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IMPROVED METALLURGIC FURNACE FOR IRON AND STEEL.
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The Schec_ln]e referred to in these Letters Patent and making part of the same.
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To all whom it may concern :

Be it known that I, Jorx Y. SyitH, of Pittsburg,
in the county of Allegheny and State of Pennsylva-

nia, have invented an Improved Orucible Furnace, for-

treating maguetic and other ores of iron, and. other
substances; and I do hereby declare that the follow-

ing is a full, clear, and exact description thereof, ref- |

erence being had to the annexed drawing making part
of this specification, in which— :

Figure 1 is an elevation. -

Figure 2 is a vertieal section,

Tigure 3 is a horizontal section on line z z of fig. 1.

_Figure 4 is'a horizontal section on line y ¥ of fig. 1.

Tle same letters are used in all the tigures to des-
ignate identical parts.

Thisinventioy relates to a furnace particalarly adapt-
ed for the reduction of what are coinmonly known as
sand ores, but which may be used for éther metallur-
gic purposes;-and, my improvements consist,

First, in reducing theores in erncibles; arranged with -
in a combustion-chamber, by thie action of heat; the
tweers being so directed as to generate a vortex within
the combustion-ciamber about the crucible, thereby
saving the crucible from the injurious effeet incident
to the use-of tweers radially disposed, so as to- direct
the blast against the crucible.

Secondly, in making the top of the combustion-
chamber fit neatly to the month of the erucible, so as
to apply the heat of the combustion-chamber only to
the exterior surface of the crucible, entirely excluding
both the combustible material and the gaseous pro-
ducts of combustion from contact with the contents
of the cruciblé. o R .

Thirdly, in forining above the crucible a lot-air
chamber from which the gaseous products of combus-
tion are entirely excluded; said chamberbeing heated
by the waste heat from the combustion-chamber, so
as to maintain a high temperature above the materials
under treatment in the crucible.

Fourthly, in the use of feeding-chambers in which
the ores may be heated, and treated by admixture
with such substances as may be needed, before being
introduced into the crucible, and from which they may
be transferred directly into the crucible without at
any time being brought into contact with the gaseous
products of combustion.

“Also, in sundry matters relating to the details of
construction and arrangement which will be designa-
ted and specified in the following specification and
claims, ‘

In order that persons skilled in the art may be
able to construct and operate my improved furnace,
1 will now proceed to deseribe, first, its construction,
and then, the mode of operatingit.

In the annexed drawing I have shown one forin of

furnace as illustrating the prineiple of my invention,
whieh may be modified to adapt it to the various con-
ditions under which it 'may be desired to operate a
farnace, merely by the skill of the builder changing

‘the form and arrangement of -parts, but still maintain-

ing the principle. )

- The furnace here shown is built in two parts, the
base A containing the combustion-chamber and cru-
cible, and the top A'; which contains the charging ap-

. paratus.

The upper part I propose to constyuct -with stay-
bolts A? built into the solid parts of the wall, to which
may be attached chaius A% by means of which the
top of the furnace may be suspended; in whole or in
part, from a suitable frame-work above it, so as to re-
lieve the lower portion A from its weight, By this
means, the wall of the combustion-chamber may be

more cheaply constructed and conveniently removed; .

and the erncible, being relieved from the superincum-
bent weight, is less liable to be crushed by the yield-
ing of-its walls. . .

B is a crucible, built of any suitable refractory ma-
terial, which rests upon a lbearth, which.I propose to

‘make of powdered silex. The cracible I prefer to

build without any bottom, the ‘contents thereof rest-
ing upon the silex. -The crucible may, however, be
constructed with a bottom in the ordinary manner.
The molten contents of the crucible may be drawn off
through the pipe B, from time to time, as iron'is
drawn from an ordinary cupola furnace.

C is the combustion-chamber, which is formed by
the wall A, which I prefer to make circular, asshown,
and is covered by the diaphragm C, constructed with
an opening or openings to receive one or more cruci-
bles. The diapbragm is fitted to the crucible closely
by plastering witli -a suitable refractory composition,
so that the combustible and gaseous productsof com-,
bustion are excluded entirely from contact with the .
contents of the crucible. _

I prefer to-use as a combustible, pulverized coal;
but inflammable gases may be used instead; or, a fire
built in the combustion-chamber. The pulverized
combustible is introduced with the blast through the
tweers D, and ignited immediately upon its entrance
to the combustion-chamber. .

It the tweers were arranged radiaily, as is commonly -
the case, the blast, impinging directly against the cru-
cible, would soon destroy it. ‘To avoid this, I intro-
duce the tweers upon lines ‘tangential to the surface
of the crucible, or a circle described around it within
the combustion-chamber, so that the flame of the
burning fuel shall be swept in a vortex around the
crucible; the greater pressure and consequent attrition
being against-the wall A, thus relieving the crucible
ag much as possible from the action of the blast.



The. fuel is introduced with the blast. It is pul-

verized finely, and deposited in the hopper E, from

" which it is fed by the adjustable spiral feed-shaft EY,
operated by a pulley and belt, or in any otlier conven-
ient manmer, This shaft is twisted like an auger, and,
as it is projected or drawn ‘further into the honper,
the amount of combustible may be diminished or in-
creased.

