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(54) METHOD FOR PRODUCING METAL-BASED COMPOSITE MATERIAL

(57) A method for producing a metal based compos-
ite material comprising a matrix metal containing a rein-
forcing filler in at least a part thereof, characterized as
comprising (1) charging at least one reinforcing filler in
the form of fibers or particles and at least one penetra-
tion-enhancing metal into an aluminum container, (2)

submerging the aluminum container in the state of hav-
ing an oxygen-containing gas remaining therein into a
melt of a matrix metal comprising an aluminum alloy or
a magnesium-aluminum alloy, (3) dissolving the alumi-
num container in the matrix melt, to thereby render the
melt of the matrix metal to penetrate into the reinforcing
filler, and then (4) solidifying the melt of the matrix metal.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
producing a metal-based composite material compris-
ing an aluminum alloy, etc., as a matrix, particularly to
a method for producing a metal-based composite mate-
rial by pressureless impregnation.

PRIOR ART

[0002] Metal-based composite materials are com-
posed of a combination of matrix metals having basic
properties such as strength, ductility, toughness, etc.,
and various reinforcing fillers. In many cases, because
they contain reinforcing fillers such as long or short fib-
ers, particles, etc. of ceramics, having moldability and
thermal conductivity of the matrix metals themselves
and rigidity, wear resistance, low thermal expansion co-
efficient, etc. of the reinforcing fillers, they are widely
used in various applications such as parts of transpor-
tation vehicles that are becoming lighter in weight, and
circuit boards, etc. of electronics parts requiring low
thermal expansion coefficients.
[0003] Among the metal-based composite materials,
there are dispersion-strengthened composite materials
having reinforcing fillers such as ceramics, etc., dis-
persed in alloy matrices such as aluminum, magnesium,
etc. Particularly aluminum alloys are widely used as ma-
trices for the composite materials because of their light-
ness in weight and low cost.
[0004] Dispersion-strengthened composite materials
comprising light alloys such as aluminum alloys, mag-
nesium alloys, etc. as matrices not only are light in
weight because of the light alloys, but also have various
improved properties such as strength, rigidity, wear re-
sistance, thermal expansion coefficient, density, high
temperature strength, etc. because of the inclusion of
the reinforcing fillers. How much their properties are im-
proved largely depends on the proportions of alloy com-
ponents and reinforcing fillers, the shapes and sizes of
reinforcing fillers, and treatment methods for producing
the dispersion-strengthened composite materials.
[0005] There have conventionally been various meth-
ods for producing composite materials comprising light
alloys as matrices, and these production methods are
mainly classified into a powder metallurgy method, a
melt-stirring method and an infiltration method.
[0006] The powder metallurgy method comprises
mixing a powdery matrix metal with a reinforcing filler
such as long or short fibers, particles, etc., molding the
resultant mixture at room temperature, and then sinter-
ing or hot pressing the resultant green body to produce
a composite material. Because the powder metallurgy
method usually comprises press molding, it is not suit-
able for products having complicated shapes, and thus
inevitably directed to products having relatively simple

shapes. Also, because the molding is carried out at high
temperature and high pressure, it is disadvantageous in
high cost for particularly large products.
[0007] The melt-stirring method comprising adding a
reinforcing filler to a molten metal, and stirring the mix-
ture at a high speed for a long period of time to disperse
the reinforcing filler in the matrix metal melt, thereby pro-
ducing a composite material. Though this method can
produce large amounts of composite material ingots at
a relatively low cost, it is extremely difficult to provide
partially composite material products.
[0008] The infiltration method comprises infiltrating a
molten metal into space between reinforcing fillers,
thereby producing a composite material. This method
can produce composite materials having complicated fi-
nal shapes. However, to infiltrate an aluminum alloy into
space between SiC particles, for instance, the SiC par-
ticles should have good wettability with the aluminum
alloy. "Good wettability" is a characteristic that a liquid
has a small contact angle to a solid, meaning that the
liquid is easily spread on a solid surface. However, be-
cause SiC particles have poor wettability with the alu-
minum alloy, the infiltration of the aluminum alloy into
gaps between SiC particles does not occur spontane-
ously at atmospheric pressure. Namely, SiC particles
are repelled by the aluminum alloy melt, failing to pro-
vide a homogeneous composite material.
[0009] The infiltration methods include a pressurized
infiltration method in which a matrix metal melt is infil-
trated into a porous green body of a reinforcing filler
such as ceramics, etc. at high pressure to produce a
composite material, and a pressureless infiltration meth-
od in which a matrix metal melt is infiltrated into gaps of
a reinforcing filler without pressure to produce a com-
posite material.
[0010] In the pressurized infiltration method, because
a melt of a light alloy such as aluminum is infiltrated into
a green body of a reinforcing filler at high pressure, a
partially composite material can be obtained. For in-
stance, Japanese Patent Publication No. 6-38968 pro-
poses a method for producing a metal-reinforcing filler
composite material comprising compression-molding a
mixture of fine pieces of an oxide of the first metal (for
instance, NiO powder) and a reinforcing filler (for in-
stance, silicon carbide whisker) to form a porous body,
and causing a melt of the second metal (matrix metal),
for instance, an aluminum melt, having a larger tenden-
cy to form an oxide than the first metal to infiltrate into
the porous body under pressure. However, this method
is disadvantageous in that because a uniform mixture
of fine pieces of an oxide of the first metal and the rein-
forcing filler is compression-molded to form a porous
body, and causing a matrix metal melt to infiltrate into
the porous body by using a high-pressure casting appa-
ratus, it is disadvantageous in high production cost.
Thus, this method cannot produce a composite material
without pressure, the casting method being limited to a
high-pressure casting method or a centrifugal casting
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method.
[0011] As an example of a pressureless infiltration
method, Japanese Patent 2,801,302 discloses a so-
called PRIMAX™ method in which a matrix metal of alu-
minum, etc. is infiltrated into a reinforcing filler without
pressure to produce a metal-reinforcing filler composite
material. Specifically, this method comprises placing a
mixture or its preform of an infiltration accelerator such
as magnesium powder, etc., and reinforcing filler of a
silicon carbide, etc. in a non-reactive container; dispos-
ing a matrix metal adjacent to the mixture or its preform;
placing both in a furnace; filling the furnace with a nitro-
gen gas atmosphere; keeping the furnace at about
675-1200°C to spontaneously infiltrate a molten matrix
metal into the reinforcing filler, thereby producing a met-
al-reinforcing filler composite material. It is considered
that the infiltration accelerator functions to react with a
nitrogen gas to improve the wettability of a reinforcing
filler surface, thereby accelerating the spontaneous in-
filtration of the molten matrix metal into the reinforcing
filler.
[0012] However, because the composite material is
produced in a nitrogen atmosphere in the method of
Japanese Patent 2,801,302, a furnace with a gas-sub-
stituting means is needed, and the heating temperature
should be about 675°C or higher, the production cost of
the metal-reinforcing filler composite material is ex-
tremely high, making it difficult to put the metal-reinforc-
ing filler composite material into practical use. Further,
Japanese Patent 2,801,302 discloses only specific ex-
amples of matrix metal-reinforcing filler composite ma-
terials in which the reinforcing filler is dispersed substan-
tially entirely, failing to provide any specific examples of
partially composite materials,
[0013] Japanese Patent 2,905,519 proposes a meth-
od for producing a metal matrix composite body com-
prising charging SiC powder, etc., as a reinforcing filler
and magnesium powder as an infiltration accelerator in-
to a copper mold; sealing one end of the copper mold
with a copper foil; substituting the atmosphere inside the
copper mold with nitrogen; and immersing the copper
mold in a molten matrix metal (for instance, magnesium-
containing aluminum alloy melt) at about 750°C for
about one hour to produce a metal matrix composite ma-
terial. During immersion in the molten aluminum alloy,
the copper mold and the copper foil are melted, resulting
in the spontaneous infiltration of the molten aluminum
alloy in the filler.
[0014] In this method, too, like Japanese Patent
2,801,302, the infiltration accelerator appears to im-
prove the wettability of a reinforcing filler surface, accel-
erating the spontaneous infiltration of the molten alumi-
num alloy into the reinforcing filler, thereby producing
the composite material. However, the copper mold and
the copper foil are melted in the matrix metal melt, the
composition of the matrix metal melt undesirably varies.
Also, an apparatus for substituting the atmosphere in-
side the copper mold and the copper foil with nitrogen

