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7 Claims.
1

This invention relates to the conditioning of
easily oxidized metals, such as magnesium and
magnesium base metals or alloys, for casting, and
is more particularly concerned with the super-
heating and subsequent cooling to proper casting
temperature of magnesium base alloys and like
metals. The invention aims to provide certain
improvements in conditioning such metals, par-
ticularly in superheating and subsequently cool-
ing to proper casting temperature magnesium
base alloys, as well as to provide improved ap-
paraitus therefor,

Magnesium base alloys are commonly employed
for structural and other mechanical and com-
mercial uses, as, for example, in the automotive
and aircraft industries. Among the many alloys
of this class may be mentioned, merely by way
of example, the magnesium-aluminume-zine-man-
ganese alloys containing 0.1 to 129% aluminum,
none up to 5% zine, none up to 3% manganese
and the. balance essentially magnesium. Mag-
nesium base alloys, particularly those contain-
ing aluminum, in the absence .of special treat-
ment, tend to solidify in a coarse grain structure.
It is a matter of commeon knowledge that such
alloys when of fine grain structurs pPossess Su-
pericr mechanical -properties, enhanced amen-
ability to solution treatment, shorter heat-treat-
ing requirements, and improved machinability.
It is also a matter of common Knowledge that
this desirable fine grain structure can be ob-
tained by superheating the molten alloy to tem-
veratures far above the melting temperature of
the alloy, as, for example, by super-heating at
a temperature between 850 and 950° C. Accord-
ing to the present customary practice, the alloy
is heated to the superheating temperature, and
cooled to the proper casting temperature, gen-
erally between 650 and 850° C. The superheat-
ing,” as it is called, imparts to the subsequently
solidified alloy a relatively fine grain structure
withh the attendant superior properties herein-
hefore mentioned. The fine grain structure tends
to persist, so that castings subsequently produced
from superheated alloy possess a fine grain struc-
ture,

The present invention, in one of its aspects,
provides an improved method of superheating and
subsequentiy cooling to proper casting temperg-~
ture a magnesium base metal or alloy. In ac-
cordance with this aspect of the invention, molten
magnesium base metal is transferred, without
contact with any oxidizing influence (such as air),
from beneath the surface of a body of the molten
metal to an elongated conduit having a super-
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heating section in direct communication with a
cooling section. The molten metal is heated in
the superheating section to the contemplated
superheating temperature, substantially higher
than the proper casting temperature, and in the
ceoling section the superheated metal is cooled
to the proper casting temperature. Molten metal
of the proper casting temperature is withdrawn
from the coocling section, as required for casting
or the like, and simultaneously an equivalent
amount of molten metal is transferred to the
superheating section of the conduit as herein-
hefore described. Throughout the operation both
sections of the conduit are filled with moltén
metal, so that at no time is the molten metal
subjected to oxidizing or other contaminating
influence during its transfer to and passage
through the conduit. Preferably, the molten
metal is transferred to the conduit by the pres-
sure of an inert gas, and the same inert gaséous
pressure discharges the molten metal of proper
casting temperature from the cooling section
of the conduit simultaneously with the transfer
of an equivalent amount of molten metal to the
superheating section of the conduit.

In its broader aspect, the invention provides
an improved method of conditioning an easily
oxidized metal for casting or the like by trans-
ferring molten metal from beneath the surface
of a hody of the molten metal to an elongated
conduit. Thermal agencies operatively associ-
ated with the conduit bring the molten meétal
therein to a temperature within a predetermined
range. Mollen metal of a temperature within
that range is withdrawn from the conduit as re-
quired for casting or the like simultanesusly with
the aforementioned transfer of an equivalent
amount of moelten mstal to the conduit.

