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@ Die casting process for producing high mechanical performance components via injection of a

semiliquid metal alloy.

@ A die casting process, in particular, for produc-
ing light alloy internal combustion engine compo-
nents, whereby a metal alloy in pigs, possibly con-
faining ceramic particles, is melted and cast in semi-
liquid form into ingots (8), by feeding it, as it solidi-
fies and under laminar flow conditions, through a
static mixer (3). The ingots are then divided, e.g. cut,
into smaller ingots (12), each of the same weight as

Fig.1

the component for casting, which are heated fo
paste form in a furnace at a temperature within the
solidification range of the alloy, and then fed one at
a time into the injection chamber (20) of a die
casting machine by which the semiliquid alloy of
which the ingot is formed is injected into a mold
(22).

Fig.2
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The present invention relates to a die casting
process for producing internal combustion engine
components from a light alloy, in particular, alumin-
ium alloy to which ceramic particles are added.

ltalian Patent n.1.119.287 filed on 20 June,
1979, and entitled: "Process and device for prepar-
ing a metal alloy mixture comprising a solid and
liquid phase", the content of which is incorporated
herein purely by way of reference as required,
relates to a static mixer consisting of a cylindrical
runner housing a series of helical blades, for cast-
ing and partially solidifying a metal alloy as it is fed
through the mixer, while at the same time mixing
the newly formed solid phase with the remaining
liquid phase. This produces, at the output of the
mixer, a relatively low-viscosity solid/liquid mixture
in which the solid phase of the alloy is uniformly
suspended in the liquid alloy.

For the solid/liquid mixture to remain stable
long enough for ladling and casting, it must be
produced under steady fluid dynamic conditions,
with accurate, rapid control of the physical and
dynamic parameters involved in the casting pro-
cess (temperature, alloy cooling rate, speed
through the mixer, efc.). For this purpose, the
present Applicant has perfected a semiliquid cast-
ing process as described in ltalian Patent Applica-
tion n.67 627-A/89, filed on 25.07.1989, and en-
titled: "Continuous semiliquid casting process and
furnace”, the content of which is incorporated here-
in purely by way of reference as required. Accord-
ing to the above process, the static mixer is con-
nected to a pressurized tiltable reverberatory fur-
nace, for casting under steady conditions, and is
equipped with a barometric column enabling it fo
be refilled without interrupting or affecting steady
flow of the casting.

Metal alloys produced using semiliquid casting
processes as described above are said to be
"rheocast", and present particularly good micro-
structural characteristics. Rheocast light alloys, in
fact, have recently be found to present a globular
as opposed to a traditional dendritic microstructure,
thus resulting in improved fluid dynamic character-
istics (temperatures within the solidification range).
Despite the above advantages, however, known
semiliquid casting processes have yet to be ap-
plied to the manufacture of internal combustion
engine components, which, for cost reasons, are
normally die cast. A major drawback of die casting
is the formation of blowholes in the casting, result-
ing from the turbulence produced by the high
speed at which the liquid alloy is injected. Another
drawback is inevitable shrinkage of the casting as it
solidifies, and which is proportional to the tempera-
ture at which the alloy is injected (which, for liquid
aluminium alloy is usually 700° C). Though cheap
to produce, the poor quality of current die cast
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components therefore makes the use of finer qual-
ity alloys unfeasible.

Apart from the fact that they cannot be used
for die casting, the above consideration also ap-
plies to various recently marketed alloys reinforced
with ceramic particles to give 20 to 30% greater
mechanical strength as compared with nonreinfor-
ced alloys of the same type. In fact, even assuming
the reinforcing particles (which, being ceramic, melt
at a much higher temperature than light alloy)
could be maintained evenly dispersed in the mol-
ten alloy, e.g. by stirring it, the problem still re-
mains of preventing the particles from separating
from the alloy and accumulating in one part of the
casting by force of gravity and, more especially,
the dynamic thrust exerted on the particles as the
molten alloy is fed, in this case, under turbulent
flow conditions, through the gate.

It is an object of the present invention to pro-
vide a process enabling low-cost manufacture of
metal alloy die castings with substantially no de-
fects, and using fine quality metal alloys, possibly
also containing uniformly dispersed ceramic re-
inforcing elements.

According to the present invention, there is
provided a process for producing die castings, in
particular, light alloy internal combustion engine
components, characterized by the fact that it com-
prises stages consisting in:

- melting a metal alloy until it is fully liquid;

- casting said metal alloy in semiliquid form by
feeding it, as it solidifies and under laminar
flow conditions, through a static mixer for
mixing the liquid alloy uniformly with a solid
phase, which separates from the liquid alloy
to produce a temporary stable solid-liquid
suspension at the output of the mixer;

- solidifying said solid-liquid suspension into
rheocast ingots wherein the metal alloy
presents a globular micrographic structure;

- dividing said rheocast ingots into a number of
ingots of predetermined weight;

- heating said ingots to a temperature within
the solidification range of said metal alloy, fo
convert the globular-structure metal alloy into
paste form;

- feeding said ingots, one at a time, into the
injection chamber of a die casting machine;
and

- injecting said globular-structure alloy, heated
to a temperature within the solidification
range of the alloy, into a mold.

