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UNITED STATES

=

PATENT OFFICE.

WILLIAM J. KEEP, OF TROY, NEW YORK.

IMPROVEMENT IN FURNACES FOR REMELTING IRON AND OTHER METALS.

Specification forming part of Letters Patent No. 132,667, dated October 29, 1872.

To all whom it may concerns
Be it known that I, WM. J. KEEP, of Troy,
in the county of Rensselaer and Stad:e of New

~York, have invented certain new and useful

Improvements in the Method of and Ifurnaces
for Remelting Iron; and I do hereby declare
that the following 18 a full, elear, and exact
description thereof, reference being made to
the accompanying drawing making a part of
this specification, in which—

Figure.1 1s a vertiedl cenfral section of my
apparatus upon a line extending from front
to rear through cunol&, hot-blass oven, and
blast-pipe ; Flﬂ' 2 1s a horizontal sectlon of
the same on line z & of Fig. 1; Fig.3is a ver-

tical section on line &’ »' of Ifigs. 1 and 2;

Ifig. 4 1s a horizontal section on line ¥ y of
Figs. 1 and 3; Fig. 5 is a like view of the hot-
blast oven on line ¢’ ¥/ of Fig. 1; Fig. 61s a
vertical section of said part on line z 2z of Ifig.
25 and Fig. 718 a like view of the same on
line 2/ 2’ of Iigs. 1 and Z.

Letters of like name and kind refer to like
parts in each of the figures.

In the use of blast-furnaces of ordinary con-
struction 1t is customary to charge the fuel
and ore alternately m the same cupola or

‘stack, as the 1ntimate contact of the same

seem necessary for the complete reduction of
the ore. The same method of ¢harging has
been employed in remelting-furnaces, except
that more care has been exercised so as to
have the charge descend to the melting-point
1n separate layers having greater or less depth

according to the caprice ot each founder.

While this method seems best adapted to
the former case 1t is productive of many and
serious defects to the latter, very great expe-
rience and careful attention to minute details
being required to avoid the production of hard
or weak iron and to prevcnt great waste and
expense.

“The fuel 1n the lower part of the cupola is
all that 18 needed, and that in the upper part,

besides occupying valuable space, is wasted
rapidly, and passing off in the form of car-

bonic oxide, materially injures the metal, as
with the best of management the forcing of
free oxygen over the surface of said metal

when in 2 molten state, causes the same to be- |

come oxidized with rapldlw

Further, by close and continued contact mth |

| the iron the sulphur and phosphorus given off

from the coal are, to a great extent, taken up
by said iron, while the ash resulting from the
combustion rests upon the molten metal, and
forming a fused slag imparts 1ts f-:lhcon to the
same.

The adjustment of the amount and force of
the blast 1s a very delicate operation, and se-
rious results follow indiscreet management,
as by the admission of too much air the melt-
ing-point isdriven high up in the cupola, while
a subsequent diminution of the blast will cause

“geaffolding” and clog up said cupola. At

the close of the operation 1t 1 necessary that

the bottom of the cupola should be dropped

1n order to free it from the remaining iron and
fuel, which, together with the slag, fall into
the pit- and harden into a mass, from which
said iron is only separated after much loss of
time, labcr, and metal.

Another ObJ ection arises from the smail per
centage of the heating properties of the coal,
which are utilized, and the consequent low
temperature obtained, (the escaping gas being
carbonic oxide, wiich indicates but three-sev-

enths of the temperature obtained where such

escaping gas is carbonie acid,) as when No. 1
gquality of iron 1s used for chargin g the prod-
uct 18 a lower grade, (No. 2 or 3,) said result
being due tothelow tewnperature, as it is fonnd
th% in the manufacture of iron a high heat
produces a high grade ol metal, W_hﬂe with a
low tem pﬂmture a -correSpondin o reduaction in
quality of metal results; and, further, that

by subjecting a low grade of iron to the de-

gree of heat necessary to produce a higher
grade such iron is changed in quality ‘and
ralsed to the higher standard or grade.

Erom the above it follows that if a cupola
melted at a temperature corresponding to that
to which the iron was subjected at the time of
its manufacture the grade of said iron would
not be changed, and consequently the same
quality might be used that was required in
the castings; and, farther, that where large
cupolas are now used for meltm giron at a low
temperature a much smaller cupola would an-

-Swer the same purpose 1f a higher tempem-

ture were employed.

