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UntTED STATES PATENT OFFICE,

JOHN

W. NYSTROM, OF PHILADELPHIA, PENNSYLVANIA.

IMPROVED APPARATUS FOR REFINING IRON.

Specification forming parf of Letters Patent No. 38,6588, dated April 3, 1806.

To all whom it may concern :

Be 1t known that I, JoaN W. NYSTROM, of
Philadelphia, in the county of Philadelphia
and State of Pennsylvania, have inventfed cer-
tain new and useful Improvements in the
Method of and Apparatus for Refining Metals;
and I hereby declare the following to be a full,
clear, and exact description of the same, refer-
ence being had to the accompanying drawings.

In the well-known pnenmatic process of re-
fining crude 1ron into steel or malleable 1ron
the blast has heretofore been applied so as to
agitate the molten iron as much as possible,
in view that the air should penetrate every
particle of the same. In order to accomplish
this agitation the tuyeres have been placed
so as to lead the blast into the fluid iron from
the bottom, or thereabout, of the converting
vessel or furnace, which operation requires a

very powerful blowing apparatus fo force in

the air under great pressure—say twenty
pounds to the square inch—and the desired
agitation 1s attained. In the cupola-shaped
converting - vessels the tuyeres have been
placed near the bottom, and also eccentrically
to the eylinder, to give the molten iron an agi-
tating rotary motion; butin all cases the most
important object—namely, to free the crude
iron from its impurities—has not yet been
and canuot tbus be attained, for while the
metal 1s kept 1n such a violent agitation some
of the impurities, such as sulphur and phos-
phorus, have no chance to separate or escape
from the iron.

To accomphqh a more thorough refinement
of the crude iron with the lea;bt possible ex-
pense of manual labor and of machinery is the
object of myimprovements; and they consist,
first, 1n keeping the fluid metal in the convert-
Ing-vessel as quiet as possible during the pro-
cess of refinement, so as to allow the impuri-
ties to ascend or to be drawn toward the sur-
face of the metal, which 1s accomplished as
“hereinafter specified; second, in making the
tuyeres of an oblong or rectangular section
at the point where they enter the furnace, in
order to bring the air into immediate contact
with the metal operated upon, as hereinafter
- shown and described; third, in making the

tuyeres of a curved sha,pe, SO th‘lt the air may | paired, or cleaned out.

1

enter the fluid metal in the desired direction
with the shortest possible tuyere, as herein-
after shown and described ; fourth, in turning
the converting-vessel, by the combination of
cranks and friction- IOIIBI'b, for placing it in
any desired position, as hereinafter descrihed;

fifth, in moving the ingot-molds under the
converting - vessel to receive successively the
refined metal direct from the furnace, as here-
inafter described ; sixth,in forming the ingot-
molds of a Z shape, so as to fit one another, as
hereinafter described ; seventh, in connecting
the ingot-molds successwely w1th clamps, as
hereinafter specified; and, eighth, in lining
the inside of the furmce, and also the inside
of the ingot-molds, with a composition of sili-

cate of oxide of iron and plumbago or fire-

clay, for the purpose hereinafter specified.

To enable others skilled in the art to make

and use my improvement in the pneumatic
process of refining metals, I shall now proceed
to describe the construction, arrangement, and
operation ot the furnace, 1efer11ng to the ac-
companying drawings, in which— |
IFigure 1 represents a cross-section of my
improved furnace and ingot-molds through
the line A B, Fig. 2, also the heating-furnace

for molds and the casting-pit; Fig.2,a longi-

tudinal section of the same through the line
C D, Fig. 1, showing the trunnion and blast-
pipe conveymo the air from the blowing ap-
paratus. Fig. 3 represents a plan of the fur-
nace and mﬂot molds, and Fig. 4 a {front eleva-
tion of the same, showing the connection-
clamps of the ingot-molds.

The converting furnace or vessel I, it will
be seen, is formed in the shape of a barrel,
placed houzontdlly and supported at one end

by a hollow trunnion, G, resting in a suitable

bearing in the frame P whlle at the other ¢nd
it is held in position by means of two friction-
rollers, /' f, supported in the frame L. "The

outer shell of the furnace I prefer to make of |

wrought-iron, riveted to a cast-iron back, N,
and to the front ring, k.
The front cap, E, is screwed or clamped or
otherwise securely attdched to the end of the
furnace, so that it may be easily removed when
the inside of the farnace is to be built up, re-
When the cap H is




which it is guided home.

The inside of the converting-furnace is lined
with fire-brick and other refrd(,tory madterials,
such as silicate of oxide of iron mixed with
fire-clay or plumbago, which I have fouund to
answer the purpose very well. The silicate
of oxide of iron is ground to a fine powder and
mixed with as much fire-clay as will keep it
together. The compositionis made very finid
with water and put in the mold by a brush.
Ifor the furnace the composition is.made only
sufficiently damp with water to acquire a plas-
tic consistency while ramminw or dubbing it
into the furnace. |

In the drawings, H I‘E‘l}rﬁ‘belltb the mass of
crude molten metal to be refined by the im-
proved pneumatic process. The air or car-
bureted gases are forced by suitable machin-
ery through the pipe I, valve «, trannion G,
tuyere - box and tuy eres b lnto the molten
metal H.

