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UNITED STATES

Patent Orrice.

- HENRY BESSEMER; OF LONDON, GREAT BRITAIN.

IMPROVEMENT IN PROCESSES AND APPARATUS FOR THE MANUFACTURE OF IRON AND STEEL, |

Specifieation forming part of Letters Patont No. 100,003. dated February 22, 1870,

_ To all whom it may concern:.

Be it known. that I, HENRY BFssm{ER of"

Queen Sbreet Place, (Jannon Street, in the clty
of London, a subject of the Qneul of Great

Britain, have invented or discoverced new and.

useful Improvmnentb in the Manufacture of
Cast-Steel and ITomogencous Malleable-Iron,
and in the.fusion or meltmfrof different lunds
or qualities of iron and steel anil their wlloys,

and also in the construction and mode of work- |

.ing the farnaces and_apparatus cmployed for
sacli purposes; and I, the said ITENRY BEs-
~ SEMER, do hercby declare the nature of the
said invention, and in what manner the same
is to be performed to be particularly deseribed
-and ascertained in and by the following stato
ment thereof—that is to say:
© -When cast-steel and -homogeneous i iron are
made by the fusion in crucibles of blistered
steel or ar-iron, or when they are made from
- other qualities or kinds of iron or steel free; or
nearly free, from’ carbon, an extremely high
tempemtme is rcqmred for their fusion, and in
the ordinary air-furnaces employed for this
. purpose a very large quantity of ‘expensive
tuel is consumed in this melting process.
Now, therefore, oneof thechiefobjects sought
- to be obtained by means of my present inven-
tion is a more rapid and less expensive mode

of fusing malleable iron and steel of different-

" kinds, and obtaining cast-steel and “homoge-
neous malleable iron therefrom. .
It  will be understood that in fusing sub-
stances requiring so extremely high a tem-
perature as is necessary to fuse m'ﬂlewble iron,
intensity of heat rather than quantity is-the
.condition essential to the successful working
of furnaees employed for that purpose. Fora
- substance which requires 3,000° of temperature
to produce wmplcte fusion may be kept at a
‘temperatare of . 2,900° for ‘whole days in sue-
“cession without bec'»mmo thoroughly melfed,
when the mere addition of only 100° or-2000 of i
heat would, in that particular case, have pro-
duced a complete fusion of the substance in a
. very short period of time.
- law of matter operates most disadvantageously
in those cases where the fusing-point of the
substance to be operated upon closely ap-
proaches the limit of heat attainable by the
*. combustion of fuel by a dm{t or bhst of air in
ordmary furnaces

This well-known.

It is well known that atmospleric air and

-other gaseons finids it a heated state acquire
4 still highér degree of -temperature by their

compression or cnndenmtwn into a ‘smaller
space than they had prcvxousl) occupied, snch
increase of temperature being in proportion to
their reduced bulk, or to the nnmber of atmos-
pheres forcedl into the space usnally occupied.
by one. - Now, I avail myself of this last-named
property of gaseous flpids, and I constract
furnaces of suflicicnt strength to withstand an
internal pressure equal to two or more atmos-
phetes, and I retain in snch furnaces the pro-
duets of combustion nnder such an cxeess of
pressuré over that of the external air as will
prodnce the high temperature necessary for-
rapidly fusing malleablesi siron 'md stecl of any
kind or tht)

I however desire it to be anderstood that 1

| do not propose. by this means. to gencrate a

greater quantity of heat by the combnstion or .

‘winon pof 4 given gquantity of carbon. and oxy-

geu thau is obtaimed by such means in well-
constructed furnaces. For.the compression of

‘the gaseous products of combustion within a

furnace does not generate heat, but merely con-
centrates into a smallerspace and gives great- "
er intensity to the same quantity or number of
units of heat as would have existed in a more
diffused state had not pressure been applied;
henece wherever the temperature produced by
thecombustion of fuel in ordinary furnaceshav-
ing a free escape to the chimney is suflicient for
any désired ob_;ect—-—zm, for instance, the evap-
oration of water in steam-boilers—a loss would"

-be sustained by compressing the gaseous pro-

ducts of combustion in such furlmces, for the .
amount of engine-power required to compress

‘the gases would exceod the power obtained

from the increased quantity of steam gener-
ated in consequence of such compression, all
other conditions being equal; but when the
highest temperatare ploduced in ordinary fur-
naces with a free cscape is actually less, or

“when it only, by a small amount, excceds the

temperature absolutely required i 1n any process, .
the case is entirely altered, and -by retaining
the heated products of combustioun in a highly
condensed or compressed state in a close cham-
ber or furnace T am enabled to obtain a'muck

‘higher degreo of temperature within the fur-

nace th’m wa ﬂd result from the smme expemh-
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ture of fuel it the said gaseous matters were
allowed frecly to expand into thelarger space
they would occupy under ordinary atmoq)hm ic
pressure.

Thaus it will be seen that the temperature.
produced in such furnaces will chiefly depend
‘on the amount of pressurc maintained within

- the furnace in excess of the pressure of the ex-
ternal atmosphere into which the gaseous pro-
ducts of combustion eseape. The temperature,
being alwaysin relation to the pressure, is con-
sequently nnder the complete control of the
oper. ator, and he may choose between employ-
ing a temperature only a little above the heat
neeessary to produce a complete fusion of the
metal under operation, in which case the rate
ol fusion will be slow, or he may considerably
increase the pressure and obtain a.tempera-
ture so mueh in excess of the aetual fusing-
point of malleable iron or steel as to fuse these
substances with great rapidity and impart to
{Le fused metal so high.a temperature as to

. allow ample time for the diffusion of any alloy
through it, if required, and at the same time

" admitof its being poured, without undue haste,
into a succession of molds prior to the solidi-
fication of any part thereof;. but if the heat of
the furnace is driven to an e‘zcess with a view
of cconomizing fuel, or for the purpose of sav-
ing time, it must be borne in mind that the
wear and tear of the furnace-lining will be also
increased. I-therefore prefer a moderately-
rapid fusion to working at unnecessarily high
temperatures. No precise rale can, however,
be rigidly laid down on this point, which must

“be left to the judgment, skill, and experience
of the workman; but, asa gmde for him, I may
statethatin'a small furnace, using coke astuel
with a cold blast of twénty pounds per square
ineh and a pressure of seventeen and one-half

- pounds in the furnace over that of the external

- atmosphere, small test-pieces of cold wrought-
iron were fused with great rapidity. For ex-
ample, a.piece of two inch -square wrought-
iron bar, twelve inches long, weighing thirteen
pounds, was introduced cold into the furnace,
and was completely fused in five and one-half
minntes. Inthesamesmallfurnace three hun-
dred-weight of wrought-iron serap was put in
cold and was poured fluid from the furnace af-
ter an interval of fifteen minutes. The fur-
nace was then working with an average inter-
nal pressure of fifteen to sixteen pounds per
square inch in excess of the pressure of the ex-
terpal atmosphere. I believe that a pressure
of twenty to thirty pounds over that of the ex-
ternal amosphere will be found the most eco-

* nomical in practice, for it is probable that if
much greater pressure is employed it would
raise the temperature so high as to drive the
iron rapidly off iu the form of vapor and cre-
ate great loss,

- Inordertodistingnish thisnew system of fus-
ing malleable iron and steel from other meth-
ods thatareknown and practiced, L have adopt-
ed the term “high-pressure furnace” forall the

modifications of furnaces working with the
gaseous produacts of combustion blowing off
from them under great pressure. Thus ¢ high-
pressure eupola-furnace,” “high-pressure eru-
cible-furnace,” and “lnoh -pressure reverbera-
tory furnace” will lndl(,ate, by a common term,
the three classes of furnaces hereinafter de
scribed.

In carrying my said invention into practx-
cal operation 1 employ several modified forms
of furnace, depending’ partly on the kind or
guality of metal to be fused in them, and
partly on the kind or quality of the intended
produet when fused ; but, however much the
form and details of the furnace are varied, I iu
all cases prefer to construct the shell or outer
case of the furnaee of riveted plate iron orsteel,
after the wanner of constructing steam-boilers,
and having all the joints well calked and ren-

‘dered air-tight, and of sufficient strength to -

resist safely the number of atmosplieres or
pounds pressare per square inch up to which
it is proposed to compress the products of com-
bustion within the furnace, allowance being
also made for the addltlonal internal pressure
caused by the expansion of the lining of the
furnace. In some cases, however, cast-iron
may be employed for the outer shell of the far-
nace, the several parts being securely bolted’
together and calked at the joints; but when
using cast-iron to form the shell of the furnace
I prefer to employ strong tie-bolts and hoops
of wrought iron or steel, for the purpose of re-
taining the several parts of the shell together.
in case of a fracture of any part of the cast-
iron by expansion or internal pressure. The
several parts may be thus retained in positioy
by the bolts or hoop§, so that in case of frac-

ture the disastrons consequences of an explo-
sion will be avoided; so in like manner those

furnaces the sliells of which are constructed

of plate iron or steel may have their fittings
made of cast-iron where the shape of the parts
renders it desirable. The shell of the furnace
may be lined with good Stourbridge fire-bricks,
Dynas bricks, or with plumbago or other re-
fractory material; or it may be lized with
ground ganister, as practiced in lining the Bes-
semer convertmg vessels now used for making
steel. -

The extremeh high tempeiature of stee’
melting furnaces renders desirable the employ-
ment of the most refractory materials for the
linings of them. When I employ plumbago

‘as alining for furnaces in whieh malleable iron

and steel or.other carburets of iron are fused
under pressare, I mix the plumbago with as
small a quantity of good fire-clay and water
as will render the plumbago sufficiently cohe-
rent to admit of its being rammed or knead-
ed in a moistened state into .place and be re-
tained there until it is sufficiently dry to allow
the furnace to be fired. The ramming in of
the plumbago may be effected in 2 manner
similar to that employed to line the Bessemer-
steel ‘converters with moistened ganister, or
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the plumbago mixed with clay may be formed |

intv molded bricks of thé same composition as
employed in the manufacture of plumbago
erncibles. In either case i% will be found more
aconomical to partly line the furnace with or-

dinary ftire-brick, and to form : n internal skin |

or lining only of a few inches in thickness of
the more expensive plambago composition: It
- is also desirable to use the ordinary fire-brick
for the external part of the lining, because it
is a much slower conductor of heat than plum.

bago, and will better protect the outer metal

shell from the effects of internal heat.