is needed, and the heating temperature should be at
least about 675°C. Accordingly, the resultant metal-re-
inforcing filler composite materials suffer from high cost,
making their practical use difficult. Further, Japanese
Patent 2,905,519 discloses only examples for obtaining
matrix metal-reinforcing filler composite materials hav-
ing substantially overall reinforcing fillers dispersed
therein, failing to disclose examples of partially compos-
ite materials at all.
[0015] U.S. Patent 3,364,976 discloses a method
comprising immersing a mold having at least one open-
ing and containing a gas (for instance, a gas containing
oxygen and nitrogen such as air) having reactivity with
molten magnesium in a melt of magnesium as a matrix
metal; causing the magnesium melt to react with oxygen
and nitrogen existing in a mold cavity to generate a re-
duced pressure state inside the mold; and filling the
mold with a matrix metal melt by suction effects by the
reduced pressure. U.S. Patent 3,364,976 further dis-
closes that this method is applicable to Al-Mg alloys.
[0016] However, in the method of U.S. Patent
3,364,976, the matrix metals infiltratable into reinforcing
fillers are substantially limited to magnesium or Al-Mg
alloys, with only specific examples using an Al-5%Mg
alloy melt to produce composite materials. Further, be-
cause the reinforcing filler is charged into a mold made
of steel, graphite, glass, etc., and because the mold is
immersed in a molten matrix metal, when composite
materials partially reinforced with fillers are sought, the
mold remains in a boundary between the matrix metal
and the metal-reinforcing filler composite material, un-
suitable for practical use.

OBJECT OF THE INVENTION

[0017] Accordingly, an object of the present invention
is to provide a method for producing a metal-based com-
posite material at a low cost without using a nitrogen
atmosphere, by infiltrating a matrix metal melt into space
between reinforcing fillers without pressure and at a rel-
atively low temperature.
[0018] Another object of the present invention is to
provide a method for producing a metal-based, partially
composite material by bringing part of the product com-
posite with reinforcing fillers by pressureless infiltration.

