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it must, therefore, always be remembered that 100 parts of
sulphur afford:

127.13 calcium.,
178.15 lime.
316.60 carbonate of lime.

The formation of large quantities of this Ca S often takes
place in furnaces using coke for fuel. It appears as a fine
white powder, covering the tunnel-head and the tymp of
the furnace. Naturally can its amount in a slag be of the
most different quantities, but slag, containing much of it, is
heavy and crumbles under the influence of the atmosphere
to a coarse powder.

In conducting the calcination, care has to be taken not to
expose the ores to a too great heat. For over-roasted ores,
which have a vitrified appearance, resist very much the
reduction, because the lime or other bases can not operate on
the same. Such over roasted ores should always be charged
to the furnace only in small quantities, mixed with others.

Having explained somewhat the chemical action of the
roasting process, it remains to say something about its
-economy.

At Charlottenhutte, near Siegen, where a kiln of the sec-
ond class is in operation, the diameter of which is 7/, and
another one of 11 feet diameter, each about 15’ high, they
roast—

In the smaller kiln: 6 wagons of 40 cwt.—=24,000 ibs. per
24 hours, with an expenditure of 10 cubic feet fuel. The
wages paid are 18¢ per wagon.

In the larger one: 10 wagons of 40 cwt.—40,000 1bs.,
with 17.8 cubic feet fuel in the same time ; same wages

At Rolandshutte, a kiln of class 4 is in operation, 9" high,
roasting daily 40,000 Ibs. of ore by means of 10.14 cubic
feet of fuel,and 12-13.2 cts. wages per 4,000 Ibs. roasted ore.
Time the same as above.

At Storch & Schoneberg, near Gosbach, a kiln of class 1.,
14} high, 6’ wide, is in operation roasting 28-32,000 1bs.
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ore in 24 hours, with an expenditure of 16-17.8 cubic feet
fuel, and 12-14.4 cts. per 4,000 1bs., for wages.

At Hainer Hutte they use a kiln only 5/ wide but 15"
high, of class 2, roasting 20,000 Ibs. in 24 hours, using 13
cubic feet of fuel.

These examples show, that the production increases with
the width of the kiln, and that the consumption of fuel
inereases with the decreasing production.

I can not omit mentioning another kiln of late construe-
tion, which is found to be working always in a very econom-
ical manner. It is constructed with two grates, one above-
the other. Its height varies from 18 to 20 feet, the diame-
ter from 9% to 10 feet. The usual charges are 8.4 cubic feet
fuel and 4,500 Ibs. ore, alternately spread above the upper
grate. A fire is maintained in the lower grate and the
withdrawing of the roasted ore takes place once in 24 hours
by means of pulling out the upper grate-bars. The produc-
tion of this kiln amounts to 45,000-50,000 Ibs. per 24 hours.

It remains to remember that besides the expelling of the:
carbonic acid, water, etc, the roasting affords the very best
means for the separation of the quartz. The roasted pieces
are broken down to the size of nuts, and while the ore itself”
bears a dark, reddish brown color, the quartz is of a pure
white appearance, so as to be easily reeognized.

It is stated by experience that :

The magnetic ores lose......... SRR . 3-5 per cent.
[ron-glance and hematite, red...... ...3=H per cent.
Eenaatite, DrOWIR 5: - vouvsossensis 10.5-14.7 per cent.
BDRETY: X8, o ov o cmsraineihonyionsnbrbans 28-35 per cent.
Argillaceous ore......... v 3 Y oA 18-30 per cent.

of their weight in roasting, but also that all compact ores,
after some time, take up 2 per cent. hygroscopic water, and
all soft ores 6 per cent. hygroscopic water.

Furthermore: that fuel, (coke cinders) of a size not less
than 4 and not more than § diameter, answers the best, and
that
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One part of coke cinders (by weight) is sufficient for 20-30
parts of ore.

One part of charcoal (by weight) is sufficient for 10 parts
of ore.

One part of crude coal (by weight) is sufficient for 5-8
parts of ore.

I shall pass now to describe a few of the iron-establish-
ments best known for the Spiegeleisen which they produce.
To enumerate all would exceed the limits of this paper, for
there are over fifty, all of good fame. I shall divide them
in two groups.

