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Description

[0001] The present invention relates to a method of manufacturing a copper alloy ingot containing an active metal.
[0002] In melting a copper alloy containing a metal which has a greater chemical affinity for oxygen than copper
(hereinafter called "active metal"), for example, iron, titanium, chromium, zirconium, etc., it is indispensable to prevent
oxidation of the active metal within the copper alloy for enhancing the yield of the active metal and ingot quality. There-
fore, the so-called vacuum melting method which has been used heretofore to melt the copper alloy in an induction
melting furnace placed within an airtight container which has been evacuated (hereinafter called "melting furnace"), is
an effective means for preventing oxidation of the copper alloy.

[0003] On the other hand, a vacuum casting method which makes a casting into a mold housed within the airtight
container of the melting furnace is effective as a means to cast molten metal under such a state as to preserve the
cleanliness of the molten metal which has been vacuum melted. However, a casting within the airtight container having
a limited space will be limited to the so-called ingot making process in which such fabrication of the thus obtained ingot
as forgoing and scalping, etc. will be needed before a hot rolling.

[0004] No effective means has been provided for removing the slag generated during the vacuum melting in the
above mentioned prior art as the melting furnace is housed within an airtight container, and thus it has been necessary
to limit the feedstock to be molten. Therefore, it has usually been necessary to avoid the use of scrap and to melt only
a so-called virgin feedstock for reducing the amount of the slag generated to the minimum level possible. However,
when the molten metal is cast into a mold, the melting furnace is tilted to pour the molten metal, and thus it will be
unavoidable that the slag which has been generated will flow into a pouring spout along with the tilting of the melting
furnace and will contaminate the mold.

[0005] On the other hand, when a large size ingot is needed the entire airtight container housing the melting furnace
and molds must be made larger in the vacuum melting-vacuum casting method, and in addition, an increase of vacum
or evacuating capacity will be needed.

[0006] Also, casting by a continuous casting process is desirable for producing large size ingots which can be directly
hot rolled, from the standpoint of cost competitiveness. However, it takes a huge amount of investment for housing the
entire continuous casting equipment within the airtight container. It might be a realistic approach to avoid such an
increase in equipment cost to pour the molten metal which has been vacuum melted into a transfer path to a continuous
casting equipment such as a runner under the atmosphere or under a protective ambient atmosphere. However, slag
flowing in along with the tilting of the melting furnace as well as the oxidation of the active metal at the pouring spout
and in the transfer path will be unavoidable, which could severely impair the quality of the ingot.

[0007] The present invention, in view of what has been described above, has the object of providing a method of
manufacturing a copper alloy containing an active metal, which can restrain the generation of slag even if scrap is
melted as feedstock during the melting and casting of the copper alloy containing the active metal, and which enables
the molten metal to be dispensed to the outside of the furnace without including slag, and at the same time enables
large size ingot to be manufactured with satisfactory cleanliness by continous casting.

[0008] Patent Abstracts of Japan, Vol 9 No 256 (M-421) and JP-A-60/106648 disclose apparatus for melting copper
alloys containing Zr, Ti, Cr etc in which a crucible is heated in a closed chamber which can be evacuated or pressurized
with an inert gas. Copper alloy is cast, as a wire, by lowering a nozzle into the crucible, lowering a seed wire down the
nozzle, increasing the pressure inside the chamber to force the molten copper alloy into the nozzle to contact the seed
wire, and thereafter by pulling up the seed wire. The copper alloy wire obtained by this means has an outside diameter
conforming to the inside diameter of the nozzle.

