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10. Rolling mills of
SCHULZ, KNAUDT & CO.,

At Essen, established in 1856, produced, in 1872, with four
hundred workmen, fourteen puddling, six balling and four
re-heating furraees, rolls, ete., 7,000 tons of sheet iron,
boiler plates, sach for locomotives and others of heavy
weight.

11. Relling Mills of
GRILLO, FUNCKE & CO.,

At Gelsenkirchen, near Essen, established in 1866, produeed
in 1872, with four hundred workmen, in seventeen pud-
dling, 8 balling furnaces, and the corresponding sets of
rolls, 9,500 tons, nearly all boiler plates, and others.

12. FREDERICK KRUPPS’

Steel work, at Essen, is of wide-world fame and often des-
cribed already.  Istablished in 1810, the very extensive
establishment comprises at present four eoal mines, four
hundred and fourteen ore mines, five iron works with
twenty blast furnaces, nine hundred and twenty furnaces of
every description for the producing of cast steel, and steam
engines of a total of 10,000 horse pewer, not including
seventy one steam hammers.

The display at Vienna was brilliant, eomprising some
thirteen different light and heavy cannons, machines, wheels,
axles, rails, tires, and a cast steel block of 52.5 tons weight,
which was founded with the contents of 1,800 erucibles,
containing each sixty pounds of steel, and afterwards forged
under a giant steam hammer to an octagonal of the weight
stated. Series of fine fractures of steel, collections of ores,
coal and pig iron gavealso an idea of the wealth and accom-
plishment of the firm.
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13. The iron works of the mining and smelting com-

pany,
“ HORDE,”

Near Doitmund. The origin of these works must be traced
back to the year 1839, when they first were erected by Mr.
Piepenstock. The company own at present coal and iron
ore mines upon blackband, at Horde and Hasslinghausen,
upon sparry ores and brown hematite in the Hartz moun-
tains. The mining business of the company alone gives
employment to about 1,500 miners, who produced, in 1872,
185,000 tons of coal, and 36,500 tons of ore.

Not having spoken yet of the ores of the Hartz mountains,
I give here the following short remarks:

The Hartz, a hilly country situated W. S. W. from the
old city of Magdeburg, on the Elbe, covers an area of about
43 miles in length, from S. E. to N. W., and 18 miles in
breadth. The common rock of this range is graywacke,
which is covered with a transition limestone. ~The granite
supports all this system of rocks, while at certain points
trap and hornstone appear. Silver and copper are the prin-
ciple metals found in the mountainous country, but besides
this there are a great many mines of iron in different parts of
the Hartz, the principal ores being spathic ore and red and
brown hematite, which occur in veins, beds or masses.

At Horde there are 8 blast furnaces, rolling mills with 82
puddling, 56 balling and 16 re-heating furnaces, 4 cupola
furnaces, 164 coking furnaces and two Bessemer steel works
with 8 converters, besides the other necessary apparatus.

The blast furnaces produce about 75,000 tons of pigs
annually, and it is said that they consume per ton of iron:

4,640 1bs. of ores.
1,250 1bs. of lime.
2,500 1bs. of coke.

The production of the rolling mills and the steel works is
given as 60,000 tons per annum,
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The display at Vienna did show that the Company does
not cultivate a special branch of manufacturing, for mostly
every kind of wrought iron was exhibited. Rails for railroads
and mines, merchant iron of any description, heavy blocks
of steel, stringers, tires, girders, bar, flat and square iron,
nail rods, ete., ete., were displayed, and the collections com™
pleted by full descriptions and drawings of the apparatus
employed, and tabular statements of the consumption of raw
materials used and the products gained. There was a tire,
unadjusted, horizontally suspended with a center needle
revolving, showing the accuracy of the work, etc.

14. The Iron Works of the
“ WESTPHALIAN UNION,”

comprising four different establishments:

A. Department Hanem, formerly Cosack & Co., com-
prising large rolling mills, which were established in 1853,
and producing annually 14,000 tons of wrought iron. The
work consists of 30 puddling and 9 balling furnaces, 4 steam
hammers, 5 sets of rolls, a foundry, a machine shop, a
manufactory for galvanized iron, another for the fabrication
of refractory bricks, ete.

