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- UNITED STATES

PATENT OFFICE.

C. WILLIAM SIEMENS, OF WESTMINSTER, ENGLAND,

IMPROVEMENT IN METALLURGICAL PROCESSES AND FURNACES.

8pecification forming part of Letters Patent No. 89,441, dated April 27, 1869; Reissue No. 7,862, dated
Augugt 28, 1877 application filed December 5, 1376.

Drvision A.

* To all whom it may concern:

Be it known that I, CHARLES "WILLIAM

SIEMENS, of Westminster, in the county of
Middlesex, England, have made a new and
useful invention having reference to Furnaces
and Metallurgical Operations, of which the
following is a specification:

My improvements have reference to fur-
naces in-which gaseons fuel and heat-regen-
erators are used for the production of cast-
steel, and to the manufacture by certain pro-
cesses, hereinafter described, of cast-steel on
the bed of regenerator-furnace. . .
Cast-steel may be produced directly from
the ore by the process described in the speci-
fication of certain Letters Patent granted to
me, and bearing date September 20, 1866,
and numbered 2,413 of British patents; or it
may be produced by melting cast-iron (con-
taining, by preference, manganese) and scrap-
iron or scrap-steel, or blooms of puddled
steel or iron, in a reverberatory furnace; or
it may be produced by these two processes
conjointly.

1u the specification to the before-mentioned
Letters Patent two furnaces were shown, in
one of which the ore, with its admixtures of
fluxes ard reducing agents, descended at the
two sides of the heated chamber, and in the
other of which the ore descended through a
single shaft or hopper_upon the bed of the
reverberatory furnaces. e
. According to my present.improved furnace

‘thése shafts or hoppers are placed vertically,
or nearly so, and are made of counsiderable
altitnde, descending at the same tite to the
_surface of the metallic bath in the farnace, or
nearly 80, in order to cause a more gradual
and uniform descent of the ore into the fur-
nace with as little exposure as possibie of the
spongy metal reduced in the hoppers to. the
oxidizing influence of the flame; and the re-
daction of the ore within these shafts or hop-

"pers is farther assisted by the application of-

flues or heated chambers around them, through
which the heat ot the furnace is made to cir-
- culate. : :

Into each vertical ore-shaft a pipe carrying

a supply of hydrocarbon, or other reducing-.

gases, may Le made to enter from above,
with its outlet near the base of the vertical
columnn, _ _

If the ore employed is in the state of pow-
der, and therefore not pervious to the reduc-
ing-gas, I mix the same with loose and per-
vious reducing agents, such as wood in small
pieces, sawdust, dried peat, and charcoal,
separately or in conjunction with pitch, as-
phalt, or oils, as mentioned chiefly in the
specification to the hereinbefore - mentioned
Letters Patent, in which case the introduction
of gas may be dispensed with. Co

In commencing operations I generally form .
a wetallic bath of cast-iron,introduced through

-side doors of the furnace, which greatly facili-

tates the liquefaction of the metallic spongy
iron formed in the hoppers. :

With the ore, scrap-irou, or steel—such as
engineers’ turnings, &c.—or cast-iron, in a
more -or less divided state, may bo charged
into ‘the hoppers, to be also absorbed in the
metallic bath; or wrought metal may be fed
in through separate side doors or hoppers.

If only wrought-iron and cast metal are to
be employed, theu, in place of the vertical
hoppers or shafts, inclined hoppers may be
conveniently adopted,through which the pieces
of wrought -iron, such as bars or old rails,
descend by gravity, dipping, with their most
heated ends, into the metallic bath, where
they are dissolved, a certain portion of the
flame being allowed to escape-out, of the-top
of the hopper, in order to-warm the iron dar-
ing its descent, and without lowering the tem-
perature of the furnace ;. or pigs of cast-metal
(by preference whité metal) may be fed down
these hoppers, and ‘an oxidizing-flame be re.
sorted to for effecting the unecessary decarbu-
rization, the oxygen supplied by the regenera-
tive gas-furndce to be employed being ata

very elevated temperature, and therefore well

adapted for effecting such decarburization,
which, however, may be aided by. stirring,
and by the addition of comparatively pure
metallic oxides on the surface of the bath.