‘When the cheapness of the'iron or stecl pro-

daced is of more importance i:an the extreme

purity or high quality of the metal, I prefer to:

use the cupola form of furnace, consisting of
an upright fixed eylindiical or slightly-conical
vessel, with or withont boshes, and having a
_dome or covered top, through which the metal
- to be melted and the fuel'used for that parpose
are admitted by auiron door faced witli fire-
- brick, but having externally a close metal fit-
ting to prevent the escape of flame and heated
gases. The door may be circular in form and
be sipported on a strong movable iron arm, ar-
ranged with a lever and cam, or with a-worm-
wheel and screw, for the. purpose of securing
the door firmly in place. The iron arm also
carries an upright cylinder of plate-iron hav-
ing a movable bottom or grid. Into this cyl-
inder the charge of fuel and -metal is put, so
‘thaton the removal of the door the eylinder is
brought over the opening into the furnace.
The bottom or grid is then withdrawn and the
fuel and metal allowed to fall into the furnace,
after which the door iy again meved overthe
“opening and secured firmly in place by weans
of the lever or secrew, The blastshould be shut
- off, or nearly so, daring the charging of  the
furnace, after which it may be again tarned on,
and the operation of the turrmce continued as
before.

“fn order to prevent an undue lc‘lk’tge of
__flame and heated gases from between the feed-
ing-door and the adjacent parts and their ¢on-
sequent rapid destruetion by theTitense heat.
- of the flane, I make a hollow chanuel around

the door or frame, into whicl I convey steam or
a blast of air, the pressure of which exceeds the
pressure within the furnace, so.that whatever
leakage unav oidably occurs it is simply aleak-
a geof steam or cold airinward, instead of aleak-
age. of flame ontward from the fornace. Ialso
cool the parts adjacent to all openings, where
necessary, by the circulation of water threugh
“suitable channels formed in those parts; and in
furnaces requiring a very large feeding-door, in
lien of using the lever or screw 1rrangement, I
secure the door in place by means of air, steam,
or water pressure acting on the door by meanséf
A piston with a greater force than is exerted on
the door in an opposite direction Ly the press-
ure'of the gases within the furnace, and -thus
secure the door firmly on its seat. The re-

moval of the pressure thus applied by opening |

or reversing a valve allows the door to be re-
moved rapidly. There is also provided an es.
cape-opening (or opemnvq) for the products of
combustion, the area of which is capable of al-
teration and adjustment by means of small ¢yl- -
inders of fire-clay or other pieces of that mate. .
rial juserted in the opening for the purpose of
reducing its area. '
I preier-to nse several tu_y eres for conveying
the blast.among the fuel, and to make them of
fire-clay or plumbago, although water-tayeres
may be employed.in lieu thereof. The blast

‘may be heated or cold; but I prefer to heat it
‘to a high teimperature, and the pressure of the

blast may range. from two t6'six pounds per

square inch (more or less) over the pressure of - -
_the confined gaseous products within the fur-

nace. The pressure of the latter will depend
someswhat on the nature of the fuel employed
and the more or less refractory characterof the'

metal o be fused, and for these and other rea-
“sons it may range from a few pouiids to several -

atmospheres of pressure on each square.inch
of, the interior surface of the furnace. . Some
of the tuyeres employed direct the Dlast hori-
zontally orupward, while others directit down-

ward at about an angle of thirty to forty-five
degrees, so as to heat as much as possible the
lower part of the farnace and the molten metul

.collected there.

When the tuyeres whieh: dlp dowuward are
intende to heat thé metal on the hearth i
place them sufficiently high up to causethe air
to traverse a considerable depth of incandes-
cent fael before reaching the sarface of the
metal; but if the tuyeres which are directed
downward ‘are placed: only a short distance
above the level of the fluid metal the blast will

tend to refine or decarbonize the metal, so that
the quantity of carbon taken np from the fuel
may, if desired, be thus reduced. The horizon-
tal or upward tuyeres may be used-simnltane-
ously with them or theéy may be shut oﬁ‘ duar-
ing the refining operation..

’l‘her tuyeres may also serve, w hen reqmre(l

“to.convey any solid, fluid, or gaseous matters

into the furnace that may be found desirable
to act on the fuel or on the metal or upon the
impurities contained therein—suchaslime, car-
bonate of: soda,.chloride of caleium, or other.
flux, as already known or practiced with other
furnaces and in other processes of manufactur—
ing iron and steel. . :

The mode and apparatus by which I ‘prefer
to convey any solid substance in the form of,

‘powder along with the-blast of air into the fur-

nace is shown in vertical scotion at Figure 4,
Sheet C. Iintroducesuch mattersiitotheclose

_vessel # through a vilvular opening, @, which

is closed by a bail, y, through which the Screw
z passes, and by means of which the valve id -
held . down. The lower part of the vessel is
conical, and is fitted onto the main “blust-pipe
by a ﬂ'mtre, m*, Rith which it communicates.
A vertical spmdle, p; passes up the center of
the vessel, and. also passes out through the
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staffing-box ¢, formed in the cover #* of the

vessel. The spindle p carries at its upper end
a drum, r, by means of which rotary motion
inay be communicatéd thereto. Thelower end
of this spindle is provided with a screw-blade,
s, which reaches down into the blast-pipe a.
The pipe u and stop-cock v supply air'to the
upper part of the vessel », by means ot which
the pressure above and below the powdered
substancesis equalized, so thatthe powdermay

fall down iito the blast-pipe as quickly or:

slowly as desired, depending on the velocity
of the feeding-screw, and be carried forward
into the furnace. and distributed among the
lamps of incandescent fuel. A tapping-hole
is also provided, as usnal in cupola-farnaces,
and 3 door for cleansing out the slags and for
repairing the furnace when necessary. :

There is also provided a means of taking the
cupola in two parts, for the purpose of facili-
tating the lining of it with brick-work, or for
lining it with moistened powdered materials
to be rammed in around a suitable core or
mold, as practiced in lining the Bessemer con-
verter. The flanges which unite the two parts
I prefer to face in the lathe, so as to admit of
their forming a sound joint when bolted to-
gether. ’

The upper portion of the cupola may be
lifted off with a crane, and will not require re-
lining so frequently as the lower part,whieh is
acted on by the fused metal and slags,

The tapping-hole I prefer to form by ram-
ming loam around a small trancated cone of

" well - burned fire-clay, which may be easily
driven into the furnace by a blow of the tap-

ping-rod, and thus open the tap-hole rapidly,

and of a size dependenton the diameter of the
small end of the conical piecce of clay. The
metal, when melted, is thus drawn off into a
ladle, in order to.be transferred to molds, as
practiced with the casting of ingots or other
masses of Bessemer steel.

The addition of spiegeleisen or other alloys
of iron, if they be used, may bé made to the
metal after it has been tapped from. the fur-
nace into the casting-ladle; or the metal may
be used alone or be mixed with ordinary molt-
en pig-iron in any desired proportion; and be
used for casting a variety oi articles requiring
a foundry-iron of superior strength and hard-
ness; or it may be applied to such other pur-
poses as its peculiar properties may render it
suitable for. o

And in order that the mode of constructing

and working the fixed Bigh-pressure capola- |

furnace may be fully understood, 1 have rep-
resented the same on Sheet A of the drawings,
herennto annexed, where— - ,

Figure 1 is a vertical section on the line A B
of g, 2. Fig. 2 is a horizontal section on the
line U D of Tig. 1.
of the furnace, and Tig. 4 a plan of the upper
part of the same, and Figs. 5 and 6 vertical
seétions of the escape-aperture. '

a is the outer shell of the furnace, formed of

Fig. 3 is a front elevation’

strong plates of iron, riveted and calked air-
tight at all laps ang joints, and bhaving gusset-
pieces @', to streiigthen the bottom of it.
b is an internal lining of fire-brick, plum-
bago, ganister, or other refractory material. .
¢ ¢ are fire-clay tuyeres molded square ex-
ternally, and baving a round hole through
them for the passage of the blast. They arein-
serted through the square iron frames d,which
are secured by countersunk rivets to the-shell
a,anl are beveled on theinside. Theouterends
of the tuyeres ¢ are enlarged or made taper,
and the space between these enlarged parts
and the beveled sides of the frames 4 is calked
with iron-cement, (iron borings and sal-ammo-
ning,) so that the eseape of gases from the fur-
nace around the tuyeres is prevented, and the
pressure of the flanges e of the bLlast-pipes f
against the enlarged ends of the tuyeres is
also prevented from foreing the tuyeres ¢ into
the furnace by reason.of their enlarged ends
and the iron-cement around them, while the
blast-pipe flange ¢, by being securely bolted
to the izon frames d, also prevent the internal
pressure acting on theends of the tuyeres from
driving them outward. The blast-pipes f are
Lolted to the main air-trunk g by flanges 7*.
The ajr-trunk g may, if desired, be placed
below the level of the floor, and in that case
the pipe ¢*, condacting air from any suitable
blast-engine, will be wmore couvenieutly situ-
ated. DBlast-engines such as are generally
employed in the Bessemer process are well
adapted for this process. . ,
An equilibriun-valve is placed in the main
pipe g*, conveniently near to the farnace, by
meang of which the blast may be turned on or
off, or moderated from time to time, as desired.
The feeding-door of these furnaces is so smaltl’
that it is necessary to provide a special means
of entering the furnace for relining the interior .
frowm time to time. For the purpose of giving
convenient access to all parts of the interior
I divide the furnace into two parts by massive
angle-flanges h &, which are faced so as to form.
an air-tight joint, and are secured together by
bolts and nuts, as shown at »*., When the fur-
nace is to be repaired the upper part may be
lifted off with a crane when the lower part will
be readily accessible. A small flange, o/, pre-
vents the brick-work of the upper part from
being displaced when lifted off. :

- Thefarnace is provided with a spout, 4, lined
with loam, for conducting the metal into the
casting-ladle. A door,j, is formed at this part,
having only a small openingin it. By unbolt-
ing this door and removing part of'the lining,
the furnace may be cleaned out,the lining be-
ing afterward made up, as in ordinary cupola-
farnaces; but I prefer in making up the tap-
hole to insert a conical piece of well-burned
fire-brick, as shown at n, so that when the metal .
is to be drawn off from the furnace the work-
man, instead of having todrive a hole through
the solid wmaterial with a pointed bar, .will
simply rive tle cone n into the farnace, and

s
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bracket, O, Lo the crane-arm. The lower part ‘

of the cylinder I has a plate, Q, fitted to it.

