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To all whom 1t may CONCErN :
- Be it known that I FRIEDRICH ALFRED
Krupp, of Essen, in the Empire of Germany,

have invented new and useful improvements

¢ in tae production of sound ingots and casting
of steel and other metals, and inapparatus con-
nected therewith, of whlch the following is a
specification.
Various modes and means have heretofore

m. been proposed with the view of applying the

pressure of steam or carbonic-acid ov other gas

ontethe upperoron theentiresurface of molten
metal or alloy in ingot and other molds for the
purpose of insuring a sound ingot or casting,
1= without pores or blow-holes.

surface of the molten metal, so that the steam,
when admitted, acquired a LOHSIdera,bly larger

buat uncontrolied pressure by the heat'in mold-

20 1tself. (zas-pressure has also been proposed
to be used, the gas being generated from com-
bustible or expiosive matterb in the mold or
around the mold, the said mold being inclosed
1n a so-called ¢ pressure-vesse],” and so as to
necessitate a previous preparation of the mold
for that purpose, and involving complicated
appliances. 1t has also vaguely been pro-
posed to put such a pressure-vessel with 1n-
terior mold in communication with a gas-res-
ervoir heated externally or otherwise, without
any indication as to how such an idea might
be carried into effect practically and success-
fully.

- According to myinvention sound ingots and
castings of bteel and other metals—such as
iron and copper—and alloys—such as bronze—
are produced by pressure of gas on the molten
metal in molds which are constructed so as
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when closed to Le able to withstand a very

considerable internal pressure, and all in the
manner hereinafter described. After the steel
or other metal has been poured iuto the mold
the latter is tightly closed, and immediate com-
munication i1s then made between the space
above the molten metal in the interior of the
mold and a vessel or reservolir which contains
a4 substance 1n liquid or solid form—such as
carbonic acid—which under ordinary pressure
and temperatureis in the gaseous state. Ac-

45

| voir or the substance therein. is

employ El]

Steam-pressure.
has thus been proposed to be applied to the

pheres.

or, as it is termed, the “ critical point.”
‘the purpose of keeping the upper part of the

—

exposed, and
according to the properties of the substance
a gas-pressure of any required
strength may be thus obtained. This press-
ure must be regulated within limits decided g3

upon, as deswed, and for this purpose I place

the reservoir in a bath of water, oil, or other
suitable fluid,which, by the admission of steam

or water thereto, can be heated or cooled as re-

quired. Bythe ordinary temperature of the at- 6o

‘mosphere—sayat60°Fahrenheit—the pressure

obtained by the liquefied carbonic acid is about
fifty-two atmospheres, at 36© about seventy--
four atmospheres, and, according to my latest
experiments, at 2120 Ifahrenheit the pressure 65
risestoabout four hundred atmospheres,and a¢
400° Ifahrenheit even to eight bundred atmos-
The amount of these pressures de-
pends nupon and is influenced by the quantity

of filling or contents of the vessel containing o
the fluid gas when such gas has a temperature
higher than 30° centigrade (S06° F&hrenh%b,) -
for

molten metal hot as long as possible while the 7¢
ingot is gradually and eveuly cooling and con-
tmctmg, I provide that part-of the mold with
an interior lining of refractory material. An
equivalent or additional means for the same
important obiect or end consistsin pouring in So
a layer of molten slag onto the surface of the
molten metal 1mmediately after 1t has been
poured into the mold, and before closing the
mold and admitting the gas-pressureinto same.
Anotheradditional but notsoimportant means 8g-
of keeping this part of the metal in a molten
state as long as possible consists in making
use of a thick cover of a refractory materlal
which is a bad conductor of heat. This cover
i1s dropped onto the top of the molten metal go
or slag. To insure success, the covering with
stag or the use of the lining is necessary; but
the use of. both means together is preferred.
The pressuare is maintained on the metal in
the mold until there is no further tendency to g;
the formation of hollow spaces or pores in the
ingot or casting.

IFigurelof the accompanyingdrawings isan
elevation in part section of amold and a' gas-res-

to cording to the temperature to which the reser- | ervoirconstructed for the purpose of this inven- roc
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tion, and arranged for the mold to be charged |

with the molten metal fromm above. Fig. 2
1s an elevation in part section of a mold and a
gas-reservolir where the mold is charged from
below.. Iig. 3 is an end elevation of part of
Kig. 2—1:11:11: 1s, ofthe conduit forconveying the
molten metal into the mold. Ifig. 4 is a verti-
cal section through mold to be charged from
above. FKigs. 5 and 6are sectional views illus-
trating two forms of mold-covers. Figs. 7 and
8 are sectional views showing two otherforms
of mold-covers and modes of forming joint
with the mold. Tigs. 9 and 10 are sectional
views showingother forms of mold-covers and
modes of tormmg‘]omt with.the mold. Fig.
11 1s a sectional view of a modified form of
mold. |
- Referring to Iig. 1, A is a very strong me-
tallic reservoiror flask, made, say, of wrought-
iron welded, and containing the carbonic acid
or other substance which is to supply the re-
quired very high gas-pressure to the molten
metal in the mold. The flask A isplaced in a
bath, I’, of water, oil, or other suitable fluid.

Mi IS a pipe for com es Ing steam into the fluid
tor the purpose of heating it, and N a pipe for
conveying water into the ﬂuid for the purpose
of moderating the heat of thefluid. DBy means
of the leves m and % on these pipes M and N,
respectively, the regulation of the heat of the
fluid in the bath P is effected as required, and
thereby, again, the heat and pressure of the
substance contained in the flask A.

C is a valve for closing or opening the flask
A, as required. DBymeansof valves and pipes
the flask A may of course be put in communi-
cation with any desired number of molds.

1D 1s the mold, here shown of a form suit-
able for casting ingots; but it may be made
of any desired form to suit the casting re-
quired to be produced. A pipe, B, forms com-
munilcation between the tlask A and the up-
per part of the mold. The valve C serves to
regulate the admission of the carboniec-acid
gas or other substance from the flask A tothe
mold D. The latter may, as here shown, be
tormed with arefractory lining, I, whichforms
a bad conductor of heat for the purpose (as al-
ready stated in the preamble to this specifica-
tion) of keeping theupper part of the metal in
a molten state as long as possible, so as to al-
low 1t to cool and contract evenly and slowly.
This lining is placed in the upper part of the
mold D, as shown in Fig. 1, and only forms a
partial 11111110' to said mold.

The line x x# indicates the level to which the
metal should be charged into the mold.

W 18 a loose cover of refractory material,
which i1s dropped onto the surface of the

molten metal or slag for the purpose of keep-
-ing that part hot as long as possible while the
1n ﬂ'ot cools down.

D‘F D’ are wronght-iron hoops shrunk on the
outside of the mold to strengthen it.

I 18 a strong cover. I' I are bolts where-
by 1t 18 Secured to the mold D, and f f are cot-
ters passed through them.

Sy —

recess In which the ring I 1s placed.
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K is a turned ring, of steel or copper, of the

section shown, and serving to make a gas--
It acts on the

tight joint for high pressure.
sawe principle as the so-called ¢ cup-leathers™”
in hydranlic presses, inasmuch as the gas-
pressure in the mold tends to force the two
lips of the ring K apart, and therefore one lip
against the bottom of the turned or faced

part of the coverand the other lip in the other

direction—that is, against the bottom of rthe
I'he
higher the pressure the tighter the ring wiil
make joint, The jaw between the mold D
and its cover I may be made with plumbago,
or with asbestus, mill-board, or in other suit-
able well-known manner for high heat and
high pressuare, mstead of' with the ring K, as
shown here.

L is a pressure-gage.

V is a disk of retractory materml placed in
the Dottom of the mold to protect this part
against the direct melting or cracking influ-
ence of the stream of molten metal.

The mode of casting with this apparatus i3
as follows: When the cover I& has been re-
moved (for which purpose it 18 provided with
eyebolts e to lift it by) or turned to one side,
after all the bolts If except one, have been re-
moved, the molten metal is poured in. When
it has reached to about the level 2 x, a layer
of molten slagis poured 1n on the top of 1it, for
the reason stated. The lid W is tlien dropped
onto the top of the slag, and the joint-ring K
is then placed 1nto 1ts recess and the cover IS

quickly put on and fastened down securely -

and tightly. I then open the cock C, admit-
ting gas-pressure onto the top of the slag and
molten metal in the mold, and this gas-press-
ure is maintained until the ingot has cooied
down to a dull-red heat, whereupon the valve
C is c¢losed and the cover E then removed, so
that the ingot may be taken out. It the bot-
tom of the mceld were not protected by the
disk V, the hot stream of metal impinging di-
rectly on it, would melt this part and form a
recess therein or crack it. The gas-pressure is
indicated bythe gage L, and can, as stated, be
conveniently regulated to any required extent
by means of the Steﬂm-valve m and water-

valve .

In Figs. 2 and3 L 1llnatrate the mode of cast-
ing from below. The metal 1s run into the
mold from the conduit G. G’is a nut formed
in a cross-head, which, by means of two rods,
is so connected to the bed-plate S that it can
be swung out of the way of the conduit inlet-
funnel when the metal i1s to be poured in by
the said inlet-funnel. G*1s a screw working
in the nut G’, and furnished with a crutch-
handle, so that the serew can be forced down
upon the cone-plug T to close the inlet-funuel
securely against the high internal gas-press-
ure. Other suitable means may be used for
this purpose, some of which will be described
further on with reference to molds to be
charged from the top. U is a valve or cap to

8o

9o
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allow the air to escape during casting, but
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which is closed before admitting the earbonie- | of a small cover, B, and cottered bolts T, a

acid gas. The joint between the mold and the
bottom may be secured by asbestus or other
snitable material, or by an expanding metallic
5 ring. .
Iig. 4 shows a mold with a cover, E, which I
is fastened down before pouaring the metal in,
and it is tlierefore provided with an inlet-fun-
nel through the cover similar to that shown |
at the conduit G, Figs. 2 and 3—thatis, with a
cone-plug, T, which ean be similarly fastened
down in its seat by means of screw and nut,
as described. To charge this mold, take the
cone-plug out, open the air-valve U, run the
metal in, then the slag on the top of it, put 1n
the plug, close the cap or valve U again, and let
the gas-pressure in,as before. In Fig. o the
cover inlet-funnel is closed by means of a |
screw-cap, G”. |
Fig. 6 shows a cover inlet-funnel with a cap,
G*, provided with projections g, which take
ander lugs on the neck in such manner that
the cap G*, by a partial turn, is locked or un-
locked, as required, in a similar manner to &
bayonet-joint. o
Figs. 7, 8, and 9 show two kinds of cover-
joint rings K—viz,, in Fig. 7T a copper or other
ring, which, originally of a round sectlon, 1S
forced into a square-cornered groove formed in
the cover and in the top of the mold, and In
Figs. 8 and 9 a double-flanged steel or copper
ring, such as shown at Fig. 1, but placeddit-
ferently, the modeof action, however, being the
same as described with reference to Fig. 1.
Fig. 10 shows on one side one form of cover-
joint, in which an angle-shaped thin metallic

IO
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ringis used formakinga joint, and on the other |

side another form of cover, in which the joint
is made by means of a T-shaped thin metallic
4o ring, the internal pressure in both cases, as
abovedescribed, tending to force the thin edges
of the rings against the mold and 1ts cover.

Fig. 11 shows a mold closed at the top, ex- | .

| cept in one place, where it has a hole suitable
45 for pouring in the molten metal and then the

molten slag. The hole is then closed by means

metallic joint-ring, K, having first been placed
in the recess formed for it.

The metallic joint-rings shown I have found
suitable for the purpose, and they may also be
applied to other purposes wherever a joint is
needed to be made that shall withstand high
gas or steam or other pressure, and especially
where high heat is also present. :

Having thus described and ascertained the
nature of this invention and modes in which
the same may be carried iunto effect, I declare
that I claim— -

1. The method herein specified of produc-
ing sound non-porous metallicingots, consist-
ing in pouring the molten metal into a mold,
maintaining the temperature and preventing
the upper part of the metal consolidating too
rapidly by a refractory lining in the upper part
only of the mold, pouring a layer of molten
slag on the surface of the molten metal, clos-

50
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“ing the mold, and applying a high pressure

F

during the cooling of the metal, substantially
as and for the purposes set forth. -
2. In an apparatus for producing sound in-
gots of cast-steel, the combination of the ves-
sel P, the holder A for the gas-producing sub-
stances, the pipes M N and valves for the heat-
ing and cooling fluids, the mold for the ingot, 75
and a pipe connecting the vessel A tothesame,
substantially as set forth. ;
3. In an apparatus for the preduction of
soundingotsofcast-steel, the combination, with
the mold, of a lining, I, in the upper part, and 8o
a cover, W, of refractory material, as and for
the purposes set forth.
4., In an apparatus

70

for the prodaction of

sound ingots of east-steel, the combination, with

the mold D, cover E, lining I, and cover W, 8%
of the holder A, bath or vessel P, pipes M N,
valves m u, pipe B, and valve C, substantially

as and for the purposes set' forth.,

. A. KRUPP.
Witnesses: o
FERDINAND VOGELER,

GOTTFRIED RADERMACHER.
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