[0009] The presentinvention provides a method of manufacturing a copper alloy casting containing an alloying metal
which has a greater chemical affinity for oxygen than copper, said method comprising the following steps:

(1) a feedstock is vacuum melted with an induction melting furnace (4) placed in an airtight container (5) which is
tightly closed with a vacuum melting furnace cover (9) and which is evacuated by a vacuum evacuating pipe (12);
(I1) the vacuum melting furnace cover (9) is replaced with a pressure pouring furnace cover (25) having a pouring
siphon (32), and when said airtight container is tightly closed inert gas under pressure is applied from a pressure
pipe (26) to the inside of the airtight container (5), to cause the molten metal to ascend the pouring siphon, wherein
an outlet part of said pouring siphon (32) is connected with a pouring chamber (31) having a pouring nozzle (33),
and in which a liquid surface of the molten metal is protected by an inert gas atmosphere, an inlet side of said
siphon (32) being formed as an inflow part with its lower end opening to a bottom part of said induction melting
furnace (4), whereby molten metal flowing into the pouring siphon (32) is effectively prevented from contact with
air and oxidation, and

(111 the molten metal poured from the pouring nozzle (33) is accumulated under inert gas in a molten metal recep-
tacle (44) and the molten metal is then poured from a casting nozzle (48) provided at a bottom of said receptacle
and is continuously cast.
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[0010] Further, the present invention may comprise the following features (the subject of the appended subclaims):

(1) A method in which a scrap is used at least as a portion of the feedstock to be molten;
(2) A method in which pressure is applied an insert gas to the inside of the airtight container tightly closed with the
pressure pouring furnace cover.

[0011] A method to apply pressure from the pressure pipe and pour the molten metal, which has been vacuum
melted, continuously from the pouring nozzle by utilizing the pouring siphon and further to continuously cast the molten
metal poured from the pouring nozzle can be employed.

[0012] When the melting and casting process is composed as provided in the present invention, the amount of slag
generated during the vacuum induction melting can be restrained even if the feedstock is scrap, and when the pouring
is made under pressure by utilizing the pouring siphon after the melting, the casting can be made while avoiding
oxidation of the metal and the inclusion of the slag at a time when the melting furnace is tilted, and a scalping, etc. can
be eliminated in an after treatment for the continuously cast ingot.

[0013] The presentinvention will be described in a more detailed manner, by way of non-limitative explanation.
[0014] First, a copper alloy containing an active metal or scrap is fed into a melting furnace, then a vacuum melting
furnace cover is assembled to an upper end of an airtight container housing the melting furnace, and the container is
tightly closed, thus forming the so-called vacuum melting furnace. Also, the inside of the airtight container is evacuated
through a vacuum evacuation pipe to a desired pressure level by a vacuum evacuation device. Then, the feedstock
or scrap in the melting furnace is melted by induction heating.

[0015] As the feedstock in the furnace is vacuum melted by induction heating, oxidation of the copper alloy can be
prevented. Also, when scrap is used as the feedstock, the generation of slag at the time of melting cannot be prevented
but, since the melting is done under vacuum, the generation of the slag can be largely restrained as compared to
melting under the atmosphere. Further, when electric power of a level at which the temperature of the molten metal
under vacuum will not fall is maintained after completion of the melting of the charged feedstock, the molten metal is
allowed to settle when the slag generated during the melting floats to the surface of the molten metal because of its
different specific gravity compared with the molten metal.

[0016] Next, the furnace cover of the vacuum melting furnace is replaced by a pressure pouring furnace cover; the
latter furnace cover is fixed in place, and thus the airtight container is tightly closed again. While the molten metal within
the furnace is briefly exposed to the atmosphere when the replacement of covers is taking place, the layer of the slag
which floats up to the surface of the molten metal constitutes a covering film, and thus the oxidation of the molten metal
within the furnace is restrained, minimised or largely prevented.

[0017] When pressure, which is controlled by a pouring pressure control device, is applied to the inside of the airtight
container through a pressure pipe in the pressure pouring furnace cover to push down the surface of the molten metal
in the melting furnace, the molten metal within the furnace ascends a pouring siphon, which extends to the bottom part
of the melting furnace and constitutes the only outlet to the outside from the furnace, is raised to a pouring chamber,
and then is poured from a pouring nozzle provided at the other end of the pouring chamber to a continous casting
machine. The molten metal, which has been raised by pressure from the pouring siphon to the pouring chamber, thus
pours from the pouring nozzle to the continuous casting machine. The slag which has floated to the top of the melt
remains floating at the surface of molten metal in the furnace until a prescribed amount of molten metal has been
expelled, and is not included in the molten metal poured into the continuous casting machine.

