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Description

CROSS REFERENCE TO RELATED APPLICATIONS
AND INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Appli-
cation No. 2005-244247, filed on August 25, 2005; the
entire content of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to magnesium-
based metal particles comprising magnesium silicide dis-
persed therein, a process for manufacturing the magne-
sium-based metal particles, process for manufacturing
components for use in a vehicle, and components man-
ufactured thereby.

2. Discussion of the Related Art

[0003] Magnesium is widely used for preparing so-
called light alloy because of the low specific gravity there-
of. It is also known that the mechanical properties such
as arigidity of a product made from magnesium alloy are
improved when the material magnesium alloy contains
therein magnesium silicide (Mg,Si) particles in a dis-
persed state. In this case, the smaller the mean diameter
of the magnesium silicide particles, the more increases
the mechanical properties of the magnesium alloy. For
instance, magnesium alloy containing magnesium sili-
cide particles with a mean diameter of 10 w m or less has
extremely good mechanical properties.

[0004] The magnesium silicide particles are formed in
a magnesium metal, e.g., by solidifying magnesium
wherein silicone is dissolved.

[0005] It is known that particles made of pure magne-
sium or Mg-Al-Zn alloy can be obtained by gas atomiza-
tion method. In the atomization method, a metal melt is
scattered into small particles by applying a gas jet stream
to the molten metal.

[0006] When the melt is subjected to atomization, it is
necessary that the metal is maintained in a liquid form,
for forming particles without blowholes, and to appropri-
ately receive the gas jet stream. Moreover, it is also nec-
essary that the melt is heated to a temperature which is
higher than the melting point by about 300 °C for satis-
factory atomization.

[0007] As tothe pure magnesium metal, it is know that
the melting point is about 651°C, and the boiling point is
about 1090°C. In other word, the atomization was appli-
cable to the pure magnesium.

[0008] On the other hand, when 10 wt.% of silicon is
added to magnesium, the melting point of the mixture is
increased to 880°C, and the boiling point has almost no
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change from 1090°C. Therefore, the atomization process
was not applicable to the mixture of silicon and magne-
sium, since the processing temperature, which is 300°C
higher than the melting point (880°C) exceeds the boiling
point.

[0009] In addition to the above, it is difficult to use a
casting method to the mixture of Mg and Si, because the
viscosity of the mixture in the liquid state is high, com-
paring with that of the magnesium metal. As a result, it
is difficult to cast the magnesium melt containing 5 to 10
wt.% of silicon therein by a usual manner. Further, since
the solidifying rate of the magnesium melt containing sil-
icon is slow, magnesium silicide particles formed in the
melt grow by the end of the solidification. In some cases,
it is possible magnesium silicide particles with diameters
of 100 wm or more are formed. The magnesium alloy
obtained in this way does not have excellent mechanical
properties. When the magnesium alloy in a semi-fused
state is subjected to injection molding, the mechanical
properties of the alloy are not good.

[0010] In order to disperse finely-divided magnesium
silicide particles in a magnesium alloy, Japanese Kokai
Publication 2000-17352 discloses a casting method
wherein finely-divided magnesium silicide particles with
diameters of 10 um or less are dispersedly formed in a
magnesium alloy. Herein, a preform is obtained by add-
ing silicon particles to magnesium matrix, and the pre-
form is impregnated with a melt of magnesium alloy. Ac-
cordingly, in-situ reaction between the silicon particles
and magnesium alloy occurs, and finely-divided magne-
sium silicide particles are formed in the magnesium alloy.
[0011] Further, Japanese  Kokai Publication
2004-225080 discloses technology for dispersing mag-
nesium silicide particles in a magnesium alloy by powder
metallurgy. For using metal powders as raw materials,
pre-treatments such as particle diameter treatment, com-
pression molding, sintering and the like are necessary.
[0012] More specifically, Japanese Kokai Publication
2004-225080 discloses that magnesium powder and sil-
icon powder, and optionally aluminum powder, are mixed
by using a ball mill, whereby a powder mixture is ob-
tained. Then, the thus obtained powder mixture is solid-
ified by applying pressure thereto, and the solidified pow-
der mixture is heated in the atmosphere of an inert gas.
The heating operation causes a solid phase reaction be-
tween magnesium and silicon, whereby magnesium sil-
icide is formed. Furthermore, the solidified workpiece is
densified by warm processing. Thus, magnesium silicide
particles with diameters of 1 to 30 wm are formed in the
magnesium alloy.