The combustible passes into the pipe E2 which is
extended sa as to open in the direction of the tweer.
The powdered combustible will be deawn from the pipe
B2, and delivered into the combustion-chamber by the
force of, and together with the current of air or steam
passing through the tweers.

G: G are doors opening into the combustion-cham-
ber, through which ashes may be.withdrawn, or sujt-
able instruments inserted for daubing the crucible, as
it may become worn from use. I preferto use, for this
purpose, a plaster made from powdered silex.

The draught may be dirvectly through the up-take F,
from the combustlon-clmmber, or, thiis being closed by
a damper, and another, cIosmg the opening I, being
opened, it may be directed into the cirenlar cliamber.
H, in the upper section of the furnace, . This cham-
ber is divided by a partition- H', the opening H being
on one stde,aud the up-take I’ opemng from the other,
50 that the heated gases, arriving from the combus-
tion-chamber, may be made to pass eutirely aronnd
the chamber H before escaping into the air.

. 'Within the annular chamber H, and separated from

it by a tight wall, is the hot-air chamber L, which ex-

tends from the dmphmgm O and crucible B to the top
of the furnace, where it is closed by a cap, M.

The charges are introduced to the cracilile by means
of the retorts X, closed externally and internally by
doors XK', ’l‘hese' retorts pass across the annular
draught-chamber H, and are directly exposed to the
action of thie beat. As they open into the internal
hot-air chamber I, it follows that the contents of the
retorts, while exposed to the action of the heat, are
not exposed to contact with any of the gaseous prod-
ucts of combustion, either while in the retorts, or
while being fed from the retorts into the erueible. -

The door or valve N may be placed below the re-

torts, and above the crucible in the hot-air chamber .
L, and is-so constructed that, when the ‘charge has:

been pushed from thie retort, 11: may be supported up-
ou the valve until the latter is turned, so as to, allow
the charge to fall into tlie crucible. I have shiown one
mode of supporting and- operating this valve. It is
suspended upon three rods which may be used for the
purpose of raising it out of the chamber, when the
crucible is to be replaced by a new one; or by relax-
ing, or drawing up one or two of the 10ds, it may be

so inclined that the materials on its upper surface will_

slide into the crucible.

The crucible, when worn out, may be bloken up by
rods passed through the doors G, and the pieces re-
moved through the same openings, and then, on re-
moving the cap M and valve N, a new erucible may
he Towered into its bed, without dlsplacmv any of th(,
permanent parts of thc furnace.

When thus introduced, the joint between the rim of'
.the crucible and the dnphuwm must be closed by
- plastering with a refractory mortar, and the new eruci-
ble will be ready for use.

In operating this furnace, the hopper E being filled
with finely-powdered coal, and fires kindled in tl ont of

the tweers, the blast is started and the pulvernlent

combustible blown against the fire; it will be instantly
ignited, and the combustwn-ch'lmbel be filled with a
- mass of flame sweeping around the erucible which oe-
" cupies the center ot the vortex, receiving the leaf,
but not exposed to the mechanical action df the blast.

The charge is inserted into the retorts K through .

the external doors K, and allowed there to remaiin
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subjected to the action of so much of the heat as it is
deemed advisable to admit through the opening I.
This is regulated by valves in the top of thestacks. -

If this charge is what is known as sand ore of iron,
the ore may be mixed with such ingredients as may
be desired, for fluxing or carbonizing the metal to the
precise extent desired for making pig-iron, wrought
iron, or steel.

‘When the ore has been properly treated, it is then
passed into. the crucible, either directly, or, if consist-
ing-in whole oi in part of heavy pieces likely to in-
jure the crucible, by receiving it first on the door or
valve N, and then allowing it to slide into the cracible..

"After the charge is reduced, the molten metal may
Dbe drawn off through the pipe B, and run into such
form as is desired. The slag may he drawn off through

“the same or another Iargel opeuing, when the crucible

will be again charged. This arrangement inakes it

| unnecessary to cool the cracible, which is so liable to

cause it to crack.

The pulverized - silex which forms the bottom re-
ceives” the charge as it falls, and saves the erucible
from the concussion; it also being soft, will allow the
crueible to e\p'md downward as 1t is heatcd

When the fire is to be extinguished, it is only neces-
sary to stop the blast, and it is iustantly extingnished.

When a erucible is worn or burned out, it may- be
broken to pieces and withdrawn through t.}:e door G,
and » new one let down through tlie‘chamber L.

This inveution is distinguished from all other-fur-

‘naces heretofore used for met,a,llnrgle purposes in the

:m'mgement of the crucible, in relation to a vortex of
lame, in the air-chamber, and its being permanently
built into the furnace, so as not to require removal, as
is necessary with the crucibles in common use in mak-
ing steel, melting brass, &c., and in being surrounded
by the flame and separated from the gases evolved in
combustion, instead of having the flame thrown down
into the crucible, as is doue when erucibles bave been
used as a part of a reverberatory furnace.

