,272,834 | ! 16,552.013
69 13,539, 478 2,353 98, 645,912 10,99%, !:;5‘
54 6,585, 185 1,340 (* 5,80:. o=
36 4,099, 900 973 (3) 4,231.531:
58 2,305, 700 47 2 3,223, e
54 1,179, 223 519 () 1,590,
137 875, 815 496 8,977,348 | )
1 Not ineluding “all other products.’”” 2 Not reported.

The statistics of Table 111 show an increase in every
item from 1840 up to 1905 except in the item of estab-
lishments, which decreased in number from 1840 ?o
1870, but which have since constantly increased in
number. The total quantity of the product has in-
creased more rapidly than its total value, indicating a
cheapening of the product. At the same time the in-
crease in the capital has gone on at a greater rate than
thet of the value of products. An interesting feature
disclosed by this comparison is that whereas in 1340
each man produced on an average 18,099 pounds of pow-
der per year, in 1905 the average was 62,715 pounds,
and this increase, which has resulted from the infro-
duction of machinery, from organization, through
which the work of each man is rendered more efficient,
end from more continuous employment, has taken
place in spite of the fact that the manufacture of the
modern explosives involves much more complicated
and delicate processes than the manufacture of gun-
powder. On the other hand,in 1840 the entry ““wage-
earners” included the salaried employees, since, as &
rule, at that time the owner of the establishment
worked with his hands in the factory besides perform-
ing the duties of salesman and bookkeeper. A fairer
condition for comparison in 1905 would follow by com-
bining the salaried officials of that census with the en-
ployees. With this product as the divisor, it appears

that in 1905 the product averaged 51,312 pounds per
man per year.

Tapre 112.—Gunpowder—quantity and value: 1840 to 1903.

CENSUS. %‘éﬁgg;{ Value.

I

o 215,820,144 | 88,918,460
19,1 , 740,

%0 3,343, 941

10} 4,011,839

™ 3,223,000

Q) 1,590,332

8,077,348 |- vuwmnnmeee

1 Not reported.

The statistics of Table 112 as far as given show 2
steady increase in the quantity and value of the gun-
powder returned at each census since that of 1840 ex-
cept at that of 1880 and at that of 1900, when the total
value of products was less than at the preceding cen-



suses. The greatest increase in quantity, 90,995,671
pounds, and in value, $3,524,267, are found for the
interval from 1900 to 1905, notwithstanding the fact
that all previous intervals covered decades. At all
times the term gunpowder, as used in this table, in-
cludes the nitrate-sulphur-charcoal powder used in
blasting as well as in guns, and since 1857 it has in-
cluded the nitrate of soda blasting powder as well as the
nitrate of potash blasting powder.

TaBLe 113.—Nitroglycerin—quantity and value: 1870 to 1905.

. Quantity
CENSUS. (pounds). Valge,
7,936,000 | %1, 020,117
8,618, 602 783, 209
3,039,722 | 1,830,417
0 225,700

1 Not reported.

The striking features of Table 113 are the remarkable
increase in the quantity of nitroglycerin produced in
1905 as compared with the quantity produced in 1900,
and the decrease in the selling price of the same from
1880 to 1900; the increase from 1900 to 1905 was more
than 100 per cent. The slight increase in quantity
from 1880 to 1900 was accompanied by a decrease in
value of over 50 per cent. This marked fall in the sell-
ing price of nitroglycerin in recent years is character-
istic of the products of many chemical industries.

TasLe 114 .—Dynamite—quantity and value: 1880 to 1905.

Quantity )
CENSUS. (pounds). Value.
130,920,829 | $12, 900, 193
85, 840, 456 8,247,223
30, 626, 738 4,253,082
.............. 622, 671

The statistics of Table 114 show an increase in every
item at each census as compared with the preceding
one, the greatest increase in quantity, 55,219,718
pounds, being for the decade from 1890 to 1900, though
the increase of 45,074,373 pounds for the five-year
period from 1900 to 1905 is proportionately greater.
The greatest increase in value, $4,652,970, is shown for
the five-year period from 1900 to 1905—due probably to
the increased production of gelatin dynamite, ammonia
dynamite, and other high-grade explosives.

No marked change of importance is to be noted in the
manufacture or composition of gunpowder or blasting
powder, but the latter has new competitors in the com-
positions made by mixing finely divided metals, such
as aluminum, or alloys, such as ferrosilicon, with potas-
sium or sodium nitrate or other oxidizing agents. The
fundamental conception of these explosive mixtures is
not new, for it has long been known that finely divided
iron and other metals furnished combustible compo-
nents to such mixtures, but the metals and alloys now
used were not then available.
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A detail which has affected yield and cost in the
dynamite industry is the introduction of ice machines
for use in the manufacture of nitroglycerin. By
the use of artificial refrigeration the yield of nitro-
glycerin from a given mass of acid is increased, the
speed of nitration is increased, the danger attending
nitration is decreased, and the use of second separa-
tors rendered unnecessary. Two methods of refrigera-
tion may be used: (1) The direct expansion system
in which compressed ammonia is sent directly through
the coils, and (2) the brine system in which the
ammonia is sent through the coils in a brine tank,
and then the cooled brine is sent through the cooling
coils in the nitrator or separator. The brine, or indi-
rect, system is to be preferred, because in case of leak-
age in the nitrator the rise of temperature is less from
the escape of a given mass of calcium chloride brine
than it is from the escape of the same mass of ammonia;
leakage of the calcium chloride brine is less likely to
occur than is that of the compressed and liquefied
ammonia; and less ammonia is required in the indi-
rect than in the direct system; and because the indi-
rect system is a better one for discontinuous use.

The quantities of acids and glycerin and the compo-
sition of the mixed acids vary somewhat in practice,
but the advantage of artificial refrigeration may be
illustrated by a conerete example in which the charge
of mixed acid is 6,400 pounds, its composition being—

) 61. 50 per cent.
HNOj. oo 34. 50 per cent.
O el 4. 00 per cent.

With such a charge, using the approved method of
nitration without refrigeration, 880 pounds of glycerin
may be nitrated, and 1,953.6 pounds of nitroglycerin
obtained, while by using artificial refrigeration 928
pounds of glycerin may be nitrated and 2,115.84 pounds
of nitroglycerin obtained, or an increased yield of 162.24
pounds. With glycerin at 11 cents per pound and
nitroglycerin at 15 cents per pound, the increased profit
from a single run is $19.05, or from four runs per day,
which can easily be effected, $76.20. As a 30-ton
machine can easily be installed for $12,000, and as the
cost of operation including interest and 10 per cent
depreciation will not exceed $6,000 per year, there is
a marked advantage in artificial refrigeration.

At the same time the theoretical conditions of effi-
ciency are not yet realized, for the charge of acid cited
above is theoretically suflicient to nitrate 1,074.77
pounds of glycerin and to yield 2,651.31 pounds of
nitroglycerin, or 535.47 pounds more than is obtained
by artificial refrigeration. The yield may probably be
brought more nearly to the theory by the employment
of dried air in the injector of the nitrator.

It is well known that at times the separation of
nitroglycerin from the emulsion in the acid mixture
in which it is formed is extremely slow. Dr. Charles
L. Reese alleges that this is due to the presence there
of silicon compounds, and he overcomes this difficulty
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by the addition of a fraction of a per cent of sodium
fluoride before nitration, thereby forming silicon fluor-
ide which is eliminated by volatilization.

The spent acid from the manufacture of nitroglycerin
treated in a denitrator yields nitric acid of 35° to 40°
Baumé, which is used in the manufacture of ammonium
nitrate, and by means of this apparatus and of con-
centrators 95 per cent of the sulphuric acid is now
recovered, though 80 per cent was considered a good
yield a few years ago. In other works it has become
the custom to rebuild the spent acids, as pointed out
in the discussion of mixed acids in this report.

According to Whitman Symmes,* the dynamites
made by the 4 establishments on the Pacific coast
have the following composition:

Percentage composition of various dynamites.

77 R, 100.0 ‘ 100.0 I 100.0 | 100.0 100.0
Nitroglycerin .. ... ceocieeannaauaannas 70.0 60.0 50.0 40.0 30.0
Wood pulp..aennna.... -] 20.0 16.5 14.0 11.2 4.
Ground sodium nitrate 7.0 22.5 35.0 46.2 60.0
b AT VT oY= U RPARPORNY FUREPUI RIS R, 2.2 5.8
Precipitated magnesium carbonate. ... 3.0 1.0 1.0 0.4 .ca.o..

40 per cent |\ ynonjnm | Stum:

A p Low

dgﬁg‘gg& dynamite. | powder. | powder
Nitroglycerin. oo conevaiuinenannnnn . 36.0 25.0 20.0 5.0
Cellulose nitrate. ........occnvaenans T R P R
Nitrate of ammonit..c.ceevenaa.n. 1) 20,0 {orenia]emaaaiaian
Nitrate of 80d&a. cee e cieneinnnnnn 1) 40.0 50.0 70.0
Wood gulp ........... 1) 15.0 5.0 |ocemeaens
Ground oAl «eauniiii i (60 T P, 20.0 18.0
2101003110 U [ Z PN 5.0 7.0

1 Dope as in ordinary dynamite.

The first five straight wood pulp dynamites are
designated ‘‘70 per cent,” ‘‘60 per cent’’ grade, ete.,
according to their nitroglycerin contents; whereas in
the case of the gelatin and ammonium dynamites they
are designated by a grade showing their supposed
equivalency. Theory requires that the miter should
be very finely ground in order to be intimately mixed
in the dope, but practice shows that such powder packs
into hard sticks which sometimes miss fire even with
XXX caps, hence medium grinding is resorted to.

The most recent advance in the manufacture of cel-
lulose nitrate has been found in the new process, in-
vented by J. M. and W. T. Thomson, which has been
introduced at the Waltham Abbey Factory, England.

The object of this invention? is the removal of the acids of nitra-
tion from the nitrated material after the action has been completed,
and without the aid of moving machinery, such as presses, rollers,
centrifugals, and the like. The invention consists in the manufac-
ture of nitrated celluloses by removing the acids from the nitrated
cellulose directly by displacement without the employment of
either pressure or vacuum or mechanical appliances of any kind,
and at the same time securing the minimum dilution of the acids.
It was found that if water was carefully run on to the surface of the
acids in which the nitrocellulose is immersed, and the acids be
slowly drawn off at the bottom of the vessel, the water displaces the
acid from the interstices of the nitrocellulose without any undesira-

1 Chemical Engineer, vol. 5, 1907, page 422.
% P. Gerald Sanford, Nitro-Explosives, 1906, page 73.

ble rise in temperature, and with very little dilution of the acids.
By this process almost the whole of the acid is recovered in a coz-
dition suitable for concentration, and the amount of water required
for preliminary washing is very greatly reduced. The apparatuz
which is used for the purpose consists of a cylindrical or rectangul‘aw
vessel constructed with a perforated false bottom and a cock at i
lowest point for running off the liquid. Means are also provided
to enable the displacing water to be run quietly on to the surface
of the nitrating acids. In a further patent J. M. Thomson and W. T
Thomson propose by use of alcohol to replace the water, used in
washing nitrocellulose, and afterwards to remove the alcohol by
pressing and centrifuging.

A notable change in practice in the manufacture of
smokeless powder in the United States has been in the
abandonment of the nitroglycerin-nitrocellulose pow-
der by the Army, and the adoption of a straight nitro-
cellulose powder of definite nitrogen contents, thus
bringing their practice into conformity with that of
the Navy. In fact, the continued tendency in military
powders is to approach more closely to the principle
set forth by Munroe many years ago as governing the
ideal smokeless powder, viz, that ‘it should be com-
posed of a single chemical substance in a state of chem-
ical purity.”

The progress in smokeless sporting powder has been
characterized by the adoption of a small-grained nitro-
cellulose powder which is gelatinized and then hard-
ened throughout, in place of the grain that has here-
tofore been pretty generally in use, which was super-
ficially gelatinized and hardened. The manufacture
of such powder is carried on in a stationary vertical
vessel of copper, which has cone-shaped ends. Around
the lower end is a steam jacket, by which the contents
of the vessel may be heated. A rotatable shaft extends
downward through a stuffing box in the top of t}le
vessel, or still, to a point near its bottom, and carres
six arms extending across it, each arm being attached
at its central point to the shaft and at points on the
shaft about 8 inches apart, and the ends of the arms
reach nearly to the wall of the still. Five of the bars
are square in cross section and about 1 inch thick;
the sixth bar, which is the upper one, is flattened out
so as to form paddles, which slant in the direction of
motion of the shaft in such a way as to smooth down
the surface of the liquid that is placed in the still.

An orifice at the bottom of the still having been
first closed, the vertical shaft carrying its horizontal
stirrers is set in rotation and continued in rotation
during the whole of the process at a speed sufficient to
maintain the particles of gun cotton in mechanical
suspension in the water, when the gun cotton and
water are introduced into the still as hereinafter
described.

Water in which 5 per cent of barium nitrate and 2
per cent of saltpeter have been dissolved is then pumped
into the still, through a pipe provided for this purpose,
until the still has been partly filled. Finely pulped
wet gun cotton is then thrown into the still through
an opening in the side of its upper part, this gun cotton
not having been as yet subjected to the action of any



solvent. More water in which barium nitrate and
saltpeter have been dissolved is then pumped into the
still until the surface of the liquid in the still is about
on a level with the upper stirrer-blades on the vertical
shaft. The opening through which the gun cotton
was inserted is now closed, and a previously formed
emulsion of from 25 to 50 per cent of amyl acetate in
water containing barium nitrate and saltpeter in solu-
tion is pumped into the still.

The material now begins to granulate and the prog-
ress of the granulation is observed by withdrawing a
little of the mixture through a small orifice near the
bottom of the still. When granulation has been
effected throughout the mass, which is within about five
minutes after the introduction of the emulsion into the
still was begun, steam is turned into the jacket sur-
rounding the lower portion of the still. The heating
due to the steam is continued for a period of five or
six hours, and during this time the amyl acetate is dis-
tilled and passes over, with the vapors from the heated
water, into a reservoir, where the water is separated
from it.

After the amyl acetate is thus removed, a gate valve
in the bottom of the still is opened and the mixture of
water and granulated powder is drawn off into a drain-
ing tank. After draining it is dried, sized, blended,
and packed. The strength and the amount of the
emulsion used depend upon the amount and quality of
the gun cotton; the best proportions are ascertained
by experience. The length of time the heating is
maintained depends upon the amount of amyl acetate
used and the temperature of the steam in the steam
jacket,

The still may measure about 6 feet and 3 inches from

its bottom to the upper stirrer-blades and about 5 feet |

in diameter in its eylindrical portion. In such a vessel
the usual charge of gun cotton is 450 pounds, to which
isadded the dust or very small grains from previous
granulations, making a total charge of upward of 700
pounds. The finished powder is colored to suit the
taste of consumers.

The invention and introduction of safety powders
has gone on rapidly abroad, and to a moremoderate
extent in this country, since the census of 1900 was
taken. Since, through the researches in France, it was
shown that ammonium nitrate diminished the tempera-
ture of the products of explosion and tended to render
explosives containing it safe for use in fiery mines the
ammonia powders have had a marked increase in popu-
larity. In the last edition of his book Guttmann! gives
two tabular lists of modern explosives for use in mines,
one of “nitroglycerin safety explosives,” and one of
“ammoniumnitrate and otherexplosives.” Inthe first
list there are enumerated 23 different explosives con-
taining ammonium nitrate, of which grisoutine A con-
tains as much as 90.45 per cent of this substance, while
in the second list there are 38 different powders contain-
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ing ammonium nitrate, one of these, ammonal, being
composed of 95 per cent of ammonium nitrate and 5
per cent of powdered aluminum.

Ammonium nitrate has long been used in dynamites
in this country, especially since the invention of pro-
tected nitrate of ammonia for use in explosives by
Russell S. Penniman in 1885, but foreign experts
commented unfavorably upon the use of ammonium
compounds in conjunction with organic nitrates such
as nitroglycerin and gun cotton. It is gratifying to
note the indorsement of American practice, shown in
the foregoing statement.

A matter of grave importance in connection with the
explosives industry is the transportation of the prod-
uct, for all of it must be carried from the works to the
place where it is to be used, and most of it is trans-
ported by railroads. When it is considered that the
output for the census year 1905, as given in Table 111,
was.363,748,097 pounds, and that a carload of explo-
sives contains 20,000 pounds, it is apparent that there
was produced each working day in 1904, on the aver.
age, 60 carloads of explosives. Tt is estimated that on
the average 10 days are required in which to trans-
port and deliver these consigniments, therefore, there
would have been each day on the railroads throughout
the United States not less than 600 cars full of explo-
sives. As amatter of fact explosives are more often
transported in less than carload lots than in full car-
load lots especially from central depositories or maga-
zines. From observation and experience railroad
officials estimate that the cars carrying small lots are
five times as numerous as those carrying full loads.
It is therefore apparent that the number 600 is but a
minimum and that the actual number of cars carrying
explosivesmust be above thisnumber. Some accidents
have occurred in this transportation, but the surprise is
that theyhave occurred so infrequently. Itmust bein-
ferred that the numerous employees who handle these
cars and their contents are especially intelligent, faith-
ful, and vigilant.

But as shown by the statistics presented in this re-
port this industry is a rapidly growing one. It is in-
evitable that it will continue to increase and that the
transportation of explosives will become much larger
in the future than it has been in the past. With this
condition confronting it, the American Railway Asso-
clation undertook, in 1905, the drafting of regulations
governing this transportation, and prior to doing so
called upon a committee of experts, consisting of
Charles E. Munroe, Henry S. Drinker, and Charles T,
McKenna, for advice. This committee reported as
follows:*

(1) Your committee finds the explosives industry in the United
States to be of importance and continually growing in the quantity
and value of its output, as shown by Bulletin 210 of the census for
1900.

(2) It finds that the important and extensive industries of min-
ing and quarrying, the many industries which employ the products

9‘ Oscar Guttmann, Handbuch der Sprengarbeit, Braunschweig,
06.

*The American Railway Association, Circular No. 616, 1905,
page 14.



of mines and quarries, and engineering operations, can not be eco-
nomically or safely carried on without explosives.

(8) It finds that the well being, comfort, and advancement of our
modern civilization is to a large extent dependent upon the utili-
zation of explosive substances, and that the raw materials from
which explosives are manufactured, the products of the mines and
quarries made available through the use of explosives, and the
great variety of articles manufactured from these products, consti-
tute & considerable part of the freight carried by railroads, while the
various industries that are fundamentally dependent on the use of
explosives give employment to an immense number of persons.

(4) It1is of the opinion that the explosives industry is now so well
an established feature of our industrial operations that its products
must be transported, and that the best interests of all will be con-
served by their being publicly transported by the ordinary routes
of travel under such restrictions and conditions as will protect the
traveler and the carrier without unduly hampering the producer,

dealer, or consumer.

(8) It is of the opinion that a carrier has the right to know the
character and properties of the geods he carries, for without such
knowledge he may be unable either to protect such goods from
injury or so to handle and transport them as to prevent their injur-
ing persons and property. He should therefore be definitely in-
formed regarding the compesition and properties of all inflam-
mables or explosives or of substances which may, by contact with
other substances, form inflammables or explosives which he is
He also has a right to demand a guar-
antee that any consignment of an inflammable or explosive char-
acter offered possesses the same or a higher standard of stability,
both as regards its composition and its method of packing, than the
previously accepted or standard substance of this class or variety

called upon to transport.

possessed.

(6) It is of the opinion that explosives and inflammables should
be started on their way as soon as possible, forwarded as speedily as
practicable, and promptly delivered, since the shorter the time
they are ini the possession of the carrier the less the risk.

(7) To indicate somewhat the magnitude of the risk following the
quantity of explosives shipped in a single lot your committee sub-
mits the following table, compiled from a table prepared by Her
Majesty’s inspectors of explosives, and adopted by the United
In the original table, among other data, is
given the distance which a magazine or factory containing the
given weight of explosive should be separated from a public rail-
The conditions we are consider-
ing here are the reverse of those named by Her Majesty’s inspectors
of explosives, for the explosives are on the railroad and the distance
is the danger radius about the car for dwellings, churches, and other

States authorities.

way in order to protect the latter.
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bujldings.

AMOUNT OF EXPLOSIVES. Danger radius.
3,000 pounds.. . 240 yards.
4,000 pounds. -| 280 yards.
5,0ggopounds 320 yards
10,000 pound 525 yards.
20,000 pounds. . -| 850 yards
30,000 POUNAS. . . c et niaiaiaia e ee e ..| 1,200 yards.
40,000 POUNAS. - <icvnie e iiiiat e an s ...| 1,525 yards.
50,000 pounds........co.o..n .. .| 1,850 yards.
100,000 pounds. 3,500 yards.

This danger radius is not the limit of final effect, for glass may be
broken, walls cracked, and weak structures shaken down at greater
distances, depending on the topography and geology of the locus of
On the other hand, these very features last mentioned
may operate to materially diminish the danger radius.
be &aid also that these data are derived from a discussion of those
obtained in accidental explosions in the past, and represent extreme

explosion.

conditions.

(8) Your committee is of the opinion that the greatest danger
which carriers have to contend with in transporting explosives is
fire, and that every effort should be made to protect such shipments

from fire.

It should-

(9) It recognizes a second and more remote cause of danger. in
friction, percussion, and concussion, and packages contain}ng
explosives should be handled and stored in cars with due precaution
against these conditions arising. Freight handlers should know
that the striking of a corner of a wooden box smeared with nit?o-
glycerin against the wooden floor of a platform or car might give rise
to an explosion.

(10) It recognizes a third cause of danger in high temperatures,
which may start or promote decomposition and facilitate leakage.
The practical application of this is that it is more hazardous to
transport certain explosives in very warm weather, and that they
should never be placed near a source of heat.

(11) Holding the above expressed views, your committee calls
attention to General Notice No. 174B of the Pennsylvania Rail-
road Company, dated August 21, 1905, entitled “Information and
Regulations for Shippers and Employees, ” relative to the *“Trans-
portation of Explosives.” In our opinion, these regulations are
practicable, reasonable, and fair, and, if observed, offer a high
degree of protection and insurance of safety.

(12) Your committee is of the opinion that the interests of all
will be best advanced; that the danger to life and property will be
reduced to the minimum; that trade will be promoted and indus-
tries fostered by the adoption by all railroadsof uniform regulations
governing the transportation of explosives and inflammables, and
we advise that such regulations be in general conformity with and
on the lines of those now in force on the Pennsylvania Railroad as
cited above.

. (13) Taking up in greater detail the regulations, your committee
recommends:

(a) That, to guard against “‘so-called spontaneous combustion or
explosion,” no nitroglycerin explosive, or an explosive of this class
which gives an acid reaction, or which fails in the stability test, or
which contains an insufficient amount of ant-acid, be accepted for
transportation.

(b) That, as a precaution against leakage, cartridges or sticks of
explosives be 50 packed in boxes that when loaded in cars the car-
tridges shall always lie upon their sides and never stand upon end.

(c) That containers be marked ‘‘Explosives—Dangerous” on all
sides, and, to admit of the method of stowing recommended in (b),
they be so marked that the position in which the cartridges lie is
indicated.

(d) That, as a further precaution against leakage from the boxes
and to reduce the chance of explosion by shock, cartridges or sticks
be packed in dry sawdust or dry infusorial earth.

(e) That, as a precaution against explosion from friction, or shock,
care be taken in loading explosives in the car that the packages are
so stayed or chocked that they can not shiit or fall.

(f) That no inflammables, no detonators, or blasting caps, and no
acids be shipped in the same car with explosives.

(9) That cars carrying explosives be strong box cars in good order
and be fitted with air brakes and, in trains, be placed between cars
fitted with air brakes. .

() That cars carrying explosives be located so far from the engine
as to reduce to a minimum the danger from sparks from the engine.

(¢) That cars carrying explosives be followed in the train by sev-
eral cars so as to reduce to a minimum the chances of explosion in
case of a rear-end collision. .

(j) That cars carrying explosives be widely separated in a train
from cars carrying petroleum or naphtha. So faras possible cars
carrying explosives and cars carrying petroleum or naphtha should
go by different trains.

(k) That in making up trains no cars carrying pig iron, steel
billets, heavy structural metal parts, machinery, or other heavy
material, which in a collision might crush adjacent cars, be placed
adjacent tQ a car carrying explosives. .

(1) That in view of the fact that explosives, containing nitro-
glycerin or other nitric esters, are more liable to decomposition the
higher the temperature, the transportation of these explosives
should be limited as much as possible during the hottest months of
the summer, and when transported in warm weather every available
precaution should-be taken to keep the temperature of the car as



low as possible, such, for example, as wetting the car down at water
stations. ]

(m) That it is essential that the containers should be so made and
of such strength that they will not be broken in transit.

(n) That in the transportation of explosives containing a liguid
component it is desirable that the containers be lined with a liquid
proof lining.

The regulations which have been framed now govern
most of the railroads in this country, and a corps of
inspectors of explosives has been organized with
Maj. B. W. Dunn of the United States Army as chief
inspector.
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A second significant advance toward protection in
the use of explosives is found in the formation during
1907, under the Technological Branch of the United
States Geological Survey, of a corps of experts for the
inspection of explosives for use in coal mines, and
the study of accidents in such mines resulting from
explosions. :

Table 115 sets forth the imports and exports of
explosives during the years ending June 30, 1891 to
1905, as taken from Statistical Abstract of the United
States, published by the Bureau of Statistics.

Tapre 115.—~EXPLOSIVES—IMPORTS AND DOMESTIC EXPORTS: 1891 TO 190

IMPORTS. DOMESTIC EXPORTS.
YEAR ENDING JUNE 30— funpowder. All other or.
N Gunpowder. | o losives, Total Gunporwder Allother | oo
B N E mlnaltes, valne, ||| cxplosives value
Pounds. | Value. (vg‘ﬁﬁb) . Pounds. | Value. | (V&lue.
34,312 | $19,148 $124,528 | $143,676 733,834 | $88,676 $006, 870 $005, 546
31,111 20,533 100,977 130, 510 903,077 | 108,276 762, 079 860, 355
78, 306 68,974 124, 661 y 885,263 | 106,547 755, 966 861, 513
85,481 | 71,285 7,342 | 138,627 || 495,506 | 66,830 | 935,287 | 1,002,126
104, 990 84,882 96, 940 181,822 972,271 102,885 | 1,174,306 1,277,281
68, 993 49, 857 77,192 | 127,049 1,159,935 | 124,823 | 1,256,279 1,381, 1
87,921 63,722 98,727 | 162,449 1,086,465 | 118,001 | 1,437,317 1,565, 318
08,708 | 79,002 05,123 | 145,115 | 1,202,071 | 130,644 | 1,255,762 | 1,305,
44, 405 20,824 0, 190,444 || 1,504,624 | 181,642 [ 1,350,247 1,531,
31,212 15, 835 160,073 | 184,008 || 1,612,822 | 107,438 | 1,604,166 1,801,
79,556 38, 644 212,805 | 251,530 1,463,409 | 103,345 | 1,518,757 1,712,102
70,776 55,998 268,788 | 324,786 1,609,910 | 224,779 | 1,837,602 2,062, 381
76,766 59,778 375,404 | 435,182 1,112,490 | 151,658 | 2,302, 2,454, 510
64, 569 53,370 318,509 | 371,069 065,740 | 136,383 | 2,305,213 2,441, 596
73,245 55,979 311,527 | 367,500 1,062,807 | 149,466 | 2,410,371 2,559,837

1 Does not include fircerackers.

Crass XV.—PrasTIcs.

This class embraces pyroxylin plastics (including
celluloid, xylonite, fiberloid, viscoloid, pegamoid, pyra-
lin, and the goods wrought from them), pyroxylin or
soluble cotton, and the collodion or photographic films,
artificial leather, and other products made from it, vis-
cose and its products, rubber substitutes, and all other
plastics formed from caoutchouc, gutta-percha, casein,
fibrin, gluten, gums, and glue or other cementing mate-
rial by which sawdust, wood pulp, bone dust, zinc
oxide, antimony sulphide, kaolin, and other fillers are
held in solid aggregations which may be molded or
shaped with lathes and other tools as desired.

TasLe 116.—Plastics—comparative summary, with amount and
per cent of increase: 1905 and 1900.

CENSUS. Per cont
Increase. of
1905 1900 increase.
Number of establishments. . 10 8 2 25.0
Cn{)iml ..................... .| 98,080,547 | 87,558,720 || $1,130,827 15.0
Salaried officials, clerks, eote.,

NUMDEL. ot e aannns . 108 196 2 1.0
Salaries. .. ..ol $334,151 $308, 395 $25, 756 8.4
Wage-earners, average number . . 1,847 1,219 628 515
Total wages.......... e 863, 702 $590, 557 $278, 145 46.3
Miscellancous expense .| $528,504 3214, 166 $314, 338 146.8
(ost of materials used. .. .. $1,052,053 | 1,255,841 $06906, 212 55. 4
Value of products................ $4, 877,380 | $3,085,656 || 81,841,724 60. 7

The statistics of Table 116 show an increase in
every item, that in value of products being nearly
$2,000,000 and that in capital being over $1,000,000.