FURNACES USING CHARCOAL OR CHARCOAI. AND COKE,
MIXED, FOR FUEL.

As an example of this group I name the Laher Iron
Works, near Siegen, in Westphalia. The blast-furnaces of
this establishment belong to the Cohn-Musner Iron Co., and
use cither pure charcoal or pure coke, seldom a mixture of
both, for fuel. If charcoal is used, the charges are com-
posed of

30 cubic feet charcoal of hard wood,

1,035 1bs. roadside ores,

180 1bs. lime (17.5 per cent. of the ore.)
If coke alone is used, they are composed of

42 cubic feet coke.

21.97 1bs. roadside ore,

602 bs. lime (27.4 per cent. of the ore.)

If a mixture of coke and charcoal is used the charges
consist of
104 cubic teet coke,
20 cubic feet of charcoal,
1,233 1bs. roasted ore,
360 ths. lime, (29.2 per cent.)

The number of charges given in 24 hours is, in the aver-

age, forty.
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The principal dimensions of the blast furnaces are the
following :

Dimensions
DESCRIPTION.

Feet.
iR ot s oeeds N s IR R S L 4.24
Height of the hearth.......icc.cieseenoesses sscose LR S R 4.3
Heightyoffthe, DORBhORE - it alivs vi5eiseiitiiv sbassbsnbonsaaistane 9.6
Haight ofthe G0N ..t isisisaassissssvidssossisohsaiasessorytsdsts 28.5
Height ofsthe ChITONOY. i sticssiassevsivsoves vbosss srssse srbus fess 6.0
Width of the bottom of the hearth........cccceeeis vivviivennne 4.3
Width of the upper end of the hearth........... wccccwes 4.3
Width acrogs the boshes.siee.ses csssessse sssevssseissasseses ssesossss 11.3
WA Ol the MOULH oreteassrisnesdannrtanesiassmenistossvised soboss 5.3
Height of the center of the tuyeres above the bottom. 2.1

The temperature of the blast air is, in the average,
570° F., but this is regarded as not sufficient. The latest
news received from that place states that the company is
engaged in the building of two more hot air ovens after the
best and latest plans, thus giving four heating furnaces to
each stack.

Each furnace is blown with three tuyeres. The diameter
of the nose pipes varies according to the nature of the fuel
used, also the pressure; the former changing from 16.6 to
21", the latter from 16 to 22.””

The waste gases of the furnaces are used for heating the
steam boilers and the hot air ovens. They are taken near
the top of the furnace, which is closed with a cover and
opened for each charging.

To produce a good spiegeleisen great care is taken to
conduct the furnace in snch a manner that the charges slope
down very regular and slowly, in order to expose the man-
ganiferous ores as long as possible to a rigorous deoxyd-
izing and reducing process. For only in such a manner can
it be successfully entertained that the highest possible
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amount of manganese be reduced and combined with the
iron.

For the same reason the temperature and the pressure of
the blast have to be kept at a high degree. ~The smelting
zone particularly—that is the point at which the carbonized
iron is brought to a liquid state, has to be kept as near as
possible to the tuyeres (or, in other words, as low as possi-
ble in the hearth), for when the room of this zone expands
too much, the heat never can be great or concentrated
enough to produce the process wanted—the joining of man-
ganese and iron.  Should it nevertheless happen that this
zone goes too high (as it is often the case in those furnaces
of Westphalia, which are worked upon a very porous coke),
proper remedies have to be applied, such as diminishing the
pressure, charging of soft ore, moistening of the same, ete.

As to the cost of producing spiegeleisen at Laher, the fol-
lowing data are given :

During a period of'six days (by coke and charcoal mixed)
were

CONSUMED. AT A COST OF. PRODUCED,
190 tons of roasted ores.. ...ceevee vevvennee $745 00 28,333 lbs. per day,
553 tons limestone......... cueeee. oo AL 78 or 85 tons in
4,150 cubic feet charcoal............ ... 339 25 6 days.
AR ONECOKO asvas tresviidestosssssvs moessoviie. LT8G D
For breaking of 55} tons limestone 7 00
For transportation of slag e 137D
O WATOR T c s st oime reoavhaes catpesvns tradviss 4o 55 00
For general cost, wear and tear........... 28 00
$1,404 50