At the end of each operation, whatever
may be the ingredients employed, before tap-
ping the metal I generally add a certain pro-
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portion of rich spiegeleisen, or of metallic

manganese, to the bath, in order to improve
the quality of the steel. ]

The ore to be employed for the first-named
process should, by preference, be a pure oxide
of iron, containing as little gangue, or sul-
phur, or phosphorus as possible. Magnpetic-
iron stone, hematite ore, and rich calcined
spathic ore 'are particularly applicable; or
such a mixture may be conveniently adopted
as contains both silica and fluxing materials,
such as lime or magnesia in suitable propor-
tion, avoiding the necessity of adding separate
fluxing materials. .

‘Having thus premised, I will now proceed
more particalarly to deseribe my invention.

Figures marked 1, 2, 3,4, 5, 6,7, 8,9, 10,11,
12,13, 14,15, 16, 17, and 18 of the accompany-
ing drawings show the before-described two
principal types of furnace for the production
of cast-steel in large masses, one of which is
arranged more particularly for the employ-
ment of oxides, or other iron ores, and the
other for the conjoint employment of bars or
rails of wrought-iron or steel and of pig metal,
or for the employment of pig metal only.

Figs. 1, 2,3,6,7,8,9, and 10, show my im-
proved furnace for producing steel directly
from the ore. Fig.1 is a longitudinal sec-
tion through the furnace and regenerators.
Fig. 2 denotes a transverse section in line.
Fig. 3 shows an elevation of the furnace, and
also a section through the gas-passages on
line 3 3 of Fig. 2. Fig. 6 represeuts an ele-
‘vation of the tapping-hole side of the furnace.
Fig. 7 shows a sectional plan on line 5 5 of
Fig. 1, and Figs. 8, 9, and 10, show enlarged
details or parts to be hereinafter explained.
~ Similar letters of reference indicate similar
parts in each of the tigures.

.. One or more gas - producers, such as de-
scribed in specifications of former Letters
Patent granted to me, are to be used with my
present furnace, and, when used, may be
placed at a considerable distance from the
furnace. The gas is conveyed from the pro-
ducers through the flue A, (see Fig. 2,) and
directed, through the passages of a revers-
ing-valve, B, alternately into the regenerators
C ¢, whence, after becoming heated, it passes
. into the furnace alternately at-the right-hand
and left-hand side of the heated chamber D
thereof, at which points the gas meets the

atmospheric air proceeding alternately from
theregeuerators E E', and enters into combus-

tion with the same. :

The atmospheric air is directed into one or
other of the regenerators E E! by the revers-
ing-valve B’. A’is the flne through which
- the products of cowmbustion escape to -the

' -chimney. Theroof and sides of said chamber

‘or furnace D are to be constructed of the most
refractory materials, such as the best silica or
dynas brick, while the bottom or bed may be

formed of a mixture of two descriptions of

sabd, the one being nearly pure silica, and
practically infasible, and the other a fine red

loam, which, in being acted upon by the heat
of the furnace near the surface, fuses, and
thus binds the white sand together, so as to
form a hard and impervious crvst for the re-
ception of a bath of molten steel. A mixture
of two or three parts of white sand with one
of red is found to answer well, but it is im-
portant that the two sands should be well
mixed, and charged dry into the furnace, or a
natural sand may be substituted, if a suitable

-quality is to be obtained.

The surface of the sand ig so formed as to
constite the hollow bath sbown in the draw-
ings: and, in order to give a certain thickness
and solidity to the crust, I charge the last
portions of the saud in thin layers when' the
furnace is already at a full welding-heat.