The proportional increase in value of products was,
however, much larger than that in capital, amounting
to 60.7 per cent against a gain of 14.1 per cent in the
latter item. The largest proportional increase, 146.8
per cent, was in miscellaneous expenses.

Tasre LL7T.—Plastics—quantity and value of products: 1905

and 1900.
1905 1900
KIND. - ;
Quantity. | Value. Quantity. | Value.

Pyroxylin plastics, pounds ....|} 2,966,820 | $2,071, 380 29,074, 708

Pyroxylin, pounds............. 52,080,497 | 2,777,560 || 41,561, 604 1, 359, 490
Rubber substitutes, pounds. .. 0! 03,724 |0 eeieniiiliiinaniaa s
Leather substitutes. .. ..oooviiiereiemneeeidaninioaan. .. 479, 842
All other plastics, pounds...... 90, 820 21,743 e e ie i vaeieiaeas

1,059,274 1,101,845

All other products.....cooveaiifininannn, ‘

1 Includes 593,806 pounds, with an assigned value of $534,404, consumed in
establishments where manufactured,

2 Includes 814,184 pounds, with an assigned value of $732,766, consumed in
establishments where manufactured.

3 Includes 2,914,246 pounds, with an assigned value of $2,710,149, consumed in
establishments where manufactured.

4 Includes 1,467,147 pounds, with an assigned value of $1,270,419, consumed in
establishments where manufactured,

The statistics of Table 117 show a considerable fluc-
tuation in the character of this industry, as leather
substitutes, which appeared at the census of 1900, do
not appear at that of 1905, while rubber substitutes
and the classification ‘‘all other plastics” appear at
the present census for the first time. While it is be-
lieved that certain of the establishments producing
leather substitutes in 1900 have ceased such manufac-

ture, it is believed also that the products of other



establishments were included in other categories at the
census of 1905, owing to the form or manner in which
they were reported. The three items of Table 117 for
which returns appear at both censuses all show an in-
crease for 1905 as compared with 1900, the largest in-
crease in quantity, 1,424,893 pounds, and the largest
increase in value, $1,418,066, being shown for py-
roxylin, the larger part of which (97.6 per cent in
1905) is, however, consumed in further manufacture in
the establishments in which it is produced.
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item of cotton and paper, these two being jon
because they are used interchangeably as sources
pyroxylin, but, if the nitric acid of the mixed acids
added to the nitric acid reported in 1905, the larg
increase in quantity would be found for nitric ac
The largest increase in cost, $295,474, is found in t
item of camphor, the expenditure for this matern
almost trebling since 1900.

Tasrr 120.—Pyroxylin plastics—comparative summary: 1880

1905.
Tasre 118.—Plastics—number of establishments, by states: 1905 ——
Num-
and 1900. ber of Number | yra1np of
CENSUS. estab-! Capital. | ofem-~ | products
lish- ployees. ‘
STATE. 1905 | 1900 ments. |
United States 114 213 5| 85,630,516 | 11,838 { $4,795,15
. 7| 7,210,548 | 11,176 |  2,916,02
Connecticut N 12| 3,158,487 1,028 | 2,575,738
Massachusetts 3 1 6] 1,214,000 736 1,261, 54
New Jersey 8 11 |
B3 ) o 2 1

1Includes 4 establishments engaged primarily in the manufacture of other
products.

2 Includes 5 establishments engaged primarily in the manufacture of other
products.

It will be seen that at both censuses the manufacture
of plastics was largely confined to New Jersey, this
state reporting, at the census of 1900, 11 out of a total
of 13 establishments for the industry, or 84.6 per cent.
At the census of 1905 New Jersey showed a loss of 3
establishments but still reported 8 out of a total of 14,
or 57.1 per cent. The industry as a whole showed a
gain of 1 establishment at the census of 1905.

Tasre 119.—Plastics—quantity and cost of materials wsed: 1905

and 1900.
1905 1900
KIND.
Quantity. Cost. Quantity. Cost.
Acetone, pounds. .. ..occcmaenaan.. 695, 667 | $83, 481 191, 864 $23,024
Aleohol, grain, gallons.....c...oo.. 8, 537 20, 858 7,0 16, 837
Alcohol, wood, gallons. .. 275,278 | 204, 925 187,381 121,737
Camphor, pounds.............. 1,282,063 | 457,744 635,111 162,270
Cotton and paper, pounds......... 1,990,846 | 288,455 1,006,194 146,430
Dyestuffs and colors, pounds...... 14,378 8, 348 10,278 5,487
Ether, pounds.............. 12,473 (A3 A | I A,
Mixed acids, pounds. .... 2,680,923 | 137,384 |[ecvucuerraanlionnnannns
Nitric acid, pounds...... 3,918,794 | 200,542 2,971,469 151, 266
Oils, gallons.......... 49,500 29,9014 , 647 17,321
Sulphuric acid, tons....ccvaionn.. 4,177 73,800 4,157 73,196
Zinc oxide, pounds.........eaeoan.. 393, 900 28,417 116, 400 8,155

The statistics of Table 119 show an increase for 1905
over 1900 for every item presented for both censuses
except in the quantity of oils. The term “oils”
includes, among others, rape, mustard, linseed, cotton-
seed, corn, and petroleum oils and the loss in quantity
in 1905 appears to be due to the closing of a factory
‘which in 1900 used a very considerable volume of low-
priced oil. An item in which there appears but a
slight increase is sulphuric acid, but this fact is at
least partly accounted for by the fact that mixed
acids were returned separately in 1905, since sulphuric
acid, as shown in the discussion of Class I, constitutes
an important part of this mixed acid. = The largest
increase in quantity, 984,652 pounds, is found in the

1 Wage-earners only.

It will be seen that at each census there was an
increase in every item presented in this table, except
in the number of establishments, which shows a falling
off at each census since 1890, due probably to the same
tendency to concentration that is to be observed
in other industries. The greatest increase in value
of products, $1,879,130, and in the number of em-
ployees, 662, was reported for the five-year period
from 1900 to 1905. The greatest increase in capital,
$4,052,061, however, was reported for the period from
1890 to 1900, but in spite of this fact the industry
appears to have been almost at a standstill during this
period, as the census of 1900 shows the extremely low
increase of $340,291 in value of products over the
census of 1890. Since 1900, however, the industry
apparently has been growing rapidly in importance.

The applications of cellulose are already manifold.
Although many have been long known, a very con-
siderable number are of quite recent origin, and new
methods of application are constantly being invented
or discovered. Probably nothing has done more to
facilitate such applications than the discovery of cellu-
lose nitrate, as made by Schoenbein in 1846, and the

subsequent discovery of the Hyatt Brothers, in 1869,

that by the aid of camphor, the cellulose nitrate,
which is known-as the heptanitrate, could be con-
verted into the plastic mass known as celluloid, for
from these discoveries and the inventions following
there has grown up the extensive pyroxylin plastics
industry shown statistically above.

Another development based on the use of cellulose
nitrates is the artificial silk industry, which has grown
from the discovery by De Chardonnet, in 1885, that a
solution of pyroxylin could be forced through fine
apertures into water so as to form fine threads having
the luster of silk and showing a marked capacity for
dyes. This industry has attained a large degree of
importance in Europe, but, although considerable
quantities of its products are imported into the United



States, their manufacture is not yet carried on here.
The reason for this lies in the fact that large quantities
of grain aleohol and ether are employed in this indus-
try, and it is not found that the cost of these materials
in this country has as yet reached a point sufficiently
low to permit this artificial silk manufacture to be
conducted economically.

Attention was called in the report on chemicals and
allied products in 1900 to the invention of viscose by
Cross and Bevan and others and the production of
plastic masses from cellulose by this means. This
invention, resulting from a most elaborate scientific
research, has been expected to yield most valuable
economic results, but as yet there are no statistics to
record here. ‘

A recent development of importance in the plastic
industry is in the application of casein,as the binder
for various materials, as these products are expected
to replace the pyroxylin plastics. Scherer devotes a
chapter in his book® to the “Preparation of Plastic
Masses from Casein’’ and mentions particularly galalith,
which is prepared from a spocially purified casein.

Constantly extending use is being made of the solu-
tions of cellulose nitrate in the nmnufacture of oileloth,
linoleum, artificial leather, waterproofed cloth and
paper, and especially patent leather.

Table 121 sets forth the imports and exports of
pyroxylin plastics, for the years ending June 30, from
1891 to 1905, as taken from Commerce and Navigation
of the United States, published by the Bureau of
Statistics.

TasLe 12 1.—Pyroxylin plastics—imports and exports: 1891 to 1905.

Imports

Exports
(value).

YEAR ENDING JUNE 30~ (value),

$10, Jf ..........
$39, 004
36, 507
85,234

204,979

lbb 479

Crass XVI.—KsseNT1anL O1Ls.

The class of essential oils embraces the natural essen-
tial oils, both erude and refined (except turpentine and
petrolc,um distillates), artificia essential oils, and witeh
hazel. The number of different bubstances included
is very large. The Standard Dictionary enumerates
159 different essential oils, all of which except petro-
leum and naphtha are of vegetable origin, but this
does not exhaust the list.

1Robert Scherer, Casein—Its Preparation and Technical Utiliza-
tion, translated by Charles Salter, New York, 1906.
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22,

TaBLe 122.—Essential oils—comparative summary, with amount

and per cent of increase: 1905 and 1900.

ENSUS.

CENSU Per cent
" Inerease. | of
1905 | 1900 Inerease.
Number of establlshmunts ........ 52 47 3 10.6
Capital .- $723, 004 $576, 286 $146, 718 25.5
Salaried oflici 3

number.. . 37 39 19 151
Salaries. . . $40, 002 $24,733 815 2(:9 61.7
Wag(,-mrn(‘rs, avers; gL pumber. .. 132 168 121.4
TOtAl WAZES. . eveeeeennanenrnnens $69, 711 $061,415 $8, 290 13.5
Miscellancous expenses. . . $78, 886 S48, 763 $30. 123 61.8
Cost of materials used. . .| 81,110,470 $588, 504 $521, 876 88.7
Value of produets.........c...... $l 404, 662 $813, 495 $051, 167 80.0

1 Decrease.

The statistics of Table 122 show an increase in
every item for 1905 as compared with 1900 except in
the number of salaried officials, clerks, ete., and the
average number of wage-earners. The value of prod-
ucts shows an increase of $651,167, or 80 per cent, but
the largest proportional increase, 88.7 per cent, was
reported for the cost of materials.

TABLE 128.—Essential otlls—quantity and ralue of products: 1905
and 1900.

1905 ! 1900
KIND.
Quantity. Value. Quantity. | Value.

PepEem)int oil:

Jrude, pounds... 41,250 $107,472 147,100 | $126,340

Refined, pounds. 88 772 362, 505 102, 068 127,585
Sassafras oxl pounds 30, 235 17,073 117,720 37,772
Wmtergreen oil. prunds. R 4,737 15,579 1,30 1,231
Other natural oils, pounds....... 209, 373 522, 648 467,319 404, 785
Witch hmel extract, gallons.. 824 874 380 373 110,260 54, 649
Artificial oils.. ..ol 65,250 . oniinainnn. 54, 460
All other produetS....cvveeieeiailaninennnnan 7 602 feoeeenaninn. 9,547

The statistics of Table 123 show an increase in the
value of refined peppermint oil, in the quantity and
value of wintergreen oil and of witch hazel extract,
and in the value of ‘“other natural oils” and of arti-
ficial oils, but a decrease in all other items. The
decrease in the quantity of peppermint oil, both
crude and refined, finds an explanation in the over-
production of this commodity in 1899, which carried
the price below that point which made the cultiva-
tion of the mint and production of the oil profitable.
As a consequence the cultivation has since been much
restricted. The reduction in the quantity and value
of sassafras oil appears to be due to the fact that this
is chiefly a neighborhood industry which is subject to
considerable fluctuation. The quantities of other nat-
ural oils are subject to similar fluctuations, and it
would appear that in 1905 a larger quantity of the
more expensive oils was produced than in 1900.

As pointed out elsewhere, in 1900 the census in-
cluded the neighborhood industries, while in 1905
these were eliminated from the canvass. This differ-
ence in methods has had a marked influence on the in-
dustries embraced in Class ITI, Potashes, and Class XVT,
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Essential Oils, as these industries are largely pursued
by farmers at odd moments between the cultivation
of their regular crops. As a result of this canvassin
1900, in addition to the quantities presented in Table
123, there were returned 38,925 pounds of oil of pepper-
mint, valued at $32,074; 1,410 pounds of oil of sassa-
fras, valued at $393; 775 pounds of oil of wintergreen,
valued at $1,043; and 11,158 pounds of other natural
oils, valued at $7,734. These establishments each, as
a rule, produced less than $500 worth of product, and
would not therefore be considered in any of the regular
Census tabulations.

Tasre 124.—FEssential oils—number of establishments, by states:
1905 and 1900.

STATE. 1905 | 1900
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Massachusetts............
B 8T 1§ o 7

New Hampshire. . oot it e et e a e cecaaaaaas b N PN
New Jersey.... 1
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1Includes 2 establishments engaged primarily in the manufacture of other
products.

2 Includes 3 establishments engaged primarily in the manufacture of other
products. .

The statistics of Table 124 show a most irregular
fluctuation, due probably to the fact that the sources
of supply are quite irregular and that, as a rulé, these
establishments spring into existence in the midst of an
abundant native supply and are abandoned when this
is exhausted.

Tasre 1235.—Essential oils—value of products, by geographic divi-
stons: 1905 and 1900.

DIVISION. 1905 1900
United SEates ... on i iveeaeaaeceeenas $1,479,162 | $816,369

North Atlantic............. 1,160, 617 585,972

South Atlantic............. 9, 856 38,772

North Central and Western 308,680 | 191,625

Table 125 shows that the North Atlantic division
held the first rank in the essential oil industry at each
census, and at the census of 1905 reported 78.5 per
cent, or more than three-fourths, of the total value of
products for the industry. The combined North Cen-
tral and Western divisions ranked second at each cen-
sus. In both of these divisions the industry shows a
marked increase in the value of products for 1905 as
compared with 1900, that in the North Atlantic division
amounting to 98.1 per cent. There was, on the other
hand, a marked decrease in the value of products of
the South Atlantic division.

TasLe 126.—Essential oils—quantity and cost of materials wsed:
1905 and 1900.

i
1905 i 1900
XIND. }

Quzmtity.l Cost. ﬁ; Quu.ntity.‘ Cost,.

i
Alcohol, grain, gallons........... t 84,602 |  $206,255 | 13,258 | 544,888
Essential oils, crude, pounds....| 107,713 385,773 || 443, 400 331,050
Herbg, leaves, and seeds, tons. 2 2,410 230, 666 || 7,473 148,050
Wood, bark, and roots, tons.... t

20,051 | 24482 | 613&3} 25,684
! |

The statistics of Table 126 show for 1905 as compared
with 1900 an increase in the value of every article
enumerated, and an increase in the quantity of alco-
hol and of wood, bark, and roots used. The decreases
in the quantity of crude essential oils and of herbs,
leaves, and seeds used in 1905 as compared with 1900
are quite in harmony with the variations in products
shown elsewhere, and point to a smaller use of the
cheaper materials.

Table 127 presents the imports and exports of oils,
both volatile, or essential, and distilled, for the years
ending June 30, 1891 to 1905, inclusive, as taken from
Commerce and Navigation of the United States, pub-+
lished by the Bureau of Statistics.

TasLe 127.—0ils, volatile, or essential, and distilled—imports and
exports: 1891 to 1905.

IMPORTS. EXPORTS.
YIAR mggzrc JUNE Peppermint oil.
Pounds. Value. %3&?32? r
Pounds. Value.
81, 523, 491 45,321 $120,831 $65, 104
1,676, 064 54,987 156, 418 68, 501
1,654,036 , 267,422 79,920
1,102,108 80,225 209,722 64, 907
1,308, 956 87,633 194, 616 190,798
1,554,280 85,290 174, 810 102, 487

1,959, 395 60,166 63, 672 169, 004
2,092,371 36,301 54,808 202,
2,156, 331 13,033 34,943 252,770
,396,7 42,939 124,728 , 588
2,534,723 36,953 135, 060 215,860

Crass XVII.—CoMPRESSED AND LiIQUEFIED GASES.

This class embraces acetylene, anhydrous ammonia,
carbon dioxide (carbonic acid gas, carbonic an-
hydride, CO,), chlorine, coal gas, hydrogen, liquid
air, nitrogen monoxide (hyponitrous oxide, nitrous
oxide, laughing gas, N,0), oxygen, compound oxygen,
sulphur dioxide (sulphurous oxide, sulphurous acid
gas, sulphurous anhydride, SO,), and all gases that
are compressed or liquefied for sale.

The statistics in Table 128 show an increase in
every item for 1905 as compared with 1900, the
largest increase in amount being found in capital
and the second largest in value of products. The
largest percentage of increase is also found in the



item of capital, and the second largest, in the item

of miscellaneous expenses. It is to be noted as in-

dicating the rapid growth of this industry that the

smallest percentage of increase, that for the number

of establishments, is above 50 per cent.

TaBLE 128.—Compressed and liquefied gases—comparative summary,
with amount and per cent of increase: 1905 and 1900.

CENSUS. ! .
; Per cent
e | I DICTRRSE. of
1905 1900 increase.
Number of establishments....... 406 30 16 53.3
Capital.............oooa $6,9043,805 | $2,117,355 || $4, 826,450 227.9
Salaried officials, clerks, ete.,

DUMDOT. .. ie i 243 101 142 140.6
Salaries.............oooiee. $258,556 | $121,912 $130, 643 112.1
‘Wage-earners, average number. . 426 211 215 10L.9
Total wages........... $271,302 | $149,0986 $121, 406 80.9
Miscellaneous expenses $451,712 $160, 561 $201, 151 18L.3
Cost of materials used $1,117,930 | §630,519 $481, 411 75.6
Value of products $2,673,840 | $1,320,042 || 81, 353,804 102.6

The statistics of Table 129 show an increase for
1905 over 1900 for every item enumerated at both
censuses except for the quantity and value of aqua
ammonia, the quantity of calcined magnesia, and the
value of all other gases. The largest increase in value,
$738,697, is in the item of anhydrous ammonia, and
the second largest increase, $624,603, in that of car-
bon dioxide, while the largest percentages of increase in
value, 232.2 per cent and 168.6 per cent, respectively,
appear for illuminating gas and anhydrous ammonia.
The largest increase in quantity, 23,907,346 pounds, is
in carbon dioxide, and the second largest increase,
3,308,504 pounds, in anhydrous ammonia. The de-
crease in the quantity and value of the aqua ammonia
produced arises from the fact that the ammonia can
now be more profitably manufactured into anhydrous
ammonia. The decrease in the quantity and the in-
crease in the value of calcined magnesia appear to arise
from the difference in the conditions of the market for
this product in different localities, for in some places it
is easier to dispose of calcined magnesia at an accept-
able price, and in others to dispose of epsom salts, and

this determines what final state of combination the

magnesium contents of the magnesite shall be made to
assume.

TaBLe, 129.—Compressed and lguefied gases—quantity and value
of products: 1905 and 1900.

1905 1900
KIND.
Quantity. | Value. Quantity. | Value.

Anhydrous ammonia, pounds....| 5,752,233 | $1,176,854 || 2,443,720 | 8$438,157
Aqua ammonia, pounds......... 11,832,038 186,900 || 23,216,973 | 2122,019
Calcined magnesia, pounds...... , 538, 35,003 6,556, 000 32, 000
Carbon dioxide, pounds.........| 35,991,627 | 1,343,907 || 12,084,281 719, 364
Epsom salts, pounds. ... .1 10,111,305 102, 794 ) )
Iuminating ga s, 1,000

feet............. 197,072 33, 852 60, 432 200, 174
Laughing gas, 41,020 28,311 * 4
Lime, bushels. 15, 785 1,278 8,000
Oxygen, gallons. 1,898, 410 69, 240 395, 350 38,170
All Other asesS. .uuvuieeriieemanalonranannannan 2,057 || .o 35, 106

1Includes 291,589 pounds, with an assigned value of $11,604, consumed in
establishments where manufactured.

2Includes 201,503 pounds, with an estimated value of $7,254, consumed in
establishments where manufactured.

3Not shown separately in 1900.

+Included in “all other gases’’ in 1900.
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The item of illuminating gas in Table 129 illustrates
the manner in which the summations of individual in-
dustries are arrived at, for this product primarily, and
properly, appears in the industry classified as ““gas,
manufactured,” but as it is compressed, the figures are
again shown here in order to present as complete a view
as possible of the industry of compressing and liquefy-
ing gases for sale. No data for illuminating gas are in-
cluded in the statistics of Table 128, and therefore
there is no duplication in the total values given for
chemicals and allied products.

TaBLE 130.—Compressed and liquefied gases—number of establish-
ments, by states: 1905 and 1900.

STATE. 1905

United States

Alabama .
Arkansas.
California
Colorado.
Connecticut. ...

Florida.............
Georgia..
Illinois. ..
Indiana. .
Towa...
Kansas
Louisia;

Michigan...
Minnesota. .

Oregon....
Pennsylvani
Tennessee
%e‘sxa.s i

rginia
Vermont.
Wisconsin

' NGH\&HEONHHNH

1 Includes 26 establishments engaged primarily in the manufacture of other
products.

The statistics of Table 130 show ‘that New York
has held the first place in rank in this industry at
each census, New Jersey the second place, and Penn-
sylvania the third. No other state shows more than
5 establishments at either census.

Tasre 131.—Compressed and liguefied gases—rvalue of products, by
geographic divisions: 1905 and 1900.

DIVISION. 1905 1900
United States.. ..o oivrriiiiiiii e 183, 858,628 | 281,732, 509
North Atlantic......... 1, 442,180 797, 802
South Atlantic... 322,567 201, 272
North Central. .. 1, 815,106 018, 378
South Central. .. - 95,159 41,934
BT Y P 183,616 73,123

1Includes “all other products.”

The statistics of Table 131 show a marked increase
in every division enumerated, the largest increase,
$1,196,728, being in the North Central division, and
the second largest, $644,378, in the North Atlantic.
The largest percentage of increase, 193.5 per cent, is
also found for the North Central division. Measured
by the value of products, the North Central division,
which stood second in this industry at the census of



1900, stands first at the census of 1905, and the North
Atlantic division, which stood first in 1900, now
stands second.

Tasre 132.—Compressed and liquefied gases—quantity and cost of
maderials used : 1905 and 1900.

1905 1900
KIND, - —
Quantity. E Cost. Quantity. | Cost.
H !

Ammonia liquor, gallons L. o i 10,238, 764 } $204, 467 916, 851 ~ 816, 504
Ammonium nitrate, pounds. ..., 75, 804 10,890 2) ! 2
Ammonium sulphate, {munds ..... 01 | 253,543 106, 632
Aquan ammonia, pounds........... 146, 388 225, 026
Carbonate of potash, pounds...... ()
Chlorate of potash, pounds........ (2
Lime, bushels. .. .. . 2 14,263
Limestone, tons 09 4,48 i 4,418
Magnesite, tons. 111,106 | 71,206 134, 808 55,809
Ofl, gallons. ... 3,506,614 | 172,146 1,385,021 | 57,741
Sulphurie acid, tons. 8,205 | 01,976 4,014 1 46,229

11g-ounce liquor. 2Not shown separately in 1800.

The statistics presented in Table 132 show an increase
in every item shown at each census except in the quan-
tity and cost of aqua ammonia and the quantities of
limestone and magnesite. The decrease in the quan-
tity of aqua ammonia used may well be accounted for
by such an increase in the quantity of ammonium sul-
phate and ammonia liquor used as has been reported,
while the increased use of carbon dioxide from natural
sources and from breweries may account for the de-
crease in the use of limestone and magnesite. The
largest increase in cost, $187,963, is for the ammonia
liquor reported, and the second largest, $146,911, for
ammonium sulphate. The largest percentage of in-
crease in cost, 1,138.9 per cent, is found for ammonia
liquor, and the second largest, 198.1 per cent, for oil.
The units of measure employed for the different mate-
rials reported are so many and unlike that no compari-
son by quantity of any value can be made.’

The direct liquefaction of acetylene has failed to
reach a commercial development, because of the fact
that, being an endothermous compound, it is easily de-
composed with explosive violence if, when under a pres-
sure of more than 2 atmospheres, it is subjected to a
shock. In common with other endothermous com-
pounds this sensitiveness of acetylene is diminished by
admixture with other substances, and it has been the
custom in Germany to employ, for lighting the coaches
onrailroads, a mixture of 25 percentof acetylene and 75
per cent of a gas of low candlepower made from shale,
compressed in cylinders under a pressure of 150 pounds
to the square inch. Advantage has also been taken
of the fact that acetone is a solvent for acetylene, the
volume of acetylene gas that may be so dissolved in-
creasing once with each pound of pressure to which the
gas is subjected. Containers filled with porous sub-
stances to facilitate absorption and localize dissocia-
tion,in the event of its occurrence, have met with favor
in the lighting of coaches, yachts, buoys, and so on, but
the statistics of acetylene compression are as yet too
few to permit of separate presentation.
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The increase in the quantity of anhydrous ammonia

. manufactured depends principally upon the extension

of the compressor system of artificial refrigeration,
though this substance is also employed to some extent
in the absorption system. Thus, from the report on
manufactured ice,! it appears that at the census of 1900,
946,666 pounds of anhydrous ammonia, costing
$249,838, were used in the compressor system, and
109,869 pounds, costing $29,842, in the absorption
system; while at the census of 1905, 1,795,893 pounds,
valued at $484,769, were used in the compressor sys-
tem and 136,604 pounds, costing $37,506, in the ab-
sorption system. There were therefore used in the
manufacture of ice, at the census of 1900, a total of
1,056,535 pounds of anhydrous ammonia, costing
$279,680, and at the census of 1905 a total of
1,932,497 pounds, costing $522,275. The manufac-
ture of ice, however, represents but a part, and proba-
bly the lesser part, of the application of the process
of artificial refrigeration, for, as is well known, it is
applied very extensively in cold storage for the preser-
vation of food products, and in many manufacturing
operations. Mention has already been made of the-use
of ice or refrigerating machines in the manufacture of
nitroglycerin. Another recent application of these
machines, due to James Gayley, first vice-president of
the United States Steel Corporation,® is in the drying of
the air for use in blast furnaces uged in the production
of cast iron, by freezing the moisture out of the air.
Many of the large establishments in which such refrig-
erating appliances are in use manufacture the anhy-
drous ammonia which they consume in their appara-
tus, and such manufacture, as a rule, escapes census
enumeration. There is no doubt that the anhydrous
ammonia produced for sale is considerably less than the
entire product of a given year. ’

In 1905, as in 1900, carbon dioxide was obtained
chiefly from the earth about mineral springs, from the
fermentation tubs in breweries, from the combustion of
coke,from the calcination of limestone ormagnesite,and
from the treatment of magnesite or other carbonates
with sulphuric acid; but the proportions of the total
drawn from these various sources in 1905 have changed
materially from what they were in 1900. According to
Minor,®* at Saratoga Springs, N. Y., where the gas is
recovered from the natural carbonated saline waters
found there, over forty springs (or wells) have been
drilled for gas producing purposes, and these yield
about 20,000 pounds of carbon dioxide per day.

The wells are generally 6 inches in diameter, varying in depth

“from 150 feet to 600 feet as they extend south. The rock is an

argillaceous slate lying above limestone, and it is at the juncture of
the two that the carbonated water is generally found, if at all, for
many nonyielding wells have been drilled. The water as it issues
from the well carrying its gas under pressure, is piped directly into

1 Census of Manufactures, 1905, Bulletin 83, pages 54 and 55.

2 James Gayley, ‘‘The Application of Dry Air Blast to the Manu-
facture of Iron,”’ Iron and Steel Institute, 1904.

3 John C. Minor, jr., “The Production and Modern Uses of Car-
bonic Acid,”” The Chemical Engineer, vol. 1, 1904, page 212.



a, separator—a large barrel with a 2-foot trap or seal at the bottom
from which the water escapes to waste, and with a pipe at the top
leading to the gasometer into which the gas, following the path of
least resistance, naturally discharges. The process of securing the
gas is therefore purely automatic, and but little goes to waste with
the water except that in actual solution.

Once stored in the gasometer the methods of treatment are quite
similar for all plants. The gas is drawn through calcium chloride
dryers to remove any moisture and passes on to the compressor,
working generally in three stages, 60,300, and 1,000 pounds, varying
a little with the temperature. After each stage the gas is thoroughly
cooled, finally passing into the cylinders for shipment, the weight
of gas admitted being carefully controlled.