The object of my invention is to remedy
these and other defects heretofore existing in.
the method and apparatus employed for re-




- whole or a part of the cupola immediately

~ pose heremﬂfter set forth.
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melting iron so as to enable the operation to | walls, O whlle the fuel chambers or maga-

be pertormed with greater economy and rapid-
ity; to which end said invention consists,

principally, in the method employed, substfm-

tiaily as and for the pur pose her unaftel Speci-
fled. It consists, further, in a cupola or re-
melting - furnace, constructed with two or
more evlmders one of which i1s for contain-
ing the metal to be operated upon, and the
othels the fuel for combustion when the same
are so arranged as that said metal and fuel
shall descend by the force of gravity as rap-
1dly as the former melts and the latter con-
sumes, s0 as to keep up a constant supply of
said articles at the melting-point, substantial-
ly as and for the purpose heremafter shown.
i consists, further, in constructing the lower
end_of-the fuel—maga-zi.ne of or from bars so
arranged as to form a grate upon which the

fuel burns and through which the ashes and

scoria fall, substantially as and for the pur-
1t consists, further,
in the peculiar construction of the bed plate

of the cupola, by means of which a receptacle

1s formed for containing molten metal, and
ashes are prevented from fa,llm o into the sa,me
substantially as is hereinafter shown and de--
scribed. It consists, further, in the peculiar
construction of said bed- pla,te whereby the
heat of or from the fuel is concentrated and
caused to reach all of the metal, substantial-
ly as and for the purpose hereina,fter sSpeci-
fied. It consists, further, in contracting the

above the blast-openings so as to concentrate
the heat and also prevent the molten iron from

- dropping into the fuel, substantially as is here-
- 1nafter shown. It conswts, further, inthe pecu-

liar construction of the hot- blast oven, sub-
stantially as and for the purpose herelu&fter

set forth. It consists, further, in the peculiar

constructmu and arran gement of the inlet and
outlet passages of said oven and the means
employed for controlling the same, substan-
tially as and for the purpose hereinafter shown
and described. It consists, further, in the
means employed for supplymg ox:ygen to the
heated escaping gases for the purpose of per-
fecting the combustion of the same, substan-
tially as 15 hereinafter specified. Tt consists,
further, in the means employed for channmg
the course of the escaping gases from the up-
per end of the cupola to the hot-blast ovens
or chambers, substantially as and for the pur-
Pose heremafter shown.
in a cupola provided with a removable por-

tion for the purpose of affording access to the

interior of the same, substantially as is h616-

inafter set forth.

In the annexed drawing, A represents a

“chamber for containing 11011 and B and B .
- two iuel-chambers, arranged preferably, ap-

~on opposite sides of the same, said parts be-

s :311111)101:1_:6(1 by means of snitable foundation- |

}_}ﬁfffj_.;f.ng placed in a vertical position and having
- .any desired shape or area in horizontal sec-
- tion.

The central chamber A rests upon and

| magazines.

It consists, finally,

zines B rest upon. a casing or housing, D,
which has, preferably, a rectangular shape

and mcloses the lowe1 ends of said parts, as

shown in Figs. 1 and 3. The magazines B
have impervious walls to or just Delow the
upper end of the housing 1), from whence
downward, to or near the lowel end of the cu-
pola, the inner side of each is removed and
its outer side composed of grate-bars E, that
incline inward and downward toward said
cupola, the walls of which are removed so as
to form openings If, that connect the lower
end of the same mth said magazines. The
grates B are preferably made -adjustable to-
ward or from the cupola so as to vary at will
the horizontal thickness of the fuel containerd
Dbetween the same, and enable anthracite or
bituminous coal to be burned, either as lumps
or powdered. The housing D 1 IS provided with
two or more openings, d, upon opposite sides,
for the purpose of Stokmg the fire, 161]10\"'1110
ashes, &c., which openings are tightly inclosed
by means of corresponding doors d/, while a
supply of air, for the purposes of combustlon
is admitted through suitable openings G con-
structed 1in and through the rear side of said
housing. The lower end of the cupola 1s in-
closed in the usual manner by hinged doors
H, which are covered by sand or fire-clay,
said covering being extended upward at the
center in the form of a cone, I, to a point
near the upper edges of the opemnﬂ*s I for
the purpose of contmctiug the hearth, concen-
trating the force and heat of the blast and
giving to the latter an upward mchnatmn
The interior of the walls of the. cupola are
lined with fire-brick K, which, ifrom a point
just above the openings F extend inward and
downward, so as to form boshes k, that con-
tract the mternﬂl diameter of the cupola at
that point so as to compel the melted 1ron to
drop inside the line of said wall and prevent
it from passing outward into the magazines.
Another effect of the boshes 1s to concentrate
the heat and increase the force of the blast.
Below the boshes the lining K extends up-
ward to a point about one-fourth the distance
from the lower to the upper side of the-open-
ings If, so as to form a dam, %/, which pre-
vents the molten iron from passmﬂ into the
Said openings F may have any
desired size, but it is better to extend them

laterally thzm vertically so as to keep the

melting point low down. The tymp or breast
L is constructed as usual of sand or clay, as
is also the spout . An opening, M, is pro-
vided in and through the wall of the cupola
for the purpose of charging the same, and
when not in use is tightly inclosed by means
of a door, m. Upon the rear side and near
the lower end of the cupola a portion, a, of its
wall is made removable for the pur po:;e of af-
fording access to its interior when necessary
to effect repairs.