In the roof of the furnace are formed two
cireular orifices, through which the interior of
the furnace commaunicates with two vertical
cylindrical chambers, F F’, (see Figs. 1 and
2,) which are counstructed ot shells or tubes of
wrought-iron, lined with brick-work, and are
suspended from the upper flooring or stage G,
in order not to press upon the heated arch of
the furnace. The joints between the arch and
these chambers should be made -good with
clay. ' ‘

The upper ends of the chambers F F are
made to communicate with a chimney Dby
means of pipes H H/, provided with regulat-
ing-dampers. Through the open upper ends
of these chambers two vertical hoppers, pipes,
or retorts, I I/, pass down nearly to the sur-
face of the bed of the furnace D, as shown,
they being suspended from the tops of the
chambers F F/. The upper portions ¢ of the
pipes I I’ are to be counstructed of cast-iron,.
and may continue to slightly increase in di-
ameter as they descend. ' The lower portions
4! of such pipes I I’ are to be made of clay,
such as is asually employed for making steel- .
welting pots. The clay cylinders ¢ may be
attached to the iron pipes ¢ by means of bay-
onet-joints, a8 shown at the enlarged details
in Figs. 8, 9, and 10, of which Fig. 8 shows a.

section, Fig. 9 a plau of the clay cylinder, and

Fig. 10 exhibits a section and plan of the iron
cylinder. : ‘ Co
These hoppers or retorts I I’ receive the ore
with which the furnace is to be charged. The

requisite reducing-gases are to be couveyed
into the mass of ore contained therein through -
small pipes J J/ descending through the hop-
pers.

The reducing-gases may be derived from the
gas-producer or prodacers before alluded to,
in which case they are to be forced, by a
steam-jet, into the lower part of a .scrubber,
L, (see Fig. 1,) which is to be filled with coke,
or other suitable loose naterial, over which
water is to be.made to trickle in copious
streams, such water escaping through an over-
flow, the object being to wash and purify the

' gas, 80 as to remove therefrom the vapors

and sulphuroas acid, &c. .
The gas may be also passed over quick-
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lime, to complete the purification, and through
a heating apparatus, if thonght desu'a.ble, be-
fore reaching a cast-iron cross-pipe, M, through
the ascending pipe communicating therewith.
From thence the gas descends through the
pipes J J/, as before described. These pipes
are carried by the cross-pipe M, being dropped
throngh openings (in the top of the latter)
provided with covers m m’. The pipes pro-
vided with flanges at their upper ends rest
upon the inner bottom surface of the pipe M.

By this arrangement or application of the
pipes J J’ to the pipe M, either of the pipes

»J J’ may be readily removed from the pipe

I

M and exchanged for a fresh one, in case of
Leing injured by the heat of the lower parts
of the hoppers. The cross-pipe M ‘can also
be readily removed, and the hoppers -them-
selves be raised, when injury may occur to
their lower parts of pot clay, which are ex-
posed to the heat of the furnace.

The bayonet-joints between the clay and
iron pertions of the hoppers admit of the lat-
ter being readily separated from the farnace

and exchanged for others in case of injury,

one or more ot them being generally kept in
readiness in an annealing-stove.

The mode of working this furnace may be
thus described: In heating- the furnace, the

‘open upper ends of the eylindrical chambers

B F are to be closed by covers, which are to
be replaced by the hopperl I I’, when a tull
white heat has been obtained. As soon as

the hoppers are in place a small charge of

charcoal is to be introduced into each; which
should be followed by the ore, or compound
of ore and redueing agent, and flux to be em-

" ployed,until they are entirely filled. The gas-

supply pipes J J’ having likewise been placed
in, position, a supply of reducing-gas is to be
next turued on, which can be regulated ac.
cording to circumstances by means of the

 steam-jet usually employed in foreing it on.