When crude cast-iron is operated upon only
atmospheric air 1s blown in; but when oper-

. ating on crude copper or matte (Swedish skiir-

sten) the air is mixed with hydrocarbon.

The fturnace I' 1s capable of rotation by
means of the cranks & & and friction-rollers f
S When the fluid crude metal is to Le re-
ceived 1into the converting vessel or furnace
If the latter is turned by the cranks & & until
the mouth K occupies the position K’ under
the spout S leading from the furnace or ladle—
1. e.,the source from which the erude metal is de-
rived—until the converting-furnace I is about
halt full, which is observed through the mouth

K. Now the apparatus 1s readv for opera-
tion. To this effect, turn on the blast by the
valve a, which then will blow air into the fur-

nace threugh the tuyeres in position 6/. The
furnace is then turned until the tuyeres occu-
Py the position b/, and the operation of refin-
1mg 18 commenced.

When cast-iron is operated upon a dark-
green smoke, cousisting principally of silic
01{1(1@ and carbonic oxule 1s gjected {from the
mouth K into a bllltdl)le chimney for a few
minutes’ time, the length of which dependson
the kind of iren opemted upon. When this
smoke becomes lighter or somewhat transpar-
ent, turn the furnace back until the tuyeres
occupy the position b, so that the airis blown
in immediately ander the surface of the molten
iron, as shown in Fig. 1.

The process of reﬁnmﬂ* the 1ron will now go
on as follows: The oxygen in the air will now
combine partly with the carbon, forming ox-

1de of carbon or carbonic acid, and with the

1ron and stlicon, forming a silicate of oxide of
iron or slag W. The most important part of

~the refining process is now going on between

this slag and the iron, similar to that in the
old refining process, where the air is blown
on the top of the iron, or as in the puddling
process, where the silicate of oxide of iron.is
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~to be put on it 1s first hung on the pin g, on | kept in contact with the fluid iron by manual

labor, while heat 1s supplied from a separate
fire, In the puddling-furnace the heat is not
high enouglh to make the molten iron suffi-
ciently fluid for a prompt liberation of itsim-
purities. The greater part of the silica, which
1smechanically mixed with the iron, issqueezed
ut by machinery; but the sulphur and.phos-
phorus, which may be chemically comL Lled
will stillremain in the puddlediron and gh ‘v
impair its character. .

In thepneumadtic processas herein desu it
where a high heat is kept up to boil the 1,{11(1 g -
1ron a Sufﬁelentlenn th of time for 1ts required
ograde of reﬁnement which point is acqp zed
by experience and SI agns peculiar to each - pd
of iron operated upon, the sulphur and p*.,gos-
phorus combine with the oxygen in the slag.
A slow circulation is going on and every par-
ticle of 1ron, with its impurities, takes its ty n
toward the tuyeres until refined. -

This process requires more time per wei t
of metal than that known as “Bessemer*-'- K
but the additional time brings the process - i
der a better coutrol and secures more satis-
factory and uniform results, while the press-
ure of the blast need not be more than about
four pounds to the square inch, which can e
taken from that of the blast-furnace, where no
extra blowing machinery would be required
for the pneumatic process.

In the Bessemer process the action is so vio-
lent and the indications of the grade of refine-
ment so sudden thatit has been found impos-
sible to stop the process at the desired point;
for which the iron has been first over- Iefmed
(burned,)and thena composition of manganeue
and molten crude cast-iron is added to restore
therequisite carbon for thedesired steel. Analy-
ses have shown that the steel so obtained con-
tains about one per centum of sulphur and
about one-half per cent. of phoephorue much of
which, perhaps, were putin with the hst men-
tleued composition ; and the process has not
yet given a uniform and quite satisfactory re-
sult, while the blast requires separate blowing
machinery to produce the necessary pressure
of some twenty pounds to the square inch.

In one experiment made by me I admitted
the air through only one tuyere in one cor-
ner, 1n or near the surface of the iron in the
furnace, which was found saofficient to decar-
bonize and refine the whole mass of crude iron;
but I prefer to group several tuyeres tocrether
on one side 1n the converting-furnace, as at b,
Kig. 2. Two or more groups of tuyeres near
the corners or around the furnace, applied in
or immedlately under the surface of the iron,
will also answer. |