B. Department Wachrodt, comprising relling mills with
21 puddling and 7 balling furnaces, and 7 sets of rolls,
producing annually 12,000 tons.

C. Department Lippstadt, comprising a rolling mill with
10 puddling and 2 balling furnaces, and 3 sets of rolls;
also, several charcoal blast furnaces and a wire drawing plant;
the mills produce about 6,500 tons per annum.

D. Department Verdohl, comprising a rolling mill with
16 puddling, 3 balling furnces, and three sets of rolls ; also,
2 blast furnaces and a wire drawing plant. The annual
production amounts to 9,500 tons.

The products of the Company have a well founded fame,
and the display of the different articles, especially that of
wire, was an attractive one.
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15. HOBRUKER, HERBES & WITTE,

at Hamm, established in 1856, produced in 1872 with 950 -
workmen in 30 puddling, 6 balling furnaces, 6 sets of rolls
and 424 draw-benches and 60 nail-making machines, 13,500
tons of wire and 3,750 tons of wire nails. The telegraph
wire produced by this firm is excellent. As a proof of the
good quality of the wire produced see the products of
Mr. Newfeld, of Doitmund, who is the manufacturer of
both iron and steel ropes.

16. ‘““STEEL WORKS” AT WITTEN

on the Ruhr, established 1854, comprising a cast-steel work,
forges, ete., and producing especially gun barrels, sabres,
cannons, pistons for steam engines, and weapons of any
kind, displayed in a neat collection.

17. Mining and Smelting Company
“ NEW OEGE,”

near Limburg on the Lenne, a tributary of the Ruhr, estab-
lished in 1830, producing in two blast furnaces excellent
spiegeleisen for the Bessemer process, and in a rolling mill
with 24 puddling and 10 re-heating furnaces annually about
13,850 tons pig-metal, 600 tons cast iron and 8,900 tons of
wrought iron.- Number of workingmen employed, 560. A
specialty of the Company are rolls, switches, pulleys, etc.,
of hard cast.

18. Rolling Mills
“ STEINHAUSER HULTE,”

at Witten on the Ruhr, established in 1857, produced in
1872 with 27 puddling, 12 balling, 2 re-heating furnaces
and the corresponding number of rolls, 22,550 tons of rails
and angle iron. There is also of late a Bessemer Steel

Work established by this Company.
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19. Steel Works of
ASBECK, OSTHAUS & CO.,

at Hagen, especially manufacturing springs, established in
1853, produced in 1872 with 400 workmen in 26 puddling,
3 re-heating furnaces and several setsof furnaces for cement-
ation, 8,850 tons of bar steel.

20. Steel Works of
SODING & HALBACH,

established 1783, produced in 1872, in 38 furnaces, 5,750
tons of steel in bars, and especially anvils. The establish-
ment is located at Hagen.

There still remains a large number of exhibitors of this
group to be enumerated, but it would be tiresome and unin-
teresting to the readers in this country to name them all,
because it would be only a recapitulation of their products, ete.
Be it sufficient to say, that the different displays were fine and
well adapted to give an impressive idea of the skill and
industry of Westphalia’s numerous iron masters.

I must give, however, the short description of the two
great iron works which are situated on Wesphalia’s out-
post, near Osnabruck, in the province Hannover, on the
western foot hills of the Teutoburger Forest.

1. IRON AND STEEL WORKS, NEAR OSNABRUCK.

They were established in 1869, and produced with 900
workmen, in 1872, 21,750 tons of steel, mostly from pig
iron of the iron works of the vicinity. There wasa complete
display of the finest steel, of fractures showing the quality
of the raw materials and half ready made products, of rails,
axle trees, tires, angle iron, etc., and with others a rail
wound into a spiral which could be easily set into oscillation,
showing the perfectness of the product.
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2. Mining and Smelting Company
“ GEORGE AND MARIE,”