SUMMARY OF THE INVENTION

[0019] As a result of intense research in view of the
above objects, the inventors have found that by charg-
ing a reinforcing filler in the form of fibers or particles
and an infiltration-accelerating metal in the form of pow-
der, chip, foil, plate or bulk into an aluminum container;
introducing this container into a matrix metal melt or dis-
posing this container in a die or a casting mold; pouring
a matrix metal melt thereinto; and bringing the inside of
the container into contact with the matrix metal melt in
a state where the inside of the container is shut off from
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the outside atmosphere, the infiltration-accelerating
metal is caused to react with an oxygen-containing ni-
trogen gas in the container, thereby spontaneously gen-
erating a reduced pressure state in the container, such
that the matrix metal melt is sucked into the container
to infiltrate the matrix metal melt into space between re-
inforcing fillers at a relatively low temperature without
control of atmosphere and pressure. The present inven-
tion has been completed based on this finding.
[0020] Thus, the method for producing a metal-based
composite material comprising a matrix metal contain-
ing at least partially a reinforcing filler according to the
present invention comprises (1) charging at least one
reinforcing filler in the form of fibers or particles and at
least one infiltration-accelerating metal into an alumi-
num container; (2) immersing the aluminum container
in a melt of a matrix metal made of an aluminum alloy
or a magnesium-aluminum alloy in a state that an oxy-
gen-containing nitrogen gas remains in the aluminum
container; (3) melting the aluminum container in the ma-
trix metal melt, so that the matrix metal melt is infiltrated
into the reinforcing filler, and then (4) solidifying the ma-
trix metal melt.
[0021] In a preferred embodiment of the present in-
vention, the aluminum container is introduced into a ma-
trix metal melt in a crucible. In another preferred embod-
iment of the present invention, the aluminum container
is disposed in a cavity of a die or a mold at a predeter-
mined position in advance, and the matrix metal melt is
charged into the cavity.
[0022] In a preferred embodiment of the present in-
vention, an aluminum foil is used as the aluminum con-
tainer, and a mixture of the reinforcing filler and the in-
filtration-accelerating metal is completely wrapped by
the aluminum foil. In a further preferred embodiment of
the present invention, an aluminum can with a lid is used
as the aluminum container, and after charging a mixture
of the reinforcing filler and the infiltration-accelerating
metal into the aluminum can, the aluminum can is closed
by the lid.
[0023] By disposing the aluminum container in the
matrix metal melt at a predetermined position, it is pos-
sible to provide a metal-based composite material
whose predetermined portion is only composite with the
reinforcing filler. Instead, it is also possible to uniformly
disperse the reinforcing filler in the matrix metal melt by
stirring the matrix metal melt after the matrix metal melt
is infiltrated into the reinforcing filler.
[0024] The oxygen-containing nitrogen gas is prefer-
ably air. The space percentage of the container [(volume
of oxygen-containing nitrogen gas / inside volume of
container) x 100%] is preferably 30-70%.
[0025] The infiltration-accelerating metal is preferably
at least one metal selected from the group consisting of
magnesium, calcium, zirconium and alloys containing
these metals, particularly pure magnesium or magnesi-
um alloy. Also, the infiltration-accelerating metal is pref-
erably in the form of at least one selected from the group

consisting of powder, chip, foil, plate and bulk.
[0026] The matrix metal is preferably an aluminum al-
loy or a magnesium-aluminum alloy. The temperature
of the matrix metal melt is preferably between Tm and
Tm + 40°C, wherein Tm is the liquidus point of the matrix
metal. The reinforcing filler is preferably constituted by
ceramics, particularly SiC particles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a schematic view showing an apparatus
used for the method for producing the metal-based
composite material in EXAMPLE 1;
Fig. 2 is a schematic view showing an apparatus
used for the method for producing the metal-based
composite material in EXAMPLE 4;
Fig. 3 is a schematic view showing an apparatus
used for the method for producing the metal-based
composite material in EXAMPLE 5;
Fig. 4 is a schematic view showing an apparatus
used for the method for producing the metal-based
composite material in EXAMPLE 6;
Fig. 5 is a schematic view showing an apparatus
used for the method for producing the metal-based
composite material in EXAMPLE 7;
Fig. 6 is a graph showing the variations of pressure
and temperature inside the aluminum container in
EXAMPLE 1; and
Fig. 7 is a photomicrograph (x 200) showing a cross
section structure of a matrix metal-reinforcing filler
composite portion of the metal-based composite
material produced in EXAMPLE 4.

DESCRIPTION OF THE BEST MODE

[1] Principle of the present invention

[0028] With an aluminum container filled with a rein-
forcing filler and an infiltration-accelerating metal (for in-
stance, magnesium) in a sealed state, keeping this con-
tainer in a matrix metal melt results in the sublimation of
magnesium as an infiltration-accelerating metal by the
temperature of the matrix metal melt, causing the fol-
lowing reaction between magnesium and an oxygen-
containing nitrogen gas (for instance, air) in the alumi-
num container, forming oxide and nitride and consuming
oxygen and nitrogen (air):

and

2Mg + O2 → 2MgO,

3Mg + N2 → Mg3N2.
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Because the aluminum container in which this reacting
takes place is immersed in the matrix metal melt, it is
not communicating with the outside atmosphere, free
from the air entering from outside, spontaneously gen-
erating reduced pressure in the aluminum container.
When the aluminum container is melted in the matrix
metal melt in this state, the matrix metal melt is infiltrat-
ed, namely is caused to penetrate, into space or gaps
between the reinforcing fillers, even though there is sub-
stantially no pressure applied from outside. Further, be-
cause the resultant Mg3N2 has good wettability with the
aluminum melt, the infiltration of the matrix metal melt
is accelerated when the matrix metal is an aluminum al-
loy.
[0029] Oxygen contained in a gas in the aluminum
container has higher reactivity with magnesium than ni-
trogen. Accordingly, the degree of evacuation in the alu-
minum container is higher when the atmosphere in the
aluminum container is an oxygen-containing nitrogen
gas than when it is a nitrogen gas atmosphere. Because
the present invention uses an oxygen-containing nitro-
gen gas such as air, the degree of infiltration of the ma-
trix metal melt is higher in the present invention than in
Japanese Patent 2,905,519 in which a nitrogen gas is
used, with lower production cost of the composite body.
[0030] When the reinforcing filler is in the form of par-
ticles, pressure difference ∆P for initiating the infiltration
of the matrix metal melt into the reinforcing filler particles
is represented by the following Laplace equation [1]:

σ: surface tension of the matrix metal melt,
θ: contact angle (180 > θ > 0) of the matrix metal melt

to the reinforcing filler,
α: constant, and
D: particle size of the reinforcing filler.