[0018] Also, if the molten metal poured from the pouring nozzle is received by a molten metal receptacle such as a
tundish; the molten metal is stored within the molten metal receptacle, and oxides which have been unavoidably in-
cluded float up and separate. Molten metal having a higher level of cleanliness can be poured to the continuous casting
machine from a casting nozzle provided at a bottom of the molten metal receptacle.

[0019] Further, if the application of pressure to the inside of the airtight container which is tightly closed with the
pressure pouring furnace cover, is made with an inert gas and the inside of the molten metal receptacle such as a
molten metal receiving chamber, a tundish, etc. is provided with an inert atmosphere, oxidation of the molten metal in
a molten metal transfer path from the melting furnace to the continuous casting machine can be prevented.

[0020] The invention will now be described in more detail by way of example with reference to the accompanying
drawings, in which:

Fig. 1 is a partially cross sectional schematic view illustrating the case when a vacuum melting furnace cover is
mounted; and
Fig. 2 is a cross sectional schematic view illustrating the case when a pressure pouring furnace cover is mounted.

[0021] A method of manufacturing copper alloys containing active metal according to the present invention will be
explained taking the case of Cu - 1% Fe alloy as an example. % figures quoted herein are in accordance with normal
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metallurgical practice, unless indicated to the contrary.

[0022] While the active metal contained in the copper alloy in this example is iron and the amount contained is 1
weight %, this constitutes merely one embodiment of the present invention and the iron content is not to limit the scope
of the present invention. Also, while iron is taken in this example as the active metal contained in the copper alloy and
explanations are made therefor, this also is not to limit the scope of the present invention. The active metal in the
present invention indicates every metal element having greater chemical affinity for oxygen than copper. Therefore,
aluminum for instance is also included in addition to the kinds of metal listed previously. Also, the copper alloy may
include one, two or more kinds of different active metal and metals other than the active metal.

[0023] The composition of copper, electrolytic iron, and alloy scrap was so determined that the ratio of scrap in the
feedstock to be melted was adjusted to be 30%.

[0024] Fig. 1 is a partial cross sectional view of an airtight container 5 housing an induction melting furnace 4 of a
core-less crucible type, and a vacuum melting furnace cover 9 is mounted on an upper end of the container 5.
[0025] In this drawing, 1 is a yoke, 2 represents heating coils, 3 is a crucible, 6 shows heat insulating bricks, 7 is a
castable refractory, all of which are known in relation to an induction furnace. What is shown as 11 is packing. In use
of the equipment shown in Fig. 1, the inside of the airtight container 5 is evacuated by a vacuum pump (not shown in
the drawing) through a vacuum evacuation pipe 12, and the feedstock which had been charged beforehand into the
melting furnace 4 is vacuum melted. The remainder of the feedstock, during the melting operation, is additionally
charged to the inside of the melting furnace 4 as several divided portions of charges by lowering, using an elevating
device 19, a feedstock charging bucket 18 in a feedstock charging device 13, provided above the vacuum melting
furnace cover 9 which is lined with heat insulating material 10. At this time, a gate valve 14 is opened by an air cylinder
15, and after charging with feedstock the gate valve 14 is closed again and the inside of the melting furnace is evacuated.
What is shown as 17 is a feedstock charging chamber door for releasing the feedstock charging device 13 when the
feedstock charging bucket 18 is replaced. Here, the inside of the feedstock charging device 13 can also be evacuated
by a vacuum pump (not shown in the drawing) through a vacuum evacuation pipe 16, so that the additional charging
of feedstock may be done also under vacuum.

[0026] When melting of all the feedstock is completed, a thermocouple 20 provided in a temperature sensing chamber
21 of a molten metal temperature sensing equipment 23 was pushed into the molten metal 8 for measuring the tem-
perature thereof. After placing the molten metal in a holding state by adjusting the electric power to the induction heating
coils, the vacuum melting furnace cover 9 and a pressure pouring furnace cover 25 (refer to Fig. 2) were interchanged
by a shifting device not shown in the drawings.