Upon the ability to secure a steel container for shipping, of not
excessive weight and capable of withstanding shocks in transit and
an internal test pressure of 3,700 pounds per square inch, the future
of this industry has rested. The cylinders or tubes now used are
either of lap-welded or of seamless steel, the smaller size being 5.
inches O. D., and 48 inches long with a water capacity of 30 pounds,
into which 20 pounds of gas are filled, and the larger size of 8,
inches O. D., and 51 inches long with a water capacity of 90 pounds,
and filled ordinarily with 60 pounds of gas. This gives a ratio of
£as to water capacity of about 67 per cent and the pressures reached
under ordinary conditions are as follows:

At 60° F., 745 pounds per square inch.

80° F., 966 pounds per square inch.

110° F., 1,715 pounds per square inch.

130° I., 2,240 pounds per square inch.
The bursting pressure for the seamless tubes varies between 5,100
and 5,900 pounds, and for the lap-welded between 4,900 and 5,500
pounds, and every tube before using is tested to 3,700 pounds per

square inch. '

According to Fuller® the carbon dioxide obtained at
Saratoga appears to come mainly from the Trenton
limestone and to result from the action upon it of
chlorinated water.

A development of the process for producing carbon
dioxide from coke consists in burning the coke in a fur-
nace with cold blast, cooling the resultant mixed gases
in water-cooled tubes, scrubbing them with water in
coke towers in order to remove S0,, soot and dirt, and
then passing them into a solution of a cold normal
alkali carbonate, such as potassium or sodium car-
bonate, thereby causing the formation of an acid car-
bonate, commonly known as a bicarbonate. The re-
sulting solution of the bicarbonate is then heated by
the waste heat from the coke-burning furnace, whereby
the carbon dioxide that has been absorbed is set free
and the normal carbonate solution is regenerated for
use again in the absorbing tower. A characteristic
feature in the recovery of the gas from closed fermen-
tation vats in breweries consists in passing the gas,
after it has been washed, through a solution of potas-
sium permanganate in order to oxidize and destroy the
organic matters that accompany it, and impart to it
an odor indicative of its origin.

The several processes in use, when properly carried
out, yield a product which is from 98 to 99.5 per cent
pure. A considerable number of uses to which com-
pressed carbon dioxide is applied were enumerated in
the report on chemicals and allied products at the

1 Myron L. Fuller, ¢ Carbon Dioxide,”” Mineral Resources of the
_ United States, 1905, page 1259.
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census of 1900. Additional applications mentioned
by Minor are (1) in the operation of block signals by
the electro-pneumatic process, which is as follows:

When a train approaches the signal it short circuits a track bat-
tery, thereby opening a relay and closing an electrical contact
point, which in turn causes an electro-pneumatic valve to open,
provided there is no train on the block ahead. Carbonic acid at
54 pounds pressure is thus permitted to pass from a secondary tank,
fed by a gas cylinder through a pressure regulator, to the semaphore
casting which when forced up by the pressure causes the blade to
go from a horizontal or stop position to one of 60°, thus giving a
proceed signal to the train.

And (2) in the treatment of logwood :

In the ordinary methods of extraction there is a partial decom-
position of the coloring matter into products which can not after-
wards be separated from it. These have a most detrimental effect
on the efficiency of the product as a dye. By extraction in the
presence of CO,, not only is there a definite compound—hema-
toxylin carbonate—formed, but the decomposition is prevented
which occurs when the color is extracted by any other process.
When dyed upon cotton, with an alkaline bath, the glucose con-
tained in the extract made by other methods reduces the copper
salt tored oxide, which is precipitated with the color as an insoluble
lake, having no affinity for cotton fiber and producing the so-called
“dusty” condition. The new product does not reduce copper
salts and does produce even and perfect shades of color on the fiber.

The compression of illuminating gas has long been
practised, and it was in the examination of the liquid
deposited from this compressed gas that Faraday, in
1825, discovered the very important hydrocarbon
known asbenzene. This very deposition of the heavier
hydrocarbon in the gas, however, impoverished the
gas and rendered it less fit for use as an illuminant.
The great convenience that often results from being
able to store gas in portable eylinders and to use it at
will is obvious, and this fact has served to stimulate
inventors to continued efforts, until success was
reached in processes such as that of Pintsch or of
Peebles, in which the gas ismade by ¢ eracking” certain
petroleum, tar, or shale oils in retorts, and then com-
pressing them in cylinders under low pressures. Since -
this oil gas is rich in benzene and olefiant hydrocarbons,
it must be burned in specially designed burners. By
admixture with a certain amount of oxygen its com-
bustibility and illuminating powers are improved. In
its formation tar and liquid hydrocarbons are obtained
as by-products. Compressed illuminating gas is
principally used in lighting railway coaches and buoys,
although some, obtained by compressing ordinary
city gas, is used in the oxyhydrogen lamp with magic
lanterns, and is sold under the name of hydrogen, or
black gas, the latter name referring to the color of the
cylinders in which it is stored.

Liquid hydrogen has not yet appeared in commerce,
although the process of liquefying it was exemplified
on a large scale in the British Governiment Exhibit
at the Louisiana Purchase Exposition at St. Louis.
Compressed hydrogen is utilized in the Clowes lamp
employed in detecting the presence of dangerous gases
in mines, the holds of ships, and other inclosed places.
A recent important industrial use for it, or for com-



pressed acetylene, is found in the compound blowpipes
used in cutting or perforating metals, which enable one
to cut into pieces with ease and celerity large masses of
iron, steel, or other metals. A competitor to com-
pressed hydrogen is found in the generators making
use of metallic hydrides, such as lithium or calcium
hydrides, for these substances on contact with water
react with it in a manner similar to that of calcium
carbide; hydrogen gas is thus set free, and may, if
desired, be evolved under pressure. The calcium
hydride proposed for this use has been commercially
styled hydrolith.

Not much progress seems to have been made in the
commercial development of liquid air, though the
processes for its production have been greatly im-
proved. This seems to be due to the fact that the
demand for it has been limited to the use of a portion
of the oxygen obtained from it for medical purposes,
and to the use of a still smaller quantity of the
liquid air itself for popular demonstrations or scien-
tific researches. As about four-fifths of the atmos-
pheric air is nitrogen, and as there has been in the past
no commercial use for nitrogen, the entire cost of
production has had to be borne by the oxygen which
was sold as such. Mention has been previously made

in these pages of the recent utilization of nitrogen in

the manufacture of calcium cyanamid, and this appli-
cation will probably give a marked impetus in the
near future to the manufacture of liquid air.

Crass XVIII.—Fine CHEMICALS.

This class embraces those chemicals sold in the trade
as chemically pure or absolutely pure; the chemicals
which are more especially made use of in analytical
perations, in scientific research, and in pharmacy;
ind those chemicals for which, like the salts of gold
mnd of silver, the price per unit is relatively very high.
\mong the chemicals which are embraced here may
e named all chemically pure or “analyzed’ acids,
ases, and salts; acetone and other ketones; absolute
leohols and all alcohols other than commertial grain
nd wood alcohols; aldehydes; alkaloids; elementary
ibstances, other than common and low-priced ones;
azymes, ferments, or diastases, such as pancreatin,
apsin, rennet, trypsin, lactose, sucrose, and zymose;
iters (ethereal salts or compound ethers); ethers,
mple and mixed; rare earth compounds, such as the
Its of cerium, lanthanum, thorium, radium, and ura-
um; terpenes; toxins and antitoxins; and urea
id the ureides. In his recent catalogue, Schu-

ardt! enumerates upward of 6,700 different sub-

ances that he offers for sale, most of which belong in
is class, and-yet this list does not include all of this
1ss of substances that are now known.

Dr. Theodor Schuchardt, Chemische Fabrike, Goerlitz, No. 68,
tober, 1907.
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Tasre 133.—Fine chemicals—comparative summary, with amount
and per cent of increase: 1905 and 1900.

|
CENSUS. Per cent
Increase. {  of
1905 | 1900 increase.
|
Number of establishments....... 43 29 14 48.3
Ca&i ] e e e $13,347, 431 | $8,020,764 || 85,317,667 66.2
Salaried officials, clerks, etc.,
number 339 147 92 130.6
Salaries $578,696 $220,724 $357,972 162.2
‘Wage-earners, average number... 1,996 1,091 83.0
Total wages.....coeereinia.. .| 81,002,473 $542,865 $549,608 1012
Miscellaneous expenses. .| $1,186,230 $182,815 || $1,008,415 548.9
Cost of materials used. . ..| 89,629,567 | $3,271,388 || $6,358,179 194.4
Value of products................|$13,566,955 | $5,461,513 || $8,105,442 148.4

The census of 1905 shows an increase in every item
presented as compared with 1900, the value of prod-
ucts showing the substantial gain of $8,105,442, or
148.4 per cent, while the cost of materials reported
increased $6,358,179, nearly trebling. The largest pro-
portional increase, 548.9 per cent, was reported for
miscellaneous expenses, and the next largest, 194.4 per
cent, for cost of materials.

TaBrLe 134.—Fine éhemicals—quantity and wvalue of products:

1905 and 1900.
1905 1900
KIND.
Quantity. | Value. Quantity. { Value,

Acetone, pounds. .........ooooann 11,589,215 $195,978 1,638,715 | 178,660
Acids, C. P., pounds............. 26,540, 689 218,518 || 2,480,575 | 136,105
Alkaloids, ounces..........c..oa. 5,797,925 | 3,229,527 || 4,054,478 | 1,750,503
Ammonia, C. P., pounds... () (®) 254,952 18,131
Bromides, pounds......... 403,997 157, 848 314,399 89,319
Camphor, refined and artifi

POUNAS . nveenninmaaannnes 1,166,372 722,907 508,708 | 254,190
Chloroform, pound 616,670 165, 604 g5) 4
Esters, pounds.... . 408, 260 187, 3l 118,725
Ether, pounds....coovureenacnnns 54,239,174 | 2,243,965 || 61,485,942 { 741,228
Fusel oil, refined, pounds........| 72,077,600 355, 417 €] 1)
Gold salts, ounces................ 47,641 453, 202 12,347 120,696
Iodides, pounds.........cooioeen 84,702 211, 619 20, 714 2, 831
Pepsin, pounds....... 3) [©) 19,030 76,120
Platinum salts, ounces. .. D) (3) 8,112 61,400
Rare earth salts, pounds 890, 558 406, 326 5373 25,550
Silver salts, ounces....... 1,899,081 778, 439 1, 606,108 627,252
Vanillin, ounces PN 579, 877 165, 044 124,874 113,050

1 Includes 283,820 pounds, with an assigned value of $34,658, consumed in
establishments where manufactured.

2 Includes 14,661 pounds, with an assigned value of $1,026, consumed in
establishments where manufactured.

3 Not shown for 1905.

4 Not shown for 1900.

5 Includes 3,384,763 pounds, with an assigned value of $1,816,564, consumed
in establishments where manufactured.

6 Includes 1,222,704 pounds, with an assigned value of $611,352, consumed in
establishments where manufactured.

7 Includes 925,935 pounds, with an assigned value of $143,417, consumed in
establishments where manufactured.

8 Includes 45,939 pounds, with an assigned value of $183,756, consumed in
establishments where manufactured.

The statistics of Table 134 show an increase in
every item presented at both censuses except in the
quantities of acetone and of esters. As the change
in the specifications for the smokeless powder used by
the United States Army, from a nitroglycerin-nitro-
cellulose base to a nitrocellulose base only, neces-
sitated the abandonment of acetone and the adoption
of ether-alcohol as the colloidizing agent, there has
been as a consequence a reduction in the amount of
acetone used notwithstanding the fact that an increase
in its use for the manufacture of chloroform has




occurred at the same time. The decrease in the
quantity of esters produced together with the in-
crease in value of the product shows that the falling
off is only in the lowest priced of these products.

The largest total increase in quantity, 4,060,114
pounds, is found in the item of chemically pure acids.
The second largest increase, 2,753,232 pounds, is
found in the item of ether, but this includes also the
ether that is consumed in further manufacture in
the establishment where it was produced, the major
portion of this last-mentioned ether having been
both produced and consumed in explosives works in
the manufacture of smokeless powder. The largest
increase in value, $1,502,737, appears in the item
of ether, but this includes the estimated value of that
which was consumed in the establishment where it
was produced. Ether shows also a marked increase
in the value of the unit. The second largest increase
in value, $1,479,024, is found in the item of alka-
loids. It will be observed that the number of dif-
ferent products shown in Table 134 is relatively
small. This is due partly to the fact that under
Census rules statistics can not be presented separately
unless there are at least 3 establishments, operating
independently, for which such statistics have been
obtained; partly to the fact that the fine chemicals
made by pharmaceutical manufacturers and the
enzymes and ferments produced for sale in zymo-
technic laboratories are included, on account of the
principal products of the establishments manufac-
turing them or the uses to which these products
are put, in the products of other industries; and
partly to the fact that manufacturers frequently fail
to make reports in detail. Nevertheless, Schu-
chardt’s catalogue indicates that the manufacture
of fine chemicals, and especially of the modern syn-
thetic preparations, is controlled by the German
chemical manufacturers. But a small proportion of
the fine chemicals that Schuchardt enumerates appear
to be manufactured in this country at all, and, judg-
ing by the census returns, fewer still are manufac-
tured for sale. The fine chemicals presented in Table
134 named on the schedules which were received
at the censuses and which, under the rules, could
not be set forth separately, are the elements gold,
iodine (resublimed), nickel (purified), phosphorus,
and silver; compounds of antimony, magnesium,
manganese, mereury, nickel, and titanium; and the
organic compounds acetic anhydride, acetanilide,
benzaldehyde, formaldehyde, glycosine, paraformalde-
hyde, phenalgin, resorcin, saccharin, salol, and syn-
thetic perfumery bases.
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TasLe 135.—Fine chemicals—number of establishanents, by states:
1905 and 1900.

STATE. 1905 | 1900

United States. ... i i eaas

=3

o ) S
9
'
o

Maryland
Massachusetts
Michigan. ..
Missouri. ..
Nebraska. .
New Jersey
New York....
Ohio

—

Pennsylvania.........
Rhode Island.
Virginia., .....
Wisconsin. . .

—
1t 502 B0 =3 GV 1 b 1 14 RO 4 1

(;Ingludes 24 establishments engaged primarily in the manufacture of other
products.

2 Includes 20 establishments engaged primarily in the manufacture of other
products.

The statistics of Table 135 show that there has been
a gain of 18 in the number of establishments engaged
in the manufacture of fine chemicals at the census of
1905 as compared with 1900, the largest increase in
number, 8, being for New Jersey, and the second
largest increase, 7, being for New York. At each
census New Jersey has ranked first in the number of
establishments, reporting in 1905, 34.3 per cent, or
over one-third of the total. At the census of 1905
New York, which ranked third at the census of 1900,
stood second, exchanging places with Pennsylvania.
No other state reported as many as 5 establishments
at either census.

TasrLe 136.— Fine chemicals—uvalue of products, by geographic divi-
stons: 1905 and 1900.

DIVISION. 1905

E

1814, 235, 937 i 186,272, 289
11,892, 640 5, 894, 756

] »

* United States...oooveveiiiiiiniie i

North Atlantic and South Atlantic
North Central and Western

23

1Includes “ all other products.”

It will be observed that the industry was practically
confined to the North Atlantic and South Atlantic
divisions, these two divisions together reporting 89.2
per cent of the total value of products in 1900 and 83.5
per cent of the total in 1905. As a matter of fact the
industry is concentrated chiefly in the North Atlantic
division, there being but 2 establishments in the South
Atlantic division, and may properly be regarded as
reaching its highest development in the older com-
munities. The largest proportional increase, 245.9
per cent, was reported for the North Central and
Western divisions combined, against a gain of 112.6
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per cent in the North and South Atlantic divisions | cate the establishment by the United States Govern-
combined, although the absolute increase in the latter | ment of a Bureau of Standards, by which the materi-
divisions exceeded that in the former by $4,632,120. | als offered on the market could be tested and the in-

. . ) . struments employed in the profession could be stand-
TasLE 137.—Fine chemicals—quantity and cost of materials used:

1905 and. 1900 ardized, and such a bureau has been formed. Not

] content with this, however, the American Chemical

1905 1900 Society has maintained for several years past a com-

KIND. mittee on quality of reagents, with theresult that manu-
Quantity. Cost. Quantity. | Cost.

facturers are now offering what are known as ‘‘ana-
lyzed chemicals,” because the label bears a record of

Acetate of lime, tons.............
Alcohol, gallons...........
Caustic soda, tons.....
Crude drugs, pounds...
Fusel oil, gallons....
@Gold, troy ounces......
Monazite, pounds......
Muriatic acid, pounds..

$108, 779 232

3, 5563 y $130, 596
1,239, 73(‘8 678,326 219, 603

4,232 . . . . X
29, 265,477 | the analysis, showing the kind and quantity of foreign
ceua O b . . - .
177 14,444,050 | 2,388)420 | 4,330,254 | 40,804 | bodies which are present in the material sold. In fact,
Dl acce32 | dosiel2 || 192,158 | 92,269 : ;
Jsos | a0l o8 870 | 136,554 the interval since the last census has been marked by a
’ < el

O . . . .
L 181,078 1,877 || 1,146,607 | 14,08 | steady progress in the direction of making the label set
3 51
1

Nitrie acid, pounds . 74, 516 183,667 11,081

Platinum, ounces. . . 1) 3483 | 8215 | forth the true character of the goods to which it is
Silver, ounces....... 996, 582 559, 556 954,196 562,095

Sulphuric acid, fons. .. ....1 1111 2,240 | 36,299 1640 | 10,432 | applied.

: An interesting development is found in the produc-
Not shown separately.

tion of camphor by a synthetic process from turpen-
The statistics of Table 137 show an increase in every | tine. A terpene hydrochloride has been known for

item presented at each census, except in the quantity | some time and used under the name of artificial cam-
and cost of acetate of lime and the cost of muriatic acid | phor, but by the process in which anhydrous turpen-
and silver. Acetate of lime is used for the manufac- | tine is heated with an anhydrous oxalic acid, and the
ture of acetone, and the decrease reported for the for- | mixture treated with caustic alkali and steam, true
mer is quite in harmony with the decrease shown in | synthetic camphor appears to be formed. Unfortu-
Table 134 for the latter. The decrease shown for muri- | nately the operation does not appear thus far to have
atic acid apparently arises from the more extended use | been commercially successful, but it is believed that it
of the cheaper quality of acid. The largest increase in | may become so if carried on in the turpentine produc-
quantity, 10,114,696 pounds, is for crude drugs, and | ing region instead-of remote from it, as has thus far
the second largest increase in quantity, 1,322,203 | been the case.

pounds, is for nitric acid. The largest increase in cost, Another interesting development of recent years is
$1,538,535, is shown for crude drugs, and the second | found in the manufacture of chloroform. At the last
largest increase in cost, $412,849, for alcohol. census it was pointed out that acetone had come to be

Although acetone is no longer employed, in this | used on a considerable scale in this manufacture. In
country at least, in the manufacture of smokeless pow- | the discussion of Class X of the present report atten-
der, new uses are being found for this as for other chem- | tion has been called to the fact that carbon tetrachlo-
ical substances. At the last census attention was | ride has come to be made in large quantities in connec-
called to the fact that this substance is used largely as | tion with this industry. It now appears that a use has

- a substitute for grain alcohol in the manufacture of | been found for this carbon tetrachloride in the manu-
chloroform. It is now found to be of value also in the | facture of chloroform by reverse substitution, that is,
developing of negatives in photography. - by replacing one of the chlorine atoms in the carbon

An important group of bodies in this class is that | tetrachloride molecule by an atom of hydrogen, and
of C. P. chemicals. This designation has long been | that this promises to be successful commercially.
used in the art, and among consumers has been pre- Another is found in the successful commercial de-
sumed to signify that the material so designated was | velopment in this country of the invention of P. Fritz-
chemically pure. But the results of the examinations | sche, for which United States letters patent 475640, of
of many samples of materials so labeled on the market | January 19, 1897, were granted, and by which ether is
have led to the conclusion that in many instances the | produced from the ethylene occurring in illuminating
abbreviations represent comparatively pure, or com- | and other hydrocarbon gases.
mercially pure. The importance of having for use, Table 138 shows the quantity and value of the im-
especially in analytical chemistry, and very frequently | ports for consumption, for the years ending June 30,
in other chemical operations, chemicals of assured | from 1891 to 1905, as taken from Commerce and Navi-
purity led the Association of Official Agricultural | gation of the United States, published by the Bureau
Chemists and the American Chemical Society to advo- | of Statistics.
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TasLe 138.—FINE CHEMICALS—IMPORTS FOR CONSUMPTION: 1891 TO 1905.

ETHERS.
] i MORPHIA OR MOR- TRY
{AcoNITR BARK, | ) ALL SALTS OF || PHINE, SULPHATE qf‘l,’}‘f‘.‘cﬁ’&’&"ﬁ T
YEAR END- LEAK AND ) NUX VOMICA. MOEPHIA O% OF, AND ALL AL- || STRYECRING Other, not spe- | Al on
ING JUNE | S | g 5. KALOIDS OR SALTS SALTS . s S which spe- Nitrous,
S | OF OBIUM. SALTS OF. Sulphurie. cially Iprml ed Cific du?y spirits of.
j i does nto:
| e e reejAmMoUNt to | -
;I’ - ) - . . . ‘ B ) 25 per cent
% ounds. Value. | Pounds. | Value. || Ounces. | Value. || Pounds. | Value. || Ounces. |Value. || Pounds.|Value.| Pounds.! Value. | (value). | Pounds.|Value.
1801, .. ... 2,761 $266 | 1,304,018 /832,030 20, Htid %12, Q60 [ e 230 1 $176 8 1 0811 81,702 1.,
1802, .00 [T R 1,302,487 | 34,088 1 38,758 | 43,801 305 [ 150 101 gs 689 %fégg -
4,351 236 1,720,315 -}l..’»ti? 23,580 25,()3:'» 16,5388 | 7,063 20 2 730 1 2,033
1,320 108 | 1,720,056 | 30,821 20,076 | 36,452 566 |« 250 145 32 5841 1,781 ..
................ 595,407 | 9,620 16,020 | 18,507 1,158 502 55 5 T4 2,281 |,
3,034 | 197 1 1,275,500 | 15,068 846 1 1,088 8,766 | 3,405 101 24 1,463 | 7,125 ..
4,020 1 620 1 1,208,637 | 15,200 14,940 1 30,300 ... ...... 1,377 578 466 44 2,876 | 0,158 |. ..
aooae) 2,026,465 | 20,529 2,382 | 2,832 13,409 ¢ 2, 836 13,049 | 6,381 476 103 3,276 1 5,781
2802 120 ] 1,630, 152 | 28,005 ©13,081 | 85,357 15,304 | 6,570 187 35 2,201 1 3,660
3,808 1 274 3,070,536 | 65,460 206, 208 75,‘.! 4 7, 753 | 3,302 817 110 2,673 ,.;()7
1,130 . 113 l,:}Rl,‘L’yT 30,560 50,819 1 147,517 4,732 | 1,921 100 30 2,464 | 4,760
2,006 138 1 2,876,318 | 47,850 38,002 0 06,550 G687 27 940 135 2,117 | 4,000
8808 0 600 2,463,340 | 36,800 12,371 25,717 372 249 25008 325 2,286 | 4,739
2,800 205 13, 1&9,211 47,444 20,7638 .i 7606 5,138 12,033 1,530 250 2,313 | 4,686
2,418 153 1) 2,798,814 | 47,040 21, 301 41,73‘1 738 433 847 165 3,479 1 6,600
Y.L - gt LA
' ALKALOIDS OR SALTS OF CINCHONA BARK.
| HOST :
YEAR END-| Bark or other materials PHOSPHORUS. BROMINE.
IN(§JIYNE ; fmmk which (suininu Cinchonidia. Sulphate of quinia. All other.
4 may be extracted.
| | ! ]
. Pounds. Value, Ounees, © Value, Ounces. Value. ounees, Valoe. Pounds. l Value. Pounds. Value.
2,672,364 | ‘ $301,085 156,229 $3,850 3,079,000 $805,821 112,013 323,077 151, 166 B53,500 1o
3‘ 423,041 . 200, 08 11,483 1,586 2,086,077 542,440 156, 442 24, 366 85,622 31,648 53, 563 $7,004
2,374, 041 106,867 364, 192 11,714 3,027,819 556,782 48, 030 11,095 80,874 14, o 780 934
2,50‘.!,""4 143, 104 313, 640 7,177 2,141, 130 470,816 40, 850 10,991 20,757
2,012,300 | 117,908 72,425 3,534 1,308,959 327, 541 37,027 10,857 98,747
2 l)‘)‘l,:b‘) ’ 164, 609 282,821 Q,980 2,950,078 754, 050 76, 507 23, 147 §0,027
s 2714 147 485' 821 3(17,.&7. 57,237 40,731
308,278 38,802 3,64{5, 208 7")2 211 - 424,605 106,961 43,351
233, 885 34,032 2,788, 463 (165,819 98") 480 252, 141 12,300
............... e 101,335 15,424 2,628, 060 763,986 515, 168 155, 817 25,228
4,106,410 | 781,805 28, 000 9,465 3,405,096 | 1,078,472 817,315 989, 630 38,315
.i 660, 71N 617,716 18, 000 6,605 2,30‘4, 159 641,459 629,735 200, 162 32,965
3,080,072 ; 547,342 44,000 0,524 | 2,534, 106 576,404 796,338 168, 370 23,0806
3,605, 1.il | 501,375 | 89,110 25,305 3,069, 514 650, 868 736, 625 ]6(1,02’! 21,000
,.X 53,430 } 506,614 : 44 580 6,051 2,204, 454 504, 351 639,823 134, 404 19,3‘.)7
TODINE, !
| HYDRIODATE, || CALOMEL, AND
- v CHLORAL HIY- " | TODIDE, AND OTHER MER(U-
YEAREND- . | Crude and ro- ) DRATE. CHLOROTORM. TOPORORM- | yopamé 01 | RIAL MEDICINAL
ING JUNE Crude, I sublimed Resublimed. ; POTASH. | PREPARATIONS.
Rl | : | -
Pounds. | Value. Pounds. | Value. || Pounds. | Value. || Pounds. | Value, || Pounds, | Value, } Pounds, % Value, || Pounds. | Value.
§382,000 1,242 1%19, 4)0 ‘ 1.024 $035 7 801, $5, "44
167, 893 244 ) | 186G 506 12, , 63 8§ 114
B i MR OE B iR
5 27 1. 3 382 8 1 5
e 31, .c74 $48. 350 20,007 | $10, 976 249 164 158 583 1 236 561 8980 | 4,200
201,805 | 506,908 |. 30,276 | 17,367 137 46 243 4926 5,480 1 9,280 13, 900 7,154
301,501 | 872, ')"6 63,360 | 35,138 91 18 115 437 | 2,774 1 5,032 12,349 4, 053
5,785 1. ) 40,263 | 23,063 542 191 30 96 | 980 | od0 || 120316 | 6,386
573,460 1, 12,3870 7.5(52 227 72 52 163 | 2,168 | 2,607 21,963 | 11,848
1,452,434 . oo 795 1,504 75 .16 202 602 | 1,23}\ 2,155 16,647 10, 163
BRAO2 e 4, 485 :%. SOQ? !;.?D 70 21 .‘9.:3 | (‘»(».{ .1,5i28 20,933 1:‘3, 31
........ 2(),!)77 8,703 1,885 911 154 aL 1,(!:’)4 3,340 2?, 449 | 13,606
........ 18,144 6, 242 742 357 72 102 i 020 1 1,624 23,570 | 14,083,
........ 8,743 2, 416 2,203 616 65 187 | 1,008 | 2,129 28 623 6, 566
..................................... | 826 208 08 246 ! 891 2 093 26,076 | 14,137
i i

Crass XIX.—GENERAL CHEMICALS.

This class embraces all chemicals not enumerated in
any of the classes previously considered.
““aeneral chemicals”

. 3 .
acids, sodas, potashes, alums, acetate of lime, and
many other chemicals for which the statistics have
been given in the previous sections of this report.
These chemicals have a low unit value and are usually

L 4
merce the term

0523 —Bull. 92 —08——7

includes also

In com-

]

sold in ton lots, for which reason they are also desig-
nated as heavy chemicals.

The statistics of Table 139 show an increase in

alaries.

every item except the number of establishments.
large increases were reported of $5,751,140 in value of
products and of $3,356,028 in cost of materials.
greatest proportional increase is shown in miscella-
neous expenses and the next greatest in the item of

The

The



98

TaBLe 139.—Qeneral chemicals—comparative summary, with amount
and per cent of increase: 1905 and 1900.

CENSUS. Per cent
e e ] TICTRASE. of

1905 1900 increase.