[0031] The equation [1] indicates that in order that the
wettability of the reinforcing filler with the matrix metal
melt is improved by surface improvement, etc. of the re-
inforcing filler particles, the infiltration of the matrix metal
melt occurring spontaneously, the condition of ∆P < 0,
namely, cos θ > 0 should be met. However, in a combi-
nation of ceramics and an aluminum alloy melt, in gen-
eral, it is extremely difficult to achieve the condition of
cos θ > 0, with ∆P > 0 in a usual temperature range pro-
ducing metal-based composite materials. When the
condition of ∆P < 0, namely, cos θ > 0 is achieved, the
smaller D (particle size of the reinforcing filler) in the
equation [1], the larger the absolute value of ∆P, mean-
ing larger likelihood of the infiltration of the matrix metal
melt.
[0032] However, the inventors have confirmed that
the larger the particle size of the reinforcing filler (the
larger the space between the reinforcing filler), the more
easily the infiltration of the matrix metal melt takes place.

∆P = - 4σ cosθ
αD

------------------------- [1]

This means that what the method of the present inven-
tion utilizes is not restricted to improvement in wettabil-
ity. Accordingly, the generation of reduced pressure in
the container greatly contributes to the spontaneous in-
filtration of the matrix metal melt into the reinforcing filler.
Namely, in the present invention, by synergy effects of
(a) reacting the infiltration-accelerating metal in the con-
tainer with oxygen and nitrogen to generate a reduced
pressure state in the container, and (b) improving the
wettability of the reinforcing filler with the matrix metal
melt, the matrix metal melt is spontaneously infiltrated
into the reinforcing filler.

[2] Materials

(1) Reinforcing filler

[0033] The reinforcing filler may be selected from ce-
ramics of SiC, Al2O3, SiO2, AlN, TiC, TiO2, ZrO2, Si3N4,
sialon, etc. The reinforcing filler may be used in various
forms of long or short fibers, particles, etc., and various
shapes of reinforcing fillers may be combined. When the
reinforcing filler is in the form of particles, its average
particle size is preferably about 1-1000 µm, more pref-
erably about 10-100 µm. Also when it is in the form of
fibers, its fiber diameter is preferably about 0.1-1000
µm, more preferably about 1-100 µm. The reinforcing
filler, when dispersed in the matrix metal, imparts excel-
lent properties such as high rigidity and high wear re-
sistance, etc. to the matrix metal.

(2) Infiltration-accelerating metal

[0034] The infiltration-accelerating metal mixed with
the reinforcing filler is preferably pure magnesium or a
magnesium alloy, though calcium, zirconium or alloys
containing these metals may also be used. The infiltra-
tion-accelerating metal is preferably in at least one
shape selected from the group consisting of powder,
chip, foil, plate and bulk.

(3) Aluminum container

[0035] With an aluminum alloy or a magnesium-alu-
minum alloy as a matrix metal melt, the use of an alu-
minum container is preferable because the composition
variations of the matrix metal melt do not occur unlike
Japanese Patent 2,905,519. Though there is an alumi-
num oxide film on a surface of the aluminum container,
which is not melted at a temperature of a matrix metal
melt, this oxide film is reduced to easily meltable alumi-
num, when the infiltration-accelerating metal is oxidized
in the container. Accordingly, holes are formed in the
aluminum container in the matrix metal melt, so that the
melt enters into the aluminum container.
[0036] The aluminum container may have any struc-
ture, as long as (a) it can hold a reinforcing filler and an
infiltration-accelerating metal, (b) when immersed in the
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matrix metal melt, it is substantially sealed to the outside
atmosphere, and (c) it can keep its initial shape until the
inside of the aluminum container reaches sufficiently re-
duced pressure to cause the matrix metal melt enter into
the reinforcing filler. Specifically, the aluminum contain-
er may be a cylindrical can with a lid, a sealable capsule,
or a foil capable of completely wrapping a mixture of the
reinforcing filler and the infiltration-accelerating metal.
[0037] In the present invention using an aluminum
container meltable in a matrix metal melt, container ma-
terials do not remain in boundaries between the matrix
metal and the composite material unlike U.S. Patent
3,364,976 using a steel mold, a graphite mold, a glass
mold, etc.

(4) Matrix metal

[0038] The matrix metal, to which the pressureless in-
filtration method of the present invention is applicable,
is preferably an aluminum alloy, though a magnesium-
aluminum alloy can also be used. In the case of the mag-
nesium-aluminum alloy, the percentage of aluminum is
preferably 1% by weight or more, more preferably 3%
by weight or more to minimize the variations of a matrix
alloy composition due to the melting of the aluminum
container.
[0039] By using an aluminum container as a container
for holding a mixture of the reinforcing filler and the in-
filtration-accelerating metal, and by making the atmos-
phere in the container an oxygen-containing nitrogen
gas, the present invention utilizes not only the nitriding
reaction of the infiltration-accelerating metal but also the
oxidation reaction (exothermic reaction) thereof, result-
ing in holes formed in the aluminum container even at
a relatively low temperature of the matrix metal melt. Ac-
cordingly, the temperature of the matrix metal melt may
be substantially a casting temperature. Specifically, the
temperature of the matrix metal melt is preferably about
a temperature between Tm and Tm + 40°C, wherein Tm
is the liquidus point of the matrix metal. Because the
matrix metal melt at such a relatively low temperature
can be used, the metal-based composite material can
be obtained at a low cost.