The plate Q is keyed onto an upright spiadlg,

R, supported by bearings 8, attached to the

side of the cylinder, thé upper end of the spin-.

dle having a handle, T, by means of which the
plate Q is made to close or open the bottomn end

of the eylinder. 1

While the furnace is uunder blast the work-

- men will puta charge of coke or other fuel into

the eylinder, and along with it the serap or

other malleable metal to be fused, and when
the eylinder is filled the blast may be tarned
off, the handles L put in motion, aud the door

- wlifted sufficiently to allow the cranc-arm to
be moved round until the feeding-cylinder Lis
brought vertically over the mouth of the fur-
nace. A slight movement of the handle T will
remove the plate Q from beneath the cylinder
and allow all the fuel and metal to fall at once
into the furnace. The crane-arm is then quick-
‘ly moved back intoits former position and the
door is ag vin forced down by turning the han-
dles, an operation in practice occupying from
thirty to forty seconds of time, ~Immediately
after the closing of the furnace the blast is.
turned on and the operations of the furnace re-

- sumed, and at such intervals as-are found nee-
essary the samne operation may be repeated.
In the plan, Fig. 4, the crane-arm is shownin
the position it occupies during the time that
thé fuel is being discharged into the fnrnace.
The plate Q is also shown removed from nnder
it. . I prefer totake the supply of air to the
door u from the main blast-pipeatapoint where
theequilibrinm-valve does nof shut off the sup-

© ply. The air will thus continue tc flow duriug

the time the fuel is being supplied to the fur-

nace, and in the act of moving the door again

- over its seat thé numerous jets of air from the
small drilled passages before named will blow

.away with considerable force any small parti-

- cles of fuel or other matter from the surface
against which the door fits. ’

* In order to admit.of the.motion of the crane-
arm and to continue thé connection with the
air-supply, the pipe 2 is taken t~ the top of the
crane-post-and is there jointed to the pipe 2*,
This piece of pipe 2* is made of thin coppet or
pewter, and will spring sufficiently to allow of |
the slight risc and fall of the furnace-door. .
One of the chief pecnliarities of this mode of
working furnaces under a high pressure of the
gaseous products within them is the outlet for
the escape of flame so differcnt to the ordinary
cupola-furnace, where thie ouilet is generally
equal to the full diameter of the furnace; bat

~ when working under pressure in one of these
high-pressure furnaces I have found that an
opeuning of two and one-fourth inches in diame-
ter is sufficient for a furnace whose transverse
area is five hundred and seventy-two square

inthes, ths outlet being about one hundred and
forty-fourth part of the sectional area of the.
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per souare ineh in excess of the atmesplierie
Jressure one square inch area of ontlet may be
veckFoned approximnately as the area required
for every two hundred-weight of coke burned
per hour in such fuinaces. ' _

On Sheet A, I have shown the outlet of the
furnace at U. In thesiuniplest form it consists
of a square block of fire-brick having a-round
hola in it of the desired size. It is'made with
a shoulder externally, which abuts against the
interior of the casing «, to prevent its being
forced ‘out by internal pressure. A slight dif-
ference in the area of the-outlet materially ef-
fects the condition of the furnace. It is henee
desirable to have some means of allering it.
In Fig. 5 1 have shown a vertical secdon of an
outlet-block, V, having two intérnal diameters,
forming a shoalder. Into this asmall firé-clay
eylinder, W, is put for the purpose of contract-
ing the area of outlet, and at Fig. G a similar
outlet-block is shown at X, having a small
piece of molded fire-brick, Y, inserte« thercin,
and projecting sufliciently to. be lifted out by
a pair of tongs and be veplaced by other pieces
of different size.. Inboth figuresIThave shown
a flange-plate, Z, by which the ouatlet-blocks
are-retained in place.. By unscérewing this -
flange-plate the outlet-block, when too muech
worn, can be readily replaced by a new one.

I would remark that the amonnt of pressure
up to which the gaseous products are kept -
within the furnace will depend chiefly on the
regulation of the pressure of the blast, the es-
cape-apérture-being also regulated so as to
prevent the pressure going below or getting
above the point desired.. In some cases the
escape of the flame and heated matters may

be regulated, as hereinafter more fully de-

scribed, by a loaded valve, the fage of which
is formed of well-burned fire-clay or other re-
fractory matters, in which case a stop may be
provided, so as fo prevent the valve from en-
tirely closing; but I prefer that the escape
should take place through one or more plain
apertures,-as above described, as it may be
thus more. easily direeted in a manner so as

-cffectually to utilize the heat of the escaping

flame, which may be directed onto or into a
bath containing the spiegeleisen to be used
at the end of the process; or the heat may be
employed to bring up the temperature of the
metal and fuel previous to its being introduced
into the furnace. It may also be used for heat-
ing the blast or tv generate the steam required
to work the blast-engine by causing the bheated
products to pass under or through the tubes
of an ordinary steam-boiler. SRR
Although I have deseribed o fixed or station-
ary cupola-furnace, I nevertheless prefer, in
most cases, to employ another modification of
the apparatas in which theeupola is suspended
on trunnions, and is capable of being tipped
or moved thereon in a manner similar i the
motion of the ordivary Bessemer conves ing-

urnace. Thns it has been found that with an |.vessel, and whereby the.metal may be poured

internal pressure of s*vtsen to eighteen pounds |

‘

out of the furnace from an opening situated
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thus open a passage at o'née‘equal tb the size |

of piece attached. A small eross-bar and screw
(not shown in the drawings) may be employed
to prevent the accidental blowing out of the
oone, the bar extending across the door j, and
the screw pressing against the sinall end of the

_ BONe N,

1t will be readily understood that in fur-
naces working under great internal pressure a
special arrangement is necessary to secure the
feeding-door against a leakage of the highiy-
heated products of combustion, and against a
force, it may be; of several tons, tending to
force it open, the arrangement also being such
as to admit of the easy and rapid openingand
closing of ‘the door for the admission of fuel
and metal. One of the modes which I employ
for this purpose is shown applied to the upper
part of the furnace delinéated on Sheef A.

On the upper or crown plate or dome, a*, of
the furnace I rivet a stout ring of iron, p,
around which a hoop, », is tightly shrunk. On

-leaying a space or annular channel, s, in whieh ¢

water cirenlates for the purpose of keeping it
cool, the water is snpplied by the pipe o, and
after circulating around the ring p it escapes
by the pipe ¢. The ring p is also farther pro-
tected by the lining of the furnace, as shown
at b*, .. -

The fire-door frame % and its covering-plate
u* is made, by preference, of wreught-iron, the
frame having aconicalinterior,in order the bet-
ter tosupport thefire-lumpw. - The frame ¢ has
achannel, z, formed aroundits exterior surface,
over which a hoopof iron, 0, is shrunk, so as to
complete the annularpassagex. Thelowersur-
faceof the frame urestson the upperedge of the
ring p, both these faces being surfuced and made

trne. Theundersideof theframe » has asmall -
- V-shaped groove or channel turned into it, and

at about an inc¢h apart all round this groove
small heles are drilled, which pass upward at
an angle and connecet the V-shaped grooved
channel with the annular space xz. A pipe, 2%,

.. conducts air from the main blast-pipe into the

channel z, which passes thenee down the nu-
merous small drilled chanuels, and thus sup-

plies air ander pressure to the V-shaped groove |
before named. Now, the pressure of the blast

exceeds the [ressure of the gases within the
furnace. Conscquently anyimperfectionin tlie
fitting of the door-frame « down upon the up-

‘per ring, p, of the furnace, instead of allewing

the highly-heated gases to escape and act de-
structively on the metal fiftings, su¢h gascs
are prevented from eseaping, because in case

. “of imperfect fitting of the metallic surfaces the .
" air under pressurein the V-shaped groove will,

‘by reason of its saperior pressure, foree its way
between the impertect joint, partly escaping
into the upper part of the farnace and partly
into the external atmosphere, thus keeping the
sarface cool and the metal-work from injury.
By this means it is found that so much only of

the fire-lamp.v as is exposed to the direct ra-.

.diant heat of the fire becomes red-hot, this

‘part of the lumpé: which forms the ubpé‘r side

of the narrow annular space left hetween it and
the.top of the furnace-lining not reaching a red
hent in consequence of the slow leakage of cold
air inward. It will be understood that steam -
in lieu of air may be applied to this purpose,
if desired, provided its pressure exceeds that
of the gaseous products within the furnace.
In order to remove the door « from thie mouth
of the furnace and. readily replace it, as re-

-quired, I employ a sort of erane-arm, which

consists of two stout plate-iron cheeks, A A,
bolted to the erane-post B. This latter is sup-
ported at itslower end in a socket, C, bolted to
theangle-flangeh. The upperend of the crane-
post is supported by a strong bracket, D, hav-
ing a hole throngh it, in which the erane-post
turns; At B is a movable collar fitting into
a journal formel on the crane-post, for the pur-
pose of preventing the erane-post from being
lifted upward when pressare is applied to the -
furnace-door. Between the cheeks A a piece
of iron, A%, is firmly bolted, having a slot in
the center, in which a worm-wheel, G, is fitted.
The wheel and its elongated bosses G* form,
also, a screw-nut, through which the screw H
works, a sqoaré part, H*, being formed on the
apper end of the serew to prevent its turning
round, but not preventing its free motion up-
ward or downward through the block of iron
A*, the holes in which are of a diameter equal
to the largest diameter of the serew, and have
1o internal threads formed in them, the holes
merely acting as guides for the screw H, which
carrics on its lower end a plate, J, fitting
loosely inside a flanged ring, K, which is se- .
cured by lLolts to the upper plate of the fur-
nace-door. Theobject of thering Kand leosely-
fitting plate J is to cause the door, when lifted,
to be suspended in a horizontal position. The
freedom thus given to the door is for the pur-
pose of allowing it always to find its proper
bLearing on the wing p.  The end of the screw
11 then coming in contact with the upper plate,
u*, of the door will bind it firmly on its seat.
For this purpose the handles L are mounted on
the shaft N, which also-carries the worm P.
This worm gears into the worm-wheel G, by the

.rotation of which the screw II is mada to rise

and fall without rotation, carrying with it the
door . : By the compound serew motion thus
arranged a very small exertion of force on the

“handles will enable the door tobe raised or low-

ered ané retdined in positien.against the inter-
nal pressure of the gaseous products of the fur-
nace. The movementupward of the docr need
not exceed one-quarter of an inch to allow of
its being moved on -the crane from over the
opening of the furnace. Two stops (not shown
in the drawings) may be used to prevent the
crane-arm from being inoved too far in either
direetion. ' . o
For the purposo of facilitating the introdue- -
tion of fuel and metal into the furnace I em-
ploy a vertical feeding-cylinder, I, made of thin
plate-iron, which I secure.by a strong iron
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. above the level of the metal, and thus miich
- of the frouble and inconvenience of tapping
the metal from the lowést part of the furnace

"is avoided, while it also affords a convenient.