[0013] In the casting method disclosed in Japanese
Kokai Publication 2000-17352, magnesium silicide to be
formed has to be subdivided by the use of additional
equipment. Further, the magnesium melt containing sil-
icon has a high viscosity, and the casting is sometimes
difficult depending on size and shape of a preform/prod-
uct to obtain. In addition to the above, a primary crystal
formed in the course of the solidification of the melt could
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lead to the formation of a metal alloy with a course struc-
ture, which may not have a satisfactory rigidity/strength.
[0014] Based on Japanese Kokai Publication
2004-225080, it is necessary to homogenously mix two
kinds of raw material powders, i.e., magnesium and sil-
icon, for carrying out solid phase reaction between mag-
nesium particles and silicon particles. Moreover, it is dif-
ficult to completely convert the silicon to magnesium sil-
icide. It sometimes happens that a few % to several tens
% of silicon remains un-reacted.

[0015] According to Japanese Kokai Publication
2004-225080, it is necessary to use a ball mill to mix raw
material powders, so that the raw material powders can-
not always be maintained to be spherical. On the other
hand, itisimportantin powder metallurgy to use uniformly
shaped particles with well adjusted particle distribution,
for obtaining a product with a good compaction by a com-
pression molding. It is possible that particles with irreg-
ular forms are formed based on the disclosure of Japa-
nese Kokai Publication 2004-225080, which is not al-
ways satisfactory for good compaction. The irregularly
shaped particles have to be subjected to classification
and particle diameters adjustment, prior to the use. More-
over, in this technology, different kinds of powders have
to be mixed at the stage of producing the product.

OBJECT AND SUMMARY OF THE INVENTION

[0016] Itis therefore an object of the present invention
to provide metal particles approximately in the form of
spheres having a mean diameter of about 40 p.m to about
100 pwm, which already have a predetermined formulation
of metals with a uniform distribution of the metals in the
particles, which can be directly used for forming a product
without mixing different kind of metals, especially for
compression molding, for producing a product with ex-
cellent mechanical properties, comprising: magnesium
silicide particles having a mean diameter of about 1 um
toabout 10 wm uniformly dispersed in the metal particles,
the metal particles being obtained by mixing about 90 wt.
% to about 95 wt.% of magnesium and about 5 wt.% to
about 10 wt.% of silicon, or mixing about 80 wt.% to about
94 wt.% of magnesium, about 5 wt.% to about 10 wt.%
of silicon and about 1 wt.% to about 10 wt.% of aluminum,
and the magnesium silicide particles being formed in the
metal particles by the reaction of the magnesium and the
silicon.

[0017] When aluminum is used, in addition to magne-
sium and silicon, mechanical properties of the product
therefrom can be changed in a wide range. For instance,
it is possible to control processability of the material, and
wear resistance and hardness of the obtained product,
by blending aluminum.

[0018] It is preferable, in the above-mentioned metal
particles, that silicon is almost completely converted to
magnesium silicide, because the complete conversion
of the magnesium silicide and the uniform dispersion
thereof will increase fatigue strength at high tempera-
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tures.

