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‘UNITED STATES PATENT OFFICE, |

C. W. SIEMENS, OF WESTMINSTER, ENGLAND.

~ IMPROVEMENT IN THE MANUFACTURE OF IRON AND STEEL.

 Specification forming part of Letters Patent No. 95,843, dated October 12,1869,

—

T3 all whom it may concern:. . | | state of powder, and therefore not pervious:
‘Be it known that I, CHARLE WILLIAM‘{ to the reducing-gas, I mix the same with loose.
~ SIEMENS, of Westinster, in the county of “and pervious reducing agents, such as wood in.
. Middlesex, England, have made a new and | small pieces, sawdust, dried peat and ehar-
useful-invention having reference to: Furnaces -coal, separately, or in conjunction with piteh,
- for Metallurgical Operations ; and do hereby | asphalt, or oils, as ‘mentioned chiefly in the
. declare the same to be fally described in the | specification to the hereinbefore - mentioned
.. following spécification, reference being had to | Letters Patent, in which case the introduction
- ~the accompanying drawings, and to the figures | ‘of gas may be dispensed with, N
-and letters marked thereon—that is to say: | - Incommencing operations I generally form
My improvements have reference principally | a'metallic bath of cast-tron introduced through
to furnaces in which gaseous fuel and beat re- | side doors of the furnace, which greatly facili-
~ generators, as héretofore patented by me, are | tates the liquefaction of the metallie spongy
- used for the production of cast-steel. = Jiron formed in the hoppers. "With the ore,
o Cast-steel may be produced direetly from the | serap iron orsteel, such asengineers’ turnings,
- ore, by the process described in the specifica- &e., or cast-iron in''a more or less divided
_ tion of certain Letters Patent grauted to nie, | state, may be charged ino the hoppers, to be
~ and bearing ‘date September 20, 1.866,-'&11(1"!-- also absorbed in the metallic bath, or wrought
- ‘humbered 2,413, of British patents, or it may { metal may- be fed in through separate side
- be produced by melting cast-iron, eontaining, | doors or hoppers. 'If only wrought and cast
by preference, manganese and scrap-iron, or | metal are to be employed, then, in place of the
- -8crap-steel, or blooms of puddled steel, or iron | vertical hoppers or shatts, inclined  boppers
- In'a reverberatory furnace, or it may be pro- | may be conveiiently adopted, through whieh
- duced by these two processes conjointly.- =~ ‘| the pieces of wrought-iron, such as bars or
" _ In the specification to the before-mentioned old’ rails, descend. by. gravity, dipping with
- Lietters FPatent, two furnaces were. shown, in | their-most-heated ‘ends into the metallic bath, -
one of which the ore with. its admixtures ot | where they are dissolved, a certain portion of "
fluxes and reducing agents descended at the flame’ being allowed to.escape out of the top
- two sides of the heated chamber, and in the | of the hopper in order to warm the iron dur-
other. of which the ore descended through a | ing. its. 'descent, and without lowering the
-8ingle shaft or hopper tupon the-bed of the re- | temperature of the furnace; or pigs of cast
- verberatory furnaces. .. . metal; by preference, white metal, may be fed
According to my present.improved furnace,

_ | _ down' through these hoppers,-and an oxidiz-
these shafts or hoppers are placed vertically, | ing-flam® be resorted to for effecting . the nec-
or nearly so, and are made of considerable

Or 1 | essary . decarbarization, the oxygen supplied
-altitade, descending at the same time to the | by the regenerative gas-furnace to be employed
- surface of the metallic bath in the furnace, or | being .at_.a. very elevated temperatare, and

- hearly so, in order to cause a more. gradual ‘therefore well adapted for effecting such de-

- .and uniform descent -of the ore into the fur- carbarization, which ‘moreover - may be aided .
| ‘nace with as little exposure as possible of the | by stirring, and: by the addition of com para-
-spongy metal, reduced in the hoppers to the | tively pure. metallic oxides on the surface of
~oxidizing influence of' the Hame, and. the re- | the bath., At the end of each operation, what-