According to the present invention, there is
also provided a process for die casting aluminium
alloy, characterized by the fact that it consists in
heating an ingot, produced by casting said alloy in
semiliquid form to produce a globular micrographic
structure of the alloy, to a temperature within the
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solidification range of the alloy and such as fo
reduce the alloy to a highly viscous, semiliquid
form; and in subsequently exerting mechanical
pressure on the ingot.

A non-limiting embodiment of the present in-
vention will be described by way of example with
reference to the accompanying drawings, in which:

Fig.s 1 and 2 show schematic views of the
various stages in the process according to the
present invention;

Fig.s 3 and 4 show respective microphotographs
of the same metal alloy before and after certain
stages in the process according to the present
invention.

With reference to Fig.s 1 and 2, pigs 1 of a
metal alloy, in the example shown, light aluminium-
based casting alloy UNI 3600 (UNI coding) are first
melted normally in a known pot furnace 2. Accord-
ing to a preferred embodiment of the present in-
vention, the initial alloy is A356, a casting alloy
produced and marketed by ALCAN of San Diego
(CA) U.S.A., which presents a nominal matrix of
93% Al and 7% Si in which is dispersed uniformly
a ceramic phase consisting, in this case, of SiC
(silicon carbide) particles. These, with a volumetric
percentage of 20% for a given composition, pro-
vide for a roughly 30% improvement in the me-
chanical characteristics of the alloy and, in particu-
lar, a roughly 35% reduction in thermal expansion,
which is thus similar to that of steel. In this case,
furnace 2 is equipped with a known mechanical
mixer 3 (or other similar known means not shown
for the sake of simplicity) for maintaining the SiC
particles uniformly dispersed in the molten alloy.

Once the initial alloy is fully liquefied (except
for any suspended SiC particles, which melt at a
much higher temperature than the alloy), the result-
ing liquid phase 4 (possibly also containing solid
SiC particles) is fed into a pressurized rocking
furnace 6 as described in ltalian Patent Application
n. 67627-A/89, filed by the present Applicant on
25.07.1989, and the content of which is incorpo-
rated herein purely by way of reference as re-
quired; which furnace 6 is connected to a known
static mixer 7 as described in ltalian Patent n.
1.119.287 filed on 20 June, 1979, and the content
of which is also incorporated herein purely by way
of reference as required.

Liquid phase 4 is then cast as described in the
above patents, the mixer 7 being cooled so as fo
separate from liquid phase 4, as it is fed through
mixer 7, a solid phase (not shown) which gradually
increases as the alloy is cooled through mixer 7,
and which is mixed uniformly with liquid phase 4 to
produce a temporary stable solid-liquid suspension
8 at the output of mixer 7. During this stage, any
solid SiC particles in the original alloy are also
mixed continually with liquid phase 4 in mixer 7 to
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form an integral part of suspension 8 with no risk of
the particles being segregated.

Suspension 8 is cast, for example, in an ingot
mold 10 to produce an ingot 11 consisting of the
original metal alloy, and possibly also containing
dispersed SiC particles, but which, due to being
cast in semiliquid form, presents an entirely dif-
ferent crystal structure. In pig 1 form, for example,
a UNI 3600 alloy presents a dendritic structure as
shown in Fig.3, whereas, when rheocast (i.e. cast in
semiliquid form through mixer 7) and solidified, the
same alloy presents a globular structure as shown
in Fig.4.

Ingot 11 is then divided, e.g. cut mechanically
using known means, such as a circular saw, into a
number of smaller ingots 12, each, including the
feedhead and channels, roughly equal to the
weight of the component for casting, and which are
fed, in stainless steel containers 13 (Fig.2), into an
electric resistance furnace 14, preferably specially
designed and equipped with automatic robot han-
dling devices 15, where they are heated (for 50-60
minutes) to a temperature within the solidification
range of the initial metal alloy. The rheocast
globular-structure alloy of ingots 12 (with or without
uniformly dispersed SiC particles) thus assumes a
semiliquid state having, in the example shown, a
liquid phase percentage of roughly 50% by vol-
ume, i.e. substantially the same as at the semi-
liquid casting stage through mixer 7.

When cast through mixer 7, however, the semi-
liquid alloy, by virtue of mixer 7, presents at most a
viscosity of a few P, whereas, in ingot 12 form, by
appropriately selecting the chemical composition
and the heating temperature within the solidification
range of the initial alloy (roughly 580° C for alumin-
ium alloys), the same semiliquid alloy, but with a
globular structure and heated to said temperature
within the solidification range of the initial alloy, has
been found to present substantially pseudoplastic
rheologic characteristics and a viscosity at rest of
about 107 P. At the output of furnace 14, the alloy
of ingots 12 therefore presents a pasty, pudding-
like consistency preventing the segregation of any
solid ceramic particles, which thus remain uniform-
ly dispersed in the alloy, and enabling ingots 12 to
maintain their shape.