- ‘means-of pouring out a sample of metal from
time to time and running ont.any accumulated
- slags. When the movable form of capola. is
. employed the blast may be carried throughthe
hollow axis or trannions, or it may be conveyed
through an arrangement of jointed. pipes. So
in like manner steam-or water used for cooling
any part of the furnace may be eonveyed to it.
In order that the mode in which I construct
high-pressure cupola-furnaces movable on axes
may be fully understood, I have represented
-the same on Sheets B and C of the annexed
~ drawings, where— : o
Fig. 1, Sheet B, is a veirtical section on the
_line A B of Fig. 1, Sheet C; and Fig. 2, Sheet
B, is a front elevation of the furnace. Fig.3,
‘Rfheet B, is a vertical section,showing themode
- of admitting air and water through the tran-
njoni or axis. Fig.1, Sheet G, is a plan, and
Fig. 2, Sheet C, is » horizontal section of the
‘same furnace outheline C D of Fig. 1, Sheet B.
In this modification of the cupola-furnace

- _ the mode of constructing the oatershell of riv-

-eted plates, its lining of fire-brick, plumbago,
or ganister, and the modes of making and fix-

ing the tuyeres are all identical with those al-.

‘ready described in reference to the fixed cu-
- pola - furnace shown on Sheet A of the an-
nexed drawings, as hereinbefore described.
So, also, it will be seen that the whole of the
crown or upper part of the movable cupola-
furnace, and the crane-arm and crane - post,
furnace-door, worm-and-screw arrahgement,
and the feeding-cylinderare precisely like those
> befare shown and described, and will therefore
Le understood without again repeating a de-
seription of them. I have, however;indieated
the several parts of the apparatas which have
been before described by the same letters of

.. reference aswere used to denote them on Sheet

A, so that no mistake may be inade asto the
nature or purpose of any such parts; and in
describing the several parts of the movable
furnace which are peculiar to it and not before
described, I have used.figures instead of let-
ters of reference to denote such parts.

. The cupola, movableon axes, may besupport-
ed on strong standards resting on the ground
at each side; but as such standards would be
more or less-in the way, I prefer to support the
. capota on the cantilevers 1, which project from

a solid wall, 2, forming part of a chimney or:

furnace, into which the gaseous matters are
projected with considerable velocity. The tran-
‘nions 3 and 4 project from astrong iron flanged
band or trunnion-ring, 5, extending around the
- cupola, and to which the lower angle-flange, I,
" is bolted, and thus the two parts of the cupola
aresuspended. Thetrunnion3extendsbeyond
"the plumber-block 1*, which is formed on the
end of the cantilever 1, and is provided with
. a stufing-box and gland, 6, through which the

blast-pipe 7 entérs. This is best seen.in sec-
tion at Fig. 3, Sheet B. A small pipe, 8, passes
through a stuffing-box formed at 9on the-elbow
of the blast-pipe. The pipe 8 then passes up-
ward throngh the trannion at 8*, and ‘is for

‘the supply of water to the ring p, which forms -

the mouth of the furnace. The pipe 8, after

passing some distance beneath the floor, rises -

up and- is connected with an elevated reser-
voir, for the supply of waiertothe ring p. After
girculating through the ring p the water de-
scends by the pipe 11 through: the axis 4, and
by means of the pipe 12 is conveyed away.
The blastof air, after passing through thetrun-
pion 3, descends by mearns of the pipe 13 into
a cast-iron box, 14, secured to the lower plates
of the cupola. From this box the pipes ff

‘convey the blast into the tuyeres before de-

scribed in reference to the fixed cupola upon . -
the upper part-of the Lrick-work. - A stage is

‘formed by thie iron plate 16, which is supported -~
by -upright standards 17, which rest on the .

cantilevers 1. The stage thus formed is sur-
rounded by a railing, 18, and_on it the work-
man is stationed who, supplies fuel and metal
to the furnace. A similar feeding-stage may

‘be employed for the supply of fuel and. metal -
‘to the fixed cupola hereinbefore déscribed, but

which is not shown in thedrawings. A stage -
or standing-place should also. be provided in
both cases for the use of the workman who op-
erates the crane-arm and opens and shuts the
farnace-door when required. S

The motion of the vessel on its axis may be
effected by ordinary spur-gearing in conneec-’
tion with a:revolving shaft slowly turned by
engine-power and capable of being thrown in
and out of gear or reversed by the ordinary
means used for such purposes ; or the cupola
may be moved by means of hydrostatic press-
ure, as usually applied for giving motion te
Bessewerconverting-vessels. Ihave showna -
spur-whael, 19, on the axis 4 of the capola for
this nuarpose, but have omitted in the draw- -
ings the hydrostatic apparatus, which is now
well known and understood. ’ _
In eupola-furnaces movableon axes the or-
dinary tapping-hole is replaced by an opening
of much larger size, made in a piece of fire-
brick, and shown at 20. This piece is fitted.

into aring, 21, leaving a conical space between

the fire-clay and-ring 21.  This space is calked
with iron-borings, and not only, serves to. pre-
vent the escape of gaseous matters from fhe
farnace, bat, a conical part being formed on the-

fire-clay piece, the latter is prevented from be-
ing forced out of the farnace by internal press-
ure. Thering 21 is secured to the shell of the

“furnace by countersunk rivets, and the front .

face of it is fitted to an iron cover, 23, by means
of which theopeningisclosed. Anarch-shaped
piece of iron, 24, falls.into two notches made
to receive its outer ends, and a screw, 25, passes .
through a central boss in the arched piece.
By means of this screw and its cross-handle -
the cover 23 i3 firmly held in place. The end -



of the serew is formed into a loose cone, ﬁttmg
~ 80 as to give some play and allow the cover to
fit freely in place. A false ring or lip of fire-
clay, 26, is fitted in. so as to cause the stream
of metal to flow clear of theiron surfaces when
" the capolais tipped up.  For the discharge of
the metal arough lump of burned fire- cl‘w, 217,

is put juto the opening, to intercept the l‘Ldl-
ant heat on its passage to the cover. A little
loose sand may also be used but I have not
found it necessary.

I have before stated that some of the tuyeres
‘may be made to dip, so as to direct the blast
downward at an angle onto the metal. - Anex-
ample of this form ot tuyere is given at Fig. 3,

Shecg C, which shows a seetion through the"

side of th(, cupola and tuyere, the several parts
being indicated, by the same-letters of refer-
_ence as aro used to denote similar parts on
Sheet A. And here I would remark that the
- same general mode of - working may be followed
in flmnofmalleftblelrou ani) steel or other car-
vurets of i iron, in movable dupolas, as described
in reference {o the fixed one, except that in-
stead of tapping all the metal at once the mov.-
able cupola admits of taking out tests or sam-
ples of metal from time to tnue, if desired, and
also of running oft the bld“s as they accumu-
‘late. .
In order to facilitate the fusion into-a liquid
. cinder all’ the impurities of the fuel and the
‘materials derived from the furpace-lining, lime
"or other fluxes heretofore employed for such
purposes may be used in wy improved fur-
naces in such quantities as the nature of the
fuel and other circumstances may render nec-

essary, such fluxing materials beingintroduced
with the charges of fuel, or conveyed fnto the |

furnace by means of the blast, in the manner
hereinafter described.

The usual door for cleaning out cupola fur-
naces after use, although not shown in the
- drawings on Sheets B and C; may be used, as
-desired; but it will be found that by keepmo-
_the sla«rs flnid by a sufficient quantity of alka-

line or ot‘her tuxes this opening may be dis-
pensed with. I would also observe that when
malleable iron or steel is fused in cupola-fur-
naces there is a tendency to take up more car-
-bon than is desirable in some cases, notwith-
gtanding that the metalis coated with a vitreous
flux, as before deseribed. Tt will therefore be
‘preferable to also proteet the surface of the

molten metal as it accumulates by allowing a.

little fluid cinder always to rewmain floating
upon it, and, for the same reason, to employ as
‘small a quantlty of tuel as is found sufficient
to generate the necessary heat. For these rea-
~.sons I prefer to employ the eapola-furnace in
chose cases where a slight degree of carbura-
tion of the metal is not injurious, and to use
thereverberatory furnace for the fusion of mal-
. leable iron and the milder gualities of steel.

The fuel.L prefer to use is a good hard coke,‘ '

or anthracite coal as pure and free from sul-
phur as can be readily obtained. Cbarcoal or
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other fuel may, however, be employed, and alse
lime or other fluxes hitherto known or em-.
ployed for keeping the slags or cinderin a finid
state; and although I prefer to employ solid
fuel, it will nevertheless be obvious that in
c'\ses where combustible gases and air are em-
pleyed, as in the furnace known as “ Siemens re-
generative gas-furnace,” or other gas-furnaces, -
or where liquid hydrocarbons arc to be em-
ployed in the fusion of malleable iron or steel,
or melting of iron of any kind, this same sys-
tem of inereasing the tempembure by confining
the flame and heated products of combustion
under pressure within the farnace may be em-
ployed, the gaseous and lignid fuels and air
being forced, by suitable forece-pumps, into the
chamber or furhace where combustion takes
place, and where they are retained under the
desired pressure by means similar to those
herecinbefore deseribed.

In carrying into practice that part of my in-
vention which relates to the combustion of gases
under pressure in what iay be called a ¢ high-
pressure gas-furnace” I proceed as follows:
The gases to be employed may be generated by
the slow combustion of coal fuel on an inclined
grate or in close retorts, as generally practiced
in making coal-gas for illuminating purposes,
to neither of which modes of producing gas do
IMayanyclaim. Thegasthusorotherwise made
may be received in suitable gasometers. Iem-.
ploy a combined gas and air to_lemﬂ apparatus,
in order to force both the air and gas into sep-
arate receivers under the desired amount of
pressure. TIor this purpose I prefer io use a
blast-engine constructed after the manner of
the blast-engines in geiieral use in the Besse-
mersteel process.  When using this kind of
“blast- -engine T disconnect the pipes of one of
the air-cylinders from the air-vessel, and Leon-
nect the exhaust-pipe of such eylinder with the
gasometer beforenamed,and thedelivery-pipes.
of such cylinder I connect with a gas-receiver
in which the gas is to be compressed to the de-

sired extent. Theotherair-cylinderof the blast-

engine may be, as at present, connected to an
air-receiver, so that by the simple atteration of
these pipes and the addition of a gas-receiver
the blast-engine becomes applicable to the con
densation both of gas and air in separate res-
ervoirs under any desired amount of pressure.
The furnace which I prefer to employ for the
tusion of malleable iron and steel by the com-
bus'ion of gases under pressure is of the re-
verberatory kind, and may be constructed af-
ter the manner of the several kinds of ‘gas.
furnaces known and in use; except that in all .
cases - the entire mass of brick-work or other
refractory substances of which the furnace is
constructed must be inclosed in a strong irdi
casing riveted and calked air-tight, and suffi-
ciently strong to withstand the internal press-
ure {0 bo used therein. An example of this
modeof casinga reverberatory furnacé is given
at Figs. 3 and 4-on Sheet D of the annexed
drawings, which is, however, arranged for the
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100,003‘ S R 9

combustion of solid fuel.. In constructmg simi-
lar furnaces for the combustion of gases under.
pressure the fire-chamber will not be needed,
and- will be replaced by the air'and gas ﬁues,
or by the compound or other jet-pipes that are
used to convey or mix and (lnsmbut(, the gas
and air-into such furnaees.  The door for the
admission of the metal to be fused, and the
- ex1t-aperture for the escape of lame and other
_gaseous products of combustion, may be made
in ‘the manner hereinbefore deseribed in 1eter-

ence to -the feedipg -door and-exit-openings of”

_ the fixed cupold-furnace, or such modtfications
- thereof and alteration of position as the na-
tare and arrangement-of the several kinds of

- gas-furnaces known or in use may require. -
The quantity of air and gas admitted to the
furnace from time to time will be-under the
For this purpose a
slide-valve or equilibrium-valve is fitted both
to the gas and air main . pipes, and by nreaps
-of them the supply of gas and air may be
turned on or off, or be regulated as required.

