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To all whom it may concern:

Be it known that we, CHARLES PENROSE
SHERK and JAMES L. RUTTER, residing at
Lebanon,and SAMUEL GROH, residing at Lick-
dale, Lebanon county, Pennsylvania, citizens
of the United States, have invented certain
new and useful Improvements in the Manu-
facture of Iron, of which the following is a
specification.

Our invention relates to the method of and
apparatus for converting crude or pig iron
into malleable iron or steel, and it has forits
object to provide an improved method and
apparatus whereby the usual conversion may
be carried out at a minimum cost, with the
least waste of material, and to the best ad-
vantage.

To these ends our invention consists in a
method of operation, and a construction of
apparatus, substantially such as is hereinaf-
ter pointed out.

In the accompanying drawings we have rep-
resented the preferred form of apparatus for
carrying out our invention in a manner suf-
ficient to enable those skilled in the art to un-
derstand its essential features of construc-
tion and arrangement.

Figure 1 is a diagram showing a vertical
sectlon of a conveltel in two positions. Fig.
2is ahorizontal transverse section of the con-
verter on the line of the arrows, Fig. 1.

In carrying out our process we apply the
blast of air used in the conversion of the
metal so that a portion of the blast enters the
metal below its surface, in one general direc-
tion from one side of the converter, and a
portion of the blast entersthe converterabove
the surface of the metal, in another or oppos-
ing general direction from the opposite side
of the converter, and by varying therelative
relations of the separate blasts with the sur-
face of the metal by suitable means, as a tilt-
ing converter, we are enabled to vary the ap-
plication of the blast so as to regulate the
amount applied to the surface of the metal
of the bath and the amountinjected into the
bath below its surfacein accordance with the
requirements of any particular case, so that
the action of the different Dblasts upon the
metal may be completely and perfectly regu-

(No model.)

lated and the baths of varying qualities, con-
ditions, and compositions may be converted
into malleable iron or steel of the desired
quality.

Referring to the accompanying drawings,
A represents a converter which may be of any
desired form or type, but preferably substan-
tially like that indicated in the drawings.
The converter is shown as made of three sec-
tions A’ A* A3 as we find this is the most con-
venient construction, and the converter is
mounted on suitable trunnions B, provided
with a gear-wheel B’, which is adapted o be

‘connected to a hydraulic or other motor by

means of whichthe converter can readily and
quickly be tilted, not only in the operation
of filling and pouring, but in the operation of
converting the metal. The sections A’ A? A®
may be joined together by any suitable means.
As shown, each section is provided atits edges
with a series of perforated lugs I, adapted to
coincide with corresponding lugs on the ad-
jacent section and to receive bolts or other
desirablesecuring devices which passthrough
the perforationsinthe lugs and hold said lngs
together.

Arranged at a suitable distance from the
bottom of the converter are the tuyeres C,
D, E, F, G, which are shown as passing
through the walls of the converter in a hori-
zontal position, and are, of course, to be con-
nected in the usual way with the air-blast
apparatus. In the drawings we have shown
five tuyeres, and while this is found to be a
practical number our invention is not lim-
ited to this precise number, as this number
may be varied to suit the requirements of
any particular-case. It is, however, impor-
tant thatthe tuyeres should be arranged sub-
stantially in the manner indicated, or in an
equivalent manner which will produce sub-
stantially the same result. Thus it will be
seen that on the pouring side P of the con-
verter there are a less number of tuyeres than
upon the other side and the arrangement is
different. Thus on the pouring side P we
have shown the tuyeres C (&, and thege are ar-
ranged at an equal distance from the central
line H passing through the converter in the
plane of the trunnions of the converter. Thus
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in the drawings the tuyeres C and G are ar-
ranged at an angle of forty-five degrees to
the line II. Of course it will be understood
that these angles may vary somewhat, the
angles given being examples of arrangements
we have found most satisfactory, although
we have found that similar results can Dbe
attained with a variation in the angles. On
the otherside of the converter we haveshown
three tuyeres,tuyere E being arranged at right
angles with the line II and the other tuyeres
disposed at equal angles thereto. '

Such being the preferred construction and
arrangement of the converter in use, we sup-
ply the converter with a suitable amount of
molten metal, which, if the converter were in
its normal or vertical position, would rise
somewhatabovethe tuyeres—as, forinstance,
the line «,; but as in practice the converter
is usually tilted or swung downward to re-
ceive the charge on its pouring side, themetal
does not in the beginning assume this level.
When the charge has been supplied, the con-
verter is turned up to oceupy substantially
the position shown in full lines in Trig. 1, and
the metal will assume a level in the converter
on the line O, in which it will be seen thatthe
tuyeres C and G are below the surface of the
metal and on one side of a plane passing
through the trunnions of the converter, while
the tuyeres D, E and F on the opposite side
of the converter are above the line of metal.
In this position the pressure of the air on all
the tuyeres being the same, it will be seen
that more air will be admnitted above the line
of metal from one side of the converter than
below it from the opposite side of the eon-
verter, and, moreover, as the metal above the
tuyeres offers an obstruction to the passage
of the air from the tuyeres there will be a
relatively greater amount of air passing
through the tuyeres above the surface of the
metal than below the surface. This is the
position we find most favorable for eliminat-
ing the silicon. It will be seen that at this
stage of the process a larger proportion of
the airis flowing over the surface of the bath,
while alesser portion is flowing into the body
of the bath, the two portions flowing from
tuyeres in the opposite sides of the convert-
ers in opposing directions, and while the air
coming from these last tuyeres will aid in
eliminating the silicon it also performs an-
other important function, and that is to agi-
tate the mass of the metal and aid in exposing
every atom to the air-blast, so that the whole
mass is more rapidly and thoroughly desili-
conized.