Number of establishments 74 97 || * 123 123.7
Capital..... . .. ../$14,986,703 |$12,433,065 || $2, 553,638 20.5

Salaried officials, Tk
number..... ..., e 660 365 295 80.8
Salaries. . ocoeo . $1,001,955 $550,748 $451,207 81.9
Wage-earners, average number. . 3,720 2,402 1, 54.9
Total Wages................cc..... $2,072,341 | 81,245, 426 $826,915 6.4
Miscellaneous expenses. . .-| 81,512,842 $329, 205 $683, 637 82.4
Cost of materials used. . .. ../$12, 646, 513 | $9,290, 4 $3, 356,028 36.1
Value of prqducts ................ $18, 874,897 813,123,757 || $5,751,140 43.8
N 1 Decrease.

L1

Table 140 shows an increase for 1905 as compared
with 1900 for each item given at both censuses, except
in the quantity of acetate of lead, the quantity and
value of aqua ammonia, the quantity and value of cop-
peras, the quantity and value of Glauber’s salt, the
quantity of salt cake, and the value of zinc 'salts. The
largestincrease in quantity, 95,113 tons, or 2,686.8 per
cent, is found in the item of calcium chloride, and the
second largest increase in quantity, 19,740 tons, is
found in the item of niter cake, but the second largest
proportional increase in quantity, 368.4 per cent, is
found in the item of ammonium nitrate. The largest
Increase in value, $774,859, is shown in the item for
cream of tartar, and the second largest, $757,362, is
for the item tin compounds. The largest proportional
increase in value, however, 807.4 per cent, appears
for the item of calcium chloride, and the second largest
increase, 580.9 per cent, for ammonium nitrate.

TaBLeE 140.—General chemicals—quantity and value of products:
1905 and 1900.

1905 1900
KIND.
Quantity. Value. Quantity. Value.

Acetate of lead, pounds...... 11,202,383 $78, 619 1,296, 991 $73, 220
Aqua smmonia, pounds......| 222,485,732 | 1,010,723 || 825,089, 116 1,023, 528
Ammonium nitrate, pounds..| 43,253,061 521,373 5604, 438 76, 571
Calcium chloride, tons....... 98, 653 257,811 y 28, 357
Copperas, pounds....... - 9,700,104 28,006 || 27,595,909 199, 869
Cream of tartar, pounds 15,650,000 | 2,892,563 10,981, 680 2,117,704
LKpsom salts, pounds. .. 20, 560, 443 215, 088 ,239, 809 75, 066
Giauber’s salt, pounds. . 14,665,456 | 103,302 || 32,659,007 163, 059
Glycerin, pounds...... ...] 19,311,997 | 2,397,205 || 15,383,778 1, 893, 886
Niter cake, tons.......covn.nn 635,221 87,7 715,481 46,

Phosphates of soda, pounds..| 9,659, 519 244, 373 4,679, 160 155, 989
8alt cake, tons. ... aiai.. 838,244 417,173 9 48, 296 399, 347
Saltpeter, tons. .....oeoiaenn 7,234 596, 689 10 6, 136 487,987
Tin compounds, pounds. .... 11,621,378 | 1,361,299 6, 259, 794 , 937
Zine salts, pounds........... 11, 579, 546 201,771 , 511, 353,900

1 Includes 91,500 pounds, with an assigned value of $8,235, consumed in estab-
lishments where manufactured. .

2 Includes 3,419,978 pounds, with an assigned value of $170,999, consumed in
establishments where manufactured.

8 Includes 275,080 pounds, with an assigned value of $3,902, consumed in estab-
lishments where manufactured.

4+ Includes 2,871,564 pounds, with an assigned value of $427,450, consumed in
establishments where manufactured. s

s Includes 657,758 pounds, with an assigned value of $72,353, consumed in estab-
lishments where manufactured.

6 Includes 6,240 tons, with an assigned value of $15,600, consumed in establish-
ments where manufactured.

7Includes 3,746 tons, with an assigned value of $11,238, cgnsumed in establish-
ments where manufactured,

#Includes 2,088 tons, with an assigned value of $25,056, consumed in establish-
ments where manufactured.

9 Includes 6,185 tons, with an assigned value of $51,026, consumed in establish-
ments where manufactured.

10 Includes 849 tons, with an assigned value of $67,071, consumed in establish-
ments where manufactured.

Attention was called, in the report on this class at
the census of 1900, to the incompleteness of the statis-
tics for general chemicals. The returns for 1905 were,
if possible, even less detailed, so that fewer items can
be presented. Two substances which are of especial
economic interest in this connection, but which could
not well be included in the tabular presentation, are
ammonium sulphate and ammonia liquor. A small
quantity of ammonium sulphate is reported as being
produced in establishments included in the classifica-
tion of chemicals and allied products, but the larger
part of the ammonium sulphate manufactured and all
of the ammonia liquor are reported from by-product
coke and gas manufacturing plants. In 1900 there
were reported from these sources 23,295,485 pounds of
ammonium sulphate, having a value of $623,537, and,
in addition, 1,681,700 pounds which were produced in
the establishments where they were consumed. In
1905 there were reported produced 34,568,000 pounds
of ammonium sulphate, having a value of $907,667.

"Ammonia liquor is produced and reported in so many

different grades, or, as they are called in commerce,
““strengths,” that a proper comparison of the data at
different periods can be made only after all such data
have been reduced to a common basis, and, as in the
reports from coal gas establishments, the largest num-
ber reported liquor of 16-ounce strength, this grade
has been taken as a basis and all other grades reduced
toit. From various data it is estimated for the census
of 1900 that there were produced 28,542,800 gallons of
ammonia liquor of 16-ounce strength, to which no
value was assigned. TFor 1905 there were produced in
the coke industry 40,173,210 gallons, reduced to 16-
ounce strength, valued at $763,291, and in the gas
industry 37,854,199 gallons, valued at $537,903. The
total production of 16-ounce ammonia liquor at the
census of 1905 was therefore 78,027,409 gallons, valued -
at $1,301,194. Anotheritem of importance is glycerin,
27,660,661 pounds, with a value of $2,958,115, having
been reported at the census of 1905 as being produced
in the soap industry? Combined with the glycerin
reported in chemicals and allied products, the total
production for 1905 is 46,972,658 pounds, having a
value of $5,355,320. At the census of 1900 there
were reported from other sources 11,128,676 pounds
of glycerin, having a value of $1,202,715, which, com-
bined with that shown for 1900 in Table 140, gives

a total for that census of 26,512,454 pounds, valued
at $3,006,601.

The statistics of Table 141 show a gain of 13 estab-
lishments in the United States total for 1905 as com-
pared with 1900,and indicate that the decrease of 23
establishments, shown in the United States in Table
139, is wholly or partly due to such a change in the
proportion of the different products of establishments
at the two censuses, that establishments which were

! Twelfth Census, Bulletin No. 210, page-93.
* Census of Manufactures, 1905, Bulletin 57, page 44.




classified in Class XIX at the census of 1900 have been
transferred to other classes at the census of 1905.
Comnsidering the individual states, it will be observed
that New York has advanced from second to first
place in rank and Pennsylvania from third to second
place, while New Jersey dropped from first place in
1900 to third in 1905. California has advanced from
fifth to fourth place in rank, sharing that place with
Ohio.

TaBLE 141.—(eneral chemicals—number of establishments, by states:
1905 and 1900.

1905

1900

1

1165 |

Delaware.
Georgia. .
Iinois...

Kentucky...........
Louisiana
Maryland............
Massachusetts. .
Michigan.
Missouri.

Pennsylvania........
Rhode Island.......
Tennessee. .
Vermont.

ISR B
HEANSOHW MO D

;Includes 01 establishments engaged primarily In the manufacture of other
products.

2Includes 55 establishments engaged primarily in the manufacture of other
products.

The statistics of Table 142 show an increase in the

value of the products for 1905 as compared with 1900
for each division except the Western, in which there
has been 4 decrease, the greatest increase, $3,672,463,
being found in the North Atlantic division, and the
second greatest increase, $1,496,588, in the North
Central. At each census, measured by the wvalue of
its products, the North Atlantic division has stood
first, reporting 67.8 per cent of the total in 1900 and
68.4 per cent in 1905, almost exactly two-thirds in
each case. The North Central division stood second
at both censuses, the South Atlantic third, the Western
fourth, and the South Central fifth.

TaBLe 142.—General chemicals—uvalue of products, by geographic

divistons: 1905 and 1900.

DIVISION. ]

1905 1900
United States. . ..ovoieuerenn.n e eiaaans ‘ 1§22, 431,702 1817,234,087
North Atlantic 15,351,853 | 11,679,300
South Atlantic 1,246,775 1,052,082
North Central........ 5,330, 269 3,833,68
South Central.......... 29, 22,200
Westcrn.. 472,992 646,734

1Includes “all other products.”

The statistics of Table 143 show many irregulari-
ties, growing largely out of the fact that many of the
chemicals belonging to this class are produced in
establishments in which a large variety of substances

99

is manufactured, and where in consequence the
labor of making out a complete detailed return is
regarded as burdensome, while others are subordinate
products, so that they, as well as the materials from
which they are produced, may be overlooked in the
preparation of the returns. The degree in which
these factors affect the returns will, of course, vary
at different censuses. An effort is made in the inspec-
tion of the individual returns to remedy these defects,
but this meets with only partial success. Moreover,
it is not possible to reduce all grades of materials to
a common standard of strength, and hence it may
occur, as for instance in the case of the ammonia, or
gas, liquor in Table 143, that a much larger volume
at a less cost may be reported as used at one census
than at another, because that reported at the former
census was of lower grade.

TasLe 143.—General chemicals—quantity and
materials used: 1905 and 1900.

cost of principal

1905 1900
KIND. . R,
Quantity. Cost. Quantity. | Cost.

Ammonia, agua, pounds ........ 7,246, 642 $333,210 || 06,242,034 | $270,373
Ammonia liquor, gallons........ , 466, 74 468, 6 32,512, 758 500, 423
Argols, tartar and lees, tons 16,797 | 2,478,562 24,057 | 2,256,271
Bones and boneblack, tons. , 37 489, 419 18, 501 307,131
Brine, gallons............ 256, 478 703,137 1
Glycerin, ¢rude, pounds. . 21,482,084 | 1,933,254 || 15,473,120 | 1,302, 642
Lime, bushels.................... 569,040 80,333 164,977 25,736
Magnesite, tons. . ....ooceeinn.. 6,196 47, 468 gg Q)
Muriatic acid; pounds............ 13,006, 827 108,360 || 3,488,000 24,
Nitrate of soda, tons. ... 38,048 | 1,505,881 35, 1, 180, 5156
Nitrie acid, pounds.. 4,256,111 210,163 353,014 10, 629
Phosphate rock, tons 5,063 33, 466 4,584 31,671
Pig lead, tons. ....... 634 60, 460 267 22, 668
Potassium salts, tons 11,470 512,009 9, 361 278,413
Salt, tons......... 8, 062 151,418 , 803 219, 656
Soda ash, tons. ... 283, 458 7,923 122, 356
Sulphur, tons......vee... 297,043 14,202 303, 535
Sulphuric acid, tons 624, 604 39, 316 170, 100
Tin, Pounds. «..veeemannnaaianens , 032, 876,208 || 10,791,177 413,157
Zine and zine dross, pounds. ....| 5,768,180 121,412 6,048, 000 y

'

1 Not shown separately.

The marked increase in the quantity of calcium
chloride reported as produced deserves attention.
This increase is partly fictitious, for, as stated in the
report for that census,' the quantity returned in 1900
was probably less than that actually produced. On
the other hand, there has been, no doubt, a real
increase during the interval, for this substance has
come to be used extensively in automobiles, while its
use in making nonfreezable solutions for fire buckets
and automatic sprinkler systems, for brine and ice
machines and refrigerating plants, for drying the
gases in the manufacture of liquefied carbon dioxide
and anhydrous ammonia, and in drying the air in
compressed air power plants and of cold storage ware-
houses, for the manufacture of dry colors or lakes, in
tempering steel, and in forming high boiling point
solutions for use in such industries as the canning of
foods, has been more marked. Calcium chloride is
met with in the market as a solid containing 75 per
cent of anhydrous calcium chloride, 24 per cent of
water, and 1 per cent of foreign bodies; as a solution

! Twelfth Census, Bulletin No. 210, page 95.
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containing from 40 to 50 per cent of anhydrous cal-
cium chloride; and as a solution of calcium chloride
and sodium bicarbonate for use in the extinction of
fires. The solid material is offered in 635-pound iron
drums and in 10-pound tins. The solution is offered
in 4,500-gallon tank cars, in 110-gallon drums and in
2-crallon cans.

Equa,lly of interest is the decrease in the quantity
and value of the copperas, green vitriol, or crystal-
lized ferrous sulphate reported, since, as pointed out
in the report for 1900,* this substance is a by-preduct
in the pickling of iron and steel, and is used in the
manufacture of venetian red and other iron pigments;
in making dye liquors, prussian blue, and writing
inks; for disinfecting purposes; and for the precipi-
tation of gold from its solutions. In addition it has
in recent years come to be used as a substitute for
alum in the purlﬁcamon of service waters. The

! T'welfth Censua Bulletm I\u) "10 page 95.

TasLe 144.—GENERAL CHEMICALS—IMPORTS FOR CONSUMPTION:

Quincy process, so called from its development at
Quincy, I1L,? “‘involves the use of ferrous sulphate
and lime Water applied separately in small quantities
in solution to the raw water to coagulate it, with
subsequent sedimentation of the coagulated water
and final rapid filtration.” It is probable, in view of
this new use, added to the fact that the industries in
which it was previously used have shown a marked
increase, that the decrease in the returns for copperas
for 1905 was due to the product not being completely
reported, and not to an actual decrease in its pro-
duction.

Table 144 sets forth the imports of general chem-
icals from 1891 to 1905, inclusive, for the years ending
June 30, as taken from Commerce and Navigation of
the United States, published by the Bureau of
Statistics.

. *Water Purification for Cities by Sulphate of Iron, American
I Steel and Wire Company, 1903, page 48.

1891 TO 1905.

; 7 n =
i| AMMONIA, CARBONATE i I ! ’ -
AQUA, OR WATER, || OF, MURIATIC OR SAL~ ! rorast, curomats || SOPA BICHRO- L ype,y, or srcoL, or I NXT,‘}I‘“‘J‘ROE;E;)_ *
YEAR AMMONIA. AMMONIAC, AND SUL- ‘ AND BICHROMATE. Y | CRUDE TARTAR. ARGOLS, OR WINE LEES. | A CRUDE.
ATE OF. . ¢ v
FUNE 80— | : o
T | i ! I 1 ! i <
Pounds. | Value. || Pounds. | Value. } Pounds. Value. || Pounds.| Value.| Pounds. : Value. Pounds. | Value. | Pounds. | Value
' — | ! _ il !
{ i |
1891....... 276,756 {312,858 || 24,331,113 $740, 567 1,234,085 [ 95,951 545,458 1$31,565 || 21,579, 10" ! $2,197,507 || 15,040, 757 Si 9;084
. ... 3,136 || 14,275,362 472,276 1 0.)8 521 81, 287 703,246 | 44,001 || 2-} 813, 7l ‘ 2 2lb '1.5 14,254,514 i 35, 839
18, 704, 599 560, 222 9b9, 067 79, 174 671,503 | 44,183 28, 770,810 | 2 341 16,560,509 | 455,'*’6
......... 7,638, 848 309, 701 17009, 499 83, 420 2b7 397 | 17,657 | 22 373, 180 | | 1 )04 200 9,671,217 | 251,418
19, 836, 379 053, 146 2,024,776 | 173,139 600,600 40, 321 f27), 011,122 | 1, 893 730 Jjeeeaanaianan 8,735,200 | 245,562
30,523, 313 804,671 || 1,444,716 | 120,339 || 556,631 | 38,103 || 28,481,665 | 2,724 700 14,758,074 | 380,524
24, 891, 603 576, 152 1,366,074 112, 783 319,641 | 22,070 \ 23 457,576 i 1 9(3: 042 forsmmezmanelens . IQ 71‘! 876 ] 408, 761
)(] a05 623 456,273 1,016,029 79, 495 295,549 | 19, 027 41 150 | 65,154 | 18,461,479 | $1,525,873 || 12, ()7() 986 | 270,201
1‘), 228 311 520, 752 1,099, 093 75,254 508, 262 o.oll 23,300,762 | 1,914,450 1!) S)&’) 505 | 409,818
22,185,935 684, 904 645,183 | 41,449 || 474,654 | 27,339,480 | 2,388,603 || 10,332, 836 | 269, 739
33025896 | 951, 200,519 | 14,401 || 54,105 ::i 58 508,781 | 2,476,482 || 11,361, 113 | 288,807
43, 263, 326 1,188,579 4§9, 011 31,971 36, 567 .- 29,2/(), 148 | 2,263,588 9,387,970 | ?154, 430
40,103,046 | 1,191, 124 32,376 2,411 33,004 20,966,557 | 2,734,027 || 11,790,415 | 318,515
40,962,643 | 1,290,727 38,423 2,554 ) 95,999 24 571,730 | 2,550,223 || 13,518 301 | 366,520
......... 38 174 070 ,205 361 55, 864 3,433 113 562 26, 2)0, 353 | 2,280,417 || 14,512,306 I 384, 098
| ' )
| LEAD
: i ’ | MAGNESIA, SUL-
YEAR NITRATE OF SODA. GLYCERIN. "“‘Mgl‘f\roﬂl};_ RE- || J?’Oﬁ}‘z %%‘I;I:égyg | : | PHATE OF, OR EP- || MILK, SUGAR OF.
ENDING ! | Brown ?K)(‘tdte White ;fzcetato | SOM SALTS.
JUNE 30— i ! of. ! i
................ | ] i‘,. L S
) | i i i ; i
Tons. Value. Pounds. Value. || Pounds.| Value. {| Pounds. | Value. Pounds WVaIue Poundsf'Value. Il Pounds. | Value. | Pounds./Value.
i B
100,428 | 82,023,374 || 13,975,577 $906,686 63 $21 896,937 13,278 | 8707 16,370 $206 || 251,408 842,330
109,803 | 2,976,816 )I 14,197,549 831,810 56,820 | 17,361 495,596 101 31,742 360 1| 236,869 34,304
94661 | 3,062,715 || 16,540,213 | 893,636 || 156,201 | 51,229 || 1,010,039 154 61,337 480 || 98,785 | 12,089
88,079 | 2,785,048 |I 8,321,853 519,206 || 137,882 | 44,233 927,162 220 59,204 402 || 31,346 | 3,409
124803 | 4,124,712 || 13,488,825 | 784,613 || 271,164 | 83,382 542,316 2,822 650 16| 14117 | 1,828
127,557 3,870,7‘24' 21,158,829 | 1,472,302 || 153,912 08,785 || 1,123,443 1,873 100,859 691 5 16,365 2 162
83,331 | 2,640,389 || 12,717,098 | 1,182,099 || 249,994 84,539 91,000 190 240,573 | 1,122 17,117 2,8‘24
125,081 | 2,729,750 || 12,274,987 774,708 || 170,406 54,602 250,270 231 91,137 614 1,844 27.0
122,314 | 2,054,805 15,665,252 1,024,131 90,743 28,806 127,041 337 74,186 526 4,004 461
184,247 | 4,736,807 || 27,943,106 | 2,155,414 || 109,971 42,901 2,700 269 377,27 2,163 2,378 3.99
203,600 | 5,776,566 20 3(‘9 712 1,722,882 77,313 39,507 24,786 a9 266, 2 1,682 3,638 619
102,321 | 5,565,361 28 6 2,358,325 || 186,882 | 61,592 38,745 48 164,285 | 1,283 189 23
252,084 | 7,737,405 3o 29.),57o 2,937,802 43,696 19,399 | 751 35 || 2,438,604 | 11,427 2,576 480
203,574 | 9,259,656 || 31,078,455 | 2,583,270 || 152,558 4,234 | 600 5141 ;,ql,gag 7,729 1,832 2‘?6
2382 L,92 9,557,022 27,100,040 2,050,393 || 214,050 | 117,277 } 13 58 7,100,296 31,283 | 1,301 239
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—GENERAL (J.EIEMICAHS——IMPORTS FOR CONSUMPTION: 1891 TO 1905—Continued.

REFINED
YEAR SULPHUR.
ENDING
JUNE 30—|—
Tons.| Value.

$6,579

5,¢ ‘)()..
5,087

I

SULPHATE OF COP-|'

|

>, ) 2O i > SILICATE OF SODA
" PER, OR BLUE | TYF osg(l;:)?m. OF | N”;igf oF mos;’(ﬁ,ﬁm OF 1l 'OR OTHER ALKA-
i VITRIOL. : o N : = : LINE SILICATES.
S i .
i i
| Pounds. | Value. ! Tounds. | Value.| Pounds.| Value. || Pounds. {Value.|| Pounds. | Value.
| ; 1
e I | N S S
‘ | ;
! 3,482 | 8310 585,030 | 86,420
L2801 L 571,153 | 7,000
BoaL | 503 1 608,228 | 6,901
| 470 140 485,435 | 5,054
e sl 492,907 | 4,562
876 28,742 || 580,310 | 5277
1?‘5::1“1)‘% G:Z;?Zz 2 3(74,;(;1; G el B S0 600,132 | 5 468
25021 518 | 08,73: 5 1,436,171 | 24,509 g
| OI5,081 | 342 aesed | 5,45 335 317251«.%7 5311’7’5 %;igg(f 3’1’1(1;
2134 | L3 | NGT6,350 | T8I501 | 308380 | 15,838 || 2,220,835 | 43,817 || 1,306,782 | 9,536
1,788 05| 5,222,369 | 50,639 || 00,125 | 4,042 77,834 | 7,178 || 1,220,857 | 10,461
LSBT0 210 LRG| 0062 | ST | 4512 547688 | 10,164 || 1640960 | 14502
100,524 | 63,084 | B748,5N0 | B8 | 250,972 | 13,244 | 1,307,118 22,795 || 1,113,502 | "9, 5%
~s2m320 | 220743 | 2,110,060 | 28,285 | 44,235 23,788 17,297 | "8,543 756,655 | 9,188
| 651,660 | 27,258 { 1,005,997 | 10,430 | 627,446 | 29,500 70,007 | 1,462 || 1,104,215 | 13,434

SULPHATE OF SODA, || SULPHATE OF SODA,

OR GLAUBER’S SALT OR NITER

SALTS. CAKE.
Pounds. | Value.| YPounds. | Value.
274,784 | $2,167 1(;,927,804 $85,368
187,308 | 2,088 || 22,465,878 121 900
480,708 | 4,012 44 180,349 221, 1846
924,874 | 4,916 || 11 794,58() 43,938
49,414 | 4,497 37 248,332 | 107,450
‘)lh, 486 | 9,769 2.),()‘)2, 7585 | 71,801
612,026 | 3,366 7,748,000 | 36,590
7’5‘2, 094 | 7,120 .),228 0G0 | 20,652
51‘) 080 | 5,828 || 4,084,040 | 20,569
1, 028 240 | 8,802 (7,382 260 | 29,086
(S()'l 040 | 6,826 || 6,825,280 | 34,645
917, ,500 | 8,503 |1 3,178,320 | 16,706
2,608,700 | 24,385 || 4,036,480 | 27,483
764,600 | 8,037 2 062,100 | 12,089
709,120 | 7,202 || 7(;.;,100 15,738
|
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i
United States.|{ California. Georgia. Illinois. | Indiana. Louisiana.
- TR P __,_n__._f_“w,.,.
1 | Number of estabHSRments. . ... .ottt iaeae e e 275 15 3 4 3 3
2 Ca,pxta.l 753 7 $96, 621,204 $1,068, 830 $202, 482 34, 280, 108 $143,313 $41,258
3 T 1 $8, 320, 566 8270, 569 $‘)5 000 $665 65, 943 $10, 889 $4, 700
4 Bulldmgs ......... $18, 228,577 $312, 983 $56 000 $803, 586 837,700 $8, 177
5 Machinery, tools, and implements. ... ..oooooiiiiiii i $31, 911,537 $916 277 8149, 870 $1, 925,760 858, 166 822, 596
6 Cash 1A SUNATIOS .« + - -onveeemememeeoe oo oo o $38, , 614 $469, 051 861, 612 $884 819 | $36, 568 $5,785
7 | Proprietors and firm members. ... oo "123 . 3 : 3 ! 2
Salaried officials, clerks, etc.: ‘ .
8 Total number 2,778 41 17 123 1 6 2
9 Total salaries - $4, 047,889 $44,376 $21, 100 $185, 579 ¢ §1, 40
Officers of corporations—

10 B0 (01 0T PPN 267 | 11 3 10 | 1
1 [ E N 1 $903,257 || 812, 600 $8, 000 $19,760 ....... $1,040
General superintendents, managers, clerks, ete.— ! !

12 Total number......oooeiiniiiiaiana.. 2,511 30 14 13 8 1
13 Tot%}[ SRIATICS . e ettt it iet e aas $3,144, 632 $31,776 813, 100 $165, 819 §7,344 $400

en—
14 NUMDRT .-t cem e e e e aaanan e 2,240 20 13 105 [ IR
15 L0 B T PP $2, 992, 091 826,799 $12, 860 $162,125 | $7.344 | iaianns
Women-— |
16 NUTDOT ¢ & e et et e i e i e ae e cavame e aas 271 10 1 ES 7 PO 1
17 Salaries ... iiiiiiiiian $152, 541 $4,977 $240 83,604 (ooiiaiiiinan. $400
Wage-earners and total wages:
18 Greatest number employed at any one time durmg the year......... 22, 426 403 31 778 | 83 16
19 Least number employed at any one time during the year. ..... © 17,708 195 31 666 | 63 9
20 AVErage MUINDOI . < oo e et e e . 19, 806 259 30 721 | 70 10
21 TOBAL WAZES « «veeeasaeenmeenm e aeea et eanee aeaaaaneananaananaesmnnannnee $10, 789, 780 $180,284 $12, 450 $392,140 | 835, 434 36,491
Men 16 years smd over— - !
22 AVETAZE IO - o e e eeees e ann e eesene e e e maememeea e enas 18, 651 258 29 7| 70 7
23 T 510,4&,«»59 $188, 764 &12,180 $388, 260 $35, 434 85, 881
Womm 16 years and over— ]
24 AVErRZC IUIMDOT . 0L ce ittt aetineime e e e eatneea e aanenanan 1,081 1 1 10 e e 1
25 TV RZOS o e e ettt a e am e caenane eaeeeaeanan $201, 019 8520 $270 $3,880 en ciaeieanns $100
Children under 16 years— .
26 B A ¢ R (1Y Y 74 2
27 TV AEOS - v o eammeee e e e e e e e e e e i $16,202 $510
Average number of wage-sarners employed during each month:
Men 16 vears and over—
28 JATIUATY e e v ettt e e ee e e e a e e e e e e e e e enaas 18, 468 8
29 February. P 18,781 8
30 March P 18,882 7
31 April.. 18,831 7
32 May.. 18,819 6
33 June. 19,024 [
34 J uly 18,404 6
35 August .. 18,283 6
36 September.. 18,523 [}
7 October. ... 18,412 8
38 Novembher. . 18, 661 8
39 Doeemhur e 18,722 8
40 1,051 3
41 Fe\bmnry e, 1,088 3
42 1 ) 1,104 3
43 73 3 ¥ 1,126 3
44 Y. ettt e e aea e naaa IS YT | N A U . I A O,
45 T P03 | S N N T I 1 PPN AP P,
46 JULY e e e e e < S e S e B Al
47 € 1,047
48 [ 3503765 V11 2113 1,042
49 L1 T S 1,072
50 November.. 1,074
51 December 1,017
Children under 16 years—
52 January. 78
53 February 78
54 .reh 7
55 April 77
56 77
57 June........... 77
58 July 72
50 August 72
60 September. .. 74
61 be 68
62 N OVEIDET . ettt vttt e ve e cme e vemm e mrcemaran e aamanmnaneaas 68
63 B0 41 T 70 . ..
64 | Miscellaneous expenses, Motalo. Lo $7, 592, 852 9, ¢ -$27, 388 $306,119
Rent of WOTKS. . ettt e aa 8155,196 3450 $7aO $3,010
66 L0 $382,240 $7, 960 $844 $12,888 $1,580 §64
67 Rt;lrilfloi gmicoql, 1émorost ,insarancoe, and all other sundry expenses not $6, 899, 858 $100, 453 825, 704 $289, 312 $17, 085 $2, 693
herto included.
3R CONBIACT WOTK . - et e et cmra e ceercaacananaeaanaaacacanancaarannann $155, 558 B3 T 4 O PR PR
69 | Materials used, total cost $42, 062, 611 $700,311 $41,322 |  $1,354,960 $188, 623 §11,146
70 | Products, totalvalue................ 875,222,24% 81, 123 871 $132, 740 $2,282, 620 3273 087 $29, 467