‘The gas aud air may be used at their nataral

temperature, or one or both may be heated in
pipes preferably made of malleable iron or
steel; or the gases may be heated under the
ystem known as ¢ Siemens regenerative far-
nace,” in -which case the regenerators and all
. passages or flues employed for the passage of
the air and gases must be contained in a close
.case or jacket of riveted iron or steel, or made
of cast-iron and well bolted tngether and calked
and rendered air-tight.

When emplobmg liquid hydrocarbons for.

the tusion of malleable iron or steelin furnace
‘in which the gaseous produnets ot combustion

are retained nuder pressure, I prefer to.use the
_reverberatory form of furnace, which may be.

constrnuéd in the manner represented at Figs.
3 and 4 on Sheet D of the drawings hereunto
annexed, and hereinafter describvd. “In this

case I employ also solid fuoel—such as coke—-

~ and 1cause thefluid hydrocarbon to.betakenin
by the blast and be distributed, among the

pieces of incandescent coke, and thus produoe ’

a large amonnt.of flame.

The modé of intreducing the fluid fuel into

the blast-pipe is shown in  vertical section at
Fig.5,8heet O, of the annexé( drawings, where
ais the main bldbt pipe leading to'the tuyeres.
The vessel b is-bolted by a flange, b*, to this
pipe, the lower part of the vessel terminating
in a cone-valve, ¢, the spindle d of which is
carried upward-through asuitable stuffing-box,
¢,formed in the cover of the vessel. In the boss
of'thiscaver, at f, ascrew-thread isformed, and
the serew is also formed on the spindle d, so
that the rotation of the spindle, by meaus of
“the haud-wheel g, will raise or lower the valve
and regulate the velocity of flow of liguid fuel
“into the blast-pipe, along which the powerful
blast will carry it as a spray into and through
the tuyeres. The vessel b is provided with a
funnel and cock, h, for the supply of hq'nd
+ fuel, and also with an air-pipe, 7, and cock ™

for the purpose of supplying air nuder press-
ure to the upper surface of the fluid, and thus-
admit it to low. by gravity into the bldst -pipe. -
In some cases it may be found preferable to

supply the fluid in jets at the tuyeres, the jet '

being in thecenter of the tuyere,in which case
the employmient of solid fuel may be dispensed
with, as is now well -understood. I however
prefer to employ it in conjunction with so! ul

' fuel for the purposes of my invention,

“In order to protect the metal from an undne
amount of oxidation.or earburation during:its
passage downward smong the fuel and blast
I prefer to ecoat the metal with a substance or
compound capableof fusing at a moderate heat,
and of forming a vitréous or glassy covering
tothemetal. Forthispurposeamixtureofeclay,
lime, and sand may be employed, ¢ither with

or without an admixture of red ore or alkaline -

salts, these matters being mixed with water to
about the consistency of cream. The pieces of
metal.are to be dipped into-or sprinkled over

.with this semi-fluaid matter and then dried be-

fore they, are charged into the farnace. The

| bath of metal in the reverberatory furnace may

also be protected by a covering of fluid slag
or cinder, by adding a small quantity of the
before-named materials to the bath during the
fusion of the metal; or, in lieu of this, bottle- . -
glass (where it can be cheaply obtained) may
be used. The degreeof carburation of the molt-
en metal mayalsobe tosome extent regulated
by the.angle of the tuyeres and their height
above the metal, as before described. »
The several qualltles or kinds of materials
to be fused in my improved furnaces or appa-

"ratus and -be there converted into fluid steel,

or into flnid -malleable iron, or into alloys of
iron, or mixtures of different kinds of iron-and
steel may counsist of puddled iron or puddled
steel in a more or less granular or concrete

.state, oraspuddled balls, if sufticiently purified

from phosphorus; or the puddled metal, either
inthecondition of iron orsteel, maybe shin gled
and made into blooms or puddled bats, and be
cut into small or convenient pieces; but for the
manufacture of the better kinds of homogene-
ous malleable iron or cast-steel I however pre-

fer to use finished iron or puddled steel bars,

or bars of blistered or cemented steel, also cut
into convenient lengths, which, by preference,
may be fased in eracibles in the improved far-
nace hereinafter described,although they may
be fused in eitherof thie different forms or modi-
fications of my improved cupola or reverbera-
tory furnaces.

The materials to be fused may also consist
of ironor steel that has been obtained from pig
or crude iron, and wholly or partially decar-
burized and purified by the action of nifrate
of soda, of any analogous or other substances
conta\mng or capable of evolvmg oxygen on
coming in_contact with molten pig or crude
iron, provided that the metal so obtained does
not contain so large a quantity of phosphorus,

_salphar, or other 1mpur1t1es as to render it un-
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fit when fused for making into a marketable
homogeneous malleable iron or cast-steel.
The materials which I employ in my im-
provéd furnaces-or apparatus mnay also consist
of any iron or steel in the form or condition of
a metallic sponge or of any metallic iron ob-
tained by the deoxidation of iron ore by ce-
mentation or otherwise, whether such sponge.
or metallic iron does or does not contain an ad-
mixtare of earthy or other substances, or slags
orsubstances which by fusion yield slags—such
as the compounils of iron ore or-oxides of iron
and clay or other [usible matters, that are. or
may be made into bricks or lumps and ce-
mented or otherwise so treated as to convert
such ores or oxides of iron into metallic iron—

provided  that it be sufficiently free from car- .

- bon, snlphar, and phosphorus as to render it
capable of producing, by fusion, a marketabie
quality of homogeneous malleableiron or cast-
steel. ‘

. The materials which I employ ay also con-
sist of ‘any wrought-iron or steei scrap—such
a8 the erop-ends ofiron or steel rails; also old

-or worn-out iron or steel rails, ingot cnds, la-

dle-skulls, and scrap Bessemer iron and steel,

or otherrefuse steel and iron known generally
as ‘“serap,” provided that such scrap or refuse

" ‘metal does not contain so mach phosphoras or

other impurities as to render’it.unfit for the

production of a marketable cast-steel or homo-
geneous malleable iron, :

I woald further state that in employing any
of the aforesaid materials an addition may be

made thereto when desired of some good pig.

ar refined iron, or other carburet of iron-or al-

loy of iron and manganese, either for the pur..

pose of forming a bath in which the other met-
als to be fused are received, or for otherwise
- assisting thei- fusion, or of adding cheaply to
the quantity of métal, or for the purpose of
carburizing or of deoxidizing it to the desired
extenty Tor this last purpose, however, spie-
-geleisen or ferro-manganese is greatly to be
. preferred. - -I would also remark that the 2ddi-

tion of spiegeleisen or ferro-manganese, when’

employed for the purpose of altering the de-
" gree of carburation of the metal or for remov-

ing any oxgen therefrom, may be most advan-’

- tageously used after the molten metal has run
ottt of the furnace Ly putting it in a heated
granular form, or as a fluid into the ladle
. which receives the charge of/molten metal
from: the furnace. .
" Iwould further remark that the choice of
the several kinds of metal before named for
melting and obtaining cast-steel and homoge-
neous malleable jron will depend on their
known quality or the local cost, and on the
- quality of the product desired to be obtained
The manufacturer will, for these several rea:
- sons, also employ them separately, or mixed in
* such proportions as he may think fit or as
L’heir nature and properties may render neces-
sary or desirable, ‘
Lalso desire it to be understood that farnaces

“which the crucibles are placed.
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construeted so 4s to have their temperatute
raised by the compression or condensation of the
gaseous products of combustion within them,
as herein described, may also be employed in
fusing any of the more or less malleable kinds
of iron and steel before enumerated and com-
bining therewith pig-iron or other carburet of
iron in such proportions as to form a sort of -
steely cast-iron or mixed metal snitable for
easting railway-crossings and wheels, bells,an-
vil-blocks, stamp-heads, guns, mortars, project-
iles, and other articles where a. metal stronger
and harder than ordinary cast-iron is required.

My improved furnaces may also be advan-

- tageounsly employed to melt any pig or other

carburet of iron to be afterward converted into
steel or- malleable iron by the now well-known
Bessemer process, and also in sueh cases where
acarburetof iron difficult of fusion is employed,
aud also in all cases where the welted iron is
required to be of a very high temperature.-

I bave hereinbefore deseribed two modifica-.
tions of the cupola-furnace, in both of which
the metal to be fused and the fuel employed to
fuse it are mixed and occupy one common chan-
ber. Ihowever desire it to be understood that
my invention also eonsists in melting steel or
malleable iron of any of the kinds or qualities
hereinbefore enumerated when contained in
fire-clay, plumbago, or other crucibles, and also
in fusing the before-named metallicsubstances,
or either of them, on the hearth of a reverbera-
tory furnace arranged for working with the pro-
duets of combunstion under pressure, as in the
cupola-furnaces hereinbefore deseribed.

In constructing furnaces in whieh crucibles
are to be used. I prefer to make the fuel-cham-
ber cylindrical and to supply it with blastin a
simnilar manner to that already described in ref- -
erence to the cupola-furnace. The upper part
of the furnace is enlarged, and an annular seat
or space is formed around the fuel-chamber, on
The furnace is
covered with a dome-shaped roof, and several
small openings are left around the furnace for
the escape of flame, suitable doors being formed
in the dome or roof for the removal of the eruci-
bles, the regulation of the pressure of the gas-
eous products and the feeding of the fuel be-
ing arranged in a manner- similar to that al-
ready described in reference to the cupola-far-
nace; or the dome or top of the furnace may be
made to turn round, 4nd all the crucibles may
in that case be lifted out through a single open-
ing, which is brought in succession over each
crucible. ' _

I desire it to be understood that when craei-
blesare employed in my improved farnace both
cast-steel and homogeneous malleable iron, and
also any alloys of iron and manganese that
have been or may be made in vruecibles con-
tained.in ordinary furnaces, may in like man-
ner be made in my improved furnaces, whether
such cast-steel or homogeneous malleable iron,
or alloys of iron with manganese or other'met-
als betheresultof simple fusion or e produced
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by the chemlcal actlon or reaction of an y ma- |

terials put into them for that purpose,

In order. that the mode of constructing high- |
.pressure crucible-furnaces employed for. ‘the, |

: -fusion of malleableiron or steel or alloys of iron

" with other metals ‘may be fully understood, I

~ have represented two methods of eﬂ’ectmgtlna
.- object.