In order that the usual loss occasioned by
the escape of heated and combustible gas
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may be avoided, a valve, N, is fitted to the

upper end of the cupola so as to enable the
same to be closed, and an opening, O, provided
in and through the rear wall of the same,
through which said heated gases may pass in-
to an oven for heating the blast, which oven
is constructed upon the regeneration princl-
ple, as described below.

As seen in the drawing, the oven consists
of a rectangular casing, P, which extends up-
ward from the lower side of the opening O,
and is divided by means of a central parti
tion, Q, extending from front to rear, into two
compartments, R, which latter are subdivided

by a cross-partition, S, so as to form at the

front side of the oven two smaller compart-
ments, R/, that communicate at their upper
ends over said cross-partition with said rear
compartments R. The rear compartments R
are tilled. with loosely-piled fire-brick T, from
a point upon a line with the upper edge of the
opening O to or near the upper edge ot the
partition S, and are connected at their lower
ends and rear sides with the exit-flue U, while
the front chambers R/ are unobstructed, and
are connected at their lower ends and iront
sides to or with the interior of the ecupola, S0
as to cause the heated escaping gases to pass
upward through said chambers L/ into the
chambers R, and downward through the lat-
ter into said exit-flue, said gases having, duar-
ing such passage, imparted to the brick T and
the lining of the oven a large percentage of
their temperature. The cold-air pipe V and

blast or hot air pipe W enter the lower side.

of the oven at its transverse center, and open
into a housing, X, which is divided by means
of a cross-partition, &/, into two compartments,
v and ¢, which open, respectively, to the rear
and to the front. Two butterfly-valves, Y and
7. are pivoted vertically within the spaces left
between the ends of the housing and the con-
tiguons walls of the oven, in such a manner
that when placed diagonally in either direc-
tion each valve shall extend between one wall
of said housing and the opposite side of the
opening O or U to or from said oven, and cut
off communication between one of the com-
partments R or R/ and said openings. - By
connecting the valves together, so as to cause
them to be moved simultaneously, the cur-
rent of heated escaping gas can be instantly
changed from one set of compartments to the
opposite set, while, as seen 'in Fig. 2, the
course of the current of cold air will also be
changed by the same manipulation.

As thus arranged, it will be seen that while
the heated gases are passing through and

heating the compartments upon one side ot

the oven, the air-blast enters the opposite
heated side through the pipe V, passes up-
ward, through the rear chamber R, into and
downward through the front chamber R/, and
from thence into the hot-air pipe W, and
through the same into the cupola, said ailr
having during such passage abstracted from
the lining and loose brick of the compartments

so large a percentage of their heat as to raise
its temperature to about 1400° Iahrenheit.
After the temperature of one set of compart-.
ments has become too low, and that of the
opposite set has been raised to a high point,
the position of the valves is reversed and the
cooled chambers reheated, while the heated
chambers are being cooled by the air-blast.
In order that the combustible gases thrown
off from the cupola may be consumed and
their heat utilized within the oven, an air-
duct, A/, is formed upon the lower side of the
casing P, immediately beneath the transverse
center of the chambers R/, with which cham-
bers communication is effected by means of a
series of small openings, a’, that are formed
in. and through the bottom of said casing.
As thus arranged, the pressure of the blast
forces air downward through the openings up-
on one side of the valve Z into the duct A/,
from whence it passes upward into the cham-
ber R/ upon the opposite side of said valve,
where, meeting the escaping gases, said air 18
thoroughly intermingled therewith, and sup-

plies the requisite oxygen to cause said gases

to burn with an intense heat. .