The dampers b k/ of ‘the tlues H H’ are to be
also opencd, in order to caunse a portion of the

 flame trom the furnace to pass.up in'the annu-

lar spaces surrounding the hoppers I I in the
chambers F F’, in order to heat the hoppers
to redness. At the Satne time, also, pig metal
is to Le introduced into the furnace through
the side openings O ¢/, This metal, on melt.
ing, will form.a bath of molten metal below
the hoppers and on the bed of the furuace.
By the conjoint action of the reducing agents
and of the heatapplied externally to the spougy
iron reduced from the ore, which, coming into
contact with the metallic bath, will be readily

- absorbed and dissolved therelu the earthy

constituents rise to the surface of the bath

in the form of slag or scorim. In proportion
as the spoungy iron produced by reduction in
the hoppers is dissolved, fresh material should
be added to the top of them, and it will grad-
ually descend in the hoppers, and, in its turn,
will be reduced and dissolved.

The heat of the furnace being ma.mtamed at

a steel-meltng heat, it is necessary to observe,

| stirred and tested.

from time to time, whethier the ‘metallic bath
remains fluid. Should it.commence to thick-

| en, additional cast-iron is to be introduced

(at the side openings O) upon the sloping
bauks, whence the molten cast’ metal descends
into the bath, and supplies fresh carbon to
the same.

The scorise which may form upon- the sur-
face of the wetallic bath should be removed,
from time to time, through the opening P',
which may be at a lower level than the side
or charging doors P, as indicated in the:ar-
rangement of this tumdce at Figs. 4, 6,11, and
12.  When sufficient molten metal has a.(,cu-
mulated upon the bath, disks' of cast-iron,
lined upon the under sides with clay, are to
be introduced upon the surface of the ore in.
the hoppers.

- These disks may be made in two parts, for
the convenience of lubrodu(,mg them without
removing the gas-supply pipes J J’, and the
two halves may Dbe united by a strong wire
fastened through lugs and forming a loop.

When these disks may have descended (by
the weight of the ore filled in upon them)
until they have passed the joint between the
cast<iron and clay hoppers, wires connected to
the disks may be caused to catch upon the
gas-pipe M and prevent their farther descent.

The material below the disks-having become
absorbed in the bath, the latter should be
The slag should beof light
brown or a light green color, and coutam little
iron in combination.

- Should it be heavy and dark in color, and
the metal bath below it be thick and par-.
tially set in masses-of malleable metal, more
cast-iron should be charged in at the side
doors or the hoppers O, and it will-also be ad-
visable to throw some chdrcoal upou the flaid
bath. .

The heat of the turna.t,e must also be ralsed
to and maintained at a full steel-melting. heat,
and the bath. be stirred“as soou as-the pig .
metal may be melted.

Should the slag remain dark, it is a ploot
that sufficient lax has not been charged with -
the ore to combiue with the silica generally
contaived in it. Quicklime should Le added,
which will readily combine with the slag, aud
will liberate the iron and allow the same to
pass into the metallic bath below. .

To assist in the reduction of the .iron con-
tained in the slag, I often throwi in, after adding
the quicklime, about ten pounds.of charcoal,
and stir it well into. th'e slag, s0 regulamng thé .
flame, at the same time, that there is'a slight -
excess of gas ia the furuace, in order not . to.
burn the charcoal away too mpully.

Should mueh slag remain, it should, by
means of a rake, be removed uhrough the cen-
ter-door P/, the sill-plate of which is to be ar--
ranged neurly on a level with the wétallic
bath when full; or the slag may be allowed
to ran off contluuously through a hole or

_door, the height of which may be gradually

raised by the addmon of clay or sand, or ot;h-
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erwise, as the metal accumulates in the bath.
. A sample of the metallic bath may next le
taken out by means of a small ladle, washed
previously with plumbago. _
* - This sample of metal may be plunged into
water while it is red-hot, atter which it may
be broken under a hammer, and touched with
a file.. Should it break toughly, and should
the file touch or abrade it freely, such is
proof that the metal contains but .01 to
.02 per cent. of carbon, and is in the re-
quired condition; but, on the contrary, shonld
it break short or be bound too hard to
yield freely to the file, it will be necessary
to stir the bath under the influence of an
oxidizing-flame, (by reducing the supply of
gas,) or to reduce the proportion of. carbon
by addition of scrap-iron or scrap-steel of mild
quality, or of oxidizing agents—such as rusty
iron- turnings or borings, iron ore, by prefer-
ence, magnetic-iron sand containing titanic
acid, nitrate of soda, litharge, ‘or red lead,
&c.—stirring the bath at the same time to ex.
pose all parts of the metal freely to the action
of the reagents added until the proper condi-
tion may beobtained. This having been effect-
ed, fromfive toeight per cent. of ferro-mangan-
ese or spiegeleisen is to be charged in on the
bridges of the furnace, through the side doors,
and the furnace’is to be worked with a slight
excess of gas to prevent the oxidation of the
spiegeleisen, and with an outward pressure at