On Sheet D of the drawmos herenn’co an- .

nexed, where:Fig. 1 is a \'ertlcal gection: of a
cruclble furnace with a revolving erown or
dome, the outer shell, a, of the furnace'is madé
of stout iron or steel hmler plate, securely riv-
eted and calked at all laps and joints.

gle-irons riveted across it. The lower partof |

the furnace- casmg is sunk into the ground,.as-

shown by tlie position of the floor-line baround |
the upper part of the shell . The inassive cast-
iron ring ¢ is secured by bolts. Through the
angle-lron d a channel or air-passage, ¢*, s

-cored in the ring ¢, and its upper suyface is;

traly facedin the lathe. A second cast-iron

ring, ¢, is also employed, and furms a “skew- |
back,” in which the arch or dome f is built,’

© The ring e is strengthened by shrinking on it
a band of wrought -iron or steel, g, and also by
" the webs e*. The lower side of tlie ring ¢ is
surfaced traly-in the lathe, and hasa small
‘channel, n, formed-in it. When the ringe
rests on tlie ring ¢ the channel 2 forms a close
annular passage:. A great many small holes,

m,are drilled into the chaninel ¢*, so that when'

air from the main blast-pipe is allowed to flow
into the chaunel ¢* it will pass through the nu-
merouns small holes m and oceupy the chaunel
~ m, 80 thatin case of any imperfection of the fit-
ting together of the rings e and cthe air under
_pressure in the channel ¢* will find an escape
“between the rings, flowing chiefly outward,
where there is only the external dtmmphelie
pressure fo oppose it; but the air sapplied
from ‘the main blast pipe to the channel ¢* be-
*ing under a somewhat: greater pressure than
~the confined gases within the furnace, a small
- portion of the compressed air will pass inward

* through such imperfect joint and effectually-

preventthie escapeof any lameor heated gases,
and thus prevent tbe injurious aclion that
‘might otherwise result from such escape.. The
pipe which conyeys air from the main blast-.
pipe into the channel ¢* is not shown iu the
~drawings; but it may convey it into any pait
-of .that channel. This pipe should be pro-
vided with a sluice-valve, by means of which
the quantity and pressure of air flowing into }

thechaunel ¢* may beso controlled thatsearcely, |.

any airis allowed to flow into the furnace.
The dome or crown’of the furnace is formed

externally of strong riveted plates 4, secured.

“ to the ring ¢ by a WI‘OU"‘ht iron angle-ring, j,

and is lined with fire: brick J, or other refrac- |

tory material, as hereinbefore described with
. reference. to the cupola-furnaces. The lower

part is also lined in a similar manner, asshown |
That part.of the fm nace I* where thecra..

atl

The
‘bottom is further strengthened by stout T aun-

clbles rest-I however prefer to make of large
fire-brick [umps, as they form a more solid bed
for the pots.than g.lmstel‘ or other simildr lin-

ing,

which arefitted into thefurnaceand to the outer

_ .shell, and are also connected to the blast-pipe
| in the same manner as the tuyeres shown in de-

tail as applied to the cupola- -furnaces; hereiu-
before .deseribed..
also made for clearing out the sl.lgs and resi-

the tuyeres: * The ash-pits are covered w1th an
iron plate or grating at the floor-level.

An opening is ‘made in the dome .\t, k*,
through which the crucibles g are put in_ and
removed by means of tongs; as usually prae-
ticed: in steel-melting furnaces. -
be welted in them may also be supplied through
thisopening,and the pot-lidsputon after charg-
ing, as nsual in other erucible-furnaces, The
crucibles are also placed on stands », as usaal.
The fuel may lge supplied, when necessary,
through the opening i* by means of a tunne]
"8, (shown by dots,) which is temporanly mtro-
-(aced at the time of putting in the fuel, wluch
1 prefer to be of good hard coke. e

A flange-ring of metal, ¢, is riveted to the
Crowii- pl«lteﬁ i. Thisringisconstructed in the
same wanner (except in so far as it fits eccen-
trically onto the dome) as the. ring or hoop p,
(shown at Figs. 1 and 3, Sheet A, of the an-

to be closed by a furnace-door suspended from
L a train, 7, -moving laterally on a crane-post in

nace, in the manner hereinbefore shown and
-described in reference to Tigs. 1 and 3, Shees
A similar arrangements for the admlsuou of
.nr to the joint and- the flow of cold water for

is also made i the ring p, Sheet A.

In the center of the donie I provide an open-
inv for the escape of the gaseons products of
counbmnon, which, opening is constructed as
follows: A stout ring of iron, u, is riveted to

of the ring'v.
piece of fire-brick # determnines the quantity-of
gases allowed to escape under any given press-
ure. By unbolting the ring v different-sized

{ outlet-pieces can be employ ed. A pipe,z,pend-
“ent trom the roof of the building, and passing -

-through i~ at its upper-end, will convey away
the flame and heated gases acwmp.nncd by a
large quantity of the surrmmdlu«r air taken up
_asan inducted current, thereby preventmg the
overheating of the pipe .

In order to securs the dome of the furnace

At p pave shown the orifices of two fire- (,Iay »
tayeres, of which several miay e used, and

-~ A similar arrangement is"

sultable bearings ‘attached to a shell of the far-

1

- due of fuel, as. shiown  in - the capola-turnace,
Figs.1and2,Sheet A yof theaunexed drawings,
small akli- plts bemg formed -in the floor for
guining au,ew to this cleaningout hole.and to’

The metal to.

nexed driwings.) The opening k* isintended

keeping down the temperature of thering ¢ as -

the dome-plates, and "to this ring is bolted the .
‘movable flange-ring v. A Diece of well-burned

fire-clay, i, is fitted into’the conical interior’
The size of the opening in the

in place during the period when the furnaceis
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-working under pressure, ten or twelve stout
wrought-iron brackets, A, are bolted seenrely
1o the-ring ¢, and have strong steel capstan-
- headed screws B passing through the over-
hanging part of them. Before turning on.the
blast to the furnace all these serews must be
brought to bear firmly on the upper side of
thie hoop, by which means the pressure within
the furnace is unable to raise the dome from its
seat, Sosoon, however, asthe workman judges
that the metal in his erucibles is in a state of
complete fusion, he will shut off or moderate

the Llast fora short time, in order to cool down |

‘the pots, as usual, before * teaming.”  He will
then slacken all the screws B, raise the fur-
pace-door by means of the screw apparatus,
and swing it round so as to afford easy aceess
to the cracible immediately beneath the open-
ing, which he will lift out with his tongs, as
usnal. By then turning on a little blast to the
-channel ¢* the pressure of it, acting on the
lower surface of the ring e, will canse the dome
to either entirely float off its seat, or by mod-
erating the pressure he can relieve it of so
much only of the weight pressing on the ring
c¢'as to allow it to be moved round with great
freedom. Six or more small guide-rollers,
D, are mounted on studs which project down-
ward from the ring ¢, The rollers run in cou-,
tact with the inner face of the ring ¢, and thus
insgre the proper position of the dome, on the
apper side of which several snugs or staples,
E, are riveted, into which a staff, F, can be in-
serted, for the purpose of turning round the
dome of the farnace, and thas giving access to
‘each crucible in succession, The crucibles may
again be replaced when emptied, after which
_the furnace may be.supplied with fresh fuel,
‘thecrucibles charged with metal,and the serews
B tightened: down, and the furnace-door again
brought over the opening and sccured there.
The operation of the furnace may thén be con-
tinued nnder such an amoant of internal press-
ure as isfound best adapted for the economical
fusion of the particular quality of metal em-
- ployed. ' ' . o
At Fig. 2, Sheet D, I have shown another
modification of the high-pressure crucible-fur-
nace, the outershell, G, of which is constructed
with riveted plates, and is lined -throughout
with fire-brick or other refractory material; If,
the tuyeres and the miode by which they are
secured and connected to the blast-pipe being
the same asin the furnacelast herein deseribed.

In lieu, however, of the movable dome for giv-.

ing access to-the several crucibles I, four or
other convenient number of openings, J, are
made in the dome or crown of the furnace,
through which the crucibles way be placed
-and.removedwhen required. s-A pair of tongs
with the joint formed on oneside of the claws
will allow the workman to place throngh the
opening one crncible to the right band of the
openingand the nextone to the left, and finally
Lie can place one eentrally between the other

two and directly beneath the opening, so that

' T-angles riveted across it at a2

the fonr openings into the furnace will suffice

for the placing of twelve crucibles, and. also
serve to introduce the fuel when required. A
luup of molded fire-¢lay, K, having a ring in-
sertedinit,isplaced intheopening J,and-above
it is placed a strofig iron plate, L, having its
edge truly formed into aeone. A flangedring,
M, is riveted to the plates of the dome, and js

nmade conieal on its interior surface, to fit the
plate L, around which a little Inting may be

put, as practiced in keeping the joints tight at
the mouth of gas-retorts. Two strong staples,
N, are riveted to the crown-plates. Through
thesestaplestheiron bar P is passed. A screw,
O, passes-through this bar, which is employed
to bind the plate L tirmly on its seat. The
opeunings Q Q, for the escape of the products
of combustion, may be placed on the sides of
the furnace opposite to a flue or chimuey-open-

ing;.or they may be fitted into the crown of

the furnace, as hereinbefore described in refer-
ence to the crucible-furnace with a revolving
dome, and which latter form of crucibles I
prefer for tke purposes of my invention.

In constructing furnaces in which the metal
is to be fused on the hearth of the furnace, in
the manner of reverberatory furnaces, the
same general arrangement of fire-chamber and
tuyeres may be used as that already deseribed,
the roof or arch of the furnuace being a short

-distance only above the hearth, the escape of

gaseous matters at the opposite end to the fire-
chamber and the regulation of the pressare of
the combined gasrvous products, and also the
feeding in of the materials and fuel, being ar-
ranged in a similar manner to that hereinbe-
fore described in reference to the cupola-fur-

‘uace.