. ‘duction of the ore within these shafts or liop- | ever may be the ingredients.employed, before

- pers 18 farther assisted by-the application of tapping the metal I generally add a-certain

- Hues orheated chambers around them, through ‘proportion . of rich spiegeleisen, or of me-
which the -Tieat of the furnace is made to ¢ir- | tallic manganese, to the batl, in order to im-
culate. Into each vertical ore shaft, a pipe | prove the quality of the steel. L

- carrying a supply of hydrocarbon or other re- | Fhe ore-to be employed for the first-named
dacing gases . may Le ‘made to enter from | proecess should, by preference, be a pure oxide

- . above, with its outlet near the base of the ver- | of iron, containing as little gangue or sulphur
- tical column, If the ore employed s in the | or phosphorus as possible. Magnetic iron
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ore, are particularly applicable, or such

stone, hematite ore, and rich calcined spathie | chimney,

a mix-

ture may be conveniently adopted, as con-

tains both silica and fluxing material, such as
lime or magnesia, in snitable proportion, avoid-
ing tho necessity of adding separate fluxing
materials. I o -
- Having thus premised, I will now proceed
more particularly to describe my invention.
Figures marked 1, 2, 3, 4, 5, 6, 7, 10, 11, 12,
13, 14,15, 16, 17, 18, and 19 of tlie accom pany-
ing drawings show the before-described two

principal types of furnace for the production-
of cast-steel in.large masses, ons of which is

arranged more particalarly for. the employ-

- ment of oxides or other iron ores, and the

other for the conjoint employment of bars or

Talls of wronght-iron or steel, and of pig-metal,
or for the employment of pig-metal only. Figs...

1 to 7 show my improved furnace for
ing steel directly from the ore.
longitudinal

produe-
_ Iig. 1 is a
section through the furnace and

%

0. Fig. 2 denotes a transverse section on line

regenerators, 1t being taken on line 1 1 of Fig.

| treatment of iron, for converting the same into
| steel, such being either in whole or.in part rep-

93,843

The last-mentioned of such patents
~exhibits a gas-producer designed to be used
In connection with the regencrator-furnace, as
‘wmentioned, . _- R

It will not be necessary, therefore, for me
to herein enter into a.particular description
of - such regenerators and gas-produeers, and

their general application to a furnace for the

resented in the aceosmpanying drawings, which
.also exhibit my present invention-or improve-
ments connected with such a furnace, D, pro-
vided with such a system of regenerators, and
some, if not all, of their conduits or valves.
The roof and sides of the said chamber or
furnace D are to be constructed of the most
refractory materials, such as best silica or
Dynas brick, while thé bottom or bed may be
formed -of a mixture of two descriptions of
sand, the one being. nearly pure silica,. prac-
tically infusible, and the other a fine red loam,
‘which, in being acted upon’ by the heat of tire
furnace near the surface, fuses, and thus binds

22 of Fig.5. Fig. 3 shows an elevation of | the white sand together, so as to form a hard

the furnace, and also a section

through the
gas-passages on line 3 3 of

Fig.2. Fig. 4 rep-

resents an elevation of the tapping-liole side
of the furnace. Fig. 5 shows a sectional plan-

on line 5 5 of Fig. 1; and Figs. 6 and 7 show
enlarged details or
- plained.

» Similar letters of reference indicate simi-

lar parts in each of the figures. -
One or more gas- producers, such as. de-
seribed in the 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.
Lhegasisconveyed from the producers through

the Hue A, (see Fig. 2,) and directed through
the passages of a reversing-valve, B, alter-

nately into the regenerators e ¢/, whence, after
N & | ’ y

becowing heated, it passes into the furnace al-

ternately at the right and left hand side of the

heated chamber 1 thereof, at which points

~ the gas meets the atmospheric air, proceeding
alternately frowm the regenerators K E/, and en-
ters into combustion with the same. The at-
mospheric air is directed into one or other of
the regencrators B E/ by the reversing-valve
B/. A’is the tlue, through which the pro-
ducts of combustion escape to the chimney.
I would remark that in mentioning revers-
ing-valves and regenerators and gas-prodac-
crs, 1 have reference to such as are in sab-
stance described and represented in ‘Letters

