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To all whom it may concerm:

Be it known that I, JoEN A. POTTER, of

Camden, Camden county, New Jersey, have
invented a new and useful Improvement in
the Manufacture of Pig-Iron, of which thefol-

lowing is a full, clear, and exact description,
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reference being had to the accompanying
drawings, forming part of this specification,
in which— | "

Figure 1is a sectional side elevation show-
ing my preferred form of apparatus. Fig. 2
is a top plan view of the same, partly broken
away; and Fig. 3 is a plan view of the hearth
with the roof portion removed to illustrate
the condition of the material at different
points. | - | |

My invention relates to the making of cast
or pig iron, which is suitable for steel-mak-
ing in the open-hearth process, being low In
metalloids—such as silicon, carbon, phos-
phorus, arsenic, and sulfur—and is designed
to provide an improved process for obtaining
the same from all grades of iron ore or from
cold or molten pig metal high in impurities
or metalloids or from ali of these materials
combined. . . | |

T will first deseribe my invention as carried
out with a continuous reduection of iron ore
and without the use of additions of pig metal
after the operation has been started.

In the drawings, in which I show my pre-
ferred form of apparatus for carrying out the

process, 2 represents an annular hearth
mounted upon bearings 3, which I have shown-

as provided with antifriction-balls 4, inter-

posed between the annular casting 5, which

forms the base of the hearth, and a support-
ing-track 6. The furnaceisset at an incline,
so that upon one side it is considerably lower
than at the opposite side. A roof 7 of annu-
lar form is supported above the hearth by
means of beams 8, projecting from a central
stack 9. Tie-rods 10 are provided, which con-
nect the upper portion of the stack to the
outer parts of the beams, these tie-rods being
preferably made adjustable, so that the level
of the roof. may be changed as desired, and
for the same reason the roof is preferably
supported from the beams by means of ad-

so justable hangers 11, secured to the beam.

This roof is hollow throughout a major por-
tion of its length and at a point near the

p— ]

|

lowest side of the furnace is provided with a
partition 12, on one side of which are pro-
vided gas-ports 13 and on the opposite side
air-ports 14, both sets of ports opening down-
wardly upon the hearth. The air. enters
through a port 15 on one side of a depending
roof-shield 17 and flows through the hollow
roof in the direction shown by the arrows to

{ theair-ports 14. The gasissupplied through

a port 18, adjacent to a vertically-adjustable
depending diaphragm 19, and flows thence
through the hollow roof to the gas-ports 13.
The stack-flue 20 leads upwardly from the

hearth and through the hollow roof to the

stack 9, as indicated in Figs. 1 and 2, and be-
tween it and the charging-openings 21 and 22
is a vertically-sliding depending damper or
diaphragm 23, which is similar to the dia-
phragm 19. Bothof thesediaphragmsare pret-
erably made hollow and water-cooled by sult-
able inlet and outlet pipes 24. They may be
raised or lowered by chains or flexible connec-
tions extending to the loops 25 upon them, and
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these diaphragms serve to cut off the draft

from those parts of the hearth beneath the
charging-openings. Thehearth is rotated as

desired by means of anysuitable connections,

and I have shown its base as provided with
a, circular rack 26, with which intermeshes a
pinion 27 on the shaft, to which motion isim-
parted. The hearth is provided at suitable
intervals with tap-holes 28, leading to spouts
or fore-plates 29. |
In carrying out my improved process the
bottom of the furnace is formed of ordinary
refractory material, such as magnesite or
dolomite, and the furnaceis heated by means
of the preheated air and gases, which enter
the hearth-chamber at the gas and air ports
near the low side and then circulate around
to the stack-flue. In starting the furnace I
charge in through the opening 21 a quantity
of pig-iron—say two or three tons. I then
charge in through opening 22 a thin layer ot
carbonaceous and lime materials—suech as
coke-dust, fine coal,charcoal, limestone, dsc. —
this being discharged upon the bottom im-
mediately in the rear of the pig-iron, and as
the bottom of the furnace is moved forward
under opening 21 I charge upon these car-

bonaceous and lime materials a layer of iron

ore of any desirable thickness—for example,
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2

six inches. The furnace - bottom is then

- turned forward intermittently, and charges
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of carbonaceous and limey materials,together
with layers of ore, are successively charged
upon the successive portions of the hearth
which are brought beneath the charging-
openings. 'The pig-ironis gradually heated,
and when it reaches the hotter zones of the
furnace 1t melts and envelops,covers,and dis-
solves the highly-heated iron ore charged in
the rear of i6. It will be noted that before
the iron ore is thus absorbed it will have
been slowly rotated into hotter zones and
largely freed from its moisture, sulfur, ar-
senie, &e., by its exposure to the oxidizing
conditions duringits travel from its charging-
opening to the reducing and melting zone.
As the furnace is again turned the liquid

metal will flow over and cover another por-

tion of the ore which sticks to the bottom of
the furnace and is carried beneath it, and
after the ore is dissolved the carbonaceous
and basic materials charged under the ore
are set free and will rise up and into the lig-
uild bath. The carbon will then be absorbed
by the liquid metal, while the lime will as-

~ sociate with the silica and phosphorus, &e.,

in the ore and form a basic slag. The car-

- bon thus added to the hearth will replace the
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carbon of the pig metal which has been con-
sumed byuniting with the oxygen of the ore.
As the bath of liquid iron becomes increased

‘in bulk a portion of it is drawn off from
time to time, as desired, as is also the slag,

and the operation is made continuous by car-

rying successive portions of the basic mate-
- rial, carbon, lime, and oreinto and beneath

40

the molten bath and tapping off portions of the
bath as it increasesin size. Thehearthafter
it passes through the bath will be substan-
tially bare and will be again supplied with
the materials at the charging-points 22 21.
The carbon contained in the liquid bath is
utilized to combine with the oxygen in the
ore as it washes over and submerges the suc-
cessive portions thereof, and to keep it up to
the desired percentage necessary to carry on
the reduction and keep the bath liquid the

~ carbon is added to the materials charged in
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any desirable amount. |

In working finely - divided ores they are
mixed with thelime and carbon and the whole
mixture charged in on the furnace-bottom.