(5) Atmosphere in aluminum container

[0040] To cause a reaction between the infiltration-ac-
celerating metal and oxygen and nitrogen in the contain-
er by the temperature of the matrix metal melt, the at-
mosphere inside the aluminum container should be a
gas containing oxygen and nitrogen gas.
[0041] When the oxygen partial pressure is low, the
oxidation reaction of the infiltration-accelerating metal
is insufficient to reduce oxide film on the aluminum con-
tainer, making it difficult to melt the aluminum container
in the matrix metal melt at a usual temperature and thus
making the infiltration of the matrix metal melt less likely.
Accordingly, an oxygen gas should exist in the alumi-

num container in a sufficient amount as to oxidize the
infiltration-accelerating metal in the aluminum container.
[0042] A nitrogen gas reacts with the infiltration-accel-
erating metal such as magnesium, etc. in the aluminum
container to form nitrides having good wettability with
the matrix metal melt. Because the nitrides are attached
to the surface of the reinforcing filler, the matrix metal
melt is easily infiltrated into the reinforcing filler.
[0043] In order that oxygen and nitrogen effectively
exhibit the above functions, the atmosphere inside the
aluminum container is preferably an oxygen-containing
nitrogen gas having an oxygen partial pressure of about
10-40% and a nitrogen partial pressure of about
90-60%. From the aspect of production cost, it is pref-
erable to use air as the oxygen-containing nitrogen gas.
The air makes it unnecessary to use a facility for carrying
out atmosphere control such as nitrogen substitution,
etc., unlike Japanese Patent 2,905,519. If the container
is filled with substantially only a nitrogen gas, for in-
stance, without satisfying this condition, the oxidation
reaction (high-temperature exothermic reaction) of the
infiltration-accelerating metal and the resultant reduc-
tion reaction of an aluminum oxide film do not occur,
making it unlikely that the aluminum container is melted.

[2] Pressureless infiltrating apparatus and method

(1) First embodiment

[0044] Fig. 1 schematically shows the first pressure-
less infiltrating apparatus for conducting the method of
the present invention. The apparatus comprises a
graphite crucible 1 for containing a matrix metal melt, a
push member 6 made of stainless steel, etc. for keeping
an aluminum container 4 containing a mixture of the re-
inforcing filler 2 and the infiltration-accelerating metal 3
immersed in the matrix metal melt 5, a pipe 7 commu-
nicating with the aluminum container 4 for measuring
pressure variations therein, a pressure sensor 8 dis-
posed at the other end of the pipe 7, and a thermocouple
9 disposed substantially in a center portion of the alu-
minum container 4.
[0045] The aluminum container 4 may be in any form
as long as the inside thereof is substantially shut off from
the outside atmosphere, specifically in a shape of a foil,
a container with a lid or a capsule. For instance, even a
commercially available aluminum foil can be used as the
aluminum container 4 of the present invention, because
it is shut off from the outside atmosphere when im-
mersed in the matrix metal melt 5. In the case of the
container with a lid, the lid need not be fixed to a con-
tainer body unless the lid is detached during immersion.
The capsule is preferable, because the inside of the cap-
sule is unlikely to be communicating with the outside at-
mosphere during immersion. In any case, the thickness
of the aluminum container is not particularly limited un-
less premature melting occurs by contact with the matrix
metal melt. In practical applications, the thickness of the
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aluminum container is preferably about 1-2000 µm,
more preferably about 10-1000 µm.
[0046] Instead of introducing the aluminum container
4 containing a mixture of the reinforcing filler 2 and the
infiltration-accelerating metal 3 into the matrix metal
melt 5, the aluminum container 4 may be disposed in
advance at the bottom of the graphite crucible 1 before
pouring the matrix metal melt 5.
[0047] In one example of producing a composite ma-
terial with this apparatus, a mixture of the reinforcing fill-
er 2 and the infiltration-accelerating metal 3 is complete-
ly wrapped by an aluminum foil or charged into an alu-
minum can to provide an aluminum container 4. A stain-
less steel pipe 7 for measuring pressure is caused to
pierce into substantially a center portion of this alumi-
num container 4, and the other end of the pipe 7 is con-
nected to a pressure sensor 8. To measure temperature
inside the aluminum container 4, one end of thermocou-
ple 9 is disposed substantially in a center portion of the
aluminum container 4, and the other end of thermocou-
ple 9 is connected to a thermometer (not shown).
[0048] An aluminum melt 5 is poured into the graphite
crucible 1 heated at a predetermined temperature, into
which the aluminum container 4 is slowly charged. Be-
cause there is a lot of air in space in the aluminum con-
tainer 4, the aluminum container 4 tends to float on a
melt surface when it is simply introduced into the alumi-
num melt 5. This breaks an aluminum foil when reduced
pressure is generated, causing the outside atmosphere
to enter into the aluminum container 4, thereby not only
preventing the generation of reduced pressure, but also
burning pure magnesium as the infiltration-accelerating
metal 3. Accordingly, the aluminum container 4 is
pushed down by a stainless steel push member 6, so
that the aluminum container 4 does not float to the sur-
face.
[0049] After immersion of the aluminum container 4,
the crucible 1 containing the aluminum container 4 is
heated at about 620-700°C for 0.5-5 hours in an electric
furnace (not shown). During immersion, pressure and
temperature variations were measured in the aluminum
container 4 to detect the generation of reduced pres-
sure. After completion of turning a portion of the alumi-
num melt 5 in which the aluminum container 4 exists to
have a composite structure, the composite body is
cooled in the graphite crucible 1 to obtain a partially re-
inforced, aluminum-based, composite material, in which
only a portion corresponding to the aluminum container
4 has a composite structure.
[0050] Though the aluminum foil is used in this em-
bodiment, an aluminum can containing a mixture of the
reinforcing filler and the infiltration-accelerating metal
may be disposed in advance at the bottom of the graph-
ite crucible 1, before pouring the aluminum melt 5.
[0051] Also, after an aluminum foil or can is melted,
the aluminum melt 5 may be stirred to uniformly disperse
the reinforcing filler 2 in the entire aluminum melt 5.
Next, the aluminum melt having the reinforcing filler 2

dispersed is poured into an ingot case and solidified to
obtain an aluminum-based, reinforced, composite ma-
terial having the reinforcing filler 2 uniformly dispersed.