the doors; or the spiegeleisen may be meited in -

aseparate furnace, either in erucibles or on an
open bed, and charged into the prineipal fur-
nace in a liquid state. The bath should be
stirred gently as soon as the spiegeleisen is
melted, after which, wheu the metal has ceased
~to boil violently, it may be considered as ready
for being tapped. ‘ .
The precise amount of spiegeleisen to be
added will depend upon the proportion of car-
bon remaining 'already in the metal, and on
the temper or the percentage of carbon re-
quired in the finished steel, :
If the ore employed is very pure, no spiegel-
eisen may be required. » o
Samples may be taken out of the bath at
intervals, and when the required temper has
been reached the steel inay be tapped at once
into the ladle; but in most cases, when the ore
is not exceptionally pure, and the steel ob-
tained from it is contaminated with a sensible
amount of" sulphur, Phosphorus, or other im-
purities, it will be found that ingots cast from
the steel without the addition of 8piegeleisen,
ferro-manganese, or other reagents at the end
. of the process are red-short, and cannot be
forged, and the greater the impurity of the
* steel the larger is the amount of 8piegeleisen
that will generally be required. = -
. To admit of adding sufficient proportion of
manganese in the form of spiegeleisen or fer-
‘ro-manganese, in which form alone it is gener-
ally obtained, without at the same time intro-

ducing so much carbon as to make the steel

too »hard for many purposes, it is advisable in

most cases to decarburet the metal almost en-
tirely before the spiegeleisen is added; and
this plan of reducing the proportion of car-
bon in the first instance to a definite point
and adding a fixed percentage of spiegeleisen
has the farther advantage of facilitating very
much the production of a uniform temper of
steel. T

By a little practice the point at which the
metal is sufficiently decarbonized may be
Jjudged of veéry accurately by the appearance
of the fracture of the sample taken out.

In the above-described process, before put-
ting in the spiegeleisen I frequently throw

-Into the bath a small proportion of oxide of

lead, by preference litharge, which, in sinking
to the bottom of the bath, by virtue of its su- .
perior specific gravity, is decomposed, the
oxygen attaching the remaining carbon, as
well as the silicon, while the metallic lead
liberated combines with any sulphar that
may be present, and thus powerfally contrib-
utes to prevent red-shortuess of the steel pro- -
‘duced. _

1 prefer to employ the litharge in tused
pieces, or to form it (or any other oxide of
lead) into blocks before use, by adding it, pre-
viously heated, to fused nitrate of soda, ni-
trate of potash, or other-fused salt, (to which
[ sometimes add peroxide of manganuese, either
with or without other reagents,) as long as the
litharge added continues to be thoroughly wet
by the salt, and by casting or pressing the
mass into suitable pieces. These solid blocks
sink more readily in the metal, and if an ox-
idizing-salt is used to cement the litharge to-
gether it will also aid in oxidizing the remain-

"ing carbon and silicon, and in improving the

quality of the steel.

The amount of oxide of lead that should be
added to the charge depends on the amount
of impurity in the steel; but I find that from
three to eight per cent. is the proportion fen-
erally required. Other salts, such as the
tungstates and manganates of soda, or the
metallic acids by themselves, may be used for
producing similar effects. . -

When the litharge is thrown in to prevent
the vapors thereof from getting into the re- .