Patent Nos. 41,788 and 42,717, heretofore

granted, in the United States of Aaneriea, to
me and Ifrederick. Siemens. In the first of

such patends was shown, in connection with a.
puddling-furnace and its'discharge-flue, a sys- |

tem or series of air and gas regenerators hav-
mg conduits and dampers arranged so that
air and gas could be led into and through such
regenerators and furnace, and out through the

'\-l..“. )
T

parts, to be hereinafter ex-,

-and impervious crust for the reception of a
bath of molten steel. A mixture of two or
three parts of white sand with one of red 18
found to answer well ; bat it is-1important that
the two sands should be well mixed, and
charged dry into the furnace; or a ‘natuaral
-sand may be substituted, if a suitable gunality
18 to be obtained. The surface of the sand.is
S0 formed as to. constitute the hollow bath
shown in’ the drawings; and in order to give
‘2 certain thickness and solidity to the erust,
I charge the last portions of sani in thin lay-
ers when the furnace is already at a full weld-
ng-heat., . | | R
~In the roof of the furnace are formed two
circular orifices, through which the interior of.
the furnace. commaunicates with two vertical
cylindrical chambers, F I/, (sec Figs. 1land 2,)
which are constructed of 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 chamnbers F I/
are made to' communicate with a.chimney by
means of pipes H H’, provided with regunlat-
ing-dampers b &'. Through the open_upper.
ends of these chambers two vertical hoppers,-
pipes, or retorts, I I/, pass down mearly . to
‘the surface of the bed of .the furnace D, as
shown, they being suspended from the tops
of’ the chambers ¥ I/, The upper portions 1
of the upper pipes I I’ are to be constructed:
of cast-iron, and may continuae to slightly in-
crease in diameter as they descend. The lower
portions ¢’ of such pipes I I’ are to be.made of

I clay, such as is usually em ployed - for making

steel-melting pots. | o
The clay cylinders 4/ may be attached to the

| iron_pipes ¢ by means of bayqnet—jeiuts, as
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‘shown at the enlarged details in Figs. 6 and |
7, of which Fig. 6 shows a section and planof |
- the clay eylinder, and Fig. 7 exhibits a sec-
~.tion and plan of the iron eylinder. RS

... This "combination of the furnace, tubular-
- - hoppers, and surrounding . heating-chambers,

-~ a8 well as the combination of a system of heat-
. regenerators and gas-producers with the fur-
- -hace,-1t8 tabular hoppers, and :air- heafin

 chamber or chambers, although described in
- order to illustrate more fully the nature of 1y -
present invention, are not-herein claimeg, the

- '8ame being the subject-matter, in part, of an-

~-other-"application’ for Letters Patent of the-

~ United States, filed by me on the 13th day of
~March, 1869, and the ‘samé remark will also
-~ apply to the employment and arrangement of
the tubes J J*, and of ‘the cross-pipe M , Pres-

~ently referredte. - . - = - . 7

~ These hoppers or retorts I I’ receive the ore

- with-which the furnace is to be charged. The

- requisite reducing-gases are to be conveyed

- 1nto the mass of ore contained therein through

-small pipes J J’, descending through the hop-

- pers.. The reducing- gases may be derived
- - Trom the gas producer or producers before al-

- luded to, in which case they are to be forced
by a steamjet into the lower part of a serub- |
- ber L, (seeFig. 1,) which isto be filled with coke:

‘or other suitable loose material, over which
- water is to be made to trickle in’ continuous

Streams, such water escaping - through an’
~_overflow, [, the object being to wash and pu-
- rify the gas, so as to remove therefrom the va- |

~ pors and sulphurous acid, &e. The gas may |

. also be passed over quicklime, to complete
~ the puritication, and through a heating appa- |
- ratus, 1f thought desirable, before reaching a
-+ cast-iron cross-pipe, M, throngh the ascend-
- Ing pipe N, communicating therewith. - From