Ingots 12 processed as described above are
then fed one at a time on fo a known die casting
machine 18 (not described in detail) fitted with the
same molds normally used for liquid alloys, with
the exception of the gates, the thickness of which
is increased from 0.8:1 mm to 2:2.5 mm to assist
throughput of the semiliquid alloy. The semiliquid
ingot 12 is fed into a known injection chamber 20
on machine 18, where it is subjected by a piston
21 to a predetermined mechanical pressure, equal
to that usually employed for die casting liquid
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alloys, e.g. 650 Kg/cm?, and injected into a mold
22 where the alloy solidifies to produce a finished
casting 25 consisting, for example, of an internal
combustion engine component, such as an injec-
tion manifold.

By virtue of the semiliquid form in which it is
fed into chamber 20, however, the alloy, as com-
pared with a liquid alloy of the same composition,
presents a much higher viscosity and, therefore, a
very low Reynolds number, thus enabling injection
under laminar flow conditions, as opposed to turbu-
lent flow conditions typical of known liquid alloy die
casting processes. The high viscosity at rest com-
bined with laminar-flow injection of the alloy pro-
vides, on the one hand, for preventing the inclusion
of air bubbles and the formation of blowholes in the
finished casting, and, on the other, for preventing
the segregation of any solid ceramic particles con-
tained in the semiliquid alloy fed on to machine 18,
which particles therefore remain uniformly dis-
persed both in the semiliquid alloy injected into
mold 22 and in the finished casting 25. Nor is the
injection stage in any way hampered by the high
viscosity at rest of the semiliquid globular alloy,
which, being pseudoplastic, reduces its viscosity,
when subjected to pressure by piston 21, to a P
value of a few tens, compatible with low energy
consumption of machine 18.

Claims

1. A process for producing die castings, in par-
ticular, light alloy internal combustion engine
components, characterized by the fact that it
comprises stages consisting in:

- melting a metal alloy until it is fully liquid;

- casting said metal alloy in semiliquid
form by feeding it, as it solidifies and
under laminar flow conditions, through a
static mixer for mixing the liquid alloy
uniformly with a solid phase, which sepa-
rates from the liquid alloy to produce a
temporary stable solid-liquid suspension
at the output of the mixer;

- solidifying said solid-liquid suspension
into rheocast ingots wherein the metal
alloy presents a globular micrographic
structure;

- dividing said rheocast ingots into a num-
ber of ingots of predetermined weight;

- heating said ingots to a temperature with-
in the solidification range of said metal
alloy, to convert the globular-structure
metal alloy into paste form;

- feeding said ingots, one at a time, info
the injection chamber of a die casting
machine; and

- injecting said globular-structure alloy,
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heated to a temperature within the solidi-
fication range of the alloy, into a mold.

A process as claimed in Claim 1, characterized
by the fact that said ingots are produced by
mechanically cutting said rheocast ingots, and
each present the same weight as the compo-
nent for casting.

A process as claimed in Claim 1 or 2, char-
acterized by the fact that said ingots are fed,
inside respective stainless steel containers,
into a preheating furnace in which they are
heated to said temperature within the solidifica-
tion range of the metal alloy.

A process as claimed in any one of the fore-
going Claims, characterized by the fact that
said temperature within the solidification of
said alloy and the chemical composition of
said alloy are so selected that said globular-
structure alloy heated to a temperature within
the solidification range of the alloy assumes
substantially pseudoplastic rheologic character-
istics and a viscosity at rest of about 107 P.

A process as claimed in Claim 4, characterized
by the fact that, during said injection stage,
said metal alloy comprises a solid phase and a
liquid phase; said solid phase being equal to at
least 50% by volume.

A process as claimed in any one of the fore-
going Claims, characterized by the fact that
said melting stage consists in melting pigs of
aluminium alloy containing a predetermined
percentage of a finely dispersed ceramic ma-
terial phase; and is conducted in a pot furnace
equipped with mixing means.

A process as claimed in Claim 6, characterized
by the fact that said ceramic phase consists of
silicon carbide particles.

A process for die casting aluminium alloy,
characterized by the fact that it consists in
heating an ingot, produced by casting said
alloy in semiliquid form to produce a globular
micrographic structure of the alloy, to a tem-
perature within the solidification range of the
alloy and such as to reduce the alloy to a
highly viscous, semiliquid form; and in subse-
quently exerting mechanical pressure on the
ingot.

A process as claimed in Claim 8, characterized
by the fact that it employs molds having a gate
at least 100% larger than normal size.
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10. A process as claimed in Claim 8 or 9, char-
acterized by the fact that it employs an alumin-
ium alloy containing a uniformly dispersed ce-
ramic material phase.
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