The improved apparatus of the invention is
particularly adapted for carrying out the herein-
kefore described improvements in- conditioning
easily oxidized metals, particularly magnesium
hase metals. :

The novel features of the invention which T
believe $o be patentably characteristic thereof are
set forth in the appended claims. The invention
itself and the construction and operation of ap-
paratus embodying the same will be best under-
stood from the following description taken in con-
junction with the accompanying drawings, in
which,

Fig. 1 is an elevation, partly in section, of an
apparatus embodying one aspect of the inven-
tion, and

Fig. 2 is an enlarged sectional elevation of
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typical superheating and cooling units of the ap-
paratus. ‘ ‘

The molten metal to be cast is confined in a
basin or crucible 5. Metal may be added to the
basin from time to time, as required, by syphon-
ing or in any other suitable manner. The sur-
face of the molten metal in the basin may he
covered by a protective flux if desired. Alterna-
tively, as shown, an enclosed pot may be used.
A pipe 6 having a valve T is threaded into the
cover 8 for the pot, and serves to introduce an
inert gas, such as sulphur dioxide, above the
surface of the molten metal under a pressure suf-
ficiently high to force the molten metal through
a molten metal duct 9 to the superheating duct
or conduit. The duct 8 extends into the body
of molten metal in the pot 5 to a desired depth,
and is covered, exteriorly of the pot, by thermal
insulation (0.

The superheating unit comprises a thermally
insulated tank or the like 11 having an insulated
cover 2. The cooling unit comprises a similar
insulated tank or the like 13 having an insulated
cover {4. Preferably the superheating unit is
positioned directly above the cooling unit, al-
though the two units may bhe positioned side by
side or in any other suitable relative positions.
The tank {1 of the superheating unit is substan-
tially filled with a fused salt bath 15, and the
tank 13 is similarly filled with a fused salt bath
1. Pairs of electrodes IT and {8 extend into
the fused salt baths 15 and {6, respectively, and
are electrically connected to a suitable scurce of
electric energy 19 through thermostatic control

devices 20 and 21, respectively, with which pyrom-

eters 22 and 23. respectively, are operatively as-
sociated. As will be understood by those skilled
in the art, the electrodes 1T and {8 and their
associated thermostatic control devices automati-
cally maintain the fused salt baths {5 and 16 at
predetermined temperatures.

A molten metal conduit 24 is submerged in the
fused salt bath 15, and a similar molten metal
conduit 25 is submerged in the fused salt bath (6.
The conduits 24 and 25 are preferably in the form
of coils, and the lower end of the conduit 25 is
connected to and communicates directly with the
upper end of the conduit 25 by a conduit 26. The
upper end of the conduit 24 is connected to and
communicates directly with the conduit 8. The
lower end of the conduit 25 is connected to a dis-
charge or casting conduit 27 having a gate or
other suitable valve 28. A mold 28, advanta-
geously carried by a conveyor 38, is positioned
under the discharge outlet of the casting conduit
27. The mold 29 may be of any desired type for
casting ingots, slabs, billets or any other cast
form. The conduit 27 is enclosed by a casing 31,
suitably spaced therefrom, and sulphur dioxide or
other suitable inert gas is introduced through a
valved pipe 32 into the snnular space between
the conduit 27 and casing 3! and flows cut of the
open end of this space over the surface of the
molten metal being cast in the mold 29. A hood
33 having a gas exhaust pipe 34 is mounted above
the mold 29.

In the usual operation of the apparatus, the
fused salt bath {5 is thermostatically maintained
at a temperature which heats the molten metal
in the conduit 24 to the contemplated temperature
of superheat, usually from 850 to §50° C. Molten
metal at the temperature of superheat flows
through the connecting conduit 26 into the cool-
ing conduit 25. The temperature of the fused
salt bath (6 is thermostatically controlled to cool
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the superheated molten metal to the proper cast-
ing temperature (e. g. 650 to 850° C.) before i} is
withdrawn from the cooling conduit 25. Obvi-
ously, the fused salt bath 16 absorbs heat from
the superheated molten metal delivered to the
cooling conduit 25, and the heat thus absorbed
may be sufficient to maintain the fused salt bath
at the necessary temperature for effecting the
contemplated cooling of the superheated molten
metal. By correlating the heat absorbed by the
fused salt bath {6 to the heat radiated from the
insulated tank i3, as for example by adjusting
the thermal insulation about the tank, little, if
any, additional heat need be supplied to the bath
16. Indeed, the thermal insulation of the tank
13 may be so effective that the fused salt bath
may have to be artificially cooled in order t¢ cool
the superheated molten metal to the proper cast-
ing temperature. The temperature of “super-
heat” is uniformly and accurately controlled with-
in narrow limits (e. g. within 5° C. or even less)
and the temperature of casting is similarly uni-
fermly and accurately controlled within the same
narrow limits.