If the same number of tuyeres, with the same
section and pressure of air, were evenly dis-
tributed, as has been done in the cupola-shaped
(,onvert,inn' vessels, sufficient heat could not be
kKept .up in the ﬂmd metal required for the

preper refinement of the iron.
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When a new and unknown iron is operated | another track, so that the mold will rest on

upon the tuyeres are turned out of the metal
at short intervals, for the purpose of taking
out samples with a small hand-ladle, which
are poured into ingots of about three-fourths
of an inchof sectional area. Samples are also
taken on the end of an iron spit, for the pur-
pose of proving the condition of the process.
When “he iron is considered sufficiently re-
fined t' "furnace K b ¢ is turned by means of
the 8 &k kand friction-rollers 7 f to the
pos J O ¢, On acecount of the center of
o it of the Hluid metal being always per-
pohdicular beneath the axis of the furnace,
~* °»~ % ono lifting force required on it. The
<iv.- - ave only to overcome the friction in
tn  nals, while in the Bessemer furnace
some h.avy bydraulic machinery, working with
a pressure of some four hundred pounds to the
square Inch, is required for operating the fur-
“nace. nd a steam-engine, besides, to work the
hydr :lic machine. |
Th .ronplugeis covered nearest the melted
mets " vith moistfire-clay, which is either foreed
in by he plug or forced out through the hole
by an iron spit from the inside. Take out the

iron plug, which now occupies the position ¢, |

and the refined metal will run directly into the
ingot-molds, which are moved successively un-
der the jet for that purpose, as shown in Figs.
1 and 2. When each mold is nearly full the
mold-carriage M is drawn forward by any me-
chanical contrivance, as by a rack and pinion-
lever, or preferably by a chain, d, until the next

empty mold comes under the jet to receive the |

metal. -

The top of the mold-carriage is covered with
a refractory substance, ¢, such as fire-clay or
brick, to save it from the heat of the ingots.

When the ingot is sufficiently cold and set-
tled so as to bear handling the outer part, m’,
of the mold is lifted aside,theingot taken hold
of with & pineh-hook, n,as shown in Figs. 1
and 4, and carried to any convenient place.

The ingot-carriage M is made in parts, on
which one or more ingots can be taken to a
rolling-mill or heating-furnace. The shaking

of the ingot by drawing it on the railroad |

while fiuid tends to diminish its porosity.

The ingot-molds m are made of a shape with
clamps o to fit into one another, as shown in
the drawings. The inside of the moldsis cov-
ered with a composition of a silicate of oxide
of iron and plumbago or tire-clay, which is
dried and heated in a heating-furnace (shown
in the drawings) previousto receiving the fluid
metal. The object of so coating the inside of
the -molds is to preveunt any possibility of the
flnid metal melting or sticking to the mold. 1t
also gives more solidity and smoother sarface
to the ingot than can be obtained by casting
in a smoked or clean cast-iron mold.

The arrangement shown in the drawings
sults best for ingots for rails or bar-iron or
steel; but for plates and large castings it is

preterred to place another carriage, M’, on rh specified.

the two carriages M. and M.

Under the furnace is a casting-pit for cast-
ing rollers, shafts, or other heavy castings di-
rectly from the steel-furnace.

The ingot-molds can be moved on a circular
rallway or turn-table extending under one or
more turnaces, according tolocal requirements.

My process of refining requires smaller fur-
naces per weight of metal operated upon than
18 used in the Bessemer process. The eubic
capacity of the Bessemer furnace is about six
times and the weight of the same is about four
times that of the metal operated upon. The
capacity of my furnace is only double and its
weight actually less than that of the metal
operated upon.

The tuyeres are made in a curved shape in
order to give the desired direction of the blast
into the furnace. One or more tuyeres are
made 1n each brick of a circular section at the
tuyere-box, terminating in an oblong or rect-
angular section in the furnace, as shown at
b, Fig. 2. The longest side of the section can
enter the furnace horizontally, vertically, or
under any desired angle. It is shown verti-
cally in Fig. 2. -

The tuyeres are made of a rectangular or
oblong section inordertobring the Huid metal
in immediate contact with the air or gases, for
as such section has a greater perimeter than
a circular or square section the gases are
brought so much sooner in contact with the
metal for the prompt action of its oxygenand
the impurities therein.

Having thus fully described my invention,
what I claim, and desire to secure by Letters
Patent, is—

1. The herein-described method of and ap-
paratus for refining metals so that the oxidiz-
ing-blast shall be admitted into the convertinz-..
furnace under the molten mass at elevations
with respect tothesurface of the metal higher
as thework of refining progresses, as set forth.

2. In a converting-furnace constructed and
operating as herein described, forming the
tuyeres of an oblong or rectangular sectional |
area at the point where they enter the furnace,
substantially as and for the purposes setforth.

3. In a converting-furnace constructed and
operating as herein described, forming the
tuyeres of a curved form, substantially as and
for the purposes herein set forth.

4. The combination, with theconverting-fur-
nace constracted and operating as herein de-—
scribed, of cranks and frietion-wheels, sub-
stantially as and for.the purposes specified.

5. The employment, in connection with a
converting-furnace constructed and operating
substantially as herein described, of movable
ingot-moldsso astoallow of theirbeing brought
under the furnace, in the manner and for the
purposes set forth. |

6. Forming the ingot-molds of Z-shaped
pleces, substantially as and for the purposes

=T—
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7. Clamping the moldstogether successively, In testimony whereof I havesigned my name
substantially as and for the purposes herein | to this specification before two subscribing
explained. | witnesses. | -

8. The lining of the inside of the convert- JOHN W. NYSTROM.
ing-vessel, and also of the ingot-molds, with Witnesses:

a composition of silicate of oxide of iron and A. POLLOK,
fire-clay or plumbago, as described. EpM. F. BROWN.
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