(2) Second embodiment

[0052] Fig. 2 schematically shows the second pres-
sureless infiltrating apparatus. This apparatus compris-
es a die 21 for containing a matrix metal melt, and an
aluminum container 24 for containing a mixture of the
reinforcing filler 22 and the infiltration-accelerating met-
al 23. Usable as the aluminum container 24 is, for in-
stance, a cylindrical aluminum can to increase pressure
reduction effects. After the aluminum can is filled with
the mixture, a lid is mounted to the aluminum container
24 to shut it from the outside atmosphere. This alumi-
num container 24 is placed in a die 21 preheated at a
predetermined temperature at a predetermined position
in such a manner that the lid is not opened. An aluminum
melt 25 is poured into the die 21 in which the aluminum
container 24 is disposed, and the die 21 is kept at a pre-
determined temperature in an electric furnace (not
shown). Next, the die 21 is taken out of the electric fur-
nace, and cooled to obtain a partially composite body of
aluminum and a reinforcing filler.
[0053] Though the aluminum can with a lid is used in
this embodiment, the aluminum can 24 can be sealed,
for instance, by disposing the can 24 in a die without a
lid, with the opening of the aluminum can abutting
against an inner wall of the die 21.
[0054] Instead of using the infiltration-accelerating
metal 23 in the form of small pieces as shown in Fig. 2,
it may be in a shape of flat plate (Fig. 3), chip (Fig. 4),
or bulk (Fig. 5). Also in this embodiment, a green sand
mold, a shell mold, a gas-hardening mold such as a CO2
mold, a self-hardening mold, etc. may be used in place
of a die with a cavity.
[0055] The present invention will be explained in fur-
ther detail referring to EXAMPLES below, without inten-
tion of restricting the present invention thereto.

EXAMPLE 1

[0056] 2 kg of SiC particles (GC: #240, average par-
ticle size: 58 µm) was heated at 160°C for 2 hours and
sufficiently dried. The resultant dried SiC particles were
uniformly mixed with 40 g of chip-shaped pure magne-
sium (available from Chuo Kosan K. K., purity: 99.8%,
tradename: CM30) to provide a mixed powder. This
mixed powder was completely wrapped with a commer-
cially available aluminum foil (thickness: 15 µm) 4 in the
form of a container. As shown in Fig. 1, to measure pres-
sure variations inside the aluminum foil container 4 a
stainless steel pipe 7 was used with one end disposed
in a substantially center portion of the aluminum con-
tainer and the other end connected to a pressure sensor
8. Also, to measure the temperature in the aluminum foil
container 4, thermocouple 9 was used with one end dis-
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posed in a substantially center portion of the aluminum
foil container 4 and the other end connected to a ther-
mometer.
[0057] 8 kg of a melt of aluminum (JIS AC4CH alloy)
was poured into a graphite crucible (#60) 1 heated about
500°C. The pouring temperature was 620-700°C. As
shown in Fig. 1, the aluminum foil container 4 was qui-
etly immersed in the aluminum melt 5 in the graphite
crucible 1. To prevent the aluminum foil container 4 from
floating, the aluminum foil container 4 was pushed down
by a push member 6 made of stainless steel. After im-
mersion, the aluminum foil container 4 was kept at
650°C in an electric furnace (not shown) for one hour.
[0058] While heating for one hour after the immersion
of the aluminum foil container 4, the variations of pres-
sure and temperature were measured. The results are
shown in Fig. 6. It was confirmed from Fig. 6 that when
immersed in the aluminum melt, even the aluminum foil
container 4 is shut off from the outside atmosphere, gen-
erating reduced pressure therein.
[0059] Though the aluminum melt 5 was turned to a
composite material in a portion where the aluminum
container 4 was immersed after one hour, the aluminum
melt 5 was heated to 700°C while sufficiently stirring
with a stirrer (not shown) in the electric furnace to diffuse
the SiC particles 2 uniformly in the aluminum melt 5. Af-
ter removing slag, it was poured into an ingot case (not
shown). Thereafter, the aluminum melt 5 was cooled in
the ingot case, and the solidified aluminum alloy was
taken out. Thus, the entire matrix metal was turned to
an SiC particle-reinforced, aluminum-based, composite
material.
[0060] Though in this EXAMPLE, the aluminum foil
container 4 was immersed in the aluminum melt 5
poured into the graphite crucible 1, the aluminum melt
5 may be poured into the graphite crucible 1 with the
aluminum foil container 4 disposed at the bottom thereof
in advance, to obtain an SiC particle-reinforced, alumi-
num-based, composite material.

EXAMPLE 2

[0061] An aluminum-based, composite material uni-
formly reinforced by SiC particles was obtained in the
same manner as in EXAMPLE 1 except for charging
mixed powder (SiC particles 2 kg, chip-shaped Mg: 40
g) into a commercially available, cylindrical aluminum
can (thickness: 1mm, inner diameter: 100mm, height:
115mm) and closing the can with a lid, instead of being
wrapped with an aluminum foil.

EXAMPLE 3

[0062] EXAMPLE 1 was repeated except for using a
uniform mixed powder of 20 g of dry SiC particles (GC:
#240, average particle size: 58 µm) and 0.4 g of chip-
shaped pure magnesium (available from Chuo Kosan
K. K., purity: 99.8%, tradename: CM30), and cooling the

aluminum melt in the graphite crucible (#60) 1 without
stirring after the aluminum melt was infiltrated into SiC
particles, to produce an aluminum-based, composite
material partially reinforced by SiC particles, which had
a composite structure only in a portion where the alumi-
num foil container 4 was immersed.
[0063] Though in this EXAMPLE, the aluminum foil
container 4 was immersed in the aluminum melt 5
charged in the graphite crucible 1, an SiC particle-rein-
forced, aluminum-based, composite material was ob-
tained by a method comprising disposing the aluminum
foil container 4 at the bottom of the graphite crucible 1
in advance and pouring the aluminum melt 5 into the
graphite crucible 1. Also, with a commercially available
aluminum can (thickness: 0.5 mm, inner diameter: 17
mm, height: 40 mm) with a lid in place of an aluminum
foil, an aluminum-based, composite material partially re-
inforced by SiC particles was similarly obtained.