- thence the gas descends through the pipes J
- J'y as before described. - These pipes are car-
- ried by -the cross- pipe M, being dropped
- through openings (in the top of the latter) pro-
- vided with covers m m/, The pipes provided
. with flanges at their upper ends rest upon the
- ner 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'd’ may be readily removed from the pipe M,
~and exchanged for a fresh one in case of
‘being injured by the heat of the lower parts
. of the hoppers. The eross-pipe M ean also
. be readily- removed, and the ‘hoppers thein-
" sclves be raised when injury may oceur to
- their lower parts of pot-clay, which are ex-
- .posed.to the heat of the farnace. The bay-
~-onetjoint between the clay and. iron portions

- of‘the hoppersadmitsof the latter being readil y
- separated from the furnaece and exchanged.for
- othexs in ease of injury, one or more of them
- being generally kept in readiness in an all-
~ .. The mode of working this furnace may be
. thus described: In heating the furnace, the
~ open upper ends of the eylindrieal chambers

3

F F’ are to be -c_loséd by covers, which are to

be replaced by the hoppers I I’ when a fall
- white heat has been obtained. . Assoon as the
| hoppers are in -place 4 small charge of char-

coal is to Le introduced into each, which -
shouid be followed by the.ore or compound of
ore, and reducing agent and flux, to be em-

‘ployed, until they are entirely filled. The gas
g | supply-pipes J J’ having likewise been placed
-1n position, a supply of reducing-gas is to ba
‘next turned om, which can be regulated ac-

cording to cifcumstances by means of the
steam:jet usually employed in forcing it on. .
The dampers & &/ of the flues H H’ are also

{ to be opened, in order to cause a portion of
the flame from the furnace to pass up in tha

annular spaces surrounding the hoppers LI’ in

‘the chambers F ¥, in order to heat the hop-

pers to redness, At the same time, also, pig

‘meftal is to be introduced intoe the furnace .

through the side openings O O/, This metal
in melting will form a bath of molten metal

_below-the hoppers and on the bed of the fur-
nace. By the conjoint action of ‘the reducing

agents and of the heat applied externally to

‘the hoppers, the ore will be reduced to spongy

iron, which, commg into contact with the
metallic. bath, will be readily absorbed and

dissolved therein, the earthy constituents ris:
ing to the surface of the bath in the form of.

slag or scoria. In proportion as the spongy

.iron produced by reduction in the hoppers is

‘dissolved, fresh material should be added to

the top of them, and it will gradually descend

in the hoppers, and in its turn will be reduced

aund dissolved. ST
The heat of" the furnace being maintained

at a steel-melting heat, it is necessary to ob-

serve from time to time whether. the metallic
bath remains fluid. Should it commence to -

‘thicken, additional cast-iron .is to be intro-

duced at the. side openings O upon the sloping
banks, whence the molten cast metal descends

into the bath, and supplies fresh carbon to
the same. The storia which may form upon
‘the surface of the metallic bath should be re-

moved 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

-arrangement of this furnace at Figs. 4, 15, 16,
‘and 18.- When sufficient molten metal has
-accumulated upon the bath, disks of cast-iron
lined upon their auder sides with clay are to
-be introduced upon the surface of the ore in
the hoppers. These disks
-two parts for the couvenience of introducing

may be made in’

them without removing the gas-supply pipes

J J’yand thié two halves may be united by a
strong wire fastened through lugs and form-
ing a loop.  When these disks may have de-
scended by the weight of the ore filled in upon

them until they bave passed the joint between
the cast-iron and clay hoppers, wives connected
to-the disks may be caused to cateh upon the

gas-pipe M, and prevent their tfurther deseent.
Thie material below the disks having become -

-
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absorbed in the ‘bath, the latter should be
stirred and tested. The slag should be of a

light brown or a light green color; and contain
little iron in combination. Should it be heavy

| | nace in a liquid state.
and dark in color and the metal bath below it |
~'be thick and partially set in masses of mallea-

ble metal, more: cast-iron should be charged

in at the side doors or the hoppers O, and it
will also be advisable to throw some charcoal
upon the fluid-bath. The heat of the furnace

Inust also be raised to, and maintained at, a

full steel-melting heat, and the bath be stirred

assoonasthe pig-metalmaybemelted. Should’

the slag remain dark it is a proof -that suffi-
- clent flux has not been charged with the ore.