The wmode of constructing high-pressure re-
verberatory furnaces for the fusion of mal-
leable iron and steel, or othercarburetsof iron,
isrepresented in'Sheet D 'of the annexed draw-
ings, where Tig.'3 is a longitudinal vertical
section on the line A B of Fig. 4, and Fig. 4.
is a vertical cross-section .on the line C D of
Fig. 3, showing the fire-chamber in elevation,
the feeding-door and its appendages being
omitted in this view. S ,

a is the outer shell of the furnace, formed of
stout iron or steel, both plates-well riveted to-
getherand ealked aii-tightatalllapsand joints:
The end plates, a*, are farther supported by
stout angle gnsset-platesa’. The fire-box end.
of the shell ¢ is in the form of a vertieal eyl-
inder, and is strengthéned at bottom by stout
The upper
part of thie shell of the fire-box is strengthened
by a wmassive hoop of iron, b, into which nu-
merous screwed studs ¢ are tapped, by means
of which and the nuts fitted to them the dome
or crown of the shell is held seenrely in its seaf.
This mode of fixing on the crown is adopted
to facilitate the relining of the furnace from .
tipe to time. L : ,

The body of the furnace is oval, in eross-
section. The oval part at a® is riveted up to
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3 corresponding opening in the cylindrical fire-

box, and terminates at the angle-flange 4, to-

. which it is alsoriveted. Theend piece, a*, has
‘a similar angle-flange, ¢, riveted to it. This
part’'of the furnace is supported on a cast-iron
standard, 7, by which it is retained in position
when the central part, a° is taken-away on a
truck for the purpose of being relined. There
-are also angle-flanges, ¢ and I, riveted to the
central part, «°, all of which flanges,.d, e, g, and
h, are truly faced in the lathe,so as to be firmly

- bolted together and form a eclose air-tight
junction of the differenit parts of the furnace,
Gapable of .resisting tlie great internal press:
vré of the gaseous matters confined within the
furnace, and at the same time admitting the
central part ot the cuter shell being removed,
and thus affords facility for relining the fur-
nace when required, and which lining may be
“readily éffected by inserting a properly-shaped
wooden pattern into the part to be lined and
ramming in the moistened ganister around it.
The orifices of tlie tuyeres are shown -at 4.
They are formed of fire-clay or plumbago, and
" are secured air-tight to the outer shell of the
furnace, and connected to the tuyere-pipesin

the same manner as hereinbefore described’

and shown with reference to the tuyeres and
pipes employed in the cupola-furnace repre-
sented on Sheet A of the anpexed drawings.

An opening for running out slag from the
fire-chamber jis shownatk. It may bestopped
" with loam, as usual in cupola-furnaces, and be

secured by a covering-plate, I, securely bolted .

".on to prevent the loam from being blown out.
Aslightly-conical aperture,m, leads from the
“fire-chamber to the erown of the furndce,where
the door for feeding the fuel is sitnated.
© A flanged ring of metal, n,is riveted to the
~erown of the furnace, havingapassage,s, for the
cirendation of water.formed in it, and also pipes
» 7, to convey water to and away from it.
This arrangementand the constructionofthe

~- large cireular door ¢ are precisely the same as

hercinbefore shown in.detail, as applied to the

cupola-furnace represented in Sheet A of the
aunexed drawings; butinstead of applying the’

serew and worm-wheel arrangement. for open-
ing the door and tightening it down, as before
described, I employ the pressure of the blast or
the pressure of steam or water to act on a pis-
ton, and thus exert the force necessary to keep
the farnace closed.. This method is shown in

-elevation’ as attached to the reverberatory fur..

. nace on Sheet D, and is also shown at Fig. 6

on Sheet C of the annexed drawings, partly in,
_section, and in plan at Fig.7 on the samesheet.

The same letters of refercnce are used where
* the parts are repeated in thesé figures,
* tis the crane-post, witha tubular passage, t*,
formed in it. .
S g is the foot-step in which the crane- post

moves. The foot-step « is bolted to the shell of -
“the furnace. A small pipe,»,conveys air under-
pressure into it,and from which it is prevented |

fromn escaping by a stuffing -box:and gland.

o iy

The air can, however, pass upward through :
.the small passage t*. =~ =~ R
_ Theupper part of the crane-postissupported
in a braeket - piece, 20, which is riveted, by &
flange, 10*, to the shéll of the furnace, and is
formed into a shallow open cylinder, #. Two -
arms, r, forming part of the crane-post casting, -
also projeet upward and carry between them
the beam y, which is supported on a pin-joint,
Z. At y" another pin-joint is formed, and by -
means of the links D the beam is attached to -
the piston B, which is made air-tight by pack- -
‘ing-rings, in the nsual manucr. The opposite
end of the beam y is jointed to the upper side
of farnace door by the joint-picce G and pin' L.
In the lower part of the metal of the cylinder
a small eock, J, is provided, baving a very -
small way throangh it, to prevent the too-sud--
den passage of air or otlier fluid info the cylin-
der, - A small. hole is drilled horizontally
throtugh the metal forming the lower part of
the cylinder;and at right anglesto the axisof -
the cock J, so that the cock may act two ways—
that is, it may discharge air from beneath the
piston when turned into the position shown in
Fig. 6 by the horizontal passage before referred
to, and by reversing it the air passing up
through the- ¢érane-post will be conveyed be-
neath-the piston, and by means of the pressure
‘so exerted the piston will rise and the beam or-
lever y will force the furnace-door firmly onto
its seat. By this arrangement the opening -
and closing of the furnace-door may berapidly
cffected with the laboronly of turning the small
stop-cock J., ' R . :
The piston requires to travel only aboutone
ineh inorder to lift the door sufficiently high to
admitofitsbeing moveédononeside. Thefeed-
ing-cylinder will thus be brought over the open-
ing m and discharge its fuel into the furnace.
The feeding - eylinder is, however, omitted in
Figs. 3 and 4, Sheet D, and in Figs. 6 and 7, -
Sheet C; but it is made and attached to the
crane-arm in the manner shown in Figs. 1and
2, Sheet A, - _ . , :
I wounld also remark. that. although Lhave
-shown thearrangement for closing the furnace-’
door in thereverberatory furnace and the serew
-and worm-wheel arrangement as applied to the
capola-furnace, it will be obvious that either
mode may be-employed in both kinds of far-
nace. : R : - :
The exit-passage’ for the gaseous products
of combustion (shown at M)-is moldeéd in fire-
clay and well burned. A joint is:formed be-
tween it and the ring N with rust-cement,
with which the joint is calked. * The ring Nis
securely riveted to the end furnace-plate, and
to it is bolted the flanged collar P, by means
of which movable rings of fire-brick Q, or
other refractory material, are retained in their
position, and from which they may, when nec-
essary, beremoved orexcbanged for other rings
having a different area of outlet.
In addition to orin sabstitution of this mode -
of regulating the escape of the gaseous pro-

»



u 100,003

ducts of combustion from high-pressure far-
naces, I sometimes employ a valve formed of
well- burned ‘fire-brick or other refractory non-.
metallic substance. A valve so constructed is

shown at Fig. 8 on Sheet C, where a represents’

the upper portion of any 1urnace to which it
.may be applied. b is a beveled flanged ring
riveted to the shell of the furnace. ¢ is ahol
low cone of fire-brick, the large end of which
is capable of passing through the small part
of the ring b, the space being afterward filled
with rust- coment. “d is part of an iron bar
fixed. to-any convenient part of the apparatus,
and serving as a guide through which the rod
. ¢ slides freely up and down. The lower end of
" the rod is screwed into an iron box or frame,
J: beveled on the inside, for the purpose of re-

ceiving the fire-clay valve g, which is held in .

“the box by cement run in between it and the
beveled sides of the box. A weight, i,is placed
on the top of the rod toregulate the pressure,
and a nut and collar at.k will prevent the fire-
clay surfaces from at any time coming in con-
tact. and adhering together. Although this
valve will not prevent the escape of some
heated gases, it will, nevertheless, prevent the
pressure from rising above the limit assigned.

-The reverberatory furnace is provided with
a-tap-hole, (shown by dots at M*.) This hole
may be stopped with a fire-clay cone, as shown
at Figs. 1 and 2 on Sheet A, as applied to the

“cupola-furnace.

I prefer to employ two doors for chargmn in

- the metal to be melted. One may be placed
on each side of the furnace, or they may be
both on one side of it, as shown at m m, Fig.

‘3, Sheet D. Tig. 5 on this sheet-also shows a
horlzontal section of one of these doors, and
Tig. 6 a front elevation of the same.

Astrong iron frame, n,is riveted byits flange
-to the shell of the furnace. The outer faceof
this frame is faced and has a deep groove, 7,
formed in it, into which air from the main blast-
pipe may be supplied by a small pipe having
a stop-cock npon it. There are projecting lugs,
p, formed on the ring n, which form a hinge-
joint, and at the opposue side of the ring are
: sxmllar lugs, ¢, through which the movable pin
O is placed. An arm or jointed lever, S, is
fitted at one end in between the lugs p, and
thusforms a hinge ;joint,on which thedoor may

be moved when the pin O is withdrawn.

The door consists of a circular iron box, 7,
into which a fire-brick, m, is fitted. The box
t bas two- studs, u, prOJectlnrr from it, which
pass freely through the arm S, for the purpose
of supporting the door when 1(: is thrown back
on the hinge-joint. A powerful steel capstan-
headed screw, 0, passes through ‘the lever S,
by means of which the door is forced tlghtly
against the grooved face of the frame n, after

_which air is allowed to flow into the groove or
channel » under safficient pressure to prevent
the escape of the ﬁame or heated gases of the
furnace.

“When employing such furnaces for the fu-
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sion of malleable iron and steel, or other eal'
burets of iron, I charge on the materials- by
the doos's last descnbed,aliowmg a small part
of them to occupy the hearth or bed of the
furnace, and the remainder I dispose on the
“bank ” or higher part of the bed in such way
as to intercept the flow-of flame toward the’
outlet.