‘generators, where they would in time tend to

fuse the heated brick-work, I, by prefererce,
shut off the communication to the chimney,
and open a communication leading from the
back of the furnace into the open air,or through
a suitable connection, lined with fire-brick,
into a condenser, communicating at its far-
ther end with a chimney or other exhausting
apparatus. :

I construet the condenser by preference,
of a series of vertical or inciined iron tubes,
through which water is made to circulate,

The litharge condensed upon the tubes may.
be removed from time to time, and used again
for the same purpose.

The ladle T, (shown in section at Fig. 12,)
which represents a modification of the steel.
melting f{urnace, is meunted upon wheels, .
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and lined in the usual manner, and heated
internally by means of a gas-flame or a coke-
fire. When the charge is ready for being
tapped it may be moved in front of the fur-
nace and below the tapping hole 8. The loose
sand is next to be removed from the tapping-
hole and put on one side uutil a portion of the
hard crust in contact with the bath of metal
is exposed. Thereupon the crust should be
pierced (by a pointed iron bar) at the lowest
. point, and the metal will run into the ladle.
The ladle should next be moved upon the rails
to and over a casting-pit, provided with molds
"of a suitable form and size for the work re-
quired, each of which may be filled, one after
the other, by raising the stopper V of the la-

dle by means of a lever.
* The ingots thus obtained are to be ham-
mered and rolled in the usual mauner, or the
metal may be cast direet into dry-clay molds
of the form in which it is required for very
strong castings, Inthislatter casetheamount
of carbon should be increased to one per cent.
or more. The quality of steel so produced
may be further modified by adding titanic
acid, manganese, or various other substances
to the ore.

When the {urnace is emptied of its charge,

and the bed of the furnace has been repaired,.

if necessary, by throwing in fresh sand, and
" the tapping-hole has been made up in the
usual manner with sand or loam, the wires
holding the disks should be cut, in order that
they may be forced down (by the ore in the
hoppers) on the bed of the furnace, and 2
fresh charge of ore be made to descend, as be-
fore.
sary to introduce the disks at the end of every

charge, in which case the action of the hop-

per will be strictly countinuous.

The clay hoppers ¢ may be dispensed with
by making the cast-iron hoppers ¢ continuous,
and supplying in themselves the cast-iron
requisite to form the metallic absorbing-bath.
This arrangement is shown at Figs. 14and 15,
Fig. 14 being a longitudinal section, and Fig.
15 a transverse section of the furnace, which,
in this case, is provided with only one hopper.

I I are the cast-iron tubes or cylinders, con-
nected together by means of bayonet-joints,
as shown at the enlarged mections and plaus
at Figs. 16, 17, and 18, which tubes are filled
with the ore, and are passed down the cham-
bers I to the bed of the furnace D, where they
are melted down with the ore, as described.

As the tubes melt away and descend into the.

farnace fresh ones are to be attached at the
top from the platform G. The uapper part of
- the chamber F does not, in this case, commu-
nicate with a chimney, as in the previous ar-
rangement, the ascending gases through the
same escaping into the atmospbere around
the descending hopper. .
The other parts of the furnace and the mode
of operating with the same are the same as
described with reference to the previous ar-
rangement, and need not be again referred to.

It is, however, not in every case neces-

Figs. 4, 5, 11,12, and 13 of the drawings
show another modification of my improved
farnace, or another mode in which I have con-.
templated the application of my improve-
ment. , ‘ o ' '

By this mode™ or farnace cast-steel may be
prepared from a mixture of bar-iron or old
rails of wrought-iron or steel, and pig metal
alone. o

Fig. 11 denotes a longitudinal section of the
furnace on line 156 15 of Fig. 5. Fig. 12'de-
notes a transverse. section of the furnace on
line 16 16 of Fig. 11. -Fig. 13 represents a
rear elevation, and Fig. 6 a front elevation, of
it. Fig. 5 exhibits a sectional plan taken on

‘line 19 19 of Fig. 11. .