As it is desirable that a full stream of air
should leave each of the openings &', a slide,
B/, is placed within and bears against the up-
per side of the duct A’, and is provided with
two series of openings, b’ and b, the first of
which, I/, corresponds in diameter to or with

the openings «/, while the second series, 07,

are somewhat smaller than-the same. 'The
relative positions of the openings are such
that when the openings «’ and )’ coincide up-
on one side of the valve Z, the openings o
and b coincide upon the opposite side of said
valve, so that by so arranging the slide B/ as
to cause the large openings in use to always
be upon the air-blast side of the oven, it will
be seen that air will be freely admitted to the
duct A’, while, as the small openings In use
are upon the opposite side of said oven, the
escaping air will be concentrated, its velocity
increased, and a full stream insured for each
opening. A valve or damper, C/, placed with-
in the exit-flue U, enables the same to be suf-
ficiently closed to insure any degree of press-
ure within the cupola and oven less than the
pressure of the blast, by which means the la-
tent heat of the expanding air becomes appar-
ent and is caused to remain.

In “taking off a heat” the operation 1s as
follows: The cupola is filled with iron and the
magazine with fuel, and the latter ignited at
the grates. The air-blast is now started, and,
passing throngh the grates into the cupola,
carries with it the flame and heat from the
burning fuel, which soon raises the tempera-
ture of the iron to the melting-point. As the
iron at the lower end of the cupola melts that
from above settles down and takes its place,
while the heat not used for melting the metal
below passes upward and 18 partially ab-
sorbed by the metal above, the remaining
heat passing into the oven with the gas. As

=
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the fuel burns away that from above settles

down and in turn is consumed, so that the |

supply of heat is rendered constant. The
more rapidly alir is forced into the eupola the
greater will be the heat generated and the
more rapid the melting. 1f too rapid melting
takes place the force of the blast can be re-
duced or said blast stopped without causing
damage. The cupola may be allowed to cool
down and again started when iron is next
required. If slag forms in the cupola it may
either be drawn off through the iron tap-hole
or through a separate opening. Should an
oxidizing flame be formed the grates must be
moved further from the capola, so as to in-

crease the thickness of the column of coal

and correspoudingly increase the consump-
tion of the same. If desired, the coal may be
permitted to touch or partially mix with the
iron at the bottom of the cupola; but it is
thought best to keep them separate.

The apparatus thus described is believed
to possess in a marked degree desirable qual-
ities, while it is free from most if not all of the
objections heretofore existing.

- Having thus fully set forth the nature and
merits of my invention, what I claim as new,
1S—
- 1. The hereinbefore-described method of
melting iron, substantially as and for the pur-
“pose specified. | |

2. In a remelting-furnace, two or more cyl-
Inders for containing, separately, the metals
to be operated upon and the fuel for combus-
tion, when the same are So arranged that said
‘metal and fuel shall descend by the force of
- gravity as rapidly as the former melts and the
latter consumes, so as to keep up a constant
supply of said articles at the melting-point,
substantially as and for the purpose shown.

3. In a remelting-furnace in which separate
cylinders are employed for containing the
metal and fuel, a fuel-magazine having its
lower end formed of or from grate-bars, sub-
stantially as and for the purpose set forth.

4. The peculiar construction of the bed-
plate of the cupola A, by means of which a

b
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| receptacle 1s formed for the reception of molt-

en metal, and ashes are prevented from fall-
ing 1nto the same, substantially as shown and
described.

5. The peculiar construction of the bed-
plate of the cupola, by means of which the
heat from the fuel is concentrated and caused
to reach all of the fuel, substantially as speci-
fied. | |
0. In a remelting-furnace in which the fuel
is contained within a magazine separate from
the compartment for containing the metal, a
cupola having the whole or a part of its inte-
rior contracted immediately above the blast-
openings, substantially as and for the purpose
shown. |

7. The bot-blast oven P, in which the com-
partments R and R’ and the valves Y and Z
are arranged, substantially as and for the pur-
pose set forth.

8. The inlet and outlet passages of the hot-
blast oven O and U, respectively, when ar-
ranged as shown, and controlled by means of
the valves Y and Z, substantially as and for

.| the purpose shown and described.

9. The air-duct A/, provided with the open-
ings a/, arranged within or upon the hot-blast
oven, and combined with the slide B/, provid-
ed with the series of openings b’ and b/, sub-
stantially as and for the purpose specified.

10. In combination with the hot-blast oven

and cupola, constructed as described, the valve

N pivoted to or within the upper end of said
cupola, and the valve C’ pivoted within the
exit-flue U, substantially as and for the purpose
shown. |

11. In a remelting-furnace, a cupola provid-
ed with a removable portion of its wall, sub-
stantially as and for the purpose set forth.
- In testimony that I claim the foregoing I
have hereunto set my hand this 10th day of

June, 1872. |
WILLIAM J. KEEP,.

Witnesses:
T. 5. MILLER,

H.T. GAY.
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