In this case I have found by experiment that

when lime is present with carbon and oxid of
iron & flux is sometimes formed before the
oxygen has been removed from the ore. This
is due to the combining of the lime and silica
at a lower temperature than that necessary
to reduce iron ore to metallies, and to prevent
this fluxing from taking place I propose charg-
ing with this finely-divided ore sufficient car-
bon to reduce the oxygen contained in the
ore. I would then also place on the bottom
of the furnace lime and carbonoceous matter,

as outlined above, to act as a recarburizer for

693,062

the liquid metal and a fiux for the silica after
the metal has been reduced. . .

- Instead of charging only iron ores with or
on carbon and basic materials I may operate
the process by adding successive portions of
molten pig-iron through a hole 30 in the roof
at the low side of the furnace or through a
top hole on the ascending side of the furnace.

-In this case molten pig metal is charged into

the low side of the furnace to form a bath at
this point.
carbon, if desired) are then charged in upon
the hearth at the charging-openings, and as
the bottom is turned the mixture will be car-

ried into roasting zones of increasing temper-

ature and finally be carried beneath the mol-

ten metal, which will - flow over the ore and

absorb the metal in it, as above described.
The molten metal will thus be reduced in car-
bon, &ec., and the metal extracted from the
ore. The molten product can be partially or
wholly drawn off and a new charge of molten
metal poured in. - -
If it is desired to use scrap, cold pig, &c.,
iIn the process, the ore, lime, and carbona-
ceous matter may be charged, if desired, and
the pig, serap, &e., then charged upon it,
these successive charges being carried into
and under the bath, as before. The process
used with the successive additions of molten
pig is especially desirable in making an iron
low in silicon, phosphorus, and carbon for use
in the acid open-hearth furnaces, the metal
being taken liquid directly from the revolv-
ing furnace to the open-hearth furnace. The
amount of carbon in the iron.tapped from the
revolving furnace may be regulated by the
amount of carbonaceous matter charged with
or under the ore. This carbonaceous matter
may be omitted at intervals, so that at cezr-
tain periods the liquid bath wounld not be re-
carburized and would become low in carbon
before tapping off, thus making this process
very desirable in connection with the open-
hearth process. By this process iron-ore or
metal high in sulfur, phosphorns, and other
Impurities may be utilized for steel, thus mak-
ing ores of this character available for open-

hearth practice. |

The advantages of my invention are many.
The operation is continuous by means of the
carrying of successive portions of ore and

‘basic material beneaththe liguid bath of iron.

The basicslagthusformed carriesoff theimpu-

ritiesand metalloids,and carbon is supplied to

the bath as desired to replace that consumed
by uniting the oxygen with the ore. Theore
will adhere to the bottom of the furnace by
becoming pasty and will thus be carried down
under the liquid bath, the best conditions be-
ing thus provided for its complete reduction
and the absorption of the metal contained in
theore. Thecarbon-gasesformedduring pre-
heating of the ore and charge will associate

‘with the oxygen of the ore and aid in prepar-

ing it for reduction, the reducing-gas acting
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Iron ore and basic material (or
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" as in a blast-furnace, where the gases rise
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-seribed.

through the charge.

Many variations may be made in the appa-
ratus employed, as well as in the materials
used, without departing from my invention.

I claim—

1. The method of reducing iron ore,consist-
ing in forming a bath of molten pig-iron and
carrying into and under said bath a mixture
of iron ore and basic material, substantially
as deseribed.

9. The method of reducing iron ore,consist-
ing in forming a bath of pig-iron and carrying
iron ore, carbonaceous material and basic ma-
terial into and under said bath, substantially
as described. |

3. The method of reducingiron ore,consist-
ingin suceessively carrying beneath a bath of
molten pig-iron successive additions of iron
ore and basic material, substantially as de-

4, Themethod of reducing iron ore,consist-
ing in forming a bath of molten pig-iron upon
a continuous hearth, carrying sueccessive Dor-
tions of iron ore, carbon and basic material |

on the hearth into and under the bath, and
feeding such material to successive portions
of the hearth, substantially as described.

5. Themethod of reducing iron ore,congist-
ingin forming a bath of molten pig-iron, sub-

| merging iron ore and basic material in said

bath, tapping out the bath, replacing it with
fresh molten pig-iron, and carrying a further
supply of ore and basic material into and un-
der said bath, substantially as deseribed.

6. The method of reducing iron ore,consist-
ing in forming a molten bath of pig-iron upon
one portion of a continuous hearth, adding
iron ore and basic material to the hearth, car-

=3
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rying them into and under the liguid bath, 4o

tapping off a portion of the bath, and continu-

-ing the additions of ore and basic material,
substantially as deseribed.

In testimony whereof I have hereunto set

my hand. | |
JOHN A. POTTER.
Witnesses:
JOHN STILLE,
ELEANOR STILLE.
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