When we find that the silicon has been
practically eliminated, it is generally prefex-
able to tilt the converter to substantially the
position indicated in dotted lines in Fig. 1,
in which the three tuyeres D, E, and ¥ on
one side of the converter will be below the
surface, as indicated at the line ¢, while the
tuyeres C and G on the opposite side will be
above the surface, and then the operation of
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eliminating the carbon and perfecting the
conversion is carried out. The degree of tilt-
ing and the time depend, of course, very
much upon the character of the charge and
the effect thereon of the air-blast.

It will be understood that Dy carefully
watehing the process the operator can tilt the

converter more or less to immerse whichever-

tuyeres he desires, and, of course, he can do
this at various times throughout the process,
for while we have found the process first de-
scribed as the most practicable in ordinary
charges there are circumstances arising which
require more or less {ilting of the converter
and at different periods of the process. For
instance, if it is found that the metal of the
bath is becoming heated too rapidly the con-
verter can be tilted in such a manner as to
retard this heating effect and avoid the oxi-
dation of the metal.

When the process of conversion is prac-
tically completed, the converter is tilted in
a position to pour the metal and the blast
cut off.

While we have thus set forth the genecral
characteristics of our process and the mode
of carrying it out, it will be understood by
those skilled in the art that the details can
be varied to suit the requirements of any par-
ticular guality or condition of metal being
treated, as it is well known that metals varyin
relative proportions of silicon, carbon, dc.,
and of course in redueing such metals differ-
ent amounts of oxygen from the air are re-
guired at different stages of the process. This
can be thoroughly and practically regulated
by the operator in noting the condition of
the gases escaping from the mouth of the con-
verter.

We have found that by the use of this ap-
paratus in the manner set forth the silicon
may be thoroughly and quickly eliminated
from the metal without injuring the same,
and then the manganese and carbon are
eliminated and the metal thoroughly reduced,

~when it can be recarbonized to the desired

degree. The metal thus produced is very

‘uniform in charaeter, every particle being

brought equally and thoroughly under the in-

fluence of the blast, which will be mild and

without produeing excessive action or oxida-
tion at one portion of the mass of metal over
another, and the condition of the slag can
be regulated, so as to make the proeess most
economical and regular and so that there
will not be an excessive absorption of the re-
carbonizer by the slag. Moreover, at no time
need the metal become overheated or the slag
become too fluid, as it is liable to do in the or-
dinary processes, as we find that the temper-
ature of the metal may be perfectly con-
trolled and the danger of oxidizing the metal
and producing a too fluid slag is prevented.

While we bave found under varying eondi-
tions more or less of the metal may be above
the tuyeres at the starting, in the drawings
we have indicated a converter adapted to re-
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ceive a charge of two tons, and the tuyeres
are arranged at such a distance from the bot-
tom of the converter that when the metal is
on the line ¢ about two-thirds of the metal
will be below the mouth of the tuyeres and
one-third above, and when the converter is
tilted to commence the operation the tuyeres
C and G are about midway between the bot-
tom and top surfaces of the metal, while the
tuyeres D and F are substantially parallel to
the surface and the tuyere E above the sur-
face, and under these conditions we have
found the most favorable results. It will be
readily understood that as the lining becomes

worn in the process of conversion these rela-.

tions will vary somewhat initially, but they
can be compensated for by tilting the con-
verter more or less. '

What we claim is—

1. In the conversion of crude or pig iron
into malleable iron or steel, the method sub-
stantially ashereinbefore set forth which con-
sists in simultaneously applying a portion of
the blast across the bath above the surface of
the metal, and aportion across the bath below,
the portions of the blast being in opposing
directions; thereby circulating the bath hori-
zontally and effecting the conversion simul-
taneously. _

2. In the conversion of crude or pig iron
into malleable iron or steel, the method sub-
stantially as hereinbefore set forth which con-
sists in simultaneously applying-a larger por-
tion of the air upon and across the surface of
the bath, and a lesser portion of air beneath
and across the surface of the bath the portions
of the blast being in opposite directions.

3. In the conversion of crude or pig iron
into malleable iron or steel, the method sub-

<3

stantially as hereinbefore set forth which con-
sists in first simultaneously applying a larger
portion of the blast to the surface of the bath,
and a lesser portion below the surface of the
bath, and subsequently reversing the order
and applying a lesser portion of the blast to
the surface, and a greater portion below the
surface the respective portions of the blast
being in opposing directions in both condi-
tions.

4. A tilting converter provided with a se-
ries of horizontal tuyeres arranged around the
converter, there being a less number of tu-
yeres on the pouring side of the converter
than upon the opposite side of the converter,
substantially as deseribed.

5. A tilting converter provided with a se-
ries of horizontal tuyeres, each beingarranged
on a radius from the center of the converter,
thetuyeres on the pouring side being arranged
at equal distances from the transverse central
longitudinal plane of the converter, while the
tuyeres on the opposite side are arranged at
different angles to the same plane, substan-
tially as described.

6. A tilting converter having two tuyeres
on the pouring side, and having three tuyeres
on the opposite side, one of which corresponds
with the line passing through the center of
the pouring side, substantially as described.

In testimony whereof we have signed our
names to this specification in the presence of
two subseribing witnesses.

C. PENROSE SHERK.
J. L. RUTTER.
SAMUEL GROH.
Witnesses:
J. S. BARKER,
F. L. FREEMAN.
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