1Includes establishments distributed as followq Alabama, 2; Colorado, 4; Connecticut, 4 District of Columbia, 1; Florida, 1; Louisiana, 2; Maine,1; Missis-
sippi, 1; Nevada, 1; North Carolina, 2; Texas, 2; West Vu'gmm, 1.
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Maryland. | Mgﬁ:{isc.hu Michigan. | Minnesota. | Missouri. | New Jersey. | New York. Ohio. Pennsylvania. | Wisconsin.
8 14 14 3 11 47 33 18 41 5
$1, 627,976 $2,651,786 | 814, 796, 767 $98, 146 | . $4, 306,417 $16,203, 650 | $23,149, 126 $3, 654, 791 $20, 657,278 $104, 072
, 004 8124, 756 $1,144,043 |.. . ... ...... $334, 423 $1, 2"7 500 $2, 305, Vitrs $190, 128 $1, 518,130 1, 500
$118, 582 8627, 471 $2, 561, 634 $9, 853 $§627,224 $2, 4')7 132 $5,200, 961 $564, 778 $4, 530, 406 $() 400
8350, 165 $710,047 $7,901, 143 $70,434 3567, 075 33, 572 940 $7,172,835 $1,782,971 $5, 631,938 $101, 209
$974, 225 $1,189,512 83,180,047 $17,829 $2, 037, 695 39 O(ib 078 $8, 409, 533 31,116,914 $8,076, 804 584, 963
2 3 2 1 26 10 29 2
41 106 322 186 425 848 269 200 29
$51, Hb4 $187,708 $388, 114 $8, 136 $232, 684 $078, 142 81,274,141 $400, 033 $455, (44 $23, 105
b 16 8 .. 18 41 70 24 32 1.
$17,000 865, 520 50,983 ..ol $565, 733 $157, 780 $307, 188 $89, 670 $85, 790 |.
36 90 304 9 168 384 778 245 258 20
$34, 504 $122,248 3337, 131 $8, 136 $176,951 $520, 362 $966, 953 $310, 363 $3060, 854 $23, 105
29 74 276 5 137 ' 356 704 220 222 29
$32, 155 $112,037 $323, 728 $5, 652 $159, 069 $502, 742 $022, 9306 $202, 334 $361, 951 $23, 105
7 16 28 4 31 20 74 25 36 ... .
§2,400 $9,311 $13, 408 $2,484 $17,882 $17, 620 344,017 $18, 029 $L7,003 [.o.ooll..
377 077 3,074 8 750 4,028 5,457 1,162 3,521 70
201 758 2,007 8 572 3,238 4, 504 881 3,074 58
323 860 3, 333 8 640 3 597 4, 967 1,025 3,378 65
$141, 197 $504, 217 $1,848, 114 $5, 504 $309, 673 $1, 85 2, 045 $2, 677,956 $651, 708 $1,801,720 $20, 232
323 Vel 3, 246 8 5056 3, 141 4,765 1,023 3, 213 50
$141, 197 $479, 5561 81, RJ‘), 678 $5, 504 275, 657 $1, 1..7, 338 $2, 624, 701 3(351 032 $1,843, 631 $20, 036
.............. T LI P, 102 445 107 2 154 15
.............. $23, 306 $O,000 ...l $27,022 $123, 125 $52, 448 J0676 $46, 510 $3, 196
6 11 I .............. 33 11 L P, G ..
81,360 2,470 L 36, 904 82, 482 b i $1,570 (...
206 ‘ ™ 3,316 8 481 3,081 4, 681 1,005 J ld()
205 | 752 3,452 8 477 3,133 4,711 1,000 1
307 740 3, 8056 8 489 3, 160 4,720 1,081
324 7604 .{, 348 8 406 3,200 4,760 1,063
307 T4R 3,303 8 506 3, 141 4,835 l 033
326 706 | 3,605 8 500 3, 156 4, 656 ,007
335 T 3,152 8 520 3, 130 4,688 083
316 800 3, 000 8 H20 3, 101 , 78S 983
336 88 3, 060 8 517 3,132 4, 868 980
317 TO8 3,028 8 511 3, 116 4,704 1,005
344 818 3,040 8 B50Y 3,140 4,842 002
_j 353 K12 3 130 8 510 3,178 4,850 004
i
! 72 48 88 440 175 1
| N T 107 88 457 181 1
WA (6 111 88 444 208 1
. 70 106 88 461 212 2
; 68 100 97 473 212 3
81 28 147 482 212 B
82 20 127 462 191 3
a0 20 127 431 187 3
86 27 107 435 200 2
84 85 | 89 427 “ 208 2
‘ 86 88 89 430 200 ¢ 2
i G4 104 | 80 308 183 1
(i3 17 33 11 b U
6 16 . 33 11 b
O 14 . 33 11 b I
[ 15 . 33 11 I R S
6 15 4. 34 10 4,
6 15 33 12 Al
[ 7. 33 11 B P
6 61, 33 11 K I
6 7 33 11 10
[ [ 33 11 4
6 i 33 11 L P,
[} 8 33 11 L 3 P .
$164, 988 $460, 446 $1, 126, 320 $13, 500 $250, 041 $1,240, 764 $2,312,012 $243, 006 08, 126
83,497 84, 863 3()9" 6, H58 $68, 152 $5,244 $o, 500
38,225 $22,242 ¢ 857,800 02 324 870 $54, 112 $117, 460 $28, 586 $644
$153, 266 $440, 841 $O08, 234 12, ()O() 3214 593 $1, 160, 004 $2, 125, 800 $208, 606 1, 018 259 $51,082
.............. $1, 500 $150,280 . ............. CHO82 e $1, 500 L O P
$588,807 | $1,513,524 34, 402, (124 $9, 480 32, 172 144 $0,630, 4608 | $12, 058, 436 $3, 002,610 $7, 265,245 $137,414
81,081,778 | $3, 508,759 39,037, 450 $563, 644 SJ ')78, 993 $13,023, 0620 | $23,021,705 , 580, 749 $11,773,719 $265, 457

All other
states.?

46
$50, 436

45
$50, 264

1
$172

782
453

525
$241,715

525
$241,715

$1,085, 308

WL NSO

31 745, 572

[t
—_o
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P
ok

e
-

—
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1 T

{ | ‘ | :
United States. || California. Georgia. | Illinois. Indiana. ‘ Louisiana.
| | I
Power: | 1
71 Number of establishments reporting. ......... .o it 237 14 2 13 | 3 2
72 ’l‘otac.)l horgepower ...................................................... 140,372 1,060 109 3,854 | 340 8
wned—
Engines— ‘ |
Steam— i |
73 NUMDOT. cca e ieiiii e s e ememeeeeeeiieaaaan 1,081 23 2 31 4 4
74 TLOTSEPOWET - « e« e e oeeeenm e e aeee e e mm e eeem s 70,194 741 54 2,816 | 245 | 8
Gas and gasoline— | |
5 Number ....ooviiiiiiii i T, 25 |
76 3 0 T a0 R 438
Water wheels— ®
Kid Number........... Ll L Y e 25
78 U2 ST) o LaNt ) 6,455
‘Water motors—
70 NI DOL. L e e e e e e 3
80 2 03 ST S0 R 14
Electric motors—
81 Number............ e e e e e, 409
82 Horsepower........... 8,110
83 Other power, BOrSeDOWET .. . oeoue i iiie i caa s 1,007
Rented—
. Electric motors—
84 Number..... 263
Horsepower....... 10,078
86 Other kind, horselpowo ..................... . R 43,986
87 Furnished to other establishments, horsepower.. ... ... ... ......... 319
TaBLE 146.—PAINTS—DETAILED
) , i ] g T ; |
United | Califor- Dela- | P R | o e Ken- Mary- | Massa-~ |
States. |  nia. ware. Georgw..] Iinois. ' Indiana.  Iowa.  Kansas. yoaiv | Jand. | chusetts. |
. ! ‘ { ! | J ]
N | | |
1 | Number of establishments............. ... 449 | 18 4 5 [ 39 | 9 | 5 3 10 | 11 23
2| Capital, total. ... $55, 783,250 181,430,085 | §118,478 | $156,804 $7,828,577 | $174,869 | $60,798 | $28,350 | $328,904 | $443,500 (81,625,359
3 Land. - .| 86,410,389 || $44,000 | 814,000 $5, 000 ‘ $510, 300 35,000 $3,000 : | $22,900 ‘ $26,000 | $142,063
4 Buildi . $7, O8L, 890 $160,247 | 812,800 $7,000 | 8910,926 | $13,457 $56, 000 ' $22,500 | $187,631
5 Machinery, tools, a 38, 533,218 $241, 57 $23,815 | $16,802 1 $076, 031 5, $3,760 | $10,000 | $58,861 | $79,000 | $157,006
'(7} P Cll‘sli::x and st;nﬁiriuq 1833, 757,73:(2‘% 5994,1(133 $067, SB§, $128, 092 {&5,431,3%8 $120,020 | $48,838 | 818, 353 | §191,143 | 5315,1?3 $1.138,6g.1)
roprictors and firm me S 28 2 7 7 4 | 4
Saluried oflicials, clerks, ete.: | ! |
8 Total number....... 3,044 88 7 22 422 13- 13 2 29 | 55 76
9 Totz(t)l lgx?:h:zh(})sf.c:c;r-};éf‘{xtlonb $3, 654,289 $84,012 $8,500 | $19,052 | 8616,167 | $13,828 | $12,438 $2,050 | $27,286 | $50,708 | $103,872
1S 201 {
10 Number. 357 6 3 2 51 2 ) P 10 | 2 13
11 Salaries. ..o .aoiiiiaiia $035, 701 £9, 300 35,400 $3,400 | $161,269 $3,700 860 |......... $13,120 |  $1,600 $36,900
General superintendents, mana-
gers, clerks, ete.—
12 Totalnumber...........o.ooo.. 2,687 82 4 20 371 11 12 2 19 53 63
13 Tot:ié salaries..... ... .. [ $2,718,588 8§75, 612 $3,100 | $15,652 | $454,808 | $10,128 | 812,378 $2,050 | $14,166 | $49,108 866,072
en_—
14 Number.......o...o.... 2,201 72 4 18 288 11 10 | . 2 15 43 52
15 W Salaries. ...l $2,463, 840 $70, 200 $3,100 | $14,087 | $408,966 | $10,128 | $11,650 $2,050 | $12,120 | 844,720 $60, 022
‘omen—
16 Number. .. ............. 486 U 2 | 83 |l 2. 4 10 1
17 Salaries ... $2534,748 $5,412 | ....... 3665 $45,932 | ... ... 9728 ... 82,046 $4, 388 $6,050
Wage-earners, including pieceworkers, and s
total wages:
18 Greatest number employed at any one 11,570 311 34 31 1,282 48 16 13 a7 196 485
time durmg the year.
19 Least number employed at any one 7,830 246 25 27 755 38 13 10 70 162 300
time during the year.
20 Average number .. 9,781 275 28 28 1,020 , 38 12 11 88 182 308
21 Tctﬁ vgﬂlg,("cs ...... N v $5, 003,177 $184,042 | $21,229 $12,140 | $595,077 | $17,629 $7,049 $5,265 | $31,461 | $73,607 | $211,141
en 16 years and over—
22 Average number. ... 8,775 264 24 27 923 3L 12 10 50 172 365
23 VVOI}‘} ?lgﬁsv( e PRCILI LT $4, 777,302 | $180,665 | $19,079 | $11,932 $561, 767 | §15,70L $7,949 $4,940 | $26,032 | $71,617 | $201,249
en 16 years and |
24 Average number. ... o......... 965 || 8 2 1 106 Tleeeens 1 29 10 33
25 WageS. L i $276,551 $3,497 $1, 400 $208 $33,310 $1,868 |.......... $325 $5, 420 $2,080 $9, 802
Children under 16 years— |
26 Average number. . ..ol 41 3 2% I I RPN RIS AU SR R AP,
27 Wages....ooooiienn creeeraaan $9,234 $780 L2370 2 DR SRR -SRI SR SO SRR RSP RPN
Average number of wage-earners, including | N
pieceworkers, employed during each i .
month: | i i
Men 16 years and over— | |
28 . January. ... 8,226 | 243 27 26 857 30 12 10 55 169 324
29 8, 638 245 26 26 925 30 12 10 55 172 334
30 Q9,025 249 29 26 1,050 29 12 9 59 172 337
31 9,331 260 27 26 1,056 30 12 1 61 177 37‘_7
32 0,039 2738 24 26 1,034 30 12 10 61 181
33 9,036 282 22 29 944 33 12 10 63 178 304
34 8, 587 271 21 29 802 36 12 11 63 164 359
3,?, 271 | 21 29 | 24%) 33 12 ﬁ g{l} %sg %g?
51 September......o.ooLL 261 23 29 3 12 7 U
371 October......iiia 276 % 23 26 8.3)4 30 12 9 60 180 387
33 Y | 271 | 23 26 884 32 12 9| 55 168 376
39 Deeember ... ... w 26 . 2 26 859 2 | 12 9 55 168 343

. Includes establishments distributed as follows: Alabama, 2; Colorado, 4; Connecticut, 4; District of Columbia, 1; Florida, 1; Louisiana, 2; Maine, 1; Missis-
sippi, 1; Nevada, 1; North Carolina, 2; Texas, 2; West Virginia, 1.
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105

Ohio.

Pennsylvaaia.

Wisconsin.

All other

stutes.

12 37 4 13

6,419 11,161 243 6, 996

73 162 5 24

5,734 10, 342 243 780

2 [ 3 P, 1

30 37 s 2
................ Lo, 17
................ i, 5, 850

Maryland. M*‘:g&‘:}“’ Michigan. | Minnesota. | Missouri. | New Jersey. | New York.
3 11 14 B 9 41 56
625 3,431 24,048 62 1,508 10,168 70,178
15 24 =233 1 24 164 202
625 2,495 20, 850 15 1,330 8,571 15,259
...................................................................... 2 9
...................................................................... 9 241
.............. 3 A R AU P 5
.............. L TR put)
; 1 9
2 12
Hit 112
1,086 3,526
................ 10
28 155
165 T.043
3385 43, 55H
110 9
SUMMARY, BY STATES: 1905.

e Minne- - New . e Penngyl-

Michigan. sota. Missouri. braska. | Jersey. New York, Ohio. | Oregon. vanit,
11 5 20 3 20 89 490 3 74
$2,450,256 | $672,324 183,000,000 | §226,507 |$2,421,247 814,852,314 186,006,266 { $150,600 810,355, 786
§l44,837 $30,000 | $313,026 1 $10,500 197,940 | 2,704,007 | $659,700 §8,000 | $1,820,235
$489,083 $856,000 | $362, 164 | §34,600 | $510,603 | §1,434,507 | $042,044 $0,000 | §1,418,755
$321,174 883,670 1 $501,322 | 822,134 | $406,0635 | $2,118,555 | $831,802 | $40,000 | $2,071,906
$1,504, 162 | $473,048 $2,720,404 | $150,264 |§1,230,079 | 88,505,155 83,602,630 | $102,600 | $5,535,800
8 2 7 1 15 76 24 b 78
108 45 385 20 102 651 340 3 416
$220,741 | 856,052 | $420,283 | $34,100 | $130,805 | $834,548 | $380,216 |  $3,300 |  $441,655
19 8 3l | 2 19 48 49 1 G
856,925 $15,680 868,870 $9,0600 $43,434 $174,710 | $114,805 .......... 146,568
179 37 354 18 83 603 300 3 Rt
$172,816 $40,372 | $351,413 | $24, 560 $06, 461 $660,838 | §274,411 3,300 $205,087
146 31 301 16 61 409 230 2 2005
$155,652 | $35,602 | $321,85% | $23,180 |  $85,100 |  $602,054 | $242,440 | §2,700 |  $200,880
33 [ 53 2 29 104 61 1 G0
$17, 164 $4,0680 20, 560 $1,380 $11,362 $56, 884 $31,071 600 H28,201

L

504 04 677 | 45 4T 3,183 1,121 19 1,045
304 tih 390 ‘ 37 587 2,000 7256 13 1,885
407 R H6T 40 607 2,711 041 15 1,645
$222, 960 S$37,300 | $200,000 | 818,502 | $330,023 | $1,404,270 | $475,045 | $13,230 E708, 313
410 ({2 H3d 33 580 2,381 834 15 1,082
$203,325 | §32,266 | $270,600 | $16,260 | $317,701 | $1,373,164 | $446,605 | 13,230 | $760,841
B 2 15 30 7 T4 316 106 §....oens. 106
818,041 85,124 80,8564 §2,242 $20, 528 $88,105 $2R,240 ...l $35, 820
' 3 IO N 4 14 | 7
§1,000 {...oin...s 8546 | oieanas 8704 $2,9011 $200 e 81,047
3561 64 430 33 549 2,306 88 18 1,476
380 67 522 34 J68 2,425 860 17 1au7
386 70 548 34 547 2 g);:,g 313’ }7, l1 ) )g:

02 ! Jits) K i 2,57 12 3 hila!
i . o i o3 30500 T 13 11564
434 72 576 34 6403 2,431 827 12 1,583
415 61 551 31 578 2,315 765 13 1,511
419 60 H42 32 a7 2,352 747 13 1,536
446 56 530 33 5095 2,353 826 14 1,535
442 54 543 32 601 2’, 421 846 13 1,521
444 54 520 32 612 2,320 846 19 1,537
389 &5 404 33 574 2,227 830 19 1,495

71
72

"

¢
4

75

l

Rhode = Tennes- | yri... Wash- | Wiscon- | Allother
Island.  see. | Virsioln| oo sin. atates, |
4 4 b 6 9 22
$112,017 | $224,200 | §213,034 | §121,475 | $035,803 | $820, 561
$4,000 | $15,625 | §25,000 38,9400 87,050 | $07,776
S14,840 | $27,533 | $406,450 | $16,250 | $187,028 | $118,087
$22,700 23,300 | $80,112 | $24,450 | $153,170 | §167,805
70,477 | 157,742 | $60,770 | $71,825 | $507,700 | $435,903
5 1 5. 1 6 16

13 14 17 27 L 43
15,332 | 24,880 | §27,500 | $14,322 $30,120 | $54,382
3 b 3! 2 5 13

$7,500 | H11,700 | §12,000 $000 $11,150 | $27,110
11 9 14 25 20 30
7,882 1 $13,180 | §15,500 | §13,422 $18,070 | 827,272

7 7 TN ) 19 23

§5,060 | SI1,800 | $15,000 | $12,450 $16,375 | $26,856

4 2 1 3 10 2

81,872 $1,3%0 8500 $072 §2,505 8416
2 ) O8 41 190 101

22 it 83 3 142 134

22 Th a3 34 162 154
F13,065 | S30,356 [ $23,148 | 823,440 870,182 | §83,708
22 (12 o3 32 145 143
$13,0065 | 826,027 | $23,148 0 §22,072 867,374 | $70,824
.......... | 7 R "2 10
.......... FA IR0 e 4068 $2,808 §3,748
.......... T N A, 1
.......... RUO Lo $156
22 44 03 31 130 124

22 1 03 31 131 126

22 13} a3 33 144 137

€2 63 ag 37 154 147

22 63 O3 37 159 146

22 G4 i 31 162 156

] 63 | 93 27 156 158

2 63 a3 26 148 154

k] 65 a3 25 147 153

22 65 03 34 146 150

% 6() 93 34 133 137

22 51 05 38 130

DLW N Wy

ket
o

1

13
14
15

16
17
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Tapre 146.—PAINTS—DETAILED

i ifor- : . s . - - Massa- |
&zgggg Ca;lggr va:‘rig. Georgia. | Illinois. | Indiana.| Iowa. | Kansas. t}u{ce]?y. h{gﬁl .| chusetts. |
Average number of wage-earners, includ-
ing pieceworkers, employed during each .
m%{rltth-(}(])-gtinued. s
omen ears and over—
40 auuari‘ R 929 7 2 1 112 (-1 IS 1 26 10 %.?
41 February 969 7 3 1 117 6. R 1 ?6 10 -
42 March. .. 1,037 8 3 1 125 7. . Tl 31 10 ge
43 April 1,038 8 3 1 123 71 . 1 31 10
44 ay. 1,053 9 3 1 124 7. 1 31 10 30
45 June. 1,087 11 2 1 108 8 1. 1 31 10 23%
46 July. 938 - 8 1 1 94 8 1. R 1 31 10
47 August 918 8 1 1 90 7. 1 31 10 3
48 Septembe: 935 9 1 1 92 7. 1 30 10 3?;
49 October. 907 S 1 1 89 7 1 30 10 3
50 Novembe 910 7 2 1 91 Tl 1 25 10 | 2
51 Decem 909 6 2 1 107 71 1 25 10 3
Children under i
52 January. 39 3 2.
53 February 44 3 2.
54 March.. 46 3 2.
55 April 47 3 3
56 May. 43 4 3.
57 June 43 3 3.
58 July. 38 3 1.
59 August 38 3 1.
60 Septembe: 38 2 11
61 October. 42 3 2 |
62 Novembe: 37 3 2|
63 37 3 2. R - i
64 $6, 055, 367 $102, 521 $5, 851 , 086, $24, 602 , 015 y i )
65 $300, 541 $0, 826 $1, 600 $3,245 $35, 462 $6, 131 $395 3 i $8,250
66 e L $221,715 $3,205 $4 $1,457 $30, 306 1,068 $445 8395 $807 $1,812 $10, 545
67 Rent of o s s ,and | $5,441, 870 $89, 4 $3,787 | $21,238 (81,020,734 | $17,403 | 87,660 | $2,175 | $30,626 | $32,360 | $146,575
all other sundry expenses not hith~ h
erto included. |
68 Contract work... . E0) P N NN BN P SO 331 35 R PN B [ LT Tr e
69 | Matorials used, total $46, 306, 183 |$1, 568,260 | 341,252 | $155,396 |$6, 523,137 | $135,276°| $50,449 |  $36,110 | $264,321 | $410,884 $1, 414, 110
70 IIimduets, total value... ..|$67,277,910 (192,221,846 | $81,552 | $257,903 (89,484,280 | $225,809 | $86,074 | $59, 800 | $522,017 | $680,990 [$2,159, 680
ower:
71 Number of establishments reporting. .. 402 17° 4 - 5 35 8 3 3 7 10 22
7 Total DOrSePOWer .. . .vveeeeiaeennsonn 42,148 927 195 102 5,210 290 76 51 523 519 1,414
Owned—
Engines— t
Steam— l
73 Number. .. 360 2 3 1 2. 3 2 1 2| 2L
74 Horsepowe 31,628 229 185 30 3,620 200 66 25 275 425 1,189
Gas and gasoline
75 * Number.... 72 5 1 1 9 2 P 1] 5 1
76 Horsepow 1,471 105 10 15 257 48 A P, 12 79 12
‘Water wheels— N
7 Number.. 22
78 Horsepowe 969
‘Water motors—
79 Number. . 6
80 Horsepowe 18
Electric motors—
8L * 267
81 . Horsepower............ 4,693
Rented—
Electric motors—
83 Number.. 168
84 Horsepowe: 2, 394
85 Other kind, horsepower.. 975
86 Furnished to other establishm 234 .
horsepower. i»
TasLe 147.—FERTILIZERS—DETAILED
gt};fgg Alabama Gai%g?r- Conzﬁe(.:tl v]z;i-%—. Florida. | Georgia. | Illinois. | Indiana. tlé:e]?v.
|
- | :
1 | Number of establishments............... e 400 | 19 1 10 8 57 4 14 4
2 | Capital, total e eaaannaaan 369, 023,264 (83,050,922 | $903,849 | $987,378 | $205, 554 | $899,049 |$11,158,070 | $546,171 | $235,195 | 8872,487
3 D% o1 I $4,813,130 $91,033 | 360,450 | $104,050 $5, 700 $9, 000 $368,345 | $115,200 $8,100 | 370,000
4 Buildings. .. ..o i $11, 366, 004 $588, 533 | $125,466 | $174,480 | $17,300 | $99,444 | $1,765,685 | $146,261 | $54,700 | 8476,280
5 Machinery, tools, and implements................ 9, 023, 201 $362, 661 | $107,876 | $171,419 | $34,500 | $110,901 | $1,354,012 | $105,218 | $74,723 | $77,820
6 Cash and sundries................ -|$43,820, 920 |$2,008, 695 | $610,057 | $537,420 | $148,054 | .$670,704 | $7,670,028 | $179,492 | $97,672 | $248,387
7 | Proprietors and firt Members . .« ceceveeeenneroennn.- 204 10 6 1 40 |oveiianann 2
Salaried officials, clerks, ete.: ;
3 DO IUTRDEL - ... e ot ceieeamaaeaea e enaen 1,618 79 32 61 210 13 13 15
2| Totalgalaries. ... o i ittt iaiaeaaaaas $1,040,712 || $67,5390 | $30,231 | $3G,712 | $4,440 | $63,179 $200,344 | $16,318 | $14,050 | . 313,762
Officers of corporations— i . M
) Number.. ... oot aaaans 266 | 16 b 10 44 1 3 3
. Salaries. ... $564, 542 $24, 725 $6,000 | $19,000 {.......... $22, 590 $86, 986 $720 $5, 000 $4,842
Galgeml superintendents, managers, clerks,
ete.—
Total MIMber.. .. .ccoiiiiiiiieaaanannnnn 1,352 63 30 21 31 166 12 10 12
Total salaries. ... .. oooeiieiieeenuonna. $1, 386,170 $42,814 | $33,231 | $17,712 $4,440 | $40,589 $173,358 | 15,598 $9, 050 $8,920
en— '
NUMDOr - o eeeeieieeeaeenns 1,250 63 29 18 5 44 162 9 9 ol
. Salaries. ... .o $1,332,426 || 842,814 | $32,511 | $16,680 | $4,440 | $36,213 |  $170,774 | $14,358 | 88,750 | 87,620
omen— I :
NUmbEr. . ooei e 102 . 1 L3 P 7 4 3 1 3
Salaries. ..o $53,744 1! 8720 | 81,082 ... 484,378 $2,584 | $1,240 $300 | $1,300

1 Includes establishments distributed as folfows: Alaska, 1; District of Columbia, 1; Kansas, 1; Michigan, 1; Missouri, 2; Nebraska, 1; Oregon, 1; Rhode
and, 1; Washington, 2.
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SUMMARY, BY STATES: 1905—Continued.