[0019] Anotherobject of the presentinvention is to pro-
vide a process for manufacturing metal particles approx-
imately in the form of spheres containing therein uniform-
ly dispersed magnesium silicide particles having a mean
diameter of about 1 pum to about 10 wm, which is easy
to perform and cost effective, comprising: charging a con-
tainer with a mixture of about 90 wt.% to about 95 wt.%
of magnesium and about 5 wt.% to about 10 wt.% of
silicon, or a mixture of about 80 wt.% to about 94 wt.%
of magnesium, about 5 wt.% to about 10 wt.% of silicon
and about 1 wt.% to about 10 wt.% of aluminum, under
an inert gas atmosphere, heating the mixture to a tem-
perature which exceeds the solidification temperature of
the mixture and which is lower than the boiling temper-
ature thereof, maintaining the temperature of the mixture,
increasing the internal pressure of the container with re-
spect to a chamber provided below the container, dis-
charging a melt of the mixture from an outlet port of the
container to the chamber, applying a jet gas stream to
the melt discharged from the outlet port so as to scatter
the melt in the form of particles having a mean diameter
of about 40 pm to about 100 uwm, and solidifying the par-
ticles by quenching.

[0020] When aluminum is used, in addition to magne-
sium and silicon, it is possible to lower the viscosity of
the metal melt, so that the handling property of the melt
can be increased.

[0021] In the production process of the invention it is
preferable that the temperature of the mixture heated in
the container is in the range of about 940°C to about
960°C, and the outlet port of the container is set to have
adiameterin the range of about 1.0 mm to about 2.0 mm.
[0022] Intheproductionprocess ofthe invention,italso
is preferable that the pressure in the container is higher
than the chamber by 0.4 bar or more.

[0023] By selecting the temperature and the outlet port
diameter in the above range, and/or setting the pressure
as mentioned above, it is possible smoothly extrude the
melt and hence to produce the particles of the present
invention with a sharp particle size distribution, in a stable
manner. In addition, the magnesium silicide particles are
uniformly dispersed in the metal particles when the metal
melt was flowed out of the container under the above-
mentioned conditions.

[0024] In particular, it was made possible to discharge
the melt of the present invention by selecting the pressure
difference between the inside of the container and the
outside thereof, although the melt does not have suffi-
cient flowability when the pressure difference between
the inside of the container and the outside thereof.
[0025] Furthermore, it is preferable in the process of
the present invention that a high-frequency induction fur-
nace is used as the container. By using the high-frequen-
cy induction furnace, it is possible to easily maintain a
large quantity of metal melt at a predetermined temper-
ature, and hence to produce a large amount of metal
particles continuously in a stable condition.
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[0026] A still another object of the present invention is
to provide a process for manufacturing a vehicle compo-
nent, which is easy to perform and economical, compris-
ing: subjecting metal particles approximately in the form
of spheres having a mean diameter of about 40pum to
about 100 wm to compression molding to give a molding,
the metal particles containing magnesium silicide parti-
cles having a mean diameter of about 1um to about 10
pm uniformly dispersed in the metal particles, the metal
particles being obtained by mixing about 90 wt.% to about
95 wt.% of magnesium and about 5 wt.% to about 10 wt.
% of silicon, or by mixing about 80 wt.% to about 94 wt.
% of magnesium, about 5 wt.% to about 10 wt.% of sili-
con, and about 1 to 10 wt.% of aluminum, and the mag-
nesium silicide particles being formed in the metal parti-
cles by the reaction of the magnesium and the silicon,
sintering the molding by heating the molding to a tem-
perature lower than the melting temperature of the mix-
ture to give a sintered material, and forging the sintered
material with application of heat thereto.

[0027] When necessary, it is possible that the metal
particles are pre-treated. For instance, it is possible to
classify the particles depending on the diameters.
[0028] The vehicle component obtained by use of the
production process of the invention are light weight be-
cause of the formulation and has good mechanical prop-
erties, such as excellent fatigue strength at about 300
°C. A piston for engine having excellent strength, in par-
ticular excellent fatigue strength at high temperatures,
can be obtained by the method of the present invention.
[0029] In accordance with the process for producing
the vehicle component of the invention, it is possible to
easily and economically produce the vehicle component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] A more complete appreciation of the invention
and many of the attendant advantages thereof will be
readily perceived as the same becomes better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawings, wherein:

Fig. 1 is a diagram for showing a magnesium-based
metal particles according to the present invention
wherein magnesium silicide particles are dispersed;
Fig. 2 is a diagram for explaining an apparatus for
manufacturing magnesium-based metal particles
according to the present invention;

Fig. 3A is a diagram for explaining a charging and
fusing step for manufacturing magnesium-based
particles by using the apparatus shown in Fig. 2;
Fig. 3B is a diagram for explaining pressure increas-
ing step for manufacturing magnesium-based parti-
cles by using the apparatus shown in Fig. 2;

Fig. 3C is a diagram for explaining scattering and
solidifying step for manufacturing magnesium-
based particles by using the apparatus shown in Fig.
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2; and

Fig. 4 is a table for showing experimental conditions
and results as to Examples of the present invention
and Comparative Examples.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Other features of this invention will become ap-
parent in the course of the following description of exem-
plary embodiments, which are given for illustration of the
invention and are not intended to be limiting thereof.
[0032] Fig. 1 is a diagram for explaining an internal
structure of a magnesium-based metal particle 10 ac-
cording to the present invention. The magnesium-based
metal particles 10 of the invention have approximately
spherical shapes having a mean diameter A of 40 to 100
pm. The magnesium-based metal particle 10 is prepared
from 90 to 95 wt.% of magnesium and 5 to 10 wt.% of
silicon, as starting materials.

[0033] More precisely, the magnesium-based particle
10 is formed substantially from magnesium metal 12 and
finely-divided magnesium silicide particles 14 uniformly
dispersed in the magnesium metal 12, and the magne-
sium silicide (Mg, Si) particles 14 are formed as solid par-
ticles having a mean diameter B of 1 pmto 10 um, by a
reaction between the previously mixed magnesium and
silicon. It is preferable that substantially all the amount
of 5 to 10 wt.% of silicon is converted to the magnesium
silicide particles 14. In this way, the magnesium silicide
particles 14 are finely dispersed in the magnesium metal
matrix 12.

[0034] The magnesium-based metal particles 10 are
applicable to powder metallurgy, and many products or
preforms are prepared therefrom. Such product made
from the magnesium alloy material has good mechanical
properties including excellent fatigue strength at high
temperatures. This is because the nnely-divided magne-
sium silicide particles 14 are uniformly dispersed in the
metal particles 10, and a stress applied to the particles
10 are uniformly dispersed.

[0035] The magnesium-based metal particles 10 of the
presentinvention are ready to use for powder metallurgy,
because the metal particles 10 is already in a premix
state containing magnesium and magnesium silicide uni-
formly dispersed therein.

[0036] Moreover, the metal particles 10 can be tightly
compacted when pressure is applied thereto because of
the spherical or approximately spherical shapes. In other
words, compressibility of the metal particles 10 of the
invention is greater than that with irregularly shaped par-
ticles.

[0037] After the metal particles 10 are subjected to
compression molding, sintering and then forging, the uni-
form dispersion of finely-divided magnesium silicide par-
ticles in the metal particles 10 is maintained, whereby a
product with good mechanical properties can be ob-
tained.

[0038] It is also possible that the magnesium-based
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metal particles 10 is obtained from the starting materials
including 80 to 94 wt.% of magnesium, 5 to 10 wt.% of
silicon, and 1 to 10 wt.% of aluminum. Based on the
above formulation, magnesium-based metal particles 10
are obtained as particles containing magnesium-alumi-
num alloy as a matrix 12 and magnesium silicide particles
14 dispersed in the alloy matrix 12. It is also possible to
adjust the mechanical properties of the depending on the
usage of the product obtained therefrom, by adjusting
the aluminum content. A satisfactory compaction prop-
erty can be carried out also in this case. Further, when
adding aluminum, it is possible to increase the handling
property of the molding material, and the mechanical
properties such as wear resistance and strength of the
product, in comparison with the materials made from
magnesium and silicon.