The conduits 9, 24, 26 and 25 constitute a con-
tinuous enclosed passage for the flow of molten
metal from the basin 5 to the mold 28, The
molten metal in its passage through these con-
duits is subjected to no oxidizing or other con-
taminating influence. During its passage through
these conduits, the molten metal is “superheated”
and then cooled to the proper casting tempera-
ture. Mogclten metal of the proper casting tem-
perature is withdrawn, by manipulation of the
valve 28, as required for filling the mold 29 and
stucceeding molds as moved into position beneath
the discharge outlet of the casting conduit 27.
The inert gaseous atmosphere above the molten
metal being cast protects the casting against ox-
idation until it has set or solidified to the neces-
sary extent. 'The gas pressure above the surface
of the molten metal in the basin 5 moves the
molten metal stream through the various conduits
when the valve 28 is open. As molten metal of
the proper casting temperature is withdrawn from
the cooling conduit 25, an equivalent amount of
molten metal at the temperature of “superheat”
‘flows into that conduit, and simultaneously an
equivalent amount of molten metal is delivered
to the superheating conduit from the basin 5.
The operations of superheating and cooling are
appropriately adjusted sc that casting is carried
out in a substantially continuous manner, Addi-
tiona! metal may be introduced into the basin,
from time to time as required, by siphoning or
in any other suitable manner. Superheating,
cooling and casting may thus proceed in a sub-
stantially continuous manner so long as the basin
5 contains molten metal.

In the heretofore customary practice of
heating magnesium base metals or alioys, a con-
siderable volume of the molten metal is super-
heated in a pot or crucible, such for example as
the basin 5. This volume of molten metal is
then cooled to the prover casting temperature,
and cast by pouring, ladling or the like. In ac-
cordance with the invention, the molien metal
in the basin 5 is relatively quiescent, molten metfal
is withdrawn from the basin and delivered to the
superheating unit without agitating or distuib-
ing the molten metal in the basin, and is super-
heated only as required for the casting opera-
tion and hence in relatively small volume. Super-
heating proceeds continuously and simultane-
ously with casting. Thus, the invention elimi-

super-
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nates heating large pots to the high tempera-
tures of superheat, thereby extending their life,
and effects a substantial saving in the time
formerly involved in superheating and then
cooling the molten metal, thereby speeding up
general refinery and casting operations. Super-
heating relatively small volumes of the molten
metal, in accordance with the invention, insures
a more uniform product when cast, prevents flux
and oxide inclusions in the ingots or other cast
forms, and enables the production of clean cast-
ings of high purity, as the molten metal in the
basin 5 is not disturbed or agitated during the
operation.

The coiled forms of the conduits 24 and 25 pro-
vide elongated passages for the molten metal in
the superheating and cooling units, respectively.
The conduits have a considerable surface area in
contact with their respective fused baths, thus
facilitating prompt heat transfer. ‘The volu-
metric capacity of the conduits 24 and 25 is
such that an adequate volume of molten metal is
continuously superheated and then cocled as the
molten metal fows through the conduits in g
more or less continuous manner as required for
practically continuous casting.

While I prefer to submerge the superheating
and cocling conduits in fused salt baths whose
temperatures are automatically controlled with-
in narrow limits, other heating and cooling
agencles may be substituted for the fused salt
baths without departing from the spirit of the
invention. In large units, and in smaller units
where necessary, appropriate means may be pro-
vided for agitating or circulating the fused salt
baths in order to maintain the entire body of
each bath at its contemplated operating tempera-
ture. Either the superheating unit or the eocl-
ing unit may be used alone, glthough the full ad-
vantages of the invention are realized by the con-
joint use of the two units as hereinbefore de-
scribed.