Each ton costs, therefore, 2*24-59—816.53. From this
) 85

statement it follows also that

1. The yielding of the pure mine was....44.73 per cent. of metalliciron
2. The yielding of the mixture (ore

N0 N ovosesvivsanrsvsinssmrivissn 34.60 per cent. of metallic iron
3. Per ton of iron were consumed—

COKO .. rvecesssnacesegus vesshisssedseoniis 1,140 1bs.
4. Per ton of iron were consumed—

CRATCOR] .cvicsisssissinersesssasorsobasisss 651 1bs.
5. Per ton of iron were consumed—

OTBL 000 chesevisyenssansnsbrensesann il sosss 4,235 1bs,

6, To 100 [lbs. ore were consumed—
IFIMB Sivps sveeonhisseninesssiassosneatensia: 20,2 1b8;
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In using pure charcoal, the price of one ton increases to
about $18.50; in using pure coke, the price of one ton
diminishes to about $15.

FURNACES USING COKE FOR FUEL.

All the establishments of a later existence now use simply
coke for fuel. The iron works at Sayn, Charlottenhutte,.
Hamm, Oberhausen, Duisberg, Hochdahl, ete., are based
entirely upon the employment of this material. By all evi-
dence it is a fact now—certainly after much trouble and
many fruitless trials, as 1 stated at another place—that coke
is preferable to charcoal or a mixture of charcoal and coke,
because the heat can be far more increased in the former
than in the latter case, and we know that “ great heat” is
one of the requirements for the production of a good spiegel-
eisen. Of course, the coke has to be of a first-class quality,.
free from a noticeable amount of ashes and sulphur.  Past
experience has proved that, in using coke, more manganese
joins the iron, as if the same ore was worked by means of”
charcoal. Ores very rich in manganese are better treated in
the furnace with coke than with soft charcoal.

The rules for conduncting coke blast furnaces are, in gen-
eral, the same as for charcoal—I refer, therefore, to those
mentioned above.

Mostly all the furnaces of this group are blown with
three tuyeres, some with five and seven (one in the pos-
terior wall and a set of two or three at opposite sides), the
nose pipes having from two to three inches diameter, with a
pressure of the blast air of from two to two and a half
and three pounds per square inch, and a temperature of 350
to 400° C. (6750° F.).  The furnaces have a capacity so as
to produce 60,000 to 80,000 pounds per 24 hours: the
dimensions are mostly the following:
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DIMENSIONS,
DESCRIPTION.
Feet.

IOt SCORRL o elantiones 30 coimaab fnsnsstiemsansd Wi iniiipensse 56 to 58
R (R g AT Y g 4 VO R S e B S S S 6 to 74
HeIphti ol the boshba . e il L i v iR, ooesi coitsennania ! 10to 12
Heipht Ol TR0 LE0NE eietr. ik iv, Srvex soisastadmesoss sonbavate 38 to 40
Height of the chimney ..........c.ccceeeveeesen 8to9
Width of the hearth, upper part... 3} to 44
Width of -hearth,  JoOWer Part....ccc. csesssss sasesnacs ansssssss 5 to 33
WVIGUIE A0ross: CHOrDOSNOB., S aviss s svesssasmersratis sspsasidisssoons 13 to 15}
IWidth of the MOTHD; o .osus. -ctssteerissssavansisstossons tsesvsisasase 9 to 93
Height of the center of the tuyeres above the bottom... 2} to 3

Square contents of the mouth—sq. ft

Square contents of the boshes—sq. ft

63.6 to 70.8
135 to 189

The charges of the furnaces at Hochdahl, Duisburg, Hamm
and Oberhausen, are, in the average, composed as follows :

Coke—1,680 lbs.; ore—2,800-3,500 lbs.; lime—1,200-

1,400 Ibs. (35 to 40 per cent.).

Others charge their furnaces in the following manner :

Coke—2,400 lbs.; ore—3,000-4,500 Ibs.; lime—1,570

Ibs. (8540, per cent.).

In the averagelall the furnaces use per 1,000 lbs iron :

Coke—1,250-1,900 lbs.,
Ore—2,500-2,600 Ibs.,
Lime—850-900 lbs.