EXAMPLE 4

[0064] 20 g of SiC particles (GC: #240, average par-
ticle size: 58 µm) were heated at 160°C for 2 hours and
sufficiently dried. The resultant dried SiC particles were
uniformly mixed with 0.4 g of chip-shaped pure magne-
sium (available from Chuo Kosan K. K., purity: 99.8%,
tradename: CM30) to provide mixed powder. This mixed
powder was charged into the same commercially avail-
able, cylindrical aluminum can 24 as in EXAMPLE 3,
and the can 24 was closed with a lid. As shown in Fig.
2, this aluminum container 24 was disposed in a cavity
of a die 21 preheated at about 500°C at a predetermined
position. 500 g of a melt of an aluminum alloy (Al-6%Si)
was poured into the die 21. The pouring temperature
was 650°C. The aluminum container 24 immersed in the
aluminum alloy melt 25 is substantially shut off from the
outside atmosphere with the inside of the container in a
sealed state.
[0065] After pouring the aluminum melt 25, the die 21
was kept at 650°C for 1.5 hours in an electric furnace
(not shown). Next, the die 21 was taken out of the elec-
tric furnace and cooled to obtain an aluminum alloy par-
tially reinforced by SiC particles.
[0066] The resultant aluminum alloy was cut at posi-
tions in a portion in which the aluminum container 24
containing SiC particles was disposed and in other por-
tions to observe the structure of the aluminum alloy by
an optical microscope. Fig. 7 is a photomicrograph (x
200) showing a cross section structure of a portion in
which the aluminum container 24 containing SiC parti-
cles was disposed. It was seen in Fig. 7 that a matrix
(white portion) of an aluminum alloy (Al-6%Si alloy) well
infiltrated between SiC particles (black portion). On the
other hand, in the cross section structure in which the
aluminum container 24 containing SiC particles was not
disposed, only the aluminum alloy matrix was observed.
It was confirmed as a result of the above observation
that an aluminum-based, partially composite material in

13 14



EP 1 178 127 A1

9

5

10

15

20

25

30

35

40

45

50

55

which only a portion corresponding to the aluminum
container 24 containing SiC particles had a composite
structure was obtained by the method of this EXAMPLE.

EXAMPLE 5

[0067] As shown in Fig. 3, a 0.3-mm-thick, flat plate
33 of pure magnesium (available from Osaka Fuji Corp.,
purity: 99%) was disposed in the same commercially
available, cylindrical aluminum can 24 as in EXAMPLE
3 along its inner wall. 20 g of SiC particles (GC: #240,
average particle size: 58 µm) heated at 160°C for 2
hours and dried were then charged inside the flat plate
33 of pure magnesium. After closing the aluminum con-
tainer 24 with a lid, the aluminum container 24 was dis-
posed in a cavity of a die 21 preheated at about 500°C.
[0068] 500 g of a melt of an aluminum alloy (AC4CH
alloy) was poured into a cavity of the die 21. The pouring
temperature was 650°C. The aluminum container 24 im-
mersed in the aluminum alloy melt 25 was substantially
shut off from the outside atmosphere with the inside of
the container in a sealed state. After pouring an alumi-
num melt 25, the die 21 was kept at 650°C for 1.5 hours
in an electric furnace (not shown). Thereafter, die 21
was taken out of the electric furnace and cooled to ob-
tain an aluminum-based, partially composite material in
which only a portion corresponding to the aluminum
container 24 containing SiC particles was reinforced.

EXAMPLE 6

[0069] As shown in Fig. 4, 1.0 g chip-shaped pure
magnesium (available from Chuo Kosan K. K., purity:
99.8%, tradename: CM30) 43 was placed at the bottom
of the same commercially available, cylindrical alumi-
num can 24 as in EXAMPLE 3. Next, 20 g of SiC parti-
cles (GC: #240, average particle size: 58 µm) heated at
160°C for 2 hours and dried were stacked on the chip-
shaped pure magnesium 43. Without mixing the chip-
shaped pure magnesium 43 and the SiC particles 22,
the container 24 was closed with a lid. This aluminum
container was disposed in a die 21 preheated at about
500°C.
[0070] A melt 25 of an aluminum alloy (AC4CH) was
poured into the die 21 in the same manner as in EXAM-
PLE 5, and kept at 650°C for 1.5 hours in an electric
furnace (not shown). The aluminum container 24 im-
mersed in the aluminum alloy melt 25 was substantially
shut off from the outside atmosphere with the inside of
the container sealed. After cooling the aluminum alloy
melt 25, an aluminum-based, partially composite mate-
rial, in which only a portion corresponding to the alumi-
num container 24 containing SiC particles was rein-
forced, was obtained.

EXAMPLE 7

[0071] As shown in Fig. 5, 1.0 g of a commercially

available, bulk-shaped, pure magnesium 53 was placed
at the bottom of the same commercially available, cylin-
drical aluminum can 24 as in EXAMPLE 3. Next, 20 g
of SiC particles (GC: #240, average particle size: 58 µm)
heated at 160°C for 2 hours and dried were stacked
thereon. After closing the container 24 with a lid, the con-
tainer 24 was disposed in a cavity of a die 21 preheated
at about 500°C.
[0072] A melt of an aluminum alloy (AC4CH) was
poured into the die 21 in the same manner as in EXAM-
PLE 5 and kept at 650°C for 1.5 hours in an electric fur-
nace (not shown). The aluminum container 24 im-
mersed in the aluminum alloy melt 25 was substantially
shut off from the outside atmosphere with the inside of
the container in a sealed state. After cooling the alumi-
num alloy melt 25, an aluminum-based, partially com-
posite material, in which only a portion corresponding to
the aluminum container 24 containing SiC particles was
reinforced, was obtained.