To combine with the silica generally contained

readily combine with the slag, and will liber-
ate the iron, and allow the same to pass-into
the metallic bath below. - To assist in the re-

in it quicklime should be added, which will:

duction of the iron confained in the slag I
often throw in, after adding the quicklime,

about ten pounds of -charcoal and stir it well

into the slag, so regulating the flame at the

same time that there is a slight excess of gas

~ in the furnace in order not to burn the char-
- coal away -too rapidly. Should much slag re-

main it should, by means of a rake, be removed
through the center door P/, the sill-plate of
which is to be arranged nearly on a level with

the metallic bath when fall.  Or the slag may

be allowed to run off continuously through a. . 8al _
. | introducing so much -carbon as to make the
ually raised by the addition of clay or sand,

hole or door, the height of which may be grad-

bath. A sample of the metallic. bath may

next'be taken out by wmeans of a small ladle, e
' - - [ tion of carbon in the first instance to a defi:
nite point, and adding :a fixed percentage of
-spiegeleisen, has. the further  advantage of

washed previously with plambago..

~ This sample of metal may be plunged into
- water while it is’ red-hot, after which it may-

be broken under a bammer, 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 one-tenth to two-
tenths per cent. of carbon, and is in the re-
quired condition ; but, on the contrary, should
it break short or be found too hard. to yield

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 preference,

‘magnetic iron sand, containing titanic acid,
‘nitrate of soda, litharge or red lead, &c.—stir-

ring the bath at the same time to expose all

parts of the metal freely to the action of the
- reagents added until the proper eondition may

be obtained. This having been effectéd, from:

or otherwise, as the metal accamulates in the

 freely to ‘the file, it will be necessary to stir |

4 _ 95,848

doors, or the apiegeleisen may'-bé melted in a

‘separate furnace, either in cracibles or on an -

open bed, and charged into the principal fur-

The bath should be stirred gently as soon as
the spiegeleisen is melted, after which, when
the metal has ceased to boil violently, it may be
considered asready for being tapped.” The pre-
cise amount of spiegeleisen to be added will de-
pend upon the proportion of carbon remaining
already in the metal, and on the temper or the
percentage of carbon required in the finished
steel. - If the ore employed is very pure, no

‘Spiegeleisen may be required. Samples may
_be taken out of the bath at intervals, and,
‘when the required temper has bgen reached,

the steel may be tapped at once into the ladle;

Lut in most-cases where the ore.is not excep-

tionally pure, and the steel obtained from it
1S contaminated svith a -sensible amount of

sulphur, phosphorus, or other impurities, it
will be found that ingots cast from the steel
without the addition of spiegeleisen; 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 spiegeleisen
.that will generally be required. - -

To admit of addihg sufficient proportion of

‘manganese in the form of spiegeleisén - or
“ferro-manganese, in which form aloneitis gen-

erally obtainable, without at the same time

steel too hard for many purposes, it is advis-

able, in"most cases, to décarburet the metal

almost entirely - before the spiegeleisen -is
added ; and this plan of reducing the propor-

facilitating very much the production.of &
uniforin temper of steel.. -By. a little practice,
the point at which the metal is sufficiently de- -

carburized may be judged of very accurately
by the ‘d-ppea.lf'allce of the f[‘acturaofthea am-

ple takenout. . . .o

In the above-described .process, before put-
ting in- the “spiogeleisen, 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 oxy-

five to eight per cent of ferro-maunganese or

spiegeleisen is to be charged in on the Lridges
of the turnace through the side doors, and the-

~furnace is to be worked with a slight.excess

of gas to prevent the oxidation of the spiegel-

eisen, and with an outward pressure &t the |

gen attacking the remaining .carbon, as weéll -
as the silicon, while che metalliclead liberated

combines with any salphur that may be pres-

ent, and ‘thus powerfully contributes to pre-
venting red shortness of the steel produced.