at Oesede, near Osnabruck. This Company, which is to be
accounted for as a producer of first class pig iron, as well as
for the many inventions and improvements realized by their
worthy engineers, was established in 1856. The Company
own at present three great coal mines upon anthracite and
partly bituminous coal, and iron mines upon ores of the
magnesian limestone, from which in 1872 not less than
225,000 tons were produced. These very good natured ores
are melted in six large furnaces, of which five are always in
full working condition. Extensive machine shops and a
large foundry are branches of the iron work, and the total
establishment represents one of the greatest, best arranged
and best managed iron works of Germany. The production
of pigs amounted to 75,500 tons, of which about 70 per cent.
are used for Bessemer steel producing, while the remaining
part of the production is sold to rolling mills at high prices,
on account of the excellent quality of the iron. It is an
invention ot Mr, Lurmann, the manager of the blast furnaces,
to transform the slag resulting from the blast furnaces into
a fine, hairy, woolen-like mass, which is most usefully
employed in enveloping steam pipes, ete., for preservation
against cooling.

Messrs. N. H. Meyers & Co., at Osnabruck, produce also
of the slag artificial stones for sidewalks, floors, steps,
imposing stones, ete., ete., using metallic oxides for coloring,
which gives the work finish and durability.

The limits of this paper will not permit a full description
of this very interesting establishment, but I must state, that
it is unwillingly in fact, I omit further particulars, because
they really deserve attention.

THE FOURTH GROUP.

The transition lands which form in the Northwest of
Germany a pretty extensive range of hills, include several
famous deposits of iron ores (besides zinc, lead and copper.)
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The principal mining points are on the right bank of the
Rhine and on its tributary the river Lahn, in the territories
of Nassau and Berg. Veins of hydrate of iron or brown
hematite are explored at a great many points along with
veins, or properly speaking masses of sparry ores and beds
of red oxide of iron. The Old Red Sandstone of the terri-
tory of Siegen bears a great number of powerful veins of
these ores which accumulate sometimes to incredible masses.
The center of the ore bearing formation has an extent of at
least 45 miles length from N. to S. W., while the field
covers an area of not less than 24 miles width.

There are three principal lodes which can be distinctly
traced, having in the average a power of from 7 to 28 feet,
but culminating at Stahlberg, near Musen, to a grandious
mass of the finest sparry ore of 80 feet thickness. These
three lodes are in the average sparry ore, but besides this,
excellent brown iron ore, formed by decomposition of
the former, is found—both species being manganiferous.
*rhese lodes are marked on the map Fig. 9.

Superficial deposits of granular brown oxide, in pieces
nearly round, much varying in size and agglutinated by a
calcareous and argillaceous paste, occur in extended masses
northwestward of the sparry iron region; they are marked
Fig. 8.

The tertiary formations which cover the country north of
the Siebengebirge and the adjacent hills, contain rich
deposits of clay iron stones (Fig. 7), partly of excellent
quality. They are mined on the northern flanks of the
“Hardt” tableland, which outlines the Siebengebirge (a
range with seven prominent peaks) northwards.

Noteworthy above all the latter deposits—the sparry ores
excepted—are the abundant and beautiful veins of hydrate
of iron, and red hematite of the territory of Wetzlar and
those on the banks of the Sayn and Lahn, Fig. 6. As to
their geological formation I may add, that they are entirely
of the same position as those ores described under Fig. 11,
and are in fact their continued lodes. These ores mostly
occur in moulds, near to the surface. Red iron ores are
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predominant, hard and compact ones—containing some
quartz—as well as some soft ones, which are free from quartz,
but calcareous.

ANALYSES OF ORES FROM THE TERRITORY OF SIEGEN.
FIG. 9.