Michigan, Minne- . Ne- | New oo | : y Pennsyl- | Rhode | Tennes- i Wash- | Wiscon- | All other
g2 sota. | MISSOUTL | yrugia. | Jersey. |New York.  Olio. | Oregon. | “5nurE | 70 | e | Virginia. ington, sin. states.
!
76 16 27 68 308 103 ..., 108 |oeennnnn. 2
7 17 30 72 308 100 107 1. 2 ig lg :?
7 17 32 il 341 115 | 111 1. 2 10 12 | 42
7% 15 ?2 b 337 121 1. 116 1., 2 7 1243
7 16 31 81 333 122 1. 136 1.. 2 7 10 | 44
78 14 31 82 354 112 | 125 |.. 2 7 10 | 45
91 14 28 | Kl 209 106 . 108 |.. 2 6 9 | 46
92 14 28 | 7 289 100 |. 108 |.. 2 6 10 | 47
92 14 28 | 7 307 99 | 101 .. 2 6 10 | 48
91 15 32 69 303 95 1. 87 ... 2 5 10 | 49
92 14 29 70 305 0 . 90 |.. 2 8§ 10 | 50
67 14 32 69 308 04 ... 90 {ooaiails 2 5 8|5l
[ 3 P b I T 3 131 1 7 1|52
12 P 3 .. 3 17 1 1. 8. 1|53
[ P 3 B . 19 | 1 81 1|54
[ P, 3 3 18 | 1. 9. 156
115 PR, 3 3 15 | 1 7. \ ‘1| 56
[ PO, 3 4 16 1 6. 1157
[ I, 3. 5 12 1 6 158
Sl B [ 11 1. [ 1] 59
[ 3 P 3 [ 12 1 61, 160
[ P, 3 [ 13 1. 7. 1161
g ........... 3 i .. :i 11 | i . 71 .. . 1]62
........... 3 ! 4 .. 71 P S .. 1|63
$459,284 | $104,930 | $351, 9b.5 $36,080 | $286,535 | $1,451 -)3() $573,114 | 815,067 $947,468 | $2 $52, (89 31[ 578 | $11,713 $67,018 | $144,050 | 64
$1,825 | §9,170 | $14,170 5600 1 SSa33 | SO 7A9 | S9N 707 | SIS0 | o $47,770 01 . S107 | SLiso | $2,700 $ $5,84 | 6
$12, ?44 3‘:2, 335 517. 360 $1,482 ' $13,0698 8653, 347 $34, 210 $567 $26, 005 $041 $648 $543 $3,494 $3,019 | 66
8445, 215 $03,425 | $319,883 | 834,007 i $268, 480 | 81,305, 168 | $447,697 | $14,050 $860,379 $51,748 | 812,733 $9, 690 $60,824 | $135,795 | 67
i
AP P PR ERTSYR e 8500 {aecnnnn..! $6, 020 $322 $67,600 |.......... $10,324 | ... .. e s e 68
,-)2?; 2?.4 $454, 222 434, 588, 108 3234} 137 :32 2")0 984 813,220,075 84,700,088 | S18D, 886 | $6, 650,358 | $176, 622 | $287,000 | $113, 096 | $92, 414 $7b4 005 | $447,205 | 60
, 823,033 | 8708, 924 lsﬁ’ 144, 521 | 8346, 645 &5 511, 375 $18, 721, 872 !3“, GOL, 428 | $267,200 | 8Y, 428,800 | $247, 842 | $480,001 | $194,504 | $165,924 |81, 048, 037 | $805,783 | 70
11 4 | 17 ‘ 20 76 } A7 3 69 3 4 3 4 8 16 71
1,581 202 1,989 17() i 2,069 10, 545 5, 180 102 7,370 137 205 645 80 731 315l 72
‘ \
10 2 18 4 26 80 48 88 2 4 1 1 6 11|73
1,144 150 1, 684 160 2,024 8,202 ¢ 3,505 ...l 6,339 125 205 450 35 655 406 | 74
D A P 1 1 11! 1 14 ) 2 317
B R PR 10 ! b 169 206 ... 305 D 12 D R P 31 276
........................................... 2 6 ‘
........................................... 40 203
...................... 2 T RPN PR
...................... | T R T
20 foeeeaennd 0 20, &7 4
547, T 16 |l e 7
3 5 15 looeeann : 4 27
% 72 a76 (221000 ; 71 485
........................................... ; 91 76
........................................... i........... 183
b . 1 DU K‘A -
SUMMARY, BY STATES: 1905. .
Louisi- N Massachu- | Missis- Now . North Pennsyl- South io | Allother
ana. Muine. \Maryland g pr0 sippi. Jorsey. | New Yorkt curoling, | Ohio. vani. | Caroling. |Tennessee. Virginia. | iy toc
4 3 30 9 E 1 97 4 20 10 i1
$2,143,846 |  $53, 683 |86, 058,240 | $3,600,183 | $1,048,733 | $6,200, 706 | $2, 508,350 | §3, 007,709 | $3, 551, 2()7 $5, 386,058 | $7,086,878 83,381,073 (84,871, 810 $305,061 | 2
3119, 206 84,500 | $827,565 $103,772 $26, 432 $776, 610 $167, 700 $90, 245 $237, 552 621, 528 $232,058 | 3350, 871 3336 304 | $26,000 | 3
$100,737 $11,000 | $804,595 $354, 991 $163, 508 334(1 856 $4WJ, 379 $506, 182 $604, 435 37()(3, 788 $1,55‘), 265 | $680,244 3(99, 607 | $100,260 | 4
$388, 386 87,500 | $815,518 $4460, 240 $106,050 | §1, ()00 845 $105, 975 3?12 356 $500, 090 $0693, 250 $798,330 | $434,146 | $765,356 | $108,023 | &
$1, 44‘), 517 | 830,683 83, 520, 508 32,591 180 $762,743 | $3,000, 387 | §1,735,302 | $2, (399 016 | $2,200,190 | $3, 274 436 84, )06 325 $1,015,812 ($3,140,543 | $101,668 | ©
........... 4 38 {138 PR 23 9 33 8 6 16 91 7
36 1 206 (36 23 91 | (8 78 106 129 149 67 118 171 8
$65, 007 81,304 | $220,734 $85, 202 $28,273 $150, 985 390, (64 $75,070 $135, 847 $169, 706 $153, 045 $08,219 | $111,287 | $20,06064 | 9
)3 U % ) DR 5 14 11 13 13 23 17 12 23 7110
$30,654 |.......... $HL, 600 | $9, 350 $46, 500 $22,200 $23, 469 $28, 900 $45,825 | $40,300 $35,152 $32, 009 $9,720 | 11
25 1 182 60 18 e hT ({53 93 106 132 55 95 10 112
$26, 343 $1,354 | $178,134 $85, 202 818,023 $104, 485 877, 464 $51, 601 $106, 047 $123,071 $112,745 $63, 067 $79,278 | $10,044 | 13
25 1 172 49 18 (Y] hh 64 77 91 128 53 91 9| 14
$26, 34i $1,354 | 8173,506 $74, 860 $18,023 $09, 680 $76, 132 $a51,121 $07, 776 $117, 041 $111,005 $62, 387 $77,578 | 810,500 | 15
................................. 8 2 1 16 15 4 2 4 1|16
........... eeaeaae $4,028 $10,342 ... $4, 805 $1,332 $480 $9,171 $6, 930 81,740 $680 81,700 $384 1 17
I
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Tasre 147.
United Cale r- lConnectz- Dela- l Ken-
States. il Alabama. “HH© ! et ware, | Florida.| Georgia, | Iilinois. | Indiana.| p A%
| : | | )
Wage-earners, including. pwceworl\em, and total ; % i i i
wages: ; |
18 Graute]qt number employed at any one time dur- 28,432 I 1,241 433 | 283 404 5,285 113 303 87 |
ing the year. | l 1
19 Le;sz;‘st, number employed at any one time during 8, 666 } 271 ‘ 204 96 145 1,724 20 71 42 {
e year. | i | |
20 Avalage number 14,201 551 123 1 310 149 242 2,102 48 97 | 57 ;
21 Total wages 85,1 42,147 i $182,713 $69, .589 ‘ $124,108 | $33,371 | $70,259 $581,184 | 824,472 © §45,526 ! $19,329 |
Men 1t y | ! | i
22 Avérage number . | 14,065 550 123 | 252 | 149 | 236 2,188 | 48 97 57 |
23 Wages............ | §5,113,232 $152, 605 | B0, 389 | $100,837 | 933,371 . 869,451 $080,757 ¢ $24,472 $45,52 ; $10,320 !
Wome.u 16 years and ove . i ' i i ! |
24 Average number. 1 110 |
25 Wages $25, 446
Children under 16 years— i
26 Average number. 26 !
27 Wages........ $3, 460
Average number of wage-earners, including piece- | | |
workers, employed during each month: H .
Men 16 years and over-— |
28 JATUATY « e e v e e emee v e e ieresa e anee e e 15, 069 il |
29 | T . 18, 614 3 i
30 March.. ..o e .. 20, 666
31 7. ) /¥ 16, 908 (
32 MY - e e e e e e et B 13,111
33 JUNe. oo . 11,014 i
34 July e R 11,084 g
35 oo August..aoao i . 12,230 24
36 September.........coiiiiiiaiiiiia.. . 14,060 | 207
37 October.. ]2, 494 i
38 Novembe 11, 566 |
39 December 11,064 i
Women 16 years ] |
40 JE 15 SN0 15 oy 122
41 LT EY o o 130
42 March. ... 125
43 Aprilooooo . 130
44 MY e e e 106 |
45 JUDC e o et 97
46 JULY e e . 96
47 AUZUST e e et eie et aaeeaaanns . 109 ¢
48 September. ... 96
49 Qetober.. .o 103
5 November. .. ... LT . 3]
51 December. .o 107
Children under 16 years--
52 JAIUATY « o e e 61
53 February....cooooooiiiii . 59
54 Mareho.o oo - 43 |
55 Aprileoooo - 29
56 B e 14
57 S . 11
58 6 . 14
59 August. ..o 14 jlo...oo.os
60 September.. ...l 14
61 October... 16
62 November. L O
63 December. . 20 ! e S
64 | Miscellancous (“c]wns $4, 010,824 $147,806 |
65 | Rent of works. $76, 505 | $700 Si 452 !
06 PAXOS . oo s . $249, 282 39, 542 32,725 | 032 ¢ :
67 Rent of oflices, interest, insurance, and all other | 84,550,015 | &137,564 | $60, 074 | §77,518 | 857, 4 $681, 068 | 54’ ""(.
sundry expenses not hitherto ineluded. | ! | | ] I -
68 Contract work ! $43,632 ... | [ LoR4,000 i
69 | Materials used, total cost...........o ... 0,343,014 |$1, 606,330 | $519,160 | €524, 801 | $287,414 131,325,070 §G, 527,065 I 800,702 | 8156,017 | $279,151
70 iirodm s, total value .o oo D6, 632, 863 (§2, 341, 132 | $803, 711 ‘ $943,221 | $370,889 §1 090,&11 $9, 461, 415 | $131,298 | $208, 677 | $439, 111
owWer: i ! |
7 Number of oqtuhllqhmuutq reporting............. i 350 | 16 11 9| 5 8 4
72 Total horsepower.. ... e i a0, 986 1,485 852 | [tirs | 663 555 455
Owned-- | I |
Engines-- | |
Steam— I ! |
73 Number.......... 721 | 30 | 7 11 | 19 6 8
74 HOrSepower. . ... ..o | 44,752 1,465 | 505 453 | 665 350 440
. Gas and gasoline— t
75 Number. ..o
76 Horsepower.. ... oo
Water wheels—
77 Number......o.oiiii
8 Horsepower............c...
Electric motors-—
79 Number....
80 Horsepower. .
81 Other power, horse -
Rented-—
Electric motors—
82 Number. ...
83 Torsepower........ R
84 Other kind, horsepower -
85 Furnished to other establishments, horsepower. .
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SUMMARY, BY STATES: 1905—Continued.

[ 1 i
Louisi- o . Massachu- Missis- | New e Yorl | North | Pennsyl- | South sacon | Vipginig | &1 other
ana. Maine. Maryland. setts. sippi. | Jorsey. New York. Carolina. ; Ohio. vania. Carolina. Tennessee.| Virginia. states.
754 61 2,236 550 527 1,679 851 2,004 1,128 1,331 3,217 1,747 3,271 553 | 18
193 22 760 241 151 770 400 525 300 762 371 351 032 228 | 19
344 . 26 1,256 358 348 1,139 596 908 440 908 1,071 781 1,801 356 | 20
$122, 069 $11,010 | $524,353 $183, 163 78, 847 8637, 320 $254, 049 $281,775 $235, 260 $446, 504 $303,885 | $200,503 | 8§71, 177 | $160,832 | 21
300 26 1,247 355 348 1,124 596 907 490 955 1,071 781 1, 800 306 | 22
SLIS, 364 S11L,910 | §5621,867 $182, 350 $78, 847 $632, 445 $264, 049 $281, 666 235, 200 446, 266 $303,885 | $209,503 | $571,083 | $160,832 | 23
8 3. 12 24
82,4 82,186 8804 1. . §4,347 |, 25
1| 3. 26
$L, 665 8300 $528 27
20 793 345 538 050 480 N7 345 817 1, 454 1,000 1,484 311 | 28
20 406 400 643 1,150 500 1,187 36 906 2,31 1,433 1, 641 303 | 2
| 21 1,380 403 853 1,340 898 1,411 453 983 2, 408 1,402 1,872 400 | 30
23 1,555 518 487 1,384 (354 1,310 582 1,220 ,216 RE 2,072 360 | 31
25 1,315 478 199 1,202 (47 807 306 065 829 500 2,246 361 | 32
24 1,332 207 171 1,060 | 84 554 879 808 654 432 1,77 474 | 33
21 1,277 204 104 1,054 630 563 407 892 675 460 1,670 477 | 34
31 1,497 271 104 1,022 (51 714 725 1,043 (24 596 1,833 400 | 35
| 36 1,938 279 118 1,120 636 890 1,084 1,180 O88 756 1,976 287 | 36
248 35 1,190 287 251 1,172 578 1,061 415 807 G506 719 1,046 276 | 37
! 85 370 200 31 086 635 85l 371 810 712 h24 1,602 311 |
| 21 902 200 305 1,039 553 700 388 843 718 503 1,470 312 | 39
£ O O I 40
¥ P P ) PP e 41
T e .| 42
S S O P O 43
L e O P 44
P RPN O .| 45
£ S R Y .| 46
n 47
7 48
1 49
12 50
[ IS P Y A P il
K |02
3. 53
3 H4
3 55
3 56
: 57
3 68
3 | h9
3. .| 60
3 (g
3. . oo B
10 2 b P .. 1 [ 63
$230, 450 80,748 | $472,550 $244, 051 $61, 400 $484, (120 $200, 067 $285, 213 $415, 280 $231,137 | $207,433 } §77,228 | 04
$200 1 ...l 826, 758 80,138 |..vviinnanns $1,282 $240 85 $10,510 §2, 400 $560 W $345 | 05
$3,042 £1,690 $31, 643 $8, 2 $4,521 §20, 407 $13, 204 $27, 083 %10, (42 $11,744 §10, 048 $16,208 $1R, 405 $2,020 | 66
$226, 308 88,008 | $414,158 $227, 251 846, 078 461, 028 S188, 874 204, 585 $248, 272 $307, 720 $206,478 | $280,665 | $303,156 | $74,257 | 67
........................ N P $1,213 $2, (80 §3,5641 |......... 0 816,207 $2,810 ...l SI3,68L |..........| 08
$1, 013, 640 84,901,780 | $1,276, 2 $857,412 | $3,028,047 | §1,333,868 | $2,217,750 | $1,386, 446 | $2,800,780 | 82,602,081 181,711,800 $3,240,675 | $448,797 | 69
81, 556,227 20, 631,763 | $1,078,350 | $1,082,387 | §5,651, 014 | $2,082,404 | $3,008, 561 | $2,280,176 | §4,004,078 | §3, 637,576 82, 700, 561 1$4, 650,281 | $638,700 | 70
4 3 31 9 H 20 13 22 17 30 14 9 33 0171
910 228 4,203 2,575 645 4,370 1,537 2,653 3,218 4,580 4,280 2,030 5,653 950 | 72
10 6 45 21 7 46 ©oal 03 34 80 8 20 119 12| 73
860 165 3,033 1,920 645 3,437 1,014 2,428 2,630 4,426 4,011 1,970 5,508 ;350 74
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TasLE 148.—EXPLOSIVES—DETAILED SUMMARY, BY STATES: 1905.

ggfgg Illinois. | Indiana. | Michigan. | Missouri. | New York.| Ohio. P‘e'zgisﬂ{ b %&%gslﬁr
Number of establishments. . 124 5 7 4 4 5 16 40 o4
Capital, total.. $42,307,163 $774,776 | $2,096,288 $315,473 | $2,364,490 $507,048 | $2,868,417 | $5,320,285 $28,Qa_§],486
Land... $2,484,354 $50,246 $56,545 $9,400 $146,624 $38,237 , 667 $310,723 5 .,912
Buildings........... $6,605,693 $161,135 3 $51,129 $363,193 $79,502 $582,511 $789,731 84,29(_),247
Machinery, tools, an $8,358, $262,141 |  $452,557 $22,045 | $476,431 | $156,400 | $684,273 | $1,185,402 | §5,117,854
Cash and sundries. . .. $24,859,113 || $301,254 | $1,304,941 | $231,099 | $1,378,242 |  $233,800 | $1,392,966 | $3,034,429 | $16,981,473
Proprietors and firm meu 24 fleencneennecn]oammaannae I R A S, 2 19 2
Salaried officials, clerks, ete )
Total number 1,289 32 28 11 29 24 83 163 919
Tot%l ﬁgamriesf. $1,797,050 $56,457 $52,262 $15,174 $33,560 $27,817 | $125,709 | $233,049 | $1,253,022
(1cers o.
Number. . 288 9 4 3 5 7 22 50 188
Salaries........ $741,742 $24,900 $15,533 $5,002 $7,900 $12,240 $57,250 $117,799 $501,028
CGeneral superintend .
Total number. . 1,001 |- 23 24 8 24 17 61 113 731
Total salaries. $1,055,308 $31,557 $36,729 $10,082 $25,660 $15,577 $68,459 |  $115,250 $751,004
en-—
Number. 895 22 20 8 19 14 47 99 666
w Salaries. . $1,001,444 $31,256 $33,945 $10,082 $22,540 $14,146 $61,341 | $107,761 $720,373
Y omen— .
Number. . 106 i 1 41 5 3 14 14 65
Salaries. . oieeiiaiann. $53,864 $301 $2,784 | $3,120 $1,431 $7,118 $7,489 $31,621
‘Wage-earners, including piecewor ,and
Greatest number employed at any one time during
the Fear. .« oiiiii i iiiaiaiaciaaaaans 6,598 270 371 155 385 126 503 977 3,811
Least number i
........... - 5,700 96 294 100 232 92 401 877 3,617
5,800 142 299 123 306 93 428 897 y
$3,308,774 $82,611 $174,563 $87,964 $125,247 $49,095 $236,205 $526,600 | $2,026,480
5,708 142 299 119 273 92 416 874 3,403
§3,283,729 $82,611 | $174,563 $86,116 |  $116, 565 $48,735 | $233,115 |  $520,18L | $2,021,843
91 33 1 12 22 19
$24,945 $8,682 $360 $3,000 $6,328 $4,0637
Average number.. 1. . 1
Wages......... 8 L P P B $100
Average number of wage-ea ]
ers, employed during each month:
Men 16 years and over—
January... 5,761 109 31 117 284 110 414 846 3 ,595
Februar, 5,743 120 316 120 284 112 839 3 ,5:32
5,810 159 323 123 284 13 420 856 3,532
5,8¢ 164 316 117 258 116 422 870 3,572
5,798 164 297 121 273 83 416 878 3,566
5,743 145 305 118 231 83 412 865 3,584
5,743 104 319 147 232 83 2 861 3,565
5,677 99 337 133 274 87 394 3,373
,658 156 130 260 84 405 887 3,407
5,633 172 264 182 283 80 408 903 3,386
5,646 158 255 121 300 77 421 908 3,408
5,549 154 241 49 278 76 428 805 5428
(i1 | P IS 3 30 1 12 20 13
87 3 1 26 13
74 3 1 20 1
76 3 1 21 12
84 4 1 23 15
85 4 1 20 18
91 6 1 21 20
101 5 1 22 22
Septemt 102 5 1 23 26
Qctober. . 104 5 1 23 25
November 104 5 1 26 26
December. .. 106 3 1 25 27
Children under 16
J R 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i i
Miscellaneous expenses, $1,057,665 $118,146 s $134,016 $234,664 | $1,006,111
Rent of works.. 89,812 | eeerreannns $2,385 |. $150 , 761 $3,146 $1,370
TaxeS. . .... $71,263 $3,126 $1,841 §12,209 311,740 $38,389
Rent of offices, -
sundry expenses not hitherto ineluded. ... ....... $1,574,140 $42, 567 $110, 635 $47,784 $119,046 $219,528 $066,352
Contract work....... 82,450 Hueecneameann - 82,000 |iiiiamiei]eaieieeed 9200 )il 8250 |iei.iiaien--
Materials used, total cost _1817,203, 667 $412,129 | $1,188,014 | $519,390 | $1,270,93L |  $152,046 | §1,274,786 | $2,516,461 | $9,869,001

1 Includes establishments distributed as follows: Alabama, 3; California, 5; Connecticut, 1; Delaware, 1; Indian Territory, 1; Iowa, 1; Kansas, 5; Kentucky, 1;
Mauine, 1; Maryland, 1; Massachusetts, 1; New Jersey, 10; Tennessee, 3; West Virginia, & Wisconsin, 1.
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TasLe 148.—EXPLOSIVES—DETAILED SUMMARY, BY STATES: 1905—Continued.
gt’;}feeg Illinois. | Indiana. | Michigan. New York.| Ohio. Pf,’;gi{l ‘A‘;tl;(&teg?r
IP;x'oducts, total value. ... ..ot 1$29,602,884 £711,626 | §1,679,3006 §701,278 $348,118 | $1,843,211 | $4,012,857 | $18,570,783
ower: s
Namber of establishments reporting................ 123 5 7 4 5 16 39 43
Totaol P S e £ S . 37,554 2,158 1,410 431 1,028 6,326 6,356 19,111
wned—
Engines—
Steam— ‘
ARES £ 01 0TS D 375 7 13 16 14 3 105 171
Horsepower...oo.ooviiiiiieaiaa.ns 21,636 1,383 1,025 181 285 3,027 4,696 10,751
Gas and gasoline— b
NUMDeT. .« ooeieimiiiiicieaeeeeens | | ;T | PR RN (R 2 b ) I, 9
HOTrSepPOWeT . (e oneeeiierieciaimasn i Z v | N RPN PR 59 68 |oeieeinennn 205
Water wheels— .
Number.. ..ot e eeaiaens - DR S| ) P 8 < 47 101
BT 15) o T3NS R 6,962 j|.oiiiiii i 250 504 980 1,021 4,117
Water motors—
L6141 0753 P L2 | R PRI PPN IR PN B PR TR TR 29
B8 0] €163 0 T0 0SS IR PR | PN PRI PRI UNPRNOINN PSRRI RSpRppRpRp R FHDRS PN 215
Electric motors—
016 01 472 e 428 5 B4 70 PR 6 73 15 271
HOTSePOWEL .« e eueveeeiinnarcimannnnaan 7,8%9 775 355 |aeianinnann 90 2,251 657 3,645
Other power, horsepower. ...........ceceannn (R L | D, {1 T [ .15 3 DA PN, 82 88
Rented—
Electric motors—
AL 04197 A R
18 0) °12) oTo) ¢} SR N
Other kind, horsepower..........c.oeeeuneen.

Furnished to other establishments, horsepower.. ..

1 Exclusive of 2 governmental establishments reporting products valued at $574.%32.
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TasLe 149.—VARNISHES—DETAILED

Qo ~IOOB W

United States.|| California. Connecticut. Iilinois.
NUmher'of estaDISIINEIES. .. ..o\ttt et e eaeeeaae veea e e n e e e e anm e mn e anen 190 4 10 24
Capital, total $10,702, 955 $177,150 $368, 955 3,511,836
Land....... 1,403, 641 $15, 000 $20, 200 3348, 676
S pane  we ) Sl
achinery, tools, and implements , 649, ] » -
Cash and sundries. .. p .................. $13,998, 185 $144, 550 $261, 328 $2,289,776
Proprietors and firm MemDErS .. ..ot i aita et a e et e et e anaraeatam et nananan 111 3 6 9
Salaried officials, clerks, ete.: | o
TROBAL TUTEDOT - -+« «o - e e e e e et e e e e m e e e e e e e e e mem e e et e e e e e e e e e 1,364 1 24 3,1"
Total salaries 2,023, 162 $1,500 $44,200 - $371,174
Oflicers of corporations— i 7
Number. 201 |loeseiaen . 6 | 2
Salaries $649,858 ||.............. $10,700 | 32,780
General superintendents, managers, clerks, ete.— | 235 |
Total number 1,163 1 o 18 2
Potal salaries 11111 I L $1,373,304 $1,500 $33,500 | $288,304
Y 905 | 105
L5801 O 3] | .
Y U S S $1, 252, 909 81,3500 $32,800 | 266, 085
‘v’Vm‘&en—l o8 1 0
L5238 L o T .. 0 | PO 9
LY (PR $120,395 [leeeeeeinianan $700 322,300
Wage-carners, ineluding pieceworkers, and total wages: o o
Greatest number employed at any one time during theyear. . ... oot iiiinannenn... 2,009 20 58 “
Least number employed at any one time during the year.. 1,724 16 39 ‘
 AVOFRZE TUIDCT e s e e emeeemee e e e e e 1,852 18 a3 247
Total Wages........... $1,200, 431 $15, 997 $28, 460 $176,088
Men 16 years and ov: o
Average number. . ; 1,767 18 51 28
WRECS -« e ewe e oo I o$1,177, 331 $15, 907 $28,160 $173,525
Women 16 years and over— N
Average number 2R T 1 &
Wages...ou..... $21,418 f.i e 350 $1,930
Children under 16 year
Average mumber. . . L2 | 1 3
WaZEH. .« aeernnn P s1,082 [l oollliiliil $250 $624
Average number of wage-earners, including pieceworkers, employed during each month: .
Men 16 years and over— . :
B T 1,782 18 50 234
February . 1,784 18 it 334
March. 1,792 18 50 .23
April.. 1,799 18 50 287
May. .. 1,799 . 17 53 24
Jurie 1,773 18 53 235
July.".. 1,751 18 51 23
August. . 1,725 18 33 235
September. . 1,737 18 51 242
Qctober.. . 1,755 17 51 244
Novembor 1,760 19 50 245
December 1,747 19 50 245
Womnien 16 years and over—
January......... 1 G
Febroary . 1 6
March.. .. 1 8
April. .. 1 6
May.. 1 6
June.... 1 ' 6
July.... 1 6
August..... 1 6
September_ . 1 6
October. .. 1 6
November 1 6
December. ........ 1 6
Children under 16 years—
January . 9 1 3
February. 9 1 3
March. ... 9 1 3
April.. . 9 1 3
ay.. g 1 3
June.. 81 1 g
July.... 8 |l 1
August [ 7 1 3
September. . 7 1 3
Qctober..... 7 1 3
November 7 1 3
Decemnber. .......... 7 1 " §
Miscellaneous expenses, total. $3, 595, €70 $55, 383 $657, 495
Rent of works.... $64, 10 $1, 870 $5, 560
TRXOS .. eennns $79,121 $2, 202 $15, 22%
Rent of offices, interes $3, 307,165 $51, 311 $635, 2L
! Contract work A I O 81, 5(%8
Materials used, total cost. $13, 520, 491 $109, 424 $301,820 $2,132, 65§
{;roduats, total value. ............ $23, 561, 699 $148, 406 $514, 670 $3,840, 7:
ower:
Number of establishments reporting. .. ... e et eaaa 107 1 6 7%2
B ) e T o Te ) P 4,030 5 170
Owned—
Engines—
Steam— 10
NUIMIDOT . . et i e it e e iteae i i eaanaeaeaaan 441
B8 o3 T3 10N
Gas and gasoline— 5
AN ¢4 W U 73
B8 008 T 5 Yo UL RPN
Water wheels—
L 00T o | LR CETE TR LR L
Horsepower. .o oiuaiiaenan | Lt CUEEEE LR L
Water motors—
L5405 e S £ B SRR R TR} CEE TR R R by
3o T ek POV AR RIS S X | | O B R Dbt EEEELEE R dehis
Electrie motors— 10
e 82T U S &
B 0T 4 TEy S 1S USRS
Rented—
Electric motors—
Number
Horsepower........
__ Other kind, horsepower.._............
Furnished to other establishments, horsepow

1 Includes establishments distributed as follows: Louisiana, 1; Maryland, 2; Minnesota, 1; Rhode Islang, 1; Virginia, 1; Wisconsin, 1.
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$01,010
$372
$2,700
$87,938
8301, 631
8522, 475

30523—Bull. 92—08——8

$90,369 y 24
34 6, 025
82,194 1,147
887,785 $90,219
"""" 300,703 4215, 554
$500,645 $413,884
2 5
100 122
6 3
100 110

$498, 380 523,948

$350 $3, 447

$5, 424 $1,028

$422, 606 $10, 473
""" $1,580,794"|TT$148) 864 31,762,207
83,134,258 $255, 412 $3, 455, 404
2 2 12
230 55 625
2 4 11
230 35 @ 542
................ 1 1
................ 20 6
................................ 9
................................ 60

Indiana. Kcntucky Massachusetts. Mlchxgnn. Missouri. New Jersey.
3 10 ) “F N 10 B ygé—

$40a, 5‘)1 $201, 887 $232,320 $2,0061, 445 $209, 502 $3, 415, 805

30, 167 3(»,.)04 33,800 &38 380 $17,000 $247, 672

$191, 325 $30, 908 827,007 $2 "37, 835 $11, 000 $535, 507

$36, 003 315, 762 $19, 486 $112, 185 $23, 041 $337, 428

$235, 106 51% 713 181,03'; 31,613,043 $158, 461 $2, 205, 108
s p: 8 4
. 39 2 33 102 10 323
853,213 $16,774 $48, 536 $78, 203 $19, 192 $490, 258

14 1 12 11 5 26

$19, 800 82,400 $30,000 $26, 160 $14, 000 $99, 600

25 22 21 91 5 297

833, 413 $14,474 $18, 536 $52, 043 $5, 102 $390, 658

I 16 18 " 50 4 242

$33, 049 $11,774 817,172 $37,951 $4, 812 $365, 300

1 6 3 41 1 55

3364 $2, 600 81,304 314, 092 $380 $25, 349

.62 59 52 162 44 308

3‘5 | 52 b 41 139 32 286

. 43 55 48 151 37 248

$24, 198 ; $28, 0{2 $25, 703 $80, 967 $22,919 $187, 721

43 | 55 47 136 32 288

§24, 108 i $28,032 $25, 403 877,379 $21, 839 $186, 135
................ 1 15 5
................................ $300 $3, 588 $1,080 $1, 580

o X . | . All other
New York. Ohio. Pennsylvania. states.t
39 26 24 7
$5, 154, 246 $1,800, 547 $1,902,714 $131, 067
S.ih‘) 442 $97, ~.41(:8 $200,942 $8, 500
$301, 381 . $2"1 5506 $164,085 $21, 350
3390, 133 3148, 146 $212, 638 $12, 862
$3, 803, 200 $1,342,477 $1, 385,049 389, 245
31 16 23 5
20 135 101 13
$504, 453 $210, 699 $171, 606 $13, 264
42 37 15 9
$177, 146 $124,940 $54,332 $8, 000
256 98 86 8
8327, 307 $85, 759 $117,304 85,204
108 65 (8] 6
$207,058 $73,821 $107,004 $4, 484
58 33 17 2
$30,249 $11,938 $10, 27 $780
581 189 181 32
495 160 175 21
539 170 174 24
8368, 407 $106, 336 $120,739 $15, 864
507 156 174 22
$340,024 $102, 626 $129,739 $15,274
28 14 2
38,675 $3,710 |.. $590
4
B2 O PP
509 155 176 24
512 158 176 21
516 156 176 21
517 156 176 24
527 167 176 25
511 159 176 22
499 161 175 18
483 154 171 19
501 154 171 22
509 156 171 23
508 156 171 23
492 151 173 22
20 11 4
28 4
30 3
32 2
27 1
34 1
20 1
25
24
24
25
29
b
5
5
b
5
4
4
3
3
3
3
so7,815 | $213, 083 ""$30, 666"
§24,183 $4, 165 31,088
$15,720 $12,328 $
$037,001 $104, 789 $20,023
$1,000 800 | 0 BB2,18 .i.ii..alllls
$3,649,501 $1,154,106 31, 4()5 &)‘) $148,207
56 399 574 $1 928 714 ,208,148 8239 266
23 13 14 3
839 213 768 64
17 6 18 2
672 140 716 45
3 1 S P,
31 30 A2 e
................ T Y
................ O R .
I8 e Ll
3 10 o