The malleable metal may be fused fmlone, or
some good gray hematite or other pig-iron
nearly free from snlphurand phosphorus maybe
employed; or,in licn thereof, soine iron known
ag ¢ splegelemen” qnay lLe pm; into the hearth -
of tbe furnace and form a bath to collect the
other fused materials in; or the malleable part
of the charge may, when thoroughly heated,
be pushed forward into the bath of molten car-
buret of iron; but when steel, wrought-iron,
or malleable iron of any kind, or when iron
sponge or iron bricks, are to be fused in such

“furnaces in the absence of any pig-iron, I usea

higher pressare than when pig-iron is used in
admixture with them, in which case the press-
ure of the confined gases may range conven-
iently from thirty to fifty pounds pressure per
square inch, and after tapping such molten
malleable metal from thie furnace into a cast-
ing-ladle provided with a valve and stopper,
as generally employed in the Bessemer pro-
cess, I add molten or hot granulated spiegel-
eisen or ferro-manganese thereto, in order to
deprive the fluid metal of. any oxggen it may
have taken up and- to carburize it to the ex-
tent desired. The "uel I prefer to use in the
high-pressure reververatory furnace is a good
bard coke, and in order to produce a powerful
flame 1 employ along with the coke a liguid
hydrocarbon. Thecreosote, petroleum, orother
hydrocarbon may be supplied to the bl'\st-prpe
by means of the apparatus shown at Fig.5on
Sheet C of the annexed drawings. I how-
ever desireittole understood that other fuel—
such as anthraeite or ordinary coal and dried
wood or charcoal—may be employed, as found

-desirable.
- Having thus described my invention and the-

manner in which the same has been and may

be.carried into practical operation, I desire it

to be understood that I do not limit my claims
to the precise details and modes herein de-
scribed of carrying the same into effect, pro-
vided that the general and distinetive charac.
ter.of the said invention and the several parts

thereof be retained ; and in,order that the ex-
tent.and limits of my said-invention may be

more clearly aseertained, I desire tostatethat
since the filing of the prO\'lslonal specification
of my present invention I have been madse
aware that it has been proposed by others to
force air into theé ash-pits of steam-engine boil-
ers and other furnaces in which the air so to
be forced was, in its eseape from the furnace,
proposed to be passed through a vessel of wa-
ter and through a valve:. It has also been pro-
posed to trap the chimneys of steam-boilers
and other furnaces, and thus prevent the free
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escape of the products of combnstlon, w1t.h the

iden of thereby saving fuel. It has also been

~proposed to cause the complete combustion of

gases in furnaces employed- to melt pig-iron

. for heavy o'\stmgs by supplying -air to theash-
" pit and in jets-above the fuel Ly means of a

blower or damper being used in the ehimney
to prevent the toofree escape of the gases, and
causing the airto commingle more thoroughly

.with the combustible gases. but. I am not
aware that any proposal prior- to the dafe of’

my present invention has ever been made to
80 construet furnaces as to enable them to with-

stand any considerable internal pressure, nor
thatany proposal has been made to fuse mallea-
bleor wrought iron and steel in furnaces where

- the products of eombustion are kept under
high pressure, and the temperature of the fur-.

nace thereby raised to the melting - point of
those refractory metals. I have stated that I
am aware of the proposals made prior to the
date of my patent and above referred to ‘in

order that it may be clearly understood that I

lay no claim thereto; but - -

What I do claim as new and of my own in-
vention is as follows:

1. The melting or fusing of malleable or

wrought iron and steel, or other similar car-.
burets of iron difficult of fusion, in a furnace |
constructed so as to be capable of sastaining -

a high internal pressure, by compressing, the
gaseous products of combustion within the

-said furnace which contains the said iron or

steel to such a high pressure as will raise the
temperature of the said furnace sufficiently
high to fuse or liquefy the malleable or wrought

-iron or steel, or other similar earburet of irom.

~ difficult of fusion, which is contained therein.

2. The meltmg or fusing of alleable or
\vrought iron and steel, or other similar car-

‘bnrets of iron difficult of fusion, in furnaces

supplied with a blast or current of compressed

air, and in which furnaces the gaseous pro--
~duets of combustion are, by reason of the small-

ness of the escape apertnre or apertures, pre-
veuted from escaping from the furnace until the

‘pressure of sueh gaseons products contained
in every part of the said furnace is substan.’
-tially in excess of one pound per square iuch
~above the external atmospheric pressure, .

3. Determining the pressuie of, and the rate

of discharge of, the gageons: products of com:

-bustion from furnac'es employed for the fusion

of malleable or wrought..iron and steel, and

-othersimilar carburets of iron difficult of fusion,

when working with the gaseous products of
combustion nnder high pressure, by employing

- "simple contracted escape-openings in lieu of

valves or traps.
4. The construction and employ mem: of cu-

pola-furnaces for fusing malleable or wrought
- iron and steel, or other similar carburets of
iron difficult of fusion, such furnaces having a
’ domeﬂ or covered top with a door, (for the ad-:

mission of fuel and metal,) which door is faced
with fisc-brick or other refractory material,and
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is prowded wnth a close extemal metal ﬂttmg, |

-for preventing the escape of the gaseous pro-

ducts of combustion confined :under: pressure

within the farnace.

5.”The mode of opening or shutting the feed-
mg-door of furnaces for welting malleable i iron,
and’ steel, or other similar carburets of iron
diffieult ot fusion, and confining the gaseous -

.products therein’ by meansof acompound screw
apparatas, constructed and applied in the man-

ner herein described.

6. The arrangements. for mmﬂatm g or alter-
ing the pressure of the gaseous products of
combustion infurnaces employed for the fusion
of malleable or wrought iron and steel, or other
similar carbaret of iron difficult of hmon. by -
means of movable escape-apertures of different
areas of outlet, and also by dimninighing or in-
creasing the outlet by the insertion or removal
from the escape- aperture of pleoeq of fire- clay

scrlbed

7. Mounting on axes through which air and .
water may be passed the cupola-furnaces em-
ployed in the fusion of malleable or wrought
iron and steel, and other similar carburets of -
iron difficult of Tusion, when such fusion is ef- -

fected by the accamulated heat resulting from

the retention of the gaseous products of eom-
bustion under- hwh pressure within the said-
furnace. .

8. The arrangement for pre\entmv the es-
cape of flame and heated products of combus-
tion through the joints of feeding or other
doors of furnaces employed under pressure, as
described, fov the fusjon of malleableor wrought
iron and ste(] and similar earburets of iron dif-
ficult of fusrou by means of currents of air or
steam wpphed to the joint at a greater press-

ute than that of the confined gaseous products\ -

within the faornace.

9. Cooling the metal ﬁttmg or parts adjacent
to the feeding or other doors or openings of
furnaces emplo_) ed under the pressure of the
gaseous products of combustion, as herein de- -
seribed, to fuse malleable or wr ono‘ht iron and
steel, or other similar carburets of iron difficult.
of fnuon by suitable chanuels formed in the
parts to be cooled, through “lnoh a stream of

water is passed.:

10. Closing or securing the feedmg or other'
doors of furnaces employed under pressure of

- the gaseous productsof combustion for the fa-

sion of malleable or wrought iron and steel,or
other similar carburets of iron difficult of Ta-
sion, by means of air, steam, water, or other
fluid-pressure acting on a piston or planger,
in connection with such feeding or other doors.

- 11. The regualation of the pressure of gas-
eons matters contained in furnaces employed
in the fusion of walleable or wrought iron and
steel, or other similar carburet of iron difficult
of fusmn, by means of a loaded valve faced
with fire brick or other analogous refractory
material.

12 The fusion of malleable or wrought iron
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antt stecl, or other similar zarburets of iron
difficalt of fusion, by the combustion of car-
bonic-oxide, carbureted-bydrogen, or other
combustible gases witlt atmospheric air, such
gas or gases and atmospheric air being forced
into and ignited in furnaces the escape-aper-
tore of which is so small as to cause the pro-
ducts of combustion to accumulate to high
pressure within che furnace, so as to effect the
fusion of said iron or steel.

13. The fusion of malleable or wronght iron
and steel, or other earburets of jron difficalt
of fnslon, by the combustion of Dauid bydro-
carbons in high-pressure furnaves, the fusion
being effected underthe acenmulated heat aris-
ing from the compression and rvetention of the
gaseous produets of combustion ander press-
ure within the furnace in which the s(ud iron
or steel is fused.

14, Coating the. sarfaces 01' pieces of mal-
leable or wrought irou and steel, or other simi-
lar carbarets of iron difficult of fusion, with
clay, lime, silica, or mixtures thereof, or other

materials capable of fusing into a glassy or
vitreous' covering, and thus protecting their

“surfaces from oxidation or carburation,and the
fusion of sueh coated pieces in capola or other
farnaces where the guseous products of com-
bustion are retained under pressure, as herein
described.

15. The fusion, in u‘nuhlu, of malleable or
wrought iron and steel, or.other carburets of
iron or alloys of iron, with other metals, and

the fusion of materials which yield malleable

iron orsteel wheu melted, such erucibles being
heated in chambers or furnaces in whieh the
gaseous produets of combustion are retained
under high pressure, as herein deseribed.
16. The fusion of malleable or wrought iron
and steel, or other similar carburets of iron
difficnlt of fusion, inreverberatory furnaces in
which the gaseous products of ecombustion are
retained uuder high pressure, so that an acea-

mulated heat is thereb) obtained eapable of

fusing the said iron and steel.

1%, “In the construction of reverberatory fur-
naces employcd for the fusion of malleable or
wronght iron and ‘steel, or other similar car-
burets of iron difticult of fusion,closely envel-
opirig the brick-work or other equivalent re-
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fractory lining of such furnaces with a casing
or jacket of riveted iron or steel plates calked
at the joiuts, or made of cast-iron bolted se-
carely together, such casing being sufficiently
stroug ani tight at all points to withstand
great internal pressures

18. The fusfon or remelting and heating o
pig or crude iron in high-pressure furnaeces i
whieh the gasecous prod ucts of’ combusnon are
confined under high pressure, asdeseribed, asne
the conversion of such metal so melted and
highly heated into malleable iron or steel by
blowing air through such metal acecording to
the Bessemer process, as is well understood

19. Lining high-pressure furnaces employed
for the fusion of malleable or wronght ironand
steel,orotherearbuarets of iron, under the press-
ure of the gascous products of combustion con-
tained therein, as described, by ramming or
pressing plambago moistened with water and
fire-elay into the cavity or space to.be lined.

20. The coustruetion of high-pressure for-
naces employed in the fusion of malleable or
wrought iroun and stecl, or other carburets of
iron, under pressure of the gaseous products of
combustion, as herein desecribed, with tuyeres
or pipes made of fire-clay or of plumbago, for
the conveyance of a blast of airinto buéh for-
naces.

21. In the construction of reverberatory gas-
regenerative furnace, or other farnaces employ-
ing gaseons fuel, the "closel y enveloping of the
fire-brick or other refractory lining of such fur-
naces with a shell of piace-iron or steel riveted,
calked, and rendered tight at all laps and
joints, or, when such shell is made of cast-iron,
well bolted together and rendered tight at all

‘joints, such iron, steel, or cast-iron shells being

sufficiently strong and tight to withstand safely
a greaf internal pressure.
22. Thageneral arrangementof the furnaces

P/

and apparatus for the fusion or melting of iron

and steel, substantially as herein described.
. HENRY BESSEMER.
Witnesses:
DavDp. CONGDON,
‘ Forest Hill, London.
G. F. WARREN,
No.17 Gracechurch Street, London.