A. Sparry Ores.

- 2, 3. 4 8.
Protoxide of iron........... 44.9 46.3 46.97 47.10 48.83
Protoxide of manganese...10.3 9.1 7.56 8.19 10.80
1) B B B i oot o 1.6 45 222 245 141
1L TR Y A A R e e ey 107" e 046 034 041
Carbonic acid.......cceeeee. 37.0 384 36.15 36.45 38.38
GAngueimass.. . Tt Lo 42 14 5.714 4.60 0.17

99.0 99.7 99.10 99.13 100.00

B. Decomposed Sparry Ores.

a®  b* e
Protoxide of iron......... ADBDh AR e e s a* has a
Carbonate of prot. of brownish red
[ Db e T —- 3119 ....... color.
Protoxide of manganese 8.00 ....... .......
Carbonate of Protoxide b*is a brown-
of manganese.............. S e, ish black,
Miagneia. (vaadissapsnsses 21008 L 0.44 still crystal-
Carbonate of magnesia.......... 9867 i ized.
L O S o R 0id6" “....... 0.60
Carbonate of lime............... B oy S ¢* has a
Carbonic acid............. SEH0GH T A black color.
Peroxide of iron......... 6.60 38.83 7
Peroxide of manganese........ ....... 16.56
Silical.. St o i SRR
Gangue mass............... O S 5 S
iater: . e s 571  5.64

99.63 98.58 100.00



64 GEOLOGICAL REPORT.

C. Brown Hematite.

Peroxide of iron......... 86.35 89.27 75.70 82.27 86.12
Peroxide of manganese 0.51  0.65 ...... ...... 0.75
Silteaie i oiiaids e 0858 ..o (.61 4500 <150
Water, chem.-hygro.....11.38 10.08 13.32 13.26 11.43
IEnosphorioaeidRsrc bioi it e 20T n i

99.09 100.00 99.30 100.03 100.00

ANALYSES OF RED HEMATITES FROM THE TERRITORY OF

WETZLAR.
Peroxide of iron...... 80.95 T73.77 92.45 92.68
Bilica, catiaase vas e 16.74 23.16 5.03  4.52
Alumina, lime and
magnesia......... 0.97 141 0.65 2.80 (Alumina
Wiaterl e, A (183 RSB0 S O 8RRt o
Phosphoric acid...... 061 046 019 ......

100.00 100.00 99.40 100.00
ANALYSES OF ORES FROM THE TERRITORY OF NASSAU-

A. Red Hematite.

Iron, metallic.cceecerenenenns 43.80 38.73 39.73 35.96
Manganese .......coeeeenennn. trace  1.64 trace 0.73
RIEREON L svsiinnsans diiuisiesd 18.77 16.59 17.02 15.71
| T R o ot bt o e 0.42 2.02 16.80 26.49
MEgmesial.cocvossessessenssos 0.04. 1.4L a0 1.43
LT S e TR By 11.15 11.09 3.46 3.46
(ST e e R S 17.79 1741 19.99 14.69
Phosphoric acid............. 1.10 1.64 0.33 0.60
VWAt B S0 T & P N O 1.17 370 0.95 0.61
Loss (in calcining).......... 5.85 3.63 0.50 0.25
Sulphar: et itin. vl trace ... 0.02 trace

100.09 97.86 98.80 99.93
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-

B. Brown Hematite.

Iron, metallic....ccoeeearnees 21.76 32.48 36.84 32.50
INIANTRIEES. . vseantsetseotdone 7.07 trace trace  6.97
OEFPOD oivvsodhividsorammopanse 11.86 13.93 15.78 16.99
WiRtersr. Sovss v s s 351 311 ... ot itive v
RIBING . 5 oo s sonesi avsivion 15.31 13.82 6.36 1.61
LT s A RO s bATH Veeenee 0.65 3.0
Maonesini .. o tieseseine . 223 0.08 trace trace
MBS 5 oo s wsssrsvyume foses .26.11 28.42 30.26 26.41
Phosphoric acid............. 094 186 066 135
Loss (in calcining).......... 6.22 6.714 5.23 10.82
Sulphar.....ccoeevocesivsosee i meuews 0.18 0.10 0.10

100.78 100.62 95.88 99.74

The total production of the deposits marked

o e {19,550 tons brown hermatite
Kig 6 was in 1872: 883,000 oS 687450 tons red hermatite

267,647 tons red hematite in Nassau territory.

}in Wetzlar territory.

Fig. 7 was, in 1872, 27,700 tons brown and clay-iron
stone.

