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JOHN Y. SMITH, OF PITTSBURG, PENNSYLVANIA.

Letters Patent No. 104,219, dated June 14, 1870; antedated June 3, 1570.

IMPROVED METALLURGIC FURNACE FOR IRON AND STEEL

——W .

The'Sch_m_inle referred to in these Letters Patent and malking part of the same.

To all whom it ma _; conceri :

Be it known that I, JoaN Y. SMITH, of P1ttsb1u .
in the county of Alleghew and State of Pennsylm—

nia, bave invented an Improved Crucible 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 descrlptwn thereof, ref-

erence bemg had to the annexed drawing nnkmg part
of this speuﬁcatlon in which—
- Figure 1 is an elevation. -
Figure 2 is a vertical section,
Figure 3 is a horizontal section on line z z of ﬂﬂr -
‘Figure 4 is-a horizontal section on line ¥ v of hg
‘The same letters are used i in all the figures to des-
ignate identical parts. |
Thisinventiog relates to a furnace 1},.11110111{11 1y adapt-
ed for the reduction of what are cornmonly known as

sand ores, but which may be used for other metallur- |

gic pnrpﬂses, and, my lmp: ovements consist,

First,in ledumng theares in crocibles; armnged with- |

i a mmbuatmn—clmmbpr, by the action of heat; the
tweers being so directed as to generate a vortex mthm.
the combustion-cliamber about the crucible, thereby

saving the crucible from the injurious effect incident

to the use-of tweers radially disposed, so as tfo duect
“the blast against ths crucible.

Secondly, in making the top of the combustmn-
chamber fit neatly to the mouth of the erucible, so as
to apply the heat of the combustion-chamber only to
the exterior surfiuce of the crucible, entirely exeluding
buth the combustible material and {he gaseous pro-
ducts of comnbustion from contact w:th the contents
of the crucible. - ~

Thirdly, in forining above the crucible a hot~au
chamber from which the gaseous produects of combus-

- tion are entirely excluded; said chamberbeing heated |

by the waste heat from the combustion-chamber, so0
as to maintain a high temperature above the matena]s
under treatment in the crucible. -
Fourthly, in the use of feeding-chambers in whick
the ores may be heated, and treated by admixture
with such substances as may be needed, before being

introduced into thé erucible, and from wlnch they may |

be transferred directly into the crucible without at

* any time being brought into contact with the gaseons

products of combustion.

Algo, in sundry matters relatmg to the details of
construction and arrangement which will be designa-
ted and specified in the following specification .;md
claims,

In order that persons skilled in the art may be
able to construct and operate my lmpmwd furnace,
I will now proceed to deseribe, first, its constr uctwn
and then, the mode of operating it.

In the. annexed dra.mng I have shown one forin of

bles.

| furnace as lllustmtuw the. prineiple of my mventlon,
which may be todified to adapt it to the various coun-

ditions under which it ‘may be desired to operate a
furnace, merely by the skill of the builder changing
the form and arrangement of -parts, hut still nmmt:un--
ing the principle. |
“The fiunace here shown is built in txm par H, the

‘base A containing the combustion-chamber and eru-

cible, and the top A', which contains the charging ap-

| pa.mtus

The upper part I propose to constiuct with st*n--'

| bolts A?, built into the solid parts of the wall, to which

may be a,ttached chains A% by means of which the

“top of the furnace may be suspemled in whole or in

part, from a suitable frame-work above it, so as to re-
lieve the lower portion A from its welrrhl; By this
means, the wall of the ﬂombustion—clmmher may be

~more cheaply constructed and conveniently removed; -
and the cmcib]e, being relieved from the superincum- .~ -

bent weight, is less liable:to be crushed by the yield-
ing of-its walls. .

B is a cracible, built of any suitable refl EICtOI‘_} ma- |
terial, which rests upon a bearth, which I propose to

‘make of powdered silex. The crucib]e I prefer to

build without any bottom, the contents thereof rest-

{ ing upon the silex. The erucible may, however, be

coustlucted with a bottom in the ordinary rmune

‘The molten contents of the crucible may be drawn off
through the pipe B, from time to time, as iron-is
| dmwn from an or dm..uy cupola furnace.

C is the combustion-chamber, which is formmed by
the wall A, which I prefer to make circular, as shown,
and is cov eled by the diaphragm C', constr ucted with
an opening or Opemngs to receive one or more eruci-
The diapbragm is fitted to the crucible closely
by plastering witli-a suitable refractory composition,
so that the combustible and gaseous products of com-_

bustion are excluded entirely from. contact with the

contents of the crucible.

I prefer to-use as a combustible, pulverized cnn,]
but inflammable gases may be used instead; or,a ine
built in the combustion-chamber. The pulvarlzed
combustible is introduced with thie blast through the -
tweers D, and ignited immediately upon its entmnu
to the mmbustmn-ehmnber ,'

If the tweers were arranged radiaily, as is commonly
the case, the blast, impinging directly against the cra-
cible, would soon destrey 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 combustmn-chamber go that the flame of the
burning fuel shall be s“ept in a vortex around 'the
crucible,; the greater pressure and colseqguent attrition
being against-the wall A, thus relieving the crucible
a8 muLh as pusmble from the action of the blast.