- The amount of oxide of lead that should bé

added to the charge depénds.on the amount
of impurity in the steel, but I find that from™
three to eight per cent. is the proportion gen-
erally required. Other salts, such .as the

tungstates and manganates of soda, or the

metallic adids by themselves, nay be used for
producipg similar effeets. . .- o
The ladle T, shown in section at Fig. 16,
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“(which represents a modification of the steel-
melting furnace,) is mounted upon  wheels,

“and lined in the usnal manner, and heated in-
- ternally by means of a gas- flaime or a coke-

fire. 'When the charne 1s ready for -being

. tapped, it may be moved in front of the fur.
- Dnace, and Dbelow the tapping - hole S. The

Toose sand is next to be removed from the tap-
ping-hole, and put on one side until a portion

 of the bard crust in contact with the bath of

- metalisexposed. Th ereapon the crust should
- be pierced by a pointed iron bar at'the lowest

- point, and the metal will run into the ladle.
“T'he 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 QtopperD of the Lulle
Ly means of a lever. -

- The 1Ingots thus obtained are to he ham-

 meted and rolled in the usual manner, or the
- metal may be cast direct into dry’ cl&y molds
~of the form in which it is required for very.
. strongcastings. In thislatter case,the amount
| mtroduced/thmugh the side openings o, 80 as, -

of ecarbon should be inereased to one pér cent.
or more.

to the ore.
N .and the bed of the furnace has been repmred

1f necessary, by throwing in fresh sand, and
“the tappmg hole has been made up, 111 the

usual manner, with sand or 1oa,m the wires -

-holding the dlSkb should be cut, in mder that

- they may be forced down, by the ore in the
hoppers, on the bed of the far nace, and a fresh .

charge of ore be made to desceud as before.
It.is, however, not in every cabe necessary
to introduce’ the disks at the end of every

~¢harge, in which case the actmn of the hOpper._

will be strictly continuous.

. The clay hoppers ¥ may be rhspensed with |
-by making the cast-iron hoppers ¢ continuous,

- and supplymg in  themselves the ecast-iron

- requisite to form the metallic absorbing-bath.

~-This arrangement is shown at Figs. 10-and 11,

Fig. 10 being a longitudinal section, and Flg g

11 a transverse sectlon, of the fnrnace, which,
-in this case, 18 provided Wlth only one.. 1r0n
_hopper.
ders, connected together by means of bayonet-

~ Joints, as shown at the enlarged section and
- plans at Figs. 12 13, and 14, which tubes are
~ tilled, with the ore, ancl are passed down the

-chambers F to the bed of the furnace D, where
- they are melted down with the. 013, as de-
‘seribed. :As the tubes melt away and descend
into the turnace, fresh ones are to be attached
at the top from the platform G. The upper
part of the chamber F does not, in this case,

communicate with a chimney, as in ‘the pre-

vious: .arrangement, the - ascending gases

o 'thraﬂgh the same escaping -into the atmnos--
AR _.phere around the descending hopper.
The other pa.rts of the furnace, and the mode

‘The quality or steel so produced,.
.may be further modified by adding tltaulc_'
“acid, manganese, or various other substmmes,j