The above mentioned analysis of iron from Hochdahl and

‘Hamm give a good idea of the excellent quality
produced in all these furnaces.

of the iron
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Consequently, one finds now-a-days Bessemer furnaces
everywhere and the fabrication of cannons, rails, tires,
implements of every description has already reached a point
where a “ halt”” is impossible.

It is from this state of affairs, not only in Germany, but
also in Sweden, and Russia, that I derive my judgment.

D.—INDIANA.

The Bessemer-steel manufacturers of our country thus
far could not very well do without the peculiar kind of
English iron, which resembles very much the Spiegeleisen.
But I do not say too much in stating, that the time is not
very distant when, throwing overboard such an auxiliary,
Indiana will be the State, where not only the crude metal
for the Bessemer steel will be produced, but where also the
steel manutfacturing process itself will open a new era to her
health and wealth.

The block coal of Indiana is unsurpassed by any other
tuel. Profs. Cox and Foster are the developers of the
extensive beds of this marvelous coal, and their geological
reports are so well known that I can not do better than refer
to the same. Blast furnaces, rolling mills and also steel
works have tested the new fuel thoroughly and severely,
with results leading to the conclusion, that there is no better
fuel whatever. The blast furnaces at Brazil, Knightsville,
Shoals, Harmony and Terre Haute, produce by means of’
this block coal an iron of superior quality, proving therefore,
the adaptability of the block coal for smelting purposes.

There are also iron ores in different counties of the south-
western part of the State, well adapted for admixture. It
remains only to bring good natured ores to the coal. Every
where in the manufacturing centres of England, Belgium,
France or Germany, it is always found to be more economi-
cal to conduct the iron ores to the coal, than the latter to
the former. Experience of decades has proved this to be a
fundamental law for every establishment, which pretends to
be a well conducted one.
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And the facilities in this regard are excellent for Indiana.
To the north as well as to the southwest she is connected by
means of rail with eountries bearing a superamount of
splendid ores, well adapted for the fabrication of Bessemer
crude pig iron. These countries are: the Lake Superior
iron region in the north—the Iron Mountain region of
Missouri.

To commence with the northern region, I give below a
series of analyses, which will give the best testimony of my
assertion of their being suitable for Bessemer crude metal,
for in comparing these analyses with those mentioned above
under Sweden and Germany, one must come to the conclu-
sion that the ores bear exactly the properties which are
wanted for the production of Spiegeleisen.

There are five varieties of ores in the Lake Superior region :

1. The most valuable is the specular hematite, a very
pure anhydrous sesquioxyd, occurring either granular or
massive. It yields from 60-70 per cent. of metallic iron.

2. A soft hematite, very much resembling the brown
hematite (limonite) of Pennsylvania and Connecticut, and
generally associated with specular ore, from which it is sup-
posed to be formed by decomposition and disintegration. It
is very easily reduced in the furnace, yields about 50-55 per
cent. of metallic iron and is of a very porous structure.

3. Magnetic ore, from which very likely the specular ore
originated, by some metamorphic action. In some of the
mines it is of a dark, bluish, black color, highly penetrated
with crystals. It is very heavy, and, when free of quartz,
resembling almost black oxyd of iron. It yields from
70-72 per cent.

4. Flag or slate ore, a silicious hematite, containing less
metallic iron and of a very indifferent character in the
furnace.

5. Silicious iron ore containing a variable amount of
manganese and deposited always in the vicinity of the flag
ore. This ore is of the greatest value as an admixture, for
the smaller percentage of metallic iron is favorably replaced
by the valuable manganese.
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All manufacturers of iron understand the great advantage
of having such a variety of ores. 1In England, the foremost
importer of iron into the United States, can not do well
without drawing upon Sweden and Russia for the best qual-
ities of ores. The magnetic ores of Lake Superior have
been sufficiently tested to prove that they produce the best
quality of iron, and it is known that from a mixture of the
magnetic with the different hematites of this district alone,
can be produced every grade of iron that can possibly be
required. The ores, without any notable percentage of sul-
phur, phosphorus or other obnoxious foreign substances, are
embodied in mines, the gangue-matter of which are silicates
of iron, alumina, lime and quartz.