Iclaim:

1. The improvement in conditioning an easily
cxidized metal for casting which comprises trans-
ferring molten metal without contact with air
from beneath the surface of a body of the molten
metal to an elongated conduit, heating the
molten metal in the conduit to a temperature
within a predetermined range above the tempera-
ture of the body of molten metal, and withdraw-
ing molten metal at a temperature within said
range irom the conduit simultaneously with the
transfer as aforesaid of an equivalent amount
of molten metal to the conduit.

2. The improvement in conditioning an easily
oxidized metal for casting which comprises trans-
ferring molten metal by the pressure of an inert
gas from beneath the surface of a body of the
molten metal to an elongated conduit, heating
the molten metal in the conduit to a tempera-
ture within a predetermined range above the
temperature of the body of molten metal, and dis-
charging molten metal at a temperature within
said range from the conduit by the aforesaid inert
gaseous pressure simultaneously with the trans-
fer as aforesaid of an equivalent amount of
molten metal to the conduit,.

3. The improvement in conditioning a mag-
nesim base metal for casting which comprises
transferring molten metal without contact with
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air from beneath the surface of a body of molten
metal to an elongated conduit, heating the
molten metal in the conduit to a temperature
within a predetermined range ahove the tem-~
perature of the body of molten metal, and with-
drawing molten metal at a temperature within
said range from the conduit simultaneously with
the transfer as aforesaid of an equivalent amouns
¢f molten metal to the conduit.

4. The improvement in conditioning a mag-
nesium base metal for casting which comprises
transferring molten metal by the pressure of an
inert gas from beneath the surface of a body of
the molten metal to an elongated conduit, heat-
ing the molten metal in the conduit to a tem-
perature within a predetermined range above the
temperature of the body of molten metal, and
discharging molten metal at a temperature with-
in said range from the conduit by the aforesaid
inert gaseous pressure simultaneously with the
transfer as aforesaid of an equivalent amount
of molten metal to the conduit.

5. The improvement in conditioning a mag-
nesium base metal for casting which comprises
intreducing the molten metal into an elongated
conduit having a superheating section in direct
communication with a cooling section, heating
the molten metal in the superheating section to
a temperature substantially above the proper
casting temperature of the metal, cooling the
molten metal in the cooling section to the proper
casting temperature, and withdrawing molten
metal of the proper casting temperature from the
cooling section simultaneously with the intro-
duction as aforesaid of an eguivalent amount of
molten metal into the superheating section.

6. The improvement in conditioning a mag-
nesium base metal for casting which comprises
transferring molten meta] from beneath the sur-
face of a body of the molten metal to an elon-
gated conduit having a superheating section in
direct communication with g cooling section,
heating the molten metal in the superheating
section to a temperature substantially above the

45 Droper casting temperature of the metal, cocling

the molten metal in the cooling section to the
proper casting temperature, and withdrawing
molten metal of the proper casting temperature
from the cooling section simultaneously with the

50 transfer as aforesaid of an equivalent amount

of molten metal to the superheating section of
the conduit.

7. The improvement in conditioning a mag-
hesium base metal for casting which comprises

55 transferring molten metal by the pressure of an

inert gas from beneath the surface of a body of
the molten metal to an elorgated conduit having
a superheating section in direct communication
with a cooling section, heating the molten metal
in the superheating section to a temperature
substantially above the proper casting tempera-~
ture of the metal, cooling the molten metal in
the cooling section to the proper casting tem-
perature, and discharging molten metal of the

5 Proper casting temperature from the cocling sec-
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tion by the aforesaid inert gaseous pressure simul-
taneously with the transfer as aforesaid of an
equivalent amount of molten meta] to the super-
heating section of the conduit.

ELLIS C. LYONS.