Tlhe. fuel is introduced with the blast. 1t is pul-
verized finely, and deposited in the hopper I, from
which it is fed by the adjustable spiral feed-shaft I5%,
operated by a pulley and belt, or in any other conven-
ient manner, This shaft is twisted like an auger, and,
as it i8 projected or drawn ‘further into the lmnper,
~ the amount of combusmble may be diminished or in-
crea,aed

The combustible passes into the pipe E2 wlnch is
extended so as to open in the direction of the tweer.
The powdered combustible will be drawn from the pipe
1?2, and delivered into the combustion-chamber by the
fm ce of, and together with the current of airor steam
passing through the tweers.

- G G are doors opening into the cmnbustlon cham- |
ber, through which ashés may be.withdrawn, or suit-
able instruments inserted for danbing the cruuble as

it may become worn from use. I preferto use, for thlS
purpose, a plaster made from powdered silex.

The draught may be directly through the up-take F,
from the combustwtwlmmber, or, tHDs being closed by
a damper, and another, closing the opeming I, being
opened, it may be. directed into the circular chamber
H, in the upper section of the: furnace. .This eham-

ber is divided by a partition H’, the opening H being |

on one side,and the up-take I’ opening from the other,
s0 that the heated gases, arriving from the combus-
tion-chamber, may be made to pass eutuely around
the chamber H before escaping into the air.
- Within the ammular chamber H, and separated from
it by a tight wall, is the hot-air chamber L, which ex-
tends from the dmphmgm O and erueible B to the top
of the furnace, where it is closed by a cap, M.

The charges are introduced to the erucible by means
of the retorts I, closed externally and internally by
doors XK',
draught-chhamber H, and are directly exposed to the
action of thie heat. As they open into the internal
hot-air chamber I, it follows that the contents of tle
retorts, while e:-.po%ed to the action of the heat, are
not exposed to contact with any of the gaseous. 1)1 od-
ucts of combustion, either while in the retorts, or
while being fed from the retorts into the erucible.

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

- torts, and above the crucible in the hot-air chamber
L, and is 8o constructed that, when the charge has

been pushed from the retort, it may be supported up-
on the valve until the ]a.ttei is turned, so as to_ allow
the charge to fall into the crucible. I have shown one
mode, of ¢ supporting and  operating this valve. It is
suspendeﬂ upon three rods which may be used for the
purpose of raising it ouf 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 rods, 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 (1, and the pieces re-
moved through the same openings, and then, on re-
moving the cap M and valve N, a new erucible may
be lowered into its bed, without dlsplacmrr any of the
permanent parts of the furnace. -

Wlien thus introduced, the joint between the rim of
.the crucible and the dnphm rm must be closed by
- plastering with a refractory mortar, and the new cruci-

ble ivill be ready for use. |

In operating this furnace, the hopper E being filled

with finely-powdered coal, and fires kindled in front of -
the tweers, the blast is started and the pulverulent

cmﬂhustlble blown against the fire; it will be instantly
ignited, and the combustit}n-chamber be filled with 3
-1ass of flame sweeping around the erucible which oe-
- cupies the center of the vortex, receiving the heaf,
- but not exposed to the mechamml action of the bhst

- The charge is inserted into the retorts K through
the external doors K, and allowed there to remmnﬁ

These' retorts pass across the annular
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subjected to the action of so mueh of thie heat as it is
deemed advisable to admit through the opening L.
This is regulated by valves in the top of the stacks.

It this Lha.lge is what is known as sand ore of iron,
the ore may be mixed with such ingredients as may
be desired, for fluxing or carbomszr the wetal 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 o in part of heavy pieces likely to in-

| jure the crucible, by receiving it first on the door or
| valve N, and theu allowing it to slide into the cracible..

Aﬂ:er the charge is reduced, the molten metal may
be drawn off through the 1}1pe B, and run into such
form as is desired. "The slag may be (rawn off through

“the same or another largel opeuing, when the cr uclble_-'

will be again charged. This arrangement 1nakes it

| unnecessary to cool the cracible, which is so liable t0'
cause 1t to crack.

The pulverized silex which forms the bottum re-
ceives the charge as it falls, and saves the erucible
from the concussion; it also being soft, will allow the

cracible to expand downward as it is heated.

When the fire is to be extmgmshed it is only neces-
sary to stop the Dlast, and it is instantly extinguished.
When a erucible is worn or burned out, it may- be
broken to pieces and withdrawn througl t«he door G,

| and & new one let down through 'theh]mmber L.