Analyses of ores from the Marquette district are contained
in the following table :

Iron, metallic, - 64.0 58.0 67.0 66.0 58.0

Oxygen, - - 27.0 240 26.0 28.0 24.5
Alomings. 5i= 1= 4207 02,0081 680026 43D
Lime, - - 0:2 " 0:8 L1t 0F S le T2l

Gangue matter, - 6.5 150 4.5 1.5 11.0

99.7 99.8 100.0 99.7 99.5

Such ores need no careful calcination, because nature itself
has performed the process of decomposition.

Some later discoveries prove that there is also in Spurr
Mountain district a deposit of manganiferous ores. Spec-
imens collected for analysis from many parts of the outcrops
of this new bed and from loose masses, have the following
constituents :

IMetallic IrOD..coiceesssoessscessoassonss sowe rerese .67.32
DXV CIIT. oot SiaTads ok o Mas s 45 BEB s deswis NN .25.70
Oxyd of Manganese.. «coceveveeennen. S T 1.01
SH G R e P IR S 3.06
LAme . & B i MO R SR L e 0.12
L\ e N R I O e e SR s 4 sy
AN s sorts o S eiasleteeas o dunsish cuvisean ool 2
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And it is already found that the percentage of manganese
increases with the depth, and there are reasons to believe
that this manganiferous ore will be found abundantly
throughout the whole district. The ores of the Iron Moun-
tain mine contain also this highly prized metal. Some of
this ore has already been shipped and most successfully
tested and used in the manufacture of Bessemer crude metal.

Other ores have been tested and found to possess a peculiar
quality as compared with others, being equally prolific in
the yield of metallic iron. It is the presence of large quan-
tities of carbonate of lime in the body of the ore that gives
it its particular character. It is this that at once recom-
mends it to iron producers, for this ore is eminently fitted
for mixing with other and especially silicious ores. The ore
is said to contain from 45 to 50 per cent. of iron and 15 to 20
per cent. of lime. That this is an eminently important
service to the metallurgy, and that such an ore must take a
place in the very first rank even among the other rich Lake
Superior minerals, will be admitted by every one who looks
at the question in a practical light. It will produce economy
in smelting, in supplying a lime flux in its most favorable
conditions, and in allowing the use of a cheaper kind of ore -
(Indiana ore) in mixture with it, without introducing any
deleterious substances to injure the quality of the iron pro-
duced. The blast furnaces of the Lake Superior iron dis-
trict, numbering to about fifteen, produce an iron excellent
in quality. They are, up to this time, using charcoal for
fuel, except the Marquette furnace, which runs on bituminous
coal from Pennsylvania.

The expenses per one (1) ton of iron are about :

$13 50 for fuel.
6 75 for ore and flux.
6 75 for labor, etc.

$27 00
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It is but fifteen years ago since the first shipments
of the ore took place. Since that time mines have developed
into an inexhaustible source of wealth, proving the superi-
ority and excellency of the ores. From 1,500 tons of ore
in 1855 the shipment increased to over one million of tons
in 1872. The largest portion of the ores go to Cleveland,
whence they are reshipped to the coal fields of the Mahoning
and Shenango valleys by rail. The average cost of mining
and delivering ore on the cars, at the mines, is estimated at
$2.00 per ton. The cost of transportation to Cleveland via
Marquette was last year $4.25. At these rates the ore is put
upon the docks at Cleveland at a cost of $6.25, where it is
sold at $8.00 and upwards.

About one hundred furnaces in Ohio and Pennsylvania
use Lake Superior ore and this number is rapidly multiply-
ing because the iron masters find that it is more economical
to use a rich, pure ore from a distant location, than a cheap
but impure one of the neighborhood of the furnaces.

From such facts it proves sufficiently, that the fame of the
Lake Superior ore is a well supported one. -But in compar-
ing the same with the state of affairs in Indiana, we may say,
that every point of the block coal field is far more favorably
situated than any of those iron establishments throughou
Pennsylvania or Ohio. Favorable points in Clay county
coal fields are about 180 miles from Chicago.