S NCORWNM

3
74

75
76

7
78

79
80

81
82




114

= i
United States. | Maine. ‘ Massachusetts. |
H -
i
1 | Number of establishments s 3 jul
2 | Capital, tota. ) .. $14, 904, 150 £20, 422 5078,121 |
3 | S x $1, 364, 545 $500 $160.300 |
4 Buildings. L. ., 1,503,818 .00 bl
5 Machinery, tools, and implements .. , 565, 327 L aoras |
6 Cash and sundries... ... PO e $8, 120, 460 §14,822 509,978 |
7 | Proprietors and firm MeIDers. c ... ..o . e ieeiieiaeeeaae e e o mneen s eaen e nas 82 5 T
Salaried officials, clerks, ete.: i o4 i
8 TROEAL TIITIDET - - -+« < een ot e e e e e e et e et et et e e e e e e en e e e e ama e e n e oen 361 1) e
9 T O S S0, 700 $300 20,062
Officers of corporations— |
10 F e RPN (15 IOUURUR | 3 0
11 Salaries. ... 11l T SLO1,887 {11 : 88,000 |
General superintendents, managers, clerks, ete. l o |
12 e 0 A E 3 205 1 y “1, i
13 TOBAL SALATICS « < oo e vt e et e e e et aeaaaaaan PO, $416, 903 $300 $21,052 |
4 Meni\]— b ) )74 I 18 I
1 L C T3 O PR W i
15 Sadaries.... ...l SR $404,641 [l ’ §19,760 |
: Women— | ‘
16 BN TS N PP ; 24 1 3
17 Sadaries. .. 1Ll Ll i $12, 262 s300 0 SLA2
Wage-earners, ineluding pieceworkers, and total wages: ﬁ T o
18 Greatest number employed at any one time during the year . 3,018 | i 28 |
19 Least number employed at any one time during the year........... . 2,178 I 13 ]
20 AVerage MUIMDer . ... .l i : 2,707 9 o 30
21 Total wages $1,264, 492 $3,615 | $84,31L |
Men 16 years and over— ! !
22 R Y et 1S 2,478 |, 0 e
23 . Wages : $1, 250,046 | $3, 021 §84,103
Women 16 years and over— | i
24 Average number a5 1 E 3 DR !
25 Y2 S SO $6, 966 ll $504 |ennmne |
Children under 16 years— i |
26 AVOrage THIMDOT .« ¢ttt ettt et et e e et n e e e e e e e anenan s 4l ook |
27 WALES . e enmaraneennnn. $530 e eneieians $208 |
Average number of wage-enrners, including pieceworkers, employed during each month: |
Men 16 years and over— i o
28 B 2 S 2,500 5 121
29 Februaly.o.ocoveinennannn. 2,709 7 166
30 March... .ol | 10 167
31 April.. ..l
32 My o i
33 JUNe. i
34 Ty e et e aaaaaa
35 ANGUSE . o e i et
36 September.. .. ... f i e
37 {61 7¢) 7<) I
38 Novemnber........oooooiii
39 BT 40T AR
Women 16 years and over—
40 B3 0 IS
41 e ATy e ce i cee e
42 March
43
44
45
46 N
47 August. ..o
48 September. .. e R
49 October... .
50 November. .. .
51 T L T
Children under 10 years—
52
53
54
55
56
57
58
59
60
61
62 November.
63 X December.........
64 | Miscellaneous expenses, total.
5 Rent of works........
66 TaXeS. o iveiiannnn .
07 Rent of offices, interest, ins
68 LTy a8 Y o <P
69 | Materials used, total cost.
70 | Products, BOBAL VANIC - - o oo oo oo
Power: .
71 Number of establishments reporting........................ e e e e e e e eans 79l iaeaenns 13
72 Total hoTSePOWEr -« o vvaeeecneeeannens i on D 18,310 llo o imeeieananas 1,205
Owned—
Engines—
Steam—
73 NUIDOE -+« ee e eemenescee e eaeenees S 102 1. 2
74 FOXSepPOWer . - ... ... 17,348 || 0TI TIIUN 1,170
Gas and gasoline-— .
75 N 5T R 1 e il
76 HOTBRDOWET . - . ceee i ittt e et aata e aan et e e i e aeee e e ey L3 P B R EE kb
Water wheels—
77 NUIIDET « « e e e et e e e e e e e e e e e e e e e s [ T A
8 B0 2T oo RS U *
Electric motors—
79 NUIIDOT - o o et et e e e e e et
80 HOTSEPOWET < o e ceeee e e
81 0275155 o oo R TS O 103 T2 oo RS A
[ Rented—
Electric motors—
- 82 Number...... e e eaas P g
Horsepower. .. ..c.ooveiniainii ... /
84 Other Kind, ROTSEPOWET . - - c. vt et e ee e eeae e e e cammammae e e aaaamteaaaan .

1 Includes establishments distributed as follows: California, 2; Connecticut, 2; florida, 92; Illinois, 2; Kentucky, 1; Michigan, 1; South Carolina, 15 Wisconsin, 1.
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" DETAILED SUMMARY,

BY STATES: 1905.

st Virginia. | All other states.

New Jersey. New York. North Carolina.  Pennsylvania. ; Rhode Island. Tennessce, Virginia.

$1, 599 zle?' $3, 547, 043 $1, 308, ;1(7.' 3, i; 7 ; % : i | 3
, 549, 846 3, 547, 043 308, 3 3, 031, 80 §182, 677 $1, 113,241 $1,407, 700 205, 668 §1,418,607 | 2
$179, 344 $453, 008 8215, 565 $182, 250 $1, 100 *$47 505 ' $74, 500 000 ‘831,504 | 3
§183, 418 8357, 847 $202,810 $183, 018 §19, 878 $200, 602 $2682, 306 815, 050 $197,709 | 4
$285, 801 $778) 576 $385, 021 $374, 28 $43, 360 $420, 406 $417, 603 $158, 027 082,002 | 5
8051, 283 $1,957, 627 304, 421 $2,201, 387 $118,33) $369, 668 $033, 282 $112; 721 $006, 432 | 6
o 4 3 16 5 8 o 5 47
95 a3 17 26 12 19 27 9 38| 8
$102,030 $147, 688 $31,583 $40, 826 21,183 21,360 $45, 055 98, 266 71,197 | 9
K 12 7 3 3 y 9 5 8| 10
$30,150 $44, 537 $22,749 $10,000 2,000 £, 100 $20, 840 $6,152 $30,350 | 11
86 81 10 23 9 15 18 4 30 |12
$152,80 $103, 15 $9,084 $30, 826 $19, 183 813,200 $24,200 2,114 $40,847 | 13
oo 7t 10 21 8 14 17 4 23 | 14
147,680 §101, 065 $9,054 $30, 410 $18, 455 $12,900 $23, 706 $2,114 $39, 467 | 15
8 R (PP 2 1 1 2116
$5,200 $2,080 |10 $416 $728 360 81,380 | 17
20| 603 a9 254 7 334 404 | 18
212 376 329 151 4 243 327 | 19
250 519 435 03 70 250 4 52 306 | 20
138, 32 $316, 478 $132, 85 $105, 264 $41,107 $102, 352 $136, 535 $28, 201 $174,701 | 21
235 513 435 201 70 250 423 82 308 | 22
$133, K32 $915,170 $132, 553 $105,004 $41, 167 $102 G2 $136, 423 $28, 204 $174, 427 | 23
15 U : 124
$4,500 $1,508 $364 | 25
................................... Lo ] 2
...................................................... 27
297 305 | 28
227 380 | 20
253 376 | 30
246 1 208 380 93 355 | 31
2% 527 184 W 271 451 04 358 | a2
240 487 194 il 21 47 T 34 | 33
233 444 184 il 294 512 74 341 | 34
244 197 187 0 200 514 74 342 | 35
24 434 203 0 302 440 81 368 | 36
230 431 193 i 200 415 88 119 | 37
21 402 214 74 284 370 80 128138
22 387 it 7 202 a2 5 125 | 39

15 (]

13 6

15 6

15 G

15 6

15 6

15 6

15 t

15 6

15 G

15 t

15| G

2
20 B
2 ok
5 .
o i
o 2
R IO RS 2
R 9
2 2
2 ]
R 2 1
................. o 2 - - 1
$167,443 863, 478 $65,675 $45,047 $70,138
$5, 180 60 $200 $720 83,624 [ooeeinninn e $020
87,886 15,052 $3,040 $3,034 $306 §6,041 $5, 604
$154, 377 $217,874 s;al»,o-iag 61,021 41,107 §76, 417 $63, 554
..... s 2 cwenmaunsnnsrsenua|usanrrrrasneruanen|rnnernnnnceencases]naneanrennnnennnne
$1,490, 867 $1,651,653 $418, 243 620,400 397,918 $362,959 $302,755 $110,280 $804,773'| 60
$2,176,253 $2,705,580 $6530, 628 $006, 364 $515,006 $720,255 736,622 $249, 465 81,150,627 | 70
13 7 5 5 6 5 11 5 9| mn
1,023 2,431 2,160 2,731 204 2,541 4,400 | 415 1,000 | 72
13
17 o7 i5 14 3 15 £ $ 18|73
987 2,287 2,000 2,420 280 2,306 4,365 25 o78 | 74
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Tasre 151.—SULPHURIC, NITRIC, AND MIXED ACIDS—DETAILED SUMMARY, BY STATES: 1905.

Unlted States.| California. ’ New York. ngﬁi“h a “‘;%;&ff
Number of establishments .. .. ... i 32 4 7 5 R
Capital, total S $12,761,920 $1,524,764 | $3,600,375 $899, 589 $6,671, 1%
Land...... . $1,431,440 | $105, 045 $321, 153 $124, 562 8880, tis
Buildings . $2,808,457 | $131,200 $513,327 3165, 508 $1,098, 42
Machinery, tools, and implements . $4,960, 647 $601, 956 $1,800, 552 $406, 431 $2,151, Tiw
Cash and sundries......... ..ot R $3, 561,376 $686, 503 $1,031,343 $203, 088 §1,640,38-
Proprietors and firm MEeMDEIS . . oo ettt et et e am e e e et e aa e e e eanaeann 22N | N SRS PP 2
Salaried officials, clerks, cte.: |
I e s N 308 | 21 [ 38 180
Total 8AlATIeS. . ..o e P $556, 106 | $43, 670 8159, 437 $57, 431 $205, 56
Officers of corporations— | ! .
umber 37 | 3 6! 13 15
Salaries. ... oo i $TL, 775 | $12, 000 $16,080 $14, 760 828, 435
General superintendents, managers, clerks, ! N
Total NUMbBOT. - oveviiie i 271 | 18 63 25 168
TOti}.’ FRT B N emeaaeen $484, 331 $31, 0670 $143,357 $42, 671 $260, 18F
en-—— '
S T 261 K 14 62 24 16
L o T Y $479, 232 i $20, 220 $142, 421 842,191 82065, (k5
Women— i
Number 10 || 4 1 1 4
Salaries $5,009 | $2, 450 $936 | $480 $1,23
Wage-earners, including pieceworkers, and total wages: { ~
Greatest number employed at any one time during theyear............ ... ..o .. 3,023 || 303 834 219 1,667
Least number employed at any one time during the year 1,888 | 172 070 130 0e
AVerage IUMbDOT. L ... it i e 2,447 | 237 726 | 55 1,324
B $1, 505, 406 | $158, 002 $430, 819 | 384,670 | $825, 825
Men 16 years and over— |
AVETAge MUMBOT. . oot 2,443 | 237 723 154 1,320
WaEeS e $1,504,350 | $158,002 $435, 044 $84, 408 $825, 825
Women 16 years and over— ) !
AVerage MUINDOT. L. o ettt | N 1 ‘
2= $280 f... ... §250
Children under 16 years— |
AVOrage DUIIDOT . o o o v ettt e et et ne e e ee m e et e e N P 2.
WABES ..« oeeeeaieneenceiaens N a7 || 8625 ¢ $I72 Liiiionanns
Average number of wage-earners employed during cach month: \ i
Men 16 years and over— | i
e 2,296 || 265 573 146 1,312
FebIuary . cooeeenenn, 2,390 | 261 580 | 145 , 404
arch 2,636 |i 255 704 | 154 1,433
Apri 2,510 l 253 775 | 157 1,825
May 2,429 || 214 0 | 176 1,308
L P 2,425 | 195 754 158 1Las
JULY .« o et e et 2,236 218 743 143 , 182
August. .. 2,399 241 726 159 1,29
September 2,451 253 741 163 , 204
October. y [y :
Novemb o
DOCOIMIDOT . <ot it m e eemee e
Women 16 yea
January
Februar
March
April
ay
June
July..
Augu
g
October
Novemb
December..........

Children under

Deocember........ 3
Miscellaneous expenses, t $201, 566
Rent of works....... 810,000
$15, 697 . $6,619
1l othe o $175, 869 $28, 426
, 84,972,838 $596,460 | $1,302,079 $205, 702
;gsvdel;qts’ total value. ... 39,052,646 $015,473 $2,711, 692 8560, 594
Number of establishments reporting 31 4 7 4 16
Total horsepPOWeT .« aveunnneneenn.. 5,241 616 1,240 1,081 2,354
Owned— .
Engines-~ ‘
Steai?—- b &
umber. . .. 143 [ 34 16 it
Horsepower 3,645 276 835 180 2,354
Gas and gasolin
Humber. .- 7 1 P, 4
[ T5) Lo 161 1260t 36
Water wheels— » ¢
' B Y D | SR S SO e
a3 g T3 o e | R NS,
Water motors— |
L0 T I O U IR TR
e oo o R | AR RS IR
Electric motors—
80 D 13
OthHorsepowir . 125 1 el 125
er power, hor: S 895 15 690
Rented— 190
Electric motors—
32 18 | £ IS
415 200 | 215 L .-

! Includes establishments distributed as follows: Alabama, 2; Colorado, 1;
Tsland, 1; Virginia, 1

; Connecticut, 2; Indiana, 1; Kansas, 1; Maryland, 2; New Jersey, 4! Ohio, 1; Rhode



117

TaBLe 152.—~WOOD DISTILLATION—DETAILED SUMMARY, BY STATES: 1905.

Buildings. .. cooven e
Machinery, tools, and implements._.......... ..
Cash and sundries.... ... it
Proprietors and firm members
Salaried oflicials, clerks, ete.:
TOtal NUIMDOT .ot et et e anaaas
TOtAl SRIATICS . o oo e et et ettt re et e eas
Oflicers of corporations—
N 13 Y
[T T o 1
General superintendents, managers, clerks, ete.—-
Total number.......o i
Total salaries. ... i i P
Men--
NUmbDer. ooy -
Salaries.....ooo s
Women-—-- -
NUIDer . e e
Salaries . oo
Wage-earners, including pieceworkers, and total wages:
Greatest number employed at any one time during the year. .
Least number employed at any one time during the year. ...
Average number. ... et e
Total wages............
Men 16 years and over—
Average number.........
WRZeS. . ..iiinninns
Average number of wage-earners, includi
pl(ﬁ!od during each month:
en 16 years and over -
January.......
February
March...

August......
September.. .....oiiie
Oetohere e et iiiien i
November.
December.....oaiua.... PP
Miscellaneousexpenses, total........
Rent of works.......o.ooiuan.es .
XS e v e e mee it e anie v e rmn e ae e an e
Rent of offices, interest, insurance, and all other sundry ex-
penses not hitherto included
Contract work..o.oeeurniainannn .
Materials used, total cost.....oo.oovn. .
Products, total value.....ooiiivivaniiiii i
Powar:
Number of establishments reporting........................
Total horsepower...... e eemeen et an ey
Owned-~
Engines-—
Steatn -~
NUIMDOT. .o iiiii i eeraieeans ..
HOTSePOWOT. & cve i ieieiacacanavanns
Gas and gasoline-
Number.....
Horsepower
Water wheelg-—
Number.....oooevvnvinannn e
313 30 ¢1e R R s
Water motors--
NUIDOT .« et ees
o HOrSePOWe ettt
Electric motors-
Number.....
HOT8ePOWEOT e« ciet i ve i rarannaaeans
(Other power, NOrSePOWEr . cuue et verinerenarannasd .
Rented—
Electric motors— .
NUIMDOT oo en i ir e rraaaa e
HOTSePOWET e nvet e e vieiae i cnans
Other kind, horsepower. ......ovviiivieinaiianiiens

United Mo - = North | Pennsyl- | South |All other
States. Florida. | Georgin. | Michigan. | New York.| qyroiing |~ vania. | Garolina. states.t

141 4 9 0 32 7 © 63 5 12

$10, 500,970 (| $114,080 | $269,902 | $1,333,999 | $3,199,350 | $130,845 | 85,000,357 | $44,310 | $306,127

3761, 402 $0,250 | $12,000 $16, 345 $217,406 | 8§12, 855 $476, 425 $750 $16, 371

$1,311,702 || $11,500 | $23,100 $173,000 $414,657 | $18,900 $607, 866 $5,700 256,979

$4, 394, 964 $85,000 | $188, 847 $838, 714 $880,035 | $93,475 | $2,073,306 | $26,950 | $109, 577

$4,038,911 $8,330 | $45,955 $305,040 | $1,678,261 | $14,015 | $1,851,700 | $10,910 | $123,200

82 2 4 19 6 42 4

30 8 15 32 s 06 8 135 5 32

$297, 528 $9,800 | $12, 472 $32, 360 $03,040 $5, 840 $110, 661 $2;012 $30,437

77 3 6 7 9 1 43 2 6

$114, 404 $6, 500 §06, 000 $7, 980 $40, 008 $2, 000 $43, 261 $1,200 $6, 555

204 5 9 p 57 7 02 3 26

$183,034 || $3,300 | 96,472 |  $24,380 | 852,048 | $3,80 | $07,400 | $1,712| $23,882

212 5 9 24 52 6 90 3 23

$177, 758 83,300 306, 472 $24, 200 $49, 323 $3, 340 66, 025 $1,712 $22, 486

12 {leneenmeafovmaenanen )" 5 1 3 PO 3

B5,270 [leerneneneaocnarinnnn $180 $2,725 $500 4T oLl $1,306

2,835 48 88 339 542 67 1,551 40 160
2,134 & 63 274 404 47 1,17 20 81

2,272 34 54 201 480 51 1,240 21 .83

$1, 060, 786 $13,797 | $16, 653 $156, 125 $218,031 | $16, 400 $507, 743 $4,202 $43, 746

2,272 34 54 201 480 51 1, 2490 21 83

$1,006,7%6 || $13,797 | $16, 653 $156, 125 $218,031 | 10, 460 $597, 143 24,222 $43, 746

2,300 20 207 512 53 1, 387 18 74

2,374 20 50 281 525 54 1, 350 20 74

2,381 20 46 330 517 50 1,323 20 75

2,342 36 51 307 403 48 1, 305 21 81

2, 250 36 40 303 478 48 1,243 26 82

2,104 34 42 204 454 48 1,176 35 82
2,052 34 37 204 440 50 1,100 14 2

2,083 34 44 314 449 50 1,100 14 74

2,182 44 5 274 476 51 1,170 17 75

2, 286 44 Té 254 500 I 1,233 97 102

2.302 43 6H 20 521 56 1,208 2 111

2348 67 201 503 5 17995 14 a3

$631, 437 $7,554 | $10,960 $85, 547 $233, 347 $6, 630 $229, 079 32,176 $56,144

$3, 850 §120 860 | .eunnn.. . $300|.......... 31,75 $200 | 81,421

$47,010 $368 $513 $11,219 $14, 827 $800 $16,970 $211 82,012
$558, 598 $7,066 | $10,387 $52, 828 $218, 220 $5,740 $200, 881 $1,7065 $52,711
$21,070 |lo, v i $21,800 |oivnieiieeifancaneaan $470 1. ool n

$4,847,770- || $31,127 | $35,857 $350, 854 | $2,470,041 | $26,764 | 81,708, 506 6,800 | $207,913

$7,813,483 $85,240 | $80,674 $738,264 | §3,357,087 | $74,531 | $3,002,687 | $14,418 | $370,502

112 4 9 7 31 3 47 5 6

4,034 135 460 366 706 126 2,811 162 369

154 4 12 15 36 5 67 8 7

3,744 135 460 354 578 }25 1,561 162 369

570 | PO IO, DU SR PO P, 120 R P,

P TR PSPPI PRI FP RN PR b Y A R D,

115 701 AR DIRPPRS F ) 20 ISR 2t 2 TN R

b ¥ RS RN O S nen W6 |veineian 04 |..... [ .

1Includes establishments distributed as follows: Alabama, 1; Connmecticut, 1; Kentucky, 1; Louism\nu, 2

Vermont, 2; Washington, 1.

Massuchusetts, 2; Minnesota, 1; Mississippl, 1;
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Tapre 1538.—0IL, ESSENTIAL—DETAILED SUMMARY, BY STATES: 1905.
1
United Connecti- : s o _ | Pennsyl- | o All other
. i Stotes. prevy Indiana. | Michigan. | New Yorl-..i iy | Virginia. | “igeqy
Number of establbhmenta ......................................... 52 | 9 6 5 9] 4 6
Capital, total. .. . 8723,004 || $244,787 214,625 $173,725 $41,452 $13,080 | $5,336 $229,999
Land.......... 874,035 331 050 621 $2,325 84,525 2200 $110 835,200
Buildings. o cooeceenicianas $140,755 $38,300 81,425 $12,600 $9, 900 $2,800 $330 $76,300
Mschinery, tools, and 1mplomontq $157,014 859,500 $2,575 ,400 $21,284 $5,975 $2,100 $57,180
Cash and sundne.s ......... $351,200 $115,937 $10,000 $150,400 $6,643 24,105 5‘, 796 $§61,319
Proprietors and firm member: 68 10 18 5 | 7 4
Salaried officials, clerks, ete. | ' _
Total number... . 37 | 5 4 ¢ 15
Total salaries. ... o o $40,002 | 8,600 $3,832 816,946
Officers of corporations— - ]
NUIDOT. . et e it e e e e raecmmane e enanan 7 3 4
S&]Bl‘leﬂ ............................ $9,650 | 83,000 86, 650
General supermtendcnts, managers, clerks ?
Total number 30 | 5 s 1 2 e 11
Total SAlaries . oLt et iaaeaeaaeamaaanaae $30,352 | 28,600 | 8832 I N ! £10,206
Men— 1 | |
J R S 24 | 9 i 4 1 b2 j 8
Salaries i $26,756 | 88,024 |_ ... . ... | 22,000 [Ra2 $H0 Ll 20,000
‘Women— ' i
BP0 30T TS [ 2 | | L S PPN PR 3
Salaries_ ... ... $3,596 81,700 |21 0TI ! $600 (Lol 81,206
Wage—ofl,rnom including pieceworkers, and total wages: i 1
Greatest number employed at any one time duaring the year.. 272 | 0 37 39 25 14 13 T
Least number employed ut any one time during the yeur i 190 | 45 24 31 13 12| 9 a6
Average number. oo oo | 132 | 33 2| 13 16 5| 41 58
B L Y. J $60,71L $16,336 $1,369 ‘ $8,000 87,415 $2,000 | 071 | £33, 560
Men 16 years and over— | |
AVETAZe UMD - . o oo eiei e e e ee e ann s 127 | 33 3 | 13 15 5 i 4 54
Y L Z08 e o e e e aeem e enim e e m e aae e ea e e aae e e aen $68,370 | 216,396 21,360 | 38,000 $7,103 $2,000 | $071 §42,331
Wowmen 16 years and over— ! ! |
Average number 5. 1l 4
Wages....... . $1,341 312 §1,029
Average number of wag cluding
ployed during each manth:
Men 16 years and over— -
JANUATY. cv e aennns e e ataeaeeeeeeeaeanaaaanan 158 63 4 18 R
Februalye.eeeeenn.- 154 61 6 17 38
March.o..ooooioo.. 158 60 7 18 58
Aprile. ool 130 27 1 20 58
MEY. e eiacneaaans 105 12 9 19 57
June.. .. 87 i Q 18 46
Julyo oo S8 4 17 13 51
August. o.oiiciaia. 136 4 39 13 5L
September. ............ 12 4 39 13 48
Qctober.. . 120 46 6 12 47
November 132 51 5 9 58
December.......... 144 58 4 10 58
Women 16 years and ovoer—
January. 10 N D RO 8
L R e o R RS U | RSSO SRR AR S AR SRR i &
Karg‘ih. PP IS U1 | O R AR S 3 AR SRR ! g
o L 1 e e
Mﬁy. U I I § U | B NI IOON RN I N RO 9
0 T - 3| O E S S E 5 A RO 6
L | PPN PR DR PP SN (R OSSP I
=V P DU RO S AU R NP AP
September..
October.
Novembe
December.
Miscellaneous expens ,886 , 08 ,531 $22,712
Rent of works......... $1,442 1| 8135 | ... 3750 $64 1
$3,897 $545 $238 835 §2,404
Rent of offices, interest, insurance, and all other sundry
Xpensea NOt NItherto INCIded. .. ..« < eunieeeneaaennaeanes $73,547 $40,035 $1,732 §1,474 $9,100 $1,432 $37 $19,737
Materials used, total cost $1,110,470 $195,471 $12 962 $166,188 8453, 747 $11,874 $3,023 8266,305
l;roducts, total value......... ...l lLllllILIIIIIIIIIIIIIIIII 31, 464 662 $289, 883 $25, 470 3240 215 8502,014 $22,421 $0, 850 $374,803
ower:
Number of establishments 1eporting. . .v.cvenieeenaeeoaeaaa.s 34 9 7 2 2 5 4 5
Total DOTSEPOWET ..\ttt ieae i aneeaaes 849 430 130 1L 5 46 53 120
Owned—
Engines—
Steam— -
NUIDCT« «« et et e aaaaeenens 36 14 | 7 2 1 5 4 3
L OTSEPOWET . « - -t e e ieeareacemaacaeeemmaean 709 360 130 11 12 46 53 o7
Gas and gasoline——
9 DO -« e v e e e e e e e e s I | P I RO ) P AU | 1
HOrsepower. . .m e . 28 e 53 PO 3
‘Water wheels— |
L5507 R N - s B
B B R U (i I N N RO AN IR SRR
Rented— H
Electric motors— i
NUIIDEL . et et e e aae e ee e aaee e aens 1! 1
Horsepow! 20 20
Other kind, horsepower. .. ... oioiaiiiiiaaat 12 I,
- _ -

1 Includes esmblwhnwms distributed as follows: California, 1; Maseachusetts 1; New Hampshire, 1; New Jersey, 1, Wisconsin, 2.
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54.—BONE, IVORY, AND LAMP BLACK—DETAILED SUMMARY, UNITED STATES: 1905.

United United
States. States.