Fig. 8 was, in 1872, 9,650 tons brown hematite.

j‘lfiﬁ,lﬂﬂ tons sparry ore,
Fig. 9 was in 1872: 320,150 tons- 69,000 tons brown hermatite.

1,550 tons red hermatite and clay ore.
Total 713,147 tons.

Before I undertake the enumerating, ete., of the exhib-
itors at Vienna, I shall also give a short description of the
manner in which the furnaces of this group are conducted.

In a letter incorporated with the last geological report of
Indiana, it is stated that the oldest furnaces of the Siegen
territory are worked with charcoal for fuel, but somewhere
above I mentioned that this fuel will be set aside entirely
in a short time. For coke is recognized now as the true fuel
even for producing the finest quality, spiegeleisen. Several
establishments are already renowned for the excellent con-
ducting of their furnaces with coke for fuel. Of these, I
mention the iron works at

9
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MUHLHOFEN,

Near Sayn, on the Sayn, a small tributary of the Rhine.
The furnaces there are blown with three tuyeres of 23-2%
inches diameter each, 2} lbs. pressure of the blast, and a
temperature of the latter of 270-300° C.

There are in the average required per ton of iron,

4,720 1bs. of ore,
1,834 Ibs. of lime,
3,152 lbs. of coke.

The yielding of the ores being about 42.25 per cent. all the
year round.

The mixture for gray pig iron is:

70 per cent. of brown hematite,
20 per cent. of red hematite,
10 per cent. of clay iron-stone.

With 40 per cent of lime as admixture for flux.

For the production of spiegeleisen the mixture of ores is
composed as follows :

38 per cent. of sparry ore,

20 per cent. of brown hematite,
30 per cent. of red hematite,
12 per cent. of clay iron-stone.

100

With 38 to 40 per cent. of lime for flux.  The cost of pro-
duction is about $25 per ton. The waste-gases of the fur-
naces (two) are nearly sufficient to create the necessary
steam for the blowing engine and to produce the above
stated heat of the blast air. Each furnace produces about
25 tons per 24 hours,
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Generally, the iron masters conducting furnaces of this
group use for the fabrication ef

| & parts of sparry ores,
1 % parts of brown hematite, etec.

. # parts of brown hematite, etc.,
Gray pig, {%; parts of sparry ores.

Spiegeleisen,

Red hematite and iron glance, which contains up to 70
per cent. of metallic iron, are admixed in very different pro-
portions ; it is the best means for enlarging the production.

On account of the excellent qualities ot the ores in past
times, when charcoal was used for fuel, and the lime too far
away from the establishments by missing railroads, no flux
whatever was admixed; but of late, since such roads are
built and the charcoal is replaced by coke, lime, of course,
had to be introduced to the mixture.

The display of the iron works of this group didin no way
fulfill the expectations which were entertained, on account of
the mineral wealth and superiority of the ores of the differ~
ent territories belonging to it. This group, with its
grand richness of precious metals, presents the same in
relation to Germany, what Styria and Corinthia do to
Austria, Taberg and Dannemora to Sweden, the Ural to
Russia, Cumberland and Lancashire to England. It is for
this reason that a display was expected that would show how
the marvellous ores of this group form the real foundation
of the great iron and steel industry of Rhenish Prussia, as
well as of Westphalia. But there are to be mentioned only :

1. I. H. DRESLER, SEN,,

Of Siegen. This firm, established in 1790, own about sixty
mines, producing annually, with 760 miners, about 50,000
tons of ores of every description. The ores are partly
melted in the furnaces of the  Heinrich Iron Works,” near
Au, on the Sieg, partly sold. The latter named establish-
ment produced in 1872, 20,500 tons of first-class spiegel-
cisen in two blast furnaces, using coke for fuel, and it is far
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famed for its many innovations in the manufacturing of this
species of iron, and for its many skillful arrangements and
its management in general. The firm owns also rolling
mills at Geisweid, near Siegen, containing 11 puddling, 3
balling and 13 re-heating furnaces, for the fabrication of
sheet iron and wire. The production of 1872 was 8,000
tons with 280 workmen.