I I are the cast-iron -tubes or cylin-

en

of operating with the same, are the same as
described with reference to the prévious arr .
‘rangement, and need not be again referred to.
Figs. 13, 16, 17, 18, and 19 of the drawings .
5how atiother modification of my nnpmvul
furnace, or another mode in which I have con- .
templated the application of my improvement. .
By this mode or furnace cast-steel may be pre-
pared from a mixtare of bar-iron, or old rails
of wrought-iron or steel, and pig wetal alono,.
Fig. 15 delmtea a 1011g1tu{lmal section of the
furnaee on line 15 15 of Fig. 19. Fig. 16 ex-
hibits a tranverse section on line 16 16 of Iig.
15. Fig. 17 represents a rear elevation, and
"Fig. 18 a front elevation, of it. - Fig. 19 exhlb
its a s tlonal plan, taken on line 19 19 of .
Fig. 15. | .
~ In this arrangement or form of my inven-

| tion sloping hoppers I are substituted for the

- vertical hoppers in the previousarrangemeiits. |
Down these sloping hoppers bar-iron or old
rails may be slid from the platform G, sd as

to rest with their -ends upon the bed of the -

furnace. Pig metal at the same time is to be

in melting, toform a_bath in whieh the bm- -
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-
When the iumace 1S emptied of its charge

bustion from the furnace is allowed to pass

thereof, after having heaved the wrought-iron
to a red heat, preparatory to its passnw down- |
into the b&th .

So far, however, as concerns th1s mode ot
‘withdrawing a portion of the products of com-

il

through the hopper I here make no claim to
it, theé same beibg described and claimed in
the a,pplma,tlon ior Letters Pa,tent ﬁled by me'._ -
on the 13th of March 1869, . . a
- Ifcast-ironaloneis meloy‘ed whlte pig-metal
should be used which is to be introduced into
the furnace’in a, similar mannér to the ba;r-‘,
iron—that is to say, down the hopper I, In

‘this case the gas supplied to the furnace would

‘be relatively diminished,and the chimney-draft
increased,causing a currentofintensely-heated
‘oxygen to pass over the metai, and effect its de-
carburization. This effect-may be increased by
occasionally stirring the bath. anchlso by thein-
troduction upon the surface ot the bathofoxides
of iron—Dby preference, of magnetic sands, con-
‘taining titanic acid—which latter will become
absorbed, and unprove the qua,hty ot the
steel produced

1 = A sufficient quantlty of met&l having a,ccu-'

mulated in the bath, and the proper chemical

condition of the bathhaving been ascertained
| by taking out a 8anple, and regulated as be-
fore described, from four to eight per cent. of
spiegeleisen may be introduced through the -
‘side doors P, or the hopper O, with or with-
out the previous addition of a certam propor- -
tion of litharge or other-oxidizing-salts, as ye-
fore described, and the pwcess of tarppmg

up the hoppers, escaping at the open ends

Dbustion to heat the material descending .



. may be carried out in a similar manner to that |

deseribed with reference to the first arrangoe-
ment. | | |

" Having thus described the nature of my in- |

vention, and the best means T am acquainted

~with of performing the same, 1 wish to beun-
~derstood that I do not claim, broadly, the use

of » bath of molten metalinto which the steel

~ or iron sponge is plunged, as the same is de-

scribed in the patent to T.dJ. Chubb, dated
May 4,1867; but T
-~ What I claimm 18— T

1. The above-described process of making
east-steel upon the open hearth of a furnace,

~ such process being by effecting simultaneous-

1y the reduction of iron ores in one or more

“heated ‘hoppers, and the solution of the re-
. duced metal (without exposing it to the flame)
“in a bath of metal provided in the furnace, |
"~ substantially .as hereinbefore described. .

1 Witnesses:

i

I 95,848

9. The mode of making cast-steel upon the =
open hearth of a furnace, the same consisting
in causing wrought-iron, steel; or white cast-
iron to descend upon- inclined 'planes, or
through -hoppers, (where the metal bacomes
oraduaally heated,) and into a finid-bath of cast- -
iron under the influence of very intense heat,
the metal being dissolved in. such bath, and -
.converted into cast-steel, substantially as de-

R I # _E[,‘h_e'-'employ'me't-'ﬂ:jof _ a regig,rnei;éltive—' gas-
(-furnace with a bath of metal, and one or more.

hoppers used, as described, during and by the
| process of making steel thereby, as explained.
e T 0. W SIEMENS.
RobT. LINKSON,

Both of 2 Popée’s He@&l'Alley; o
- Cornhall London, Gents.
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