COMPARATIVE EXAMPLE 1

[0073] After 20 g of SiC particles (GC: #240, average
particle size: 58 µm) were heated at 160°C for 2 hours
and sufficiently dried, they were uniformly mixed with 0.4
g of chip-shaped pure magnesium (available from Chuo
Kosan K. K., purity: 99.8%, tradename: CM30) to pro-
vide mixed powder.
[0074] As shown in Fig. 2, the mixed powder was
charged into the same commercially available, cylindri-
cal aluminum can 24 as in EXAMPLE 3. The cylindrical
aluminum can 24 was placed without a lid in a vacuum
apparatus (not shown), and the pressure inside the vac-
uum apparatus was reduced to about 10 kPa. A nitrogen
gas of 99% in concentration was then introduced into
the vacuum apparatus until the pressure of the vacuum
apparatus reached atmospheric pressure, and this cy-
cle was repeated four times to conduct nitrogen substi-
tution in the cylindrical aluminum can 24. Thereafter, the
aluminum container 24 was closed with a lid. This alu-
minum container 24 was disposed in the cavity of the
die 21 preheated at about 500°C.
[0075] 500 g of aluminum alloy (Al-6%Si) melt was
poured into the cavity of the die 21. The pouring tem-
perature was 650°C. After pouring an aluminum melt 25,
it was kept in an electric furnace (not shown) at 650°C
for 1.5 hours. Next, it was taken out of the electric fur-
nace together with the die 21 and cooled to obtain a par-
tially composite aluminum alloy. When the partially com-
posite aluminum alloy was cut in a portion in which the
aluminum container 24 containing SiC particles was dis-
posed, it was found that the aluminum container 24 sub-
stantially remained without melting, with SiC particles
easily detached. This indicates that with an aluminum
container filled with a nitrogen atmosphere, the oxida-
tion exothermic reaction of magnesium did not take
place, failing to remove an oxide film from an aluminum
container surface and resulting in insufficient degree of
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evacuation, and that accordingly the aluminum contain-
er was not provided with openings at as low a melt tem-
perature as 650°C, so that the aluminum alloy melt did
not sufficiently enter between SiC particles.
[0076] As described above in detail, by using the
method of the present invention, a reinforcing filler can
be impregnated with a matrix metal melt without pres-
sure and at a relatively low temperature without neces-
sitating atmosphere control. Accordingly, without neces-
sitating a special facility that was conventionally re-
quired to produce metal-based composite materials, it
is possible to achieve drastic reduction of production
cost. Further, it is possible to produce metal-based ma-
terials partially composite with reinforcing fillers.

Claims

1. A method for producing a metal-based composite
material comprising a matrix metal containing at
least partially a reinforcing filler, comprising (1)
charging at least one reinforcing filler in the form of
fibers or particles and at least one infiltration-accel-
erating metal into an aluminum container; (2) im-
mersing said aluminum container in a melt of a ma-
trix metal made of an aluminum alloy or a magne-
sium-aluminum alloy in a state that an oxygen-con-
taining nitrogen gas remains in said aluminum con-
tainer; (3) melting said aluminum container in said
matrix metal melt, so that said matrix metal melt is
infiltrated into said reinforcing filler, and then (4) so-
lidifying said matrix metal melt.

2. The method for producing a metal-based composite
material according to claim 1, wherein only a pre-
determined portion of said matrix metal is turned
composite with said reinforcing filler.

3. The method for producing a metal-based composite
material according to claim 1 or 2, wherein said alu-
minum container is introduced into a matrix metal
melt in a crucible.

4. The method for producing a metal-based composite
material according to claim 1 or 2, wherein said alu-
minum container is disposed in a cavity of a die or
a mold at a predetermined position in advance, and
said matrix metal melt is charged into said cavity.

5. The method for producing a metal-based composite
material according to any one of claims 1-4, wherein
an aluminum foil is used as said aluminum contain-
er, and a mixture of said reinforcing filler and said
infiltration-accelerating metal is completely
wrapped by said aluminum foil.

6. The method for producing a metal-based composite
material according to any one of claims 1-4, wherein

an aluminum can with a lid is used as said aluminum
container, and after charging a mixture of said rein-
forcing filler and said infiltration-accelerating metal
into said aluminum can, said aluminum can is
closed by said lid.

7. The method for producing a metal-based composite
material according to any one of claims 1-6, wherein
after said matrix metal melt is infiltrated into said re-
inforcing filler, said matrix metal melt is stirred to uni-
formly disperse said reinforcing filler in said matrix
metal melt.

8. The method for producing a metal-based composite
material according to any one of claims 1-7, wherein
said oxygen-containing nitrogen gas is air.

9. The method for producing a metal-based composite
material according to any one of claims 1-8, wherein
a space percentage of said container is 30-70%.

10. The method for producing a metal-based composite
material according to any one of claims 1-9, wherein
said infiltration-accelerating metal is at least one
metal selected from the group consisting of magne-
sium, calcium, zirconium and alloys containing
these metals.

11. The method for producing a metal-based composite
material according to claim 10, wherein said infiltra-
tion-accelerating metal is pure magnesium or mag-
nesium alloy.

12. The method for producing a metal-based composite
material according to any one of claims 1-11, where-
in said infiltration-accelerating metal is in the form
of at least one selected from the group consisting
of powder, chip, foil, plate and bulk.

13. The method for producing a metal-based composite
material according to any one of claims 1-12,
wherein said reinforcing filler is made of a ceramic.

14. The method for producing a metal-based composite
material according to claim 13, wherein said ceram-
ic is SiC.

15. The method for producing a metal-based composite
material according to any one of claims 1-14,
wherein the temperature of said matrix metal melt
is between Tm and Tm + 40°C, wherein Tm is the
liquidus point of said matrix metal.
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