This inveution is distinguished from all other- fur-

naeces heretofore used for meta,llurglc purposes in the

a.rl"mgement of the crucible, in relation to a vortex of
Hame, in the air-ebamber, and its being permanently
built into the furnace, so as not to require removal, as

18 neecessary with the crucibles in common use in Inak-

ing steel, melting brass, &c., and in being surrounded
by the flame and separated: fmm the gases evolved in
combustion, instead of having the flame thrown down
into the crucible, as is doue when erucibles hme been
nsed as a part of a Ievelberatory furnace. |

I.amn aware that pipes orretorts have been used for
preparing the charge without contact with the gaseous
products “of combustmn 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 fur nace, where it is bwurrht mto con-
tact with the gases ev olved by the combustion.

The novelty and the great *tdvantafre of my arrange~
ment is that at no time after the char ge has been in-
troduced into the retort, is the ore snbjected 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 itis
exposed only. to the Lll&llllﬁiﬂ 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 tleatment or reduction, is exposed to the
11:,]111:01_15 effect of deleterious traseq m&telmlh affect-
ing the result, and mvo]nntr this result in uncer-
ta111t3, whereas in my furnace defiuite results are in-
suared by the use only of known substances in regu-
lated qu‘mtltles |

In case a fire should be burlt upon grate-bars in the
combustion-chamber, the tweérs would be modified
in construction and mmnwemeut to suit the new con-
ditions, or combustible gases may be introduced
throun‘h the pipe E*; but in either case I preter touse,
the tanmntmllydmposed tweers in the upper part of
the combustion-chamber, for the purpose of creating

& vortex of flame around the erucible.

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

| rary cm'm fol the purpose of excluding the combusti-

ble material and the gaseous products of combustion,

‘but, as the.crucible is buried in the coal, this pmu,c-
tion is insecure, and.requires to be remm ed when the




crucible is hfted ﬁom its bed aud my invention is dis-
tingnished 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 combustl-

- ble and its products, and may be charged and emptled |

without dlsphcement, and that-an au-chamber is
formed above the crucible, the temperature of which,
as well as that of the cambustlon-clmmbm may be
‘regulated at diser etion, thus rendering all p..u ts of the

process certain, and insuring homogeneous products

it as may dlﬂemxt er uc:b]es or fmnace& as may be
employed.

Having fully e\p].unul the puuuple and mode of
_. constructmg and oper.«ltmg my improved furnace,

What 1 claim as my invention, and seek to secure

by Letters Patent, is—
1. The cumblmtlon of the combustlon-chambu, a
erueible or crucibles, and a tweer or system of tweers,

so arranged, in relation to each .other, that the

blast shall form a vorfex in the cambustwn-chwmbm
.?wllmd the crucible or crucibles, substautmlly as sct
dorth -
2. In comblmtmu with a combusmou-ch'unbt,l, Al
Lweer or system of tweers, and a hopper or hoppers,
or pipe or pipes, for introducing pulverized or gaseous
combustible matter, so arr anrred that a vortex of flame
shall be formed by the action of the Dlast within the

~ combustion-chamber, upon the ignition of the com-

bmtlble, substantm]ly as set forth.
3. A metallurgic furnace, combining in its construe-
tion a combustion-chamber and a er uub]e, SO €on-

structed and arranged that a continuous heat may be |

maintained, and the crucible charged and emytled
without the contents of the crucible being allowed to
come in contact with the gaseous products of cmnbus-
- tion, substantially as set forth.

4. The combination of the combustwn-chambel 0

“the crucible B, and the dnphmﬂm O’ substantially as

set forth.
5. The combination of the combustion-chamber,

tweers, crucible, and dmphmfrm, and the adJusl:able

3
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openings I and F, for regulating the escape of the
zases, substantlally as seb forth., |
6. The arrangement of the combustion-chamber,

diaphragm, cr llle]B annular chamber H, and retorts' -
K, mﬂmtantmll} as s;-:,t fm th.

l"'"

7. The -arrangement above the cruuhle and dia-
phragm (¥, and within the annolar chamber H, of a .
hot-air chiamber, L, through which the crucible My
be charged and a new crucible mtmduced substan-
tially as set fortli.
- 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 erueible and
intermediate chamber, so arranged, in relation to the
heating-chamber or chambers, that the charge shall
not be e\posed to contact with the gaseous p:oducta
of combustion, cither in the reforts or.crucible, or in
its passage from the former to the latter, qubstantmlls
as set forth,
10. The combination of the hopper, the tweer, and

I the pipe B2, arranged substantially as set forth.

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

. A crucible-furnace, constr uctad 11 two parts, -
and lr'mnn' the upper section suspended so as to Te-
lieve the ]mw section from its W&lﬂ’llt stbstantially
as set forth,

13. .In combination with the cr umble_, an adjustable
feed, for regulating the temperature in the combus-
tion- chamber alouud the crneible, and the chamber
above the crucible with an adjustable damper, for reg-

ulating the temperature above - the crucible, substau-“_

tially as set forth.
In testimony whereof T have swned my name to
th:s specification in- the presence of‘ two subsm ibing
mtmsses .
Witnesses: JOHN-Y; SMITH_.
B. Epw. J. DIL I

R. MASOH.
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