[0039] Fig. 2 is a schematic cross-sectional view of an
apparatus 20 for producing metal particles 10 according
to the present invention. The apparatus 20 itself is com-
monly used in atomization method, for example, for pure
magnesium metal or magnesium alloy based on magne-
sium, aluminum and zinc.

[0040] In the atomization method, metal particles 10
are obtained by applying a gas jet stream 36 from gas
injection nozzles 30 against the metal melt 32 discharged
from a container 20 to scatter/disperse the melt 32 in the
air, and solidifying the melt. The solidification occurs by
a rapid temperature decrease of the melt after the dis-
charge from the container 20.

[0041] Inthe presentinvention, a metal meltcontaining
5to 10 wt.% of silicon is stably atomized, and finally metal
particles 10 as shown in Fig. 1 is obtained.

[0042] The atomization apparatus 20 includes a fusing
container 22 and an atomization chamber 40 provided
below the fusing container 22. The container 22 is formed
as a crucible for fusing the metal particles 10.

[0043] The open end of the fusing container 22 is
sealed by a cover 23 for appropriately controlling the
pressure inside the container 22. Furthermore, a high
frequency coil 26 is provided around the container 22 for
heating the container 22 and maintaining the tempera-
ture for a predetermined period. It is possible to provide
a thermometer (not shown) for measuring the tempera-
ture in the container 22. At the bottom of the container
22, an outlet port 28 is formed, which allows the melt 32
to flow therethrough. The atomization chamber 40 is pro-
vided below the container 22. Around the outlet port 28,
a heater is provided (not shown) for appropriately heat
the outlet port 28 so as to prevent the melt 32 to solidify
at the outlet port 28.

[0044] A movable stopper 24 in the form of a bar is
provided by penetrating the center of the cover 23, for
opening and closing the outlet port 28 of the container
22. By moving the stopper 24 up and down, the outlet
port 28 is closed and is made open. The injection nozzles
30 are provided nearby the outlet port 28 for injecting a
gas against the metal melt 32. For instance, argon gas
with a high speed is blown for the collision with the metal
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melt 32, and hence the metal melt 32 is scattered, where-
by particles of metal melt 32 are obtained. Then, the par-
ticles are solidified, and metal particles 34 having uni-
formly dispersed finely-divided magnesium silicide par-
ticles therein are obtained.

[0045] It is also possible to provide a stirring mecha-
nism in the container 22, for stirring the metal melt con-
tained therein so as to obtain a homogeneous melt. Ex-
amples of the stirring mechanism are commonly used
mechanical stirring apparatuses and a stirring unit
wherein blowing gas is utilized. Moreover, it is possible
to use a high-frequency induction furnace, instead of us-
ing the container 22 and the higla-frequency coil 26 in-
dividually. The high-frequency induction furnace has a
capacity to contain a relatively large amount of melt and
to maintain the melt at a predetermined temperature.
Therefore, it is possible to produce a large amount of
metal particles 34, continuously.

[0046] It is also possible that the container 22 has a
weighing unit which is, for instance, for measuring the
entire weight of the container 22 containing the melt 32
therein. By using such weighing unit, the flow rate of the
melt 32, and the residual amount of the melt 32 can be
accurately measured.

[0047] Figs. 3A to 3C are schematic cross-sectional
views of the apparatus 20 for use in the presentinvention,
for explaining the procedure for producing metal particles
34.

[0048] Fig. 3A shows that the container 22 is charged
with a raw material 31 which is a mixture of solid mag-
nesium (90 to 95 wt.%) and solid silicon (5 to 10 wt.%).
Before charging the container with the raw materials 31,
the outlet port 28 of the container 22 is closed by the
stopper 24. The air in the container 22 and the atomiza-
tion chamber 40 are replaced by an inert gas such as
argon.