[0027] Fig. 2 is a cross sectional view of the same airtight container 5 housing the induction heating furnace 4 of a
core-less crucible type. Now shown is a pressure pouring furnace cover 25 which is assembled to an upper end of the
container 5 with bolts 28 and a retaining metal fitting 29. When inert gas pressure, controlled by a pouring pressure
control device (not shown in the drawing) is applied to the inside of the airtight container 5 through a pressure pipe 26
provided in wall 27 of the pressure pouring furnace cover 25, the surface of the molten metal 8, which is covered with
a layer of slag, in the melting furnace 4 is pushed down, causing the molten metal to ascend a pouring siphon 32 which
has been inserted so as to reach a bottom part of the melting furnace and is raised or pumped up to a pouring gutter
34 in a pouring chamber 31.

[0028] The upper part of the pouring chamber 31 is tightly closed with a pouring chamber closing cover 35, which
can be opened and closed, and an inert gas is sealed in from a gas pipe 38 for preventing the oxidation of the molten
metal 37 during pouring. Also, an electric heater (not shown in the drawing) is provided at a side wall of the pouring
chamber 31 and the pouring gutter 34 within the pouring chamber 31 is heated by the electric heater to a temperature
higher than the melting point of the copper alloy, whereby the molten metal within the pouring chamber 31 can be
maintained at a constant temperature.

[0029] The molten metal 37 raised into the pouring chamber 31 through the pouring siphon 32 by pressurizing, is
poured into a receptacle or tundish 44 through a lance pipe 39 from a pouring nozzle 33 with which the pouring chamber
31 is provided, the rate or amount of pouring being controlled by control of the pressure applied to the inside of the
airtight container 5 using a pressure control device (not shown in the drawing) so that a constant amount of the molten
metal is continuously poured. At this time also, the level of the liquid surface of the molten metal 37 as well as the
inflow behavior of the molten metal to the pouring nozzle 33 are observed through a peephole 36. Since the pouring
siphon 32 reaches close to the bottom part of the furnace, the molten metal at the bottom of the furnace ascends the
pouring siphon 32 and the slag 52 is kept afloat and separated. Thus, floating slag 52 is kept atop the surface of the
molten metal in the furnace until a prescribed amount of the molten metal has been discharged, so the slag will not
contaminate the molten metal being poured to the tundish 44.

[0030] A casting nozzle 48 is provided at a bottom of the tundish 44. After closing the casting nozzle 48 e.g. with a
stopper 49 and sufficient preheating is done by a gas burner (not shown in the drawing), the molten metal is received
through the lance pipe 39 under pressurized pouring. When a prescribed amount of the molten metal 46 has been
accumulated in the tundish 44, the stopper 49 is lifted by a control device (not shown in the drawing) to open the casting
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nozzle 48. Molten metal 46 is then supplied to the inside of a water cooled copper mold 51 in a semi-continuous casting
equipment from the bottom of the tundish 44 through the casting nozzle 48, and is cooled and solidified. The thus-
solidified ingot is continuously drawn vertically downwards with a constant speed by a hydraulic cylinder, not shown in
the drawing.

[0031] At this time, a predetermined amount of the molten metal is stored in the tundish 44. Oxides of iron which
have been unavoidably mixed into the molten metal 46 float to its surface and separate again. Thus only molten metal
with a high level of cleanliness at the bottom part of the tundish flows into the casting nozzle 48 and is supplied to the
continuous casting machine.

[0032] As the lance pipe 39 is connected beneath the pouring nozzle 33 and its forward end is inserted into the
tundish 44, the molten metal descending from the pouring nozzle 33 enters the inside of the tundish 44 without being
exposed to the atmosphere. Also, an upper part of the tundish 44 is tightly closed with a tight closing cover 47 which
can be opened and closed, and inert gas supplied from a gas pipe 50 is sealed therein, thus preventing oxidation of
the molten metal received in the tundish.

[0033] Moreover, the molten metal 46 stored in the tundish 44 is induction heated by a heating coil 41 provided in
the tundish 44, so the molten metal can always be kept at a constant temperature.