Number of establishments. ... . e 25 || Wage-carners, including pieceworkers, and ’rotul wug,esw(‘om'd

Capital, total $1, 603, 143 Average number. ..o o 200
Land.. $L79, 589 2 7L Y $105,150
Bmldm s $568, 864 en 16 years and over—

Muclunur\ tools, and kmplements. ... o B474, 154 Average number. ..o e aaan 102
Cash and CUNATIOS .« e voseeee e $450, 536 B Y L P $103, 690

Proprietors and firm muml»ur. 11 Women 16 years and over--

Saluried officinls, clorks, vte AVerage DUMbDOT .o i n e 7
Total number A7 WaREeS. oo naen s $1, 360
Total salarios . oo e $48, 460 Children under 16 yo

Oflicers of corporations-— Average numboer

NUIDO T e e et e e e 22 Wages........ $100
[0 7 o (R $22,102 || Miscellancous v\pumos, total. $60, 454
va-ml qnpormtumlvutq managers, clerks, ¢ Rent of work $6, 200
Total number. ... 25 | Taxes......... §5, 866

Total salaries. oo e 820,388 |/ Rent of oflices, interest, insurance, and all other sundry expenses
Men . | not hitherto ineluded 857,208
Number. .o e 21 || Materials used, total cost. .o e szo; 396
. Ralaries. . $24, 840 Com ponvntu of produm ............... $134,162
Women— B e e $13. 756
Number 4 Mill supplies. . $2, 840
Salaries. oo §1, 548 All othor mate $51,215

Wage-earners, including picceworkers, and otal Freight. .. ... $1,424
(ireatest mnnlwrumplmod atany om-txmmlurlngthuvour ..... 235 }’rodu(,tﬂ, total vedue . Lo 8647, 717
Least number umplu)vd at any one time during the yesr....... 181

TapLe [55.~CHEMICALS—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905,
United ‘ United
Ntates. | Stutes.
! - - s e+ | et e 7 s e
Materials used, totalcost. .o s $42, 062, 611 { Matorials used--Continuod. :
Bauxite -~ ! Potash Salts, Cost. oo i i e $040, 612
0 46, 383 Sodium -~
$370, 1ti¢ Pounds. ...ooiii . 34,5228
755, 200 Tallow and fats, cost $231, 026
$036, 074 Wood ashos-— J
BUshels. oo vt e e i 193, ()00
9, 300 LT o 3"! 125
$61,003 All other components of produets, cost . $19, 763, 601
T $3, 900, 719
136, 360 Rentof powerand heat...ooooiiiiin e i iiaiannn $( a1, 870
BT78, 200 ML SUPPHES. 1o ini i i erre e s ainin e nanan 86281 420
All other materialS, «oooon i i $3, 206, 146
28, 482 Frelght. oo e s 8548 335
8501, 700 75,292, 249
cid s
Hulphu rie- 87, 583, 059
TONS .« ittt e et e e .. 104, 48 Tartaric
L PR P $045, 486 POUNAS. ¢ e ciareaer e cinananaras A 2, 684, 000
Nitrie-- Valuo. oo veiiiiiiie e $650, 250
Pounds.......o..ovvien e e e en et em 6, 136, 867 Acetie~
L D 8320, 818 POUNAE. ¢ ettt iaree e cianaan s e 27,001, 322
Mixed- - L $537, 542
POUNAS . o ettt it it r et v s 3, 467,720 L33 ST TR L $6, 365, 237
[ O R $156, 605 Hodas, Lol VALLEG - ¢ v e v vt nicee i ene i 16, 858, 920
Acetate of lime-- Boda, ash—
L (T PO PPN 12,310 L5 ¢ T N : 518, 789
Cost...... . $364, 847 S O I 88,202,202
B T L $2, 013,400 Sal soda— '[
Ammonig-- 1‘(ms...,... 56, 870
Agua-— :57&)2 248
POUNAS . e et ne e 25,251, 853
OB et et e e e 832, 076 68, 867
Sulphite- - $1, 135, 610
POUNAS . co i i e s ian e e v asammaannann 11, 351, 100
! L $356, 109 80,159
Aleohol- $2,924, 182
187, 889 20, 882
$449, 604 : $2, 122, 808
Other soda produets, value. oo iiiiin e $1, 681,789
601, 077 Potashoes -
Cost... . BI07, 223 POUNAS. e e eens e eineseneanenss senn e re e aaecnaenannn 5,113,708
Bones, cost $263, 204 1 $503, 489
Conl tar - Alums -
LT U1 160, 000 Pounds.... 169, 032, 501
08t ... $4.220 Value e | §2,126,612
(‘ommon salt Coal tar p {rc)dm‘m, al v . $844, 817
Tons. 183,241 Soal tar distillery productq va $340, 641
Cost. . $473,013 Chemicals made Trom coal tar d!sti ery products, value.... $504, 176
Cotton-- Cyanides, total value.........ooeneee N 81, 170 104
|G 100 T4 P e 97,000 Potassium cyanide—
L $10, 000 I’ounds .............. S PN 78, 684
Glycerin-- $17,438
Pounds. c. o i rr e . 21, 482, 084 Yellow prussmto of potash—- i
Cost $1, 933, 254 F01 R 0T T T ) 5,027, 264
Lead-— VAIG et e e e m e iaienn v e r et e ! $683,277
L T T . 514 Other cyanldes, VAL . . «..vueiie e vairienenaneeeasaanns | $478, 889
Cost $54, 2138 Bleaching materials, total value............ooooinee e ! $777,750
ime~— Hypochlorites-— |
Bushels 5, 642, 303 (L <V PO PP S ! 6,008
tost . $656, 316 VAIUC 4 e e eeaeae e saanaaceesearnannasnnanineennn $162, 671
Nitrate of potast Other bleaching agents, valle. .. coeerveinersaeaeannnn §615,079
Tons 673 Ylectro-chemical products, value. $5, K06, 632
Cost $53, 000 Plastics, total value............ $4, 755, T61
Nitrate of soda Pyroxylin plastics, value . b 82,887,003
Tons 17,615 All other produets in this group, value $1, 808, 668
Cost $751, 968 :
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Tasre 155.—CHEMICALS—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905—Continued.

United . | United
States. i States.
Products—Continued. Products—Continued. .
Compressed and liquefied gases, total value..............ocoo. 2,787, 689 Chericals not otherwise specified, total value.................. $16, 959, 48

Anhydrous ammonia, valle. . co.. it iieiamiiiiaiaaaeans $1,173,184 Glycerin— M

Carbon dioxide, value. .. ... . it i 81, 343, 966 PoUNAS. o e 18, 791,991

All other compressed and liquefied gases, value............ $,70 539 1 T 2,3 ,20~

Fine chemicals, total value. ... ... oo i $9,145, 853 Cream of tartar—

Alkaloids— Pounds. oo i e e 11, 553, 660
Qunees 4,949, 525 Valle . i e ean s $2,263, 872
Value....... $2,925, 789 Epsom salts— .

Gold salts— POUNAS . e n e e 15, 435, 831
OUIICOS .« - v et e ot ee e eeea e ae e am e emeaaeeennenaannnns 59, 969 Valte. ..o 8145, 801
Value. .. - $449, 864 Blue vitriol—

Siver salts— <] 8 2 T i 0,100
Qunces. . 1,743,882 2 I $2,500
Value..... $683, 761 Cop%‘ms—— . 1 .

Platinum salts— L e | 8,815,008
Ounces. . 19,068 Value $28, 061
Value.. . $175, 682 Phosphates of soda— l

Chloroform— POUNAS . ot e e | 12,018,815
POUNAS o et aaaas 616, 670 VAIIE . o e e i $243, 822
2 T $165, 604 Tin salts-—

Ether— Pounds...... e e 9, 573,719
o0 T R 660, 783 Value...... . 5‘404, 679
8 $334, 035 All other, value.. Jog11, 025,544

Acetone— Miscellaneous, ValIe. - ..o i s $5, 743,070
POUNAS. . oo r it i e aeteaeecarearanaa- 1,300,395 i Products consumed:

B LT Y §161,320 Acids—

Vanillin— Sulphurie, tons 95,768
POUNAS . . e e et et mer e cee e eae e eeneannnnas s 45,801 Nitric, pounds 4, 97(‘»,4\‘1
7 U $165,044 Ether, )ounds ...... 1, 86

Pyroxylin, pounds 2 ‘)’hx‘lbb

All other, value............ e et e aeerenneaaaae $4, 083, 854 All other products consumed, pounds | 3,135, 002,134

TABLn 156 ——~PAINTS-DI T ‘\ILDD SUMMARY MATERIALS AND PRODUCTS 1905
United United
w btutes States.
Materials usec, total cost...............o.o L $46,306, 183 || Products—Continued.
Limestone and cliffstone— | Lamp and other blacks—
OTIS ¢ st e e e meee e ee e et e a e e aaan e aeeans PO 183, 520 POUNUS. . oo s 757,244
COB e e et e ettt e et ate e aaae $24, 841 2 PN $49, 860
Gums— Barytes—
POUNAS. -1ttt tia e e aeaeaa e eaaaaaeanneeaacaaannnan 4,612, 360 POUNAS . <e ettt e e 22, 279,980
L $624, 463 VAU . <« e io ittt a et m et n e ea e $134, 074
Pig lead— , Fine colors— .
e Y T 128, 513 P OIS -t ettt it e ans 7,780,330
[ TP $11, 119, 402 : $1, 076,853
White lead, dry—
ounds ..................................................... 57, 5060, 584 47,822,913
........................................................ $2, 835,105 $327,094
White lea.d in oil— . Dry colors—
POUNAS. - e e e e e e e eaeas 326, 155 Pounds ................................................. 4, 308, 151
L0 $15,131 33 678,642
Zinc white— Pul%colors, sold moist—

L N 63, 352, (03 ounds. ........ 25,351,515

OB« v o e e e e ety e e e et e e ae e §2, 731, 765 Value. .. .... $015,3%3
All other igments— Paints, Total VAIUC . . oo n ettt e e ceeeeemiaa v eaean $39, 609, 306
500 L 288, 723, 657 White lead, in oil—
B U $4, 409, 836 Pounds... 216, 460, 087
Lime— alue §11,226,389
Bushels. . ..o e e 3,538 Paints in oil, in paste—
[ P $1,072 Pounds. ... ... 124,948, 405
Coal tar colors— Value. ....... $8,208,483
010 0T 645,499 Paints already mixed for use—
L0 $243,794 Gallons....... e et e e ae s 21, 822,755
Ofls— 2 L IS $20, 084, 024

Linseed— Varnishes and japans, total value. ...........oieeieeueeeennenns 82, 568,800
GallONS . i e it eva e, 16, 641,795 Oil and turpentine varnishes—
S $6, 222, 169 [ TN 2, 236, 024

Cottonseed— VAIUE . e e ot ee e e e e e e en e aaans $1,701,151
Ganons ................................................. 1,000 Alcohol varnishes—
LT $400 GAIOMS -+ et ce et e e et e e e e 85,675

All other-— VAIIE . it e e §134,221
Gallons. ...... e et earameeeemeeeaeenneanan 2,146, 960 Pyroxylin varnishes—

COBY - L ettt it et e e e aane e amaaaea. $478, 728 GRIOTIS - & ot eeeee e ot e e s 3,802

Aleohol (grain)— VAR« o vetmeeneeennan s e $4, 003
Gallon: ..................................................... 6,613 Liquid dryers, japans, and lacquers, value 8490, 411
08t . o e $15, 971 All other products in this group, value.... . $230, 014

A.lcohol (wood)— Fillers, 1Al VAIUG .« oeuuat e e e ceeeee e eeieaeeneaenanns $1, 847,311
Gallons ..................................................... 48, 708 Liquid—

Q08 - e e $46, 025 GAlOTIS - - - -t e e e 541, 146

All other solvents-— VBIUG . L L e et e aanens $415,915
Gallons ..................................................... 8,919, 837 Paste, dry and putty—

........................................................ $2, 631, 616 Pounds. . i iiiiiiiaeaa...| 05,982,807
Sulphuric acid— Y& Y . $1,431, 306
........................................................ 1,337 Water paints and kalsomme, total value.......c.ooiioinieaes 8934, 037

C t ........................................................ $28, 062 Dry or in paste—

All other components of products— POUNQS. -+ vnmemmneeiee e e et ee e e e 27,932, 447
010 T £ 232, 687, 321 A2 T R, $924, 807
Cost......... . 37,785, 634 Mixed for use—

Fuel.......ooo..een - $707, 680 GANONB. e ettt e e e e aas 123, 400

i}?lrllt of pﬁWer and heat. . $89, 026 alue 9, 230
supplies........... . $106, 527 All other products, value $10, 667, 970

All other materials . $5,953, 730 || Products cons’inmed ’ T
reight............ . $175,197 White lead, ATy, POUNAS. o ... nneemim et iee et e eeananans 122, 288, 484

Products, total value. . .| 867,277,910 Lead ox1des, pounds..... . 13, 589, 147

Pigments, total VAIte . - oo oms oo $11, 650, 396 Linseed oil, gallons.. 325, 145

White lead, dry— Va.mis‘nes ‘gallons ... .o.....LLllLITI 1, 099, 908

ounds 62, 305, 868 ng)apsms and dryers, gallons...................... 960, 679

Y LT S, $2, 877,109 Col odion and other cellulose nitrate solutions, gallons. .. 1, 570, 642

Oxides of lead— All other products consumed, POUDAS . « v evnnnnnneneneeannnnn 1,764,281
POUNAS. Lo cieeaaas 49,710, 330
2 15 T $2, 590,472
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TasLe 157.—FERTILIZERS—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.

United United
States. States.
Materials used, totalcost ... ... ... ... e $30, 343, 914 Mn.t((irials 1181‘%—-0(;11“1!11(!(1. d $2, 376,448
1— ) sottonseed and cottonseed meal, cost.. ...l
éhous:mds .................................................. 923, 305 Bones, tankage, and offal, cost ... . §§Z gg‘ll: égg
Ka.in;ati; ....................................................... $880, 142 All other components of products, cost. . 053, 400
Tons. ..oneoens 190, 493 B power wid Tent 1 §33,737
JOME. o om e 190, Rent of power and heat. $124,662
‘ost. $1,891, 073 Mill supplies. . ....o..... $3, 193,992
. All other materials..... 09, 244
20, 281 Freight........... $56, 632, 853
$10,731 || Products, total value.. $50, 506,204
l - FCrtilizeTs, TOLal VATUG. - 1o o es o os e oeo e ee oo
onﬁ ........................................................ hhﬁ, 5; 1 supurplmsplmt(w» °
$4,244, 554 ¥ rori} minerals, bones, ete.— 766, 338
Tons 7, 515,25
342, 962 Valuo 7,815,207
$2,020, 759 Amnl}mxmtod-— 775,987
o L TE 4 5
l‘mN ........................................................ 4,210 B SRR 813, 601,057
1 im((:(mt .......................................................... $02) 234 Completo— 1,329,149
O ' B o i e e rmaneme e e a e 25, 673, 5
) Buqthnl .................................... e g‘i,};}' " \(,Elii;\ $25, 673,511
.......................................................... 3, 475 All other— 396, 303
1’otx§ﬂhliml1~t - 0 $4, 416, 469
C”I . 122,107 Value....... $104,578
.., Cost... ; 83,606, 701 Sulphuric acid, !ntulvalun
Nitrate of potash - tite Baumé- 337
(l‘((:g; 3‘;})'}&: '\l‘n{ls .................................................... $9,251
30, (6 VIO, L e
Nitrate of sodu- H0e Baumé-- 23,007
T Lons. . 42,213 B OI8  e et ea e em et ee e e em e e e e a e $185,327
_ Cost.. $1,760, 432 0 i
Wood ashes- . ’ Otht\r acids - 45,689
I‘! L0 TE] V) 17,088 ’om ........................................................ $241, 500
¢ 0%.; DR R P PR DR R TR EPPEREEEPELPRLEED $2, 050 Value.
Sulphurie acid \ Epsom sal 1,712,698
(l g‘x&q ........................................................ s (1)371,1'382 {;mlmdq $13,716
, 084, 3 alue
Amd phmplmtu - Soda products 3,241
Tons. 320, 559 R £ $36,935
(,o-at,... ................................................ $2,012, 010 VAUt oot . $5, 630, 824
Ammoniates All other products, value. .
Tons. 125,888 || Producty consumoed: 602,904
Cost.. $2,445, 051 Sulphurie acid, Ton8. . oo e 884,211
Ammonium Hulphutu Acid )hoaphntv L T e 99,785
(l(mt. wzo, 5-%8 All other products, tons
T 0, 8¢
COmm(m sal !
2,406
$13,245
TasLe 158.-~EXPLOSIVES—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905,
United United
States. States.
aterlals used, total cost.. ...l Cerserirenevetanetaranas $17,203, 66 aterials used--Cotitinued. 1, 516, 859
Material 1, total cost 03, 667 || Material d-~Cotitinued. $1, 516,85
Wood-— All other components of products, cost. $509, 81
JOTAS . v ninnn e e va e e ar e anns 5, (28 ) $175
LG $38, 780 Rent of powm and heat. $128,201
Pyriteg-- Mill supplies.......... $973,010
B0 0 T 12, 250 All other materials. $154, 329
[ P $67, 201 Freight........... 3$29, 602, 884
Sulphur-—~ Products, total value $27, 605,963
LS T TP 119, 574 Explosives, total
L 28507, 469 Gunpowder (blac 10, 383, 044
Charcoal— Younds. . $1, 541,483
R0 ) ST 1,251, 749 Value. ..... ..
L PP $232, 048 Blasting powde ' 8,217,448
Nitrate of soda-— - Kegs..... $7, 377,077
Tons ........................................................ 133, 034 Value. .
COBbeneneanaennn e e b ee et anas $5, 608, §57 Nitroglyceri 7,935,036
Nitrabn or potash.— ‘ . Pounds $1, 620,117
’(1‘ t .............................. 7%,3-'}3 D V:Ll;lta.. 150, 920,829
MO8 ¢ e e, et rarea e, $175, 26 ynamite-- , 920,
(‘hlorldo of potassium-- Pounds.. $12, 600,193
T 1,320 Value....ooviiaiionn
(‘ost ......................................................... s.;l 831 Guncotton or pyroxylin (so 293,970
Cotton-— Pounds.. $167,322
l’outnds ..................................................... .;; ;13,29'2 Value........ 6, 609, 865
................ e e e e e s $300, 228 » 009,
Sulphuric acid- $3, 938,073
........................................................ 18, 208 $150,798
........................................................ $247, 301 All other explos $1, 906,921
N nﬂc (L(\ld All other products, value.. .
Pounds 2,009, 50 || Products consumed: 3, 559, 376
L0 P P 31 22,047 Saltpeter, POUNAS . .. ..u.eruiernaaaaaeranaraeeina e i 44,077,828
Mixed acid.— v Nitroglycerin, polmd ! 30,994
Pounds 105, 552, 404 Sulphuric acid, ton 18,088
QOB e me e e e veeaae et et i nanans B $3,003, 429 Nitric acid, tons. 1,156,918
Glycerin-—— Charcoal, hushels - 2,740,286
Pounds 24, 561, 527 Ether, pmmdh P . 2, 863, 857
Cost........ S’% 129 065 Nitrate of ammonia, pounds........ . 6, 209,317
Aqu]n ammonia. 997, 480 All other products (-onsumed pound
>ounds. ... Y
L0 2 P e $46, 016
Aleohol-— '
Gallons 850, 660 ' :
L0 $231, 353
1Includes 1,004 tons of coal and guhr in California. 3 Wxclusive of 2 governmental establishments reporting products valued at

2Includes S.) 649 cost of coal and guhr in California. $574,832,
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Tasre 159.—VARNISHES—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.
United United
States. States.
|
Materials used, total cost. ... ... il i $13, 520, 491 Products total value. ... i } $23, 561,699
Gums— i Pigments, total value... ... . ..ol $315,410
I’ounds ..................................................... 33, 091, 256 Oxides of lead—
........................................................ I $3,704,161 Pounds. «oieieiieaaeans 24,000
Whlte lead dry— t B2 L L. { §1,300
oun e e e 2, 608, 870 Barytes— |
$131, 658 Pounds. ... i 20,000
Value : $100
15,859 Iron oxides and other earth colors— !
$1,204 1,023,065
1,992,900 Dry colors—
879, 750 POUNAS . - oot ! 6, 105, 600
Value...... . $310, 588
21, 640, 280 Paints, total value $780, 663
8521, 812 White lead, in oil—
36,363
128 82,000
86 | Paints in oil, in paste— i
Pounds 6, 942,050
7,433 Value................ ' $414, 700
$3,223 Paints aheudy mixed for u |
L 3T 55b, 205
Linseed-— Value........ ; $363, 963
3,765, 309 Varnishes and japans, total value......oo.o.iia. L 820,302,686
S $1, 647,101 Oil and turpentine varnishes |
Cottonseed— i Gallons | 14, 820, 695
GallonS. .. e 4, 800 814,001,846
L0 ! $1, 440 Aleohol varnishes
All other— | Gallons...... 1,467,887
Gallons. ...... e | 1,106, 534 Value........ 82,046, 492
L0 ' $531, 089 Pyroxylin varnishes—
Alcohol (grmn)~ ! 144,428
nllon&. ..................................................... | 51,070 $138, 160
L | $118, 433 Liquid dryers, japans, and lacquers, value.. $2,846, 944
Alcohol (wood)-— ! All other products of this group, value.. . 81,249,244
gY 1 T i 1,217, 008 Fillers, total VAL .. .. oottt i e aas 447,325
E i $693, 402 uid—
All other solvents— ! Gallons 510,002
Galloms . . i eieeeiaiaaaaas 14,276,709 309,702
8 | 83,458,939
Pyroxylin— | : 2,778,177
I’oundq ..................................................... ! 52,530 $127,623
840,953 All other products value . i 81, 665,615
Products consumed:
26 Linseed oil, gallons...... 30,000
$1,046 Varnishes, gn.llonx . 102,766
$919, 300 Drying japans and dr, , & 28,300
$125, 818 Collodion and other céllulose nitrate sol 5,800
Rent of power and $7,497 Pyroxylin and other cellulose nitrates, pounds 12,000
Mill supplies........ 14, 307
All other materials ... ..o i 81, 369, 608
8 023 Fq 2 49,744
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TasLe 160.—DYESTUFFS AND EXTRACTS—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.

United United
States. States.
Materials used, total CoSt.. ... . o it e e aaan $6,829,340 || Products—Continued.
. Logwood extract—
258, 981 Pounds.. 29,799, 606
$705, 756 / $1, 472, 047
103, 119 38,001,017
b - <
Logwood— 048, 997 $249, 101
'l‘ons 37,733 09, ¢
$678, 590 % %g?; ,323
4,456 5,061, 333
$93,519 865, 190
Extracts—
4,350 sSumac-—
$11, 500 Pounds. ..o e e 4,093,619
Valle. ..o i $95, 958
‘)g, (5)88 Hem{ock# '
Conl tar coiors - Voo i, o0

C’glxtndﬂ ..................................................... 1, 872:;, t}%g Qak and chestnut— ’

......................................................... 2083, & % e e e e e e e et aaeaan R 56,5
Sulphurie geid- 8 {fﬁﬁlod& _____________________ lég’ ﬁ(l)’ %ﬁ
é‘nutnd« ..................................................... 3, 557, 884 Palmetto— TTTTITITmTmmomereeees e

B 40, 77 > £
Other aeids— 40,779 {gﬁlll(:lq R b ;ﬁ: 288

Pounds. 5,301, 413 Chrome tann,

Cost....... $71, 393 Pounds 2,847,400
All ()Lhnr COImpor 32.822, 676 Valte. e e $85, 422
Fuel. o e e 36, 249 Other tanning lguors— |
Rent of power and ‘heat. . $976 Pounds. .. e ‘ 41,571, 529
MLl supphios. . ... ......... $53, 799 Value. ..o n eI | 81,618,821
All other materials. ... ... $460, 835 Tannic acid— ! '

Froight .. ..............00 $70), 68 I 5,165,500
Produets, total value, o200 | $10,898 113 200,136
Dyestutls-- : y

Natural-— | 7,812,433

OIS L e i i 8, 172, 5562 $217, 859
Value. ..o i e e e ! sz 33, 035
Artificial- i 6,651,731
POUNUS. ..o P 4,600,469 $231, 708
T L 81,764, 454 ’ All other products, value. «...ooi it e $1, 455, 563
Mordants-— 1 . Produets consumed:

Pounds.....ooo i ! 733,245 Ground wood, pounds. ..o e 524, 505, 744

B $64, 656 Ground hark, pounda ....... 40, 390, 340
Iron liguor— Ground leaves, pounds. . 3,586, 171

Pounds.. ... e 1,860, 744 Ground roots, pounds.. .. ............ 1,141,513

Value... e e e e nae e $30, 757 All other products consumed, pounds. . .....oovveeiienianannnn 1,728, 797
Turkey red ol

Pounds. 3,022,470

Value... $150, 666

TapLe 161.—~SULPHURIC, NITRIC, AND MIXED ACIDS—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.
United United
States. States.
Materials used, 1otal COBL. . L . i i i i i $4,072,838 || Products—Continued.
yriteg—— Sulphurie, nitric, and mixed acids—-Continued.

T 107,847 Sulphurie acid, 60° Baumé—

LT Wb? 207 L0 (T 13,634
Sulphur-— Valuo $121,432

'I‘om .............. v e aaeaan e 23,044 %ulphuric aeid, 50° Baumé—

[} $479, 529 128,389

Valuo .- $917,683

27,400 Nitrie acid— )

$1,143,280 TPOUNAS. « e v et aemaearea e e e mamn e 30,306, 5
B3 G $1, 446, 471
08, 252 Mixed acid-—
$992, 549 POUDAS . 4z eeetsaeeeee e taa e e e aane e ame e nnnaaeenan 42,812 894
Nitrie ac $1,222,205
POUNAS . et i e i e 1, 960, 000

L D PP PSPPI 08, 93,146
All other compononts of products, Cost......oeeviiiniaiinn.. $540, 266 $97,089
) $366, 120
Rent of powvr ANA NER -« o e et e 5,540 24,845
ML SUPDUES ¢+« o e e vnmaenmen e anene vanenaem e e enre $23, 051 $33,204

AN Other IAbETIALS .o o v ittt e een e e an e aneean $356,110 All other pro $1,967,215

0 74 X A 1,1 Products consumed:
Products, totalvalue. ... i iiiiiii 29, 0.)2,646 Sulphurie acid, 66° Baumé, tons.................oooe 51,083
Sulphuric, nitrie, and mixed acids, total value.. ..l L. 86,955,078 Sulphuric acid, 60° Baumé, tons.........ooouiiann.. 14,703
Oleum— Sulphuric acld .;0" :Baumé L7030 T: S, 6, 601
13,268 Nitric acid, pounds. . coo.cveonaiireiinieian i . 18,875,989
$361,018 All other products consumed, tONS. .. coiviraiimriimniiiaiaiaas 984, 560

109, 663 |
$9, 886,179
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Tasre 162.—WOOD DISTILLATION—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.

United . United
States. States.
Materialg used, total cost. ... ... . il $4,847,770 || Products—Continued.
— ‘Wood alcohol—Continued.
L0103 <o TN 586,144 Refined wood alcohol—
Lo $1, 783,004 Gallons 4, 316, 346
722 82, 613,886
523,334 Acetate of lime— =
$101, 068 035§ T £ 105, 141,361
VAU < ot e et et et e s $1, 474,082
371,780 Charcoal— N
$5,484 Bushels. .o 23, 872,055
Value ........... e e ettt eeeieeaeeaeeeeaeanan 81, 197,973
5,723,011 Turpentine— -
$1, 976,156 GallONS. .. .o i 442,185
$22, 088 AT < e £176, 521
Fuel $578, 251 All other wood distillation products, value. . $138, 451
Rent of powut and heat. ... ...l $850 All other products, value .. ... .. . i i $40,827
MU SUP DS . et e 323,480 || Products consumed: N
All other materials $305,205 Crude wood aleohol, gallons ... ....o.oioeioiiiniiiaiaaeeans e 1620, 391
Freight .. ..ooeeann. 851,284 Chareoal, BUSRElS . - e noe oo 11, 026,978
Produets, total value. ... oo i $7,813, 483
Wood aleohol, total value 84, 770, 699
Crude wood aleohol—
Gallons. ... oo iy e etenraeaenas 6, 684,871
VAlICG . e i e $2,161,813
1Includes 54,800 gallons of pyroligneous acid consumed in Massachusetts.
Tasre 163.—O0IL, ESSENTIAL—DETAILED SUMMARY, MATERIALS AND PRODUCTS: 1905.
United United
States. States.
Materials used, total cost. .. ... . o $1,110,470 || Products—Continued.
Principal matarmls, total cost. ...t $1,068,176 Natural essential oils—Continued.
Purchased in raw state— Sassafras—
OIS e o e e e et e e ve ea e e e e e a e e m e e e e eanan 53,201 | POUNAS - - ettt e e 30,235
OS T e e s e e e e e e $307, 351 A . $17,673
Purchnaed 1n partially manufactured form— ‘Wintergreen—
................................................. 1, 683, 570 Pounds. .- 4,737
C.os ................................. . $760,825 | VaAlUB it $15, 579
Fuele. .o e eeeeaaaan . $10, 159 Other na.tuml oils—
Rent of power andheat.. ..o, - $3, 592 o3 84T - 207, 673
Mill SUPPHOS . v iemi e i . $1,965 Val ? ................................................... $520, 648
All other materials ... oo . $22,245 ‘Witch hazel—
Freight. .. .oooniiieiciaia i . $4,333 Gallons ................................................. 797, 700
Products, total value................... . $1, 464, 662 367, 873
Natural essential oils, total value. .. ... . ... ... ........ 81, 391 810 $72, 852
Pepgermmt——-
(7 3T 130,022
VAU « e e et $470,037

0]
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