Tn this arrangement of form of my inven-
tion sloping hoppers 1 are substituted for the
verticalhoppersin the previous arrangements.
Down these sloping hoppers bar-iron or old
rails may be slid from the platform G, so as
to rest with their ends upon.the bed of the
furnace. Pig metal at the same tiwe is to be
introduced through the side openings O, so as,
in melting, to form a bath, in which the bar
iron or rails dissolve. As the‘latter are thus
made gradually to slide down the hopper I a
portion of the highly-heated products of com-
bustion from the farnace iz allowed to pass up
the hoppers, escaping at the open ends thereof
after having heated the wrought-iron to a red
heat preparatory to its passing down into the
batb.

If cast-iron alone is employed, while pig
metal should be used, it is to be intro-
duced into the furnace in a similar manner to
the bar-iron—that is to say, down the hopper
I. In this case the gas supplied to the far-
nace would be relatively diminiched, and the
chimney-draft increased, causing a current of
intensely - heated oxygen to pass over the
metal and to effect its decarburization. This

“effect may be increased by occasionally stir-

ring the bath, and also by the introduction
upon the surface of the bath of oxides of iron,
by preference, of magnetic sands containing
titanic acid, which latter will become absorbed
and improve the quality. of the steel produced.

A sufficient quantity of metal having acecu-
mulated in the bath, and the proper chemical
condition of the bath having been ascertained
by taking out a sample, and regulated as be-
fore described, from four to eight per cent, of
spiegeleisen ay be introduced through the
side doors P or the hopper O, with or without
the previous addition of a certain proportion
of litharge or other oxidizing-salts, as before
described, and the process of tapping may be
carried out in a similar manner to that de-
scribed with reference to the first arrange-
ment. .- -

Having thus described the nature of my
inveution, and the best means [ am acquainted
with of performing the same, I wish to be un-
derstood that what I claim is— - :

1. The process of treating the metal in th
bath of the.furnace, which consists in adding
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litharge or any other oxide of lead formed
into cakes or compact masses before use, by
mixing it, substantially as described, with
fused nitrate of soda or nitrate of potash, as
“and for the purposes deseribed. ,

2. The method of preventing injury to the
‘furnace or the choking up of the regenera-
tors or flues, when oxide or lead of other sub.
stances which give off gases or vapors are

added to the molten metal in the bath of the |

farnace, which consists in drawing off the
gases or vapors, or the greatest part of them,
from the furnaces without letting them pass
into the regenerators or flues, and then con-
densing them to recover the products.

3. The combination of one or more tubular
hoppers, I I/, and the surrounding heating-
chamber or chambers F, with the furnace D.

4. The combination of the tube J or J* with
each of said hoppers I I,

6. The combination of the connection M,

provided with holes and caps, as set forth,
with tubes J J/, the said parts being arranged
with the hoppers and furnace in the manner
as set forth, '

6. The combination of the system of heat-
regeunerators, as described, with the furnace
D, its tubular hopper or hoppers, and the ac-
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cessory heating chamber or chambers thereof,
F F, the whole being made to operate to.
gether, and with one or more gas-producers,
substantially as deseribed.

7. In the process of making steel by ‘a bath
of metal and one or more hoppers and heat-
ing -chambers, as described, the method of
managing the circulation and escape of the
combustion products within a series of regen-
erators, whereby a portion of the products of
combustion shall be withdrawn to heat the
ore, metal, or material, while descending
through the hopper or hoppers into the fur-
nace or bath-chamber, and the remaining pro-
ducts of combustion, not reduced in tempera-
ture, be cansed to pass through the regenera.
tors to, and escape by, the chimney, the effect
being to not reduce the temperature of the
furnace by the introduction of the cool ore or
materials through the hopper or hoppers.

In testimony that I claim the foregoing I
have hereunto set my hand and seal this
26th day ot June, 1876.

C. WILLIAM SIEMENS. [L.3.]

Witnesses:
CHAS. ROCHE,
G. D. Davigs,