ILam dware that pipes or retorts have been used for
preparing the charge without contact with the gaseous
products of combustion, but in all such furnaces the
charge has then been either drawn off into the air
before being put into the furnace, or discharged di-
rectly into the furnace, where it is brought into con-
tact with the gases evolved by the combustion.

The novelty and the great advantage of my arrange-
ment is that at no time after the charge has been in-
troduced into the retort, is the ore subjected to the
chemical action of the gases evolved from the fuel.

The chemical constituents of the ore having been
definitely determined, in the process of reduction it is
exposed only to the chamml action of such materials
as may be introduced for the purpose of effecting de-
sired results, whereas in all other furnaces, the ore,
while under treatment or reduction, is exposed to the
injurious effect of deleterious ga,seﬁ materially affect-
ing the result, and involving this result in uncer-
tamt), whereas iv my fmmce defiuite results are in-
sured by the use only of known substances in regu-
lated qu'mtltles

In ease a fire should be burlt upon grate-bars in the
combustion-cbamber, the tweérs wounld be modified
in construction and axmmemeut to shit the new con-
ditions, or combustible gases may be introduced

through the pipe E?; but in either case I prefer to use,

the tm«entmllg-dlsposed tweers in the upper part of
the combustion-chamber, for the purpose of creating
& vortex of flame around the crucible.

I am aware that, in the or dinary process of manu-
facturing steel, the'er ucibles are fitted with a tempo-

| rary covex, f01 the purpose of excluding the eombusfi-

ble material and the gaseous products of combustiou,

.but,, as the.crucible is buried in the coal, this pxou,c-

tion is insecure, and.requires to be removed when the



crucible is lifted from its bed, and my invention is dis-
tinguished from this old method in this: That the
crucible is built into the walls of the furnace, so as to
permanently separate its interior from the combusti-
ble and its products, and may be charged and emptied
without displacement, and that-an air-chamber is
formed above the crucible, the temperature of whicls,
as well as that of the combustion-chamber, may be
‘regulated at discretion, thus rendering all parts of the
process certain, and insuring homogeneous produets
in as may different crucibles or furnaces as may be
employed. :

. Having fully explained the principle and mode of
constructing and operating my improved furnace,

What 1 claim as my invention, and seek to seenre
by Letters Datent, is— :

1. The combination of the combustion-chamber, a
crucible or crucibles, and a tweer or system of tweers,
8o arranged, in relation to each .other, that the
blast shall form a vortex in the combustion-chamber,
?round tlie erucible or crucibles, substantially as set
forth. i '

2, In combination with a combustion-chamber, a
tweer or system of tweers, and a hopper or hoppers,
or pipe or pipes, for introducing pulverized or gaseous
combustible matter, so arranged that a vortex of lame
shall be formed by thé action of the blast within the
combustion-chamber, upon the ignition of the com
bustible, substantially as set forth. :

3. A metalturgic furnace, combining i its construe-
tion a combnustion-chamber and a crucible, so eon-

strueted and arranged that & continuous heat may be -

nrintained, and the crueible charged and emptied
without the contents of the crucible being allowed to
come in contact with the gaseons produets of combus-
tion, substantially as set forth. B

4. The combination of the combustion-chamber C;
the crucible B, and the diaphragm (', substantially as’
set forth.

5, The combination of the combustion-chamber,
tweers, crucible, and diaphragm, and the adjustable
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openings I and F, for regulating - the escape of the
gases, snbstantially as set forth. ' '

6. The arrangemeunt of the ecombustion-chamber,
diaphragm, erucible, annular chamber H, and retorts
K, substantially as sct forth. )

7..The -arrangement above the crucible and dia-
phragm €' and within the annular chamber H, of a .
hot-air cliamber, L, through which the erucible may-
be charged and o new crucible introduced, substan-
tlally as set fortii. '

8. A:crucible resting upon a bed of pulverized silex,
to permit of its expansion, substantially as set forth.

9. The combination of the retorts and erncible and
intermediate chamber, so arranged, in relation to the
heating-chamber or chambers, that tlhe charge shall
not be exposed to contact with the gaseous products
of combustion, cither in the retorts or,crucible, or in
its passage from the former to the latter, substantially
as set forth, . :

10. The combination of the hopper, the tweer, and
the pipe B arranged substantially as set forth.

-11. In combination with the erucible and retorts, an
intermediately-placed door or valve, for first receiving
and then’ discharging the charge into the crucible,
substantially as set forth.

12, A crucible-furnace, constructed in two parts,
and having the upper section suspended so as to re-
lieve the lower section from its weight, substantially
as set forth.

13. In combination with the crucible, an adjustable
feed, for regulating the temperature in the combus-
tion-chamber around the crncible, and the chamber
above the crucible with an adjustable damper, for reg-
ulating the temperature above -the crucible, substan-
tially as set forth. o

In testimony whereof T have signed my name to
this specification in the presence of two subscribing
witnesses. . : i

Witnesses: JOHN Y. SMITH.

B. Epw. J. EiLs, ’
R. Masox.