Taking the same cost for MIBIND e esasanssasns e s 2200
Transportation from the mines to Escanaba (623 miles

at 13c per ton a mile).cicrersereriecarsrnsncrnenes . 83
Transportation from Escanaba to Chicago per 1 ton... 1 00

Transportation from Chicago to Clay county, Ind...... 2 40

*$6 23

#This estimate is, comparatively correct, but the freight and ores
may now be had for something less. From Terre Haute to Chicago
the distance is 183 miles. From Indianapolis to Chicago it is 194
miles; and from Indianapolis to Michigan City where Lake Superior
ores may be had as cheap as at Chicago, the distance is 154 miles by
rail—E. T. C.
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This would be a price for which the ores can be put on
market at the locality named, enabling the Indiana iron-
master to produce not only a good iron, but also an iron as
much cheaper as the freight from Cleveland to the furnaces
in Ohio or Pennsylvania.

Having spoken thus far only of the manufacturing of iron
with Lake Superior ores and block coal, it remains also to
mention the distribution of ores in Indiana.

Of the ores of Parke County, says Prof. Cox in his
Geological Report, the banded and kidney ores are abundant
throughout the county, and they are estimated to yield about
30-33 per cent. of metallic iron. Very good natured clay
iron ores are also found at different creeks of this and
other counties, which Prof. Cox classifies in the following
manner :

1. The impure -carbonate of iron, including clay iron
stones, in flattened spheroidal masses and in bands, more or
less continuous, associated with argillaceous shales.

2. Brown sesquioxides or limonites.
3. Silicious oxides.

The ores indicate sufficient richness to justify smelting,
whenever facilities can be had for cheap and ready transper-
tation. Especially do they show that the country has the
desirable ore for admixture with those of Lake Superior and
Missouri.

Close to the block coal fields we have, thirdly, the well
known Iron Mountain eres of Missouri. These ores, form-
ing veins in the crystalized slates, contain in the average:

Peroxide of iron......... sesesens vee...40.97 per cent,
Sesquioxide of iron........eevverees....46.60 per cent.
Silica..eeeees eevesvess shevsseses seseevesnses 7.28 per cent.
AJOMIE oenvessovnre e e 5.45 per cent.

100.39
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There is also the red hematite from Pilot Knob, the con-
stituents of which are:

Besguioxide 0f IT0N;w . oocesssicamessss ihErncoren 84.85
S P A A B o S AR A 10.41
I T e e e o 5.64

100.90

It would be of no use to give here a more precise descrip-
tion ot the ores of Missouri, for every one interested in the
matter knows that large deposits of specular and brown
hematite exist, and are mined upon, in the vicinity of the
Marameec river, in Phelps and Crawford counties.

The Pilot Knob bears large quantities of silicious specular
ore, while the magnetic ores are found in Shephard’s moun-
tain. :

According to Prof. Foster a ton of these ores can be
delivered at Terre Haute, 15 miles only distant from the
seams of the block coal field, at a cost of $2.20.

In the blast furnaces, rolling mills, etc., block coal has
had a thorough and severe test, as I said before, and I may
add here, that it is highly preferable to coke. Coke, as
stated above, is considered now the best reducing agent in
the fabrication of Spiegeleisen, but the producing of coke
involves a great economical loss. The volatile matter of
the coal is to its greater portion wasted, and while on the
one hand the coal loses in coking about 30-35 per cent of
its weight, the expenses are multiplied on the other.

Practical working at Carondelet has shown that the
quality of the iron made by the use of block coal, is very
superior to any produced in the United States for Bessemer
steel making.

Trials made in the large furnaces of the Vulcan Iron
Works at St. Louis, where the charges of the furnace were
composed of 2,000 Ibs. of block coal and Iron Mountain
ores, the temperature of the blast ranging from 750° to
800° F., resulted in a foundry pig. No. L.
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It is believed that blast furnaces of a far greater cubical
capacity than those used now, will prove especially valuable.

Finally, I may say that, according to Prot. Foster, the
Staab coal of Spencer county, Indiana, on account of its
extreme hardness and its absolute freedom from deleterious
substances, will, no doubt, prove peculiarly valuable as a
fuel for furnaces of great dimensions.

These facts, compared with those related to above, under
Russia, Sweden and Germany, there can be,no doubt that
the pig iron made of Lake Superior, Indiana and Iron
Mountain ore, with Indiana block coal, will be not only
able to compete with English, used now as an admixture by
the Bessemer steel manufacturers, but that it will be even of
a far better quality. Those interested in the matter may
earn great profits, and the proposed plans to erect Bessemer
works in Brazil, or Indianapolis, must be considered ag
enterprises, based upon the most sound ground.
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