[0049] Then, the mixture in the container is heated by
the high-frequency coil 26 provided around the container
22 optionally with starring the mixture, to obtain a ho-
mogenous metal melt 32 the container 22,

[0050] By monitoring the temperature, the metal melt
32 is maintained at a temperature which is greater than
the solidification point and is lower than the boiling point,
e.g., 950°C (charging and fusing step, Fig. 3A). Itis also
possible to prepare the metal melt 32 in advance, and to
introduce the fused material into the container 22.
[0051] Thereafter, as shown in Fig. 3B, the container
22 is sealed up for changing the pressure inside the con-
tainer 22. In the conventional use of the atomization
chamber, the containeris setto have an internal pressure
higher than the atomization chamber by about 0.3 bar.
In the present invention, however, it is necessary to set
the inner part 38 of the container 22 to have a pressure
higher than in the atomization chamber 40 by 0.4 bar or
more, preferably in the range of 0.4 bar to 1.5 bar. It is
preferable that the atomization chamber 40 is substan-
tially in vacuum.

[0052] Following the pressure increase in the contain-
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er 22, the outlet port 28 is heated by the heater 31. At
this stage, the argon gas jet streamis preliminarily started
to run. (pressure increasing and fusing step, Fig.3B).
[0053] Thereafter, as shown in Fig. 3C, the stopper 24
is pushed down for discharging the metal melt 32 from
the outlet port 28. Since the internal pressure of the con-
tainer 22 has been increased, the metal melt 32 can be
flowed out of the outlet port 28 in spite of the high vis-
cosity. Argon gas jet stream is injected from the gas in-
jection nozzles 30 against the discharged metal melt 32.
The melt 32 which received the gas jet streamis scattered
in the form of particles with a mean diameter of 40 to 100
. m. Then, the metal melt is solidified (scattering and
solidifying step, Fig. 3C). Accordingly, magnesium-
based metal particles 34 are manufactured in such a
state that minute magnesium silicide particles with diam-
eters of 1 to 10 uwm are uniformly dispersed in the mag-
nesium-based metal particles.

[0054] The outlet port 28 of the container 22 is closed
after producing the metal particles 34. The pressure of
the inner part 38 is lowered, the gas injection from the
injection unit 39 is stopped. The container can be made
ready for further production.

[0055] In accordance with the process for producing
magnesium-based metal particles of the present inven-
tion, the metal particles 10 are readily and economically
prepared.

[0056] Inthe above embodiment, itis possible to main-
tain the metal melt 32 at a temperature in the range of
940°C to 970°C, more preferably in the range of 940°C
to 960°C. When the temperature of the melt 32 is set in
the range of 940 to 960°C, and the outlet port 28 of the
container 22 is set in the range of 1.0 to 2.0, the melt 32
can be smoothly discharged from the atomization cham-
ber 40. Depending on the viscosity of the melt, the tem-
perature of the metal melt 32 and the diameter of the
outlet port 28 are appropriately chosen. By obtaining ap-
propriate flow of the melt through the outlet port 28 with
appropriate diameters, it is possible to obtain finely-di-
vided metal particles with narrow particle distribution,
wherein minute magnesium silicide particles are uniform-
ly dispersed.

[0057] Itis possible that the metal melt contains 80 to
94 wt.% of magnesium, 5 to 10 wt.% of silicon, and 1 to
10 wt.% of aluminum. By using either formulation, mag-
nesium-based metal particles having a mean particle di-
ameter of 40 to 100 wm containing magnesium silicide
particles having 1 to 10 wm uniformly dispersed therein
can be obtained.

[0058] In the course of manufacturing particles at the
step shown in Fig. 3C, it is possible to measure the flow-
ing rate of the metal melt 32, and hence to measure
and/or indicate the manufacturing rate of the metal par-
ticles 34 constantly, for instance, in every 30 minutes.
The measurement and indication of the flowing rate and
the manufacturing rate is useful in case of possible sud-
den change of the flowing rate. If the flowing rate is mon-
itored to be unexpectedly changed, it is possible to sus-
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pend the manufacture as emergency.

[0059] If metal particles 34 with diameters of more than
100 pum, for example, in the range of 200 to 600 pum is
desired, such particles with large diameters can also be
manufactured by changing the flow rate. In this case, it