2. GABRIEL BERGENTHAL & Cco.,

Owners of the Germania Iron Works, near Grevenbrouh,
Siegen, which has a production of 3,000 tons of ores and
2,500 tons of pig iron per annum.

3. ‘“ CHARLATTEN IRON WORKS,”

At Niederschelden, near Siegen. This work, established in
1864, has the greatest production of spiegeleisen in the ter-
ritory of Siegen, using coke for fuel. The production of
two blast furnaces was, in 1872, 25,520 tons, or about
70,000 lbs. per 24 hours, of which the greater part was
exported to England.

'4, JACOB KREUTZ, SIEGEN.

By the work of 1,200 miners, 75,000 tons of ore are mined
annually, and partly smelted in furnaces at Niederschelden,
owned by Mr. Kreutz, partly in the Charlatten Iron Works.

5. ROLAND IRON WORKS,

Established in 1866, produced in a blast furnace at Hardt,
on the Sieg, 15,000 tons of white iron for conversion inte
bar iron.

_6. WISSENER MINING AND SMELTING CO.,

Produced in 1872, with 600 to 700 workmen, 23,500 tons of
ore, and 24,000 tons of pig iron, including 14,800 tons of
first-class spiegeleisen.
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7. COLOGNE-MUSEN MINING AND SMELTING CO., AT LOHE,
NEAR SIEGEN.

This firm own the very oldest mines of the territory of
Siegen, mining, besides iron ores, also such of lead and
copper. The production of iron ores amounts to about
66,000 tons per annum; the smelting work comprises two
coke and two charcoal blast furnaces, in which spiegeleisen
is exclusively produced. The total production of iron
amounted to 30,000 tons in 1872, of which about 1,000
tons were converted into steel, in a newly erected Bessemer
work.

I may add that the charcoal furnaces are about 35 feet
high, 12 feet across the boshes, that they have a hearth 32
inches wide above, 23 inches below ; the tuyeres are 2 feet
10 inches above the bottom, the height of the boshes is 43}
feet, with a declination of fifty-five degrees. They produce
about 10,000 pounds each per 24 hours.

8. FREDERICK WILHELM IRON WORKS,

At Troisdorf, on the Sieg, owned by the Sieg-Rhine Mining
and Smelting Co., known with the iron masters by the
many inventions of its general superintendent, Mr. Langen,
whose apparatus for collecting the waste-gases I described
above.

The establishment comprises, blast furnaces, foundry,
machine shops and rolling mills. In the furnaces, ores of
Siegen are melted above all others, and such of the Lahn.
The production in 1872 was 19,000 tons pig metal, mostly
white and spiegeleisen, 10,000 tons of bar iron and 2,050
tons of cast iron work. There are two blast furnaces,
eight re-heating furnaces with a corresponding number of
rolls, and seventy-three coking furnaces.

Having thus laid down, to a limited extent, the mode and
results of the operative iron industry of Rhenish
Prussia and Westphalia, I still have to express the
regret which I feel in not having been able to make the
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report as full as T wished to do. This, on account of failing
“to prepare such exact drawings as would have been valuable
in better explaiming the text. In investigating any single
branch of art or industry, we should examine it in its origin,
its progress, improved state and subsequent perfection, and
illustrate it by figures and drawings. The true product of
chemiecal mixtures and operations which it invelves, should
also, in every case, be calculated and eompared with the
actual results. For such a maxim, steadily keptin view, will
seldom fail to disclose whatever is erroneous, and thereby
lead to improvement.  Conducting blast furnaees upon the
most rational and economical principles is a great problem
which every iron master should make as an exemplar of his
own, but very often, indeed, is mest carelessly neglected.
And there ean be even some greater questions involved in
the producing of “such common material as iron,” as one
may say :

“The iron industry of a eountry, like any transformation
of primary materials, by chemical or mechanical proeesses,
into general objeets of market value, is well apt for the
purpose of illustrating the standard of knoweledge to which
a people has risen, and the extent of business life and gen-
eral wealth prevailing. Iron, the use of which is uni-
versal, is a symbol of civilization; it is ne minister of
luxury and refinement, but represents the honest industry of

labor.”
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