[0034] As a comparative example, feedstock prepared totally from alloy bullion was, after vacuum melting, continu-
ously cast by atmospheric pouring, i.e. unprotected from the air, by tilting the furnace.

[0035] An ingot thus melted and cast was cut in half and after polishing a cross section the distribution of oxides of
iron was observed by microscopic observation, and the results thereof are shown in Table 1.

[0036] Table 1 shows the number of oxides of iron per 1 cm?2 when an observation was made for an observation area
in the cross section of 20 cmZ2, as well as the maximum length of the oxide inclusions.

[0037] As apparent from Table 1, the number of oxides or iron contained in Cu -1% Fe ingot manufactured by the
method of the present invention was largely reduced as compared to that in the prior art, and the maximum length of
the oxide inclusions was shortened by about 1/8, so the size of oxide particles was very significantly reduced.

TABLE 1

Ratio of Scrapin | Melting Method | Pouring No.of Inclusions | Maximum Length
Feedstock Method No./Cm?2 of Inclusions um

Present 30% Vacuum Pressure 0.1 95
Invention Pouring

Comparative 0% Vacuum Tilting of 35.6 830
Case Furnace
Atmospheric

Tapping

[0038] According to the method of the present invention, of manufacturing a copper alloy containing an active metal
a continuous casting can be made without including slag which has inevitably been generated. Therefore even when
scrap, which cannot be used in conventional vacuum melting, is melted as a feedstock, a pour can be made without
including slag. Moreover, molten metal free of large size oxides, which were contained in the molten metal but which
have separated, can be continuously cast, thus realizing an effect that melting and casting of the copper alloy containing
an active metal can be produced at low cost and an ingot of a high quality with little contamination can be obtained.

Claims

1. A method of manufacturing a copper alloy casting containing an alloying metal which has a greater chemical affinity
for oxygen than copper, said method comprising the following steps:

(I) a feedstock is vacuum melted with an induction melting furnace (4) placed in an airtight container (5) which
is tightly closed with a vacuum melting furnace cover (9) and which is evacuated by a vacuum evacuating pipe
(12);

() the vacuum melting furnace cover (9) is replaced with a pressure pouring furnace cover (25) having a
pouring siphon (32), and when said airtight container is tightly closed inert gas under pressure is applied from
a pressure pipe (26) to the inside of the airtight container (5), to cause the molten metal to ascend the pouring
siphon, wherein an outlet part of said pouring siphon (32) is connected with a pouring chamber (31) having a
pouring nozzle (33), and in which a liquid surface of the molten metal is protected by an inert gas atmosphere,
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an inlet side of said siphon (32) being formed as an inflow part with its lower end opening to a bottom part of
said induction melting furnace (4), whereby molten metal flowing into the pouring siphon (32) is effectively
prevented from contact with air and oxidation, and

(I1y the molten metal poured from the pouring nozzle (33) is accumulated under inert gas in a molten metal
receptacle (44) and the molten metal is then poured from a casting nozzle (48) provided at a bottom of said
receptacle and is continuously cast.

2. A method according to claim 1, wherein a scrap is used at least as a part of the feedstock to be melted.

3. A method according to claim 1 or claim 2, wherein pressure is applied with an inert gas to the inside of the airtight
container (5) when tightly closed by the pressure pouring furnace cover (25).

Patentanspriiche

1. Verfahren zur Herstellung eines Kupferlegierungs-GuRstiicks, das ein Legierungsmetall enthalt, welches eine gro-
Rere chemische Affinitdt zu Sauerstoff als Kupfer besitzt, wobei das Verfahren die nachstehenden Schritte auf-
weist:

(I) ein Ausgangsmaterial wird mittels eines Induktionsschmelzofens (4) im Vakuum geschmolzen, der in einem
luftdichten Behalter (5) untergebracht ist, welcher dicht mit einer Vakuumschmelzofenabdeckung (9) ver-
schlossen ist und welcher mittels einer Vakuumleitung (12) evakuiert ist;

(1) die Vakuumschmelzofenabdeckung (9) wird durch eine DruckgieRofenabdeckung (25) mit einem Giel3si-
phon (32) ersetzt, und wenn der luftdichte Behélter dicht verschlossen ist, wird Inertgas unter Druck von einem
Druckrohr (26) in das Innere des luftdichten Behélters (5) eingebracht, um das geschmolzene Metall zum
Aufsteigen in dem Giel3siphon zu veranlassen, wobei ein Auslaliteil des Giel3siphons (32) mit einer einen
GieRauslauf (33) aufweisenden GieRkammer (31) verbunden ist, und in welcher eine fliissige Oberflache des
geschmolzenen Metalls durch eine Inertgasatmosphare geschutzt ist, eine EinlaRseite des Siphons (32) als
ein Einstromteil ausgebildet ist, wobei sich dessen Offnung am unteren Ende zu einem unteren Teil des In-
duktionsschmelzofens (4) hin 6ffnet, wodurch in den GieRsiphon (32) strémendes geschmolzenes Metall wirk-
sam an einem Kontakt mit Luft und einer Oxidation gehindert wird, und

(Ill) das aus dem GieRauslauf (33) gegossene geschmolzene Metall unter Inertgas in einem Sammelbehalter
(44) fur geschmolzenes Metall gesammelt wird, und das geschmolzene Metall dann aus einem in dem Boden
des Sammelbehalters vorgesehenen Gulbauslauf (48) ausgelassen und kontinuierlich gegossen wird.

2. \Verfahren nach Anspruch 1, wobei Schrott mindestens als ein Anteil des zu schmelzenden Ausgangsmaterials
verwendet wird.

3. Verfahren nach Anspruch 1 oder 2, wobei Druck mit einem Inertgas auf das Innere des luftdichten Behalters auf-
gebracht wird, wenn er dicht durch die Druckgieofenabdeckung (25) verschlossen ist.

Revendications

1. Procédé de fabrication d'une piéce coulée en alliage de cuivre contenant un métal d'alliage présentant une plus
grande affinité chimique pour I'oxygéne que le cuivre, ledit procédé comprenant les étapes suivantes :

(I) une charge est fondue sous vide au moyen d'un four de fusion a induction (4) placé dans un conteneur
étanche a I'air (5), qui est fermé hermétiquement par un couvercle (9) de four de fusion sous vide et qui est
mis sous vide au moyen d'un conduit d'aspiration (12) ;

(1) le couvercle (9) de four de fusion sous vide est remplacé par un couvercle (25) de four a coulée sous
pression présentant un siphon de coulée (32), et lorsque ledit conteneur étanche a I'air est fermé hermétique-
ment on injecte du gaz inerte sous pression depuis un conduit de pressurisation (26) a l'intérieur du conteneur
étanche a I'air (5), de fagon a provoquer I'ascension du métal en fusion par le siphon de coulée, une section
de sortie dudit siphon de coulée (32) étant reliée a une chambre de coulée (31) présentant une buse de coulée
(33), et dans laquelle une surface liquide du métal en fusion est protégée par une atmosphére de gaz inerte,
une section d'entrée dudit siphon (32) étant formée comme une partie d'entrée avec son ouverture d'extrémité
inférieure tournée vers une partie de fond dudit four de fusion a induction (4), le métal en fusion s'écoulant
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dans le siphon de coulée (32) étant ainsi efficacement protégé d'un contact avec l'air et d'une oxydation, et
(1) le métal en fusion coulé depuis la buse de coulée (33) est recueilli en présence d'un gaz inerte dans un
réceptacle (44) de métal en fusion et le métal en fusion est ensuite coulé depuis une busette de coulée (48)
disposée dans une partie de fond dudit réceptacle et est coulé en continu.

Procédé suivant la revendication 1, dans lequel des riblons sont utilisés pour constituer au moins en partie la
charge destinée a étre fondue.

Procédé suivant la revendication 1 ou 2, dans lequel une pression est appliquée au moyen d'un gaz inerte a
I'intérieur du conteneur étanche a l'air (5) lorsqu'il est fermé hermétiquement par le couvercle (25) de four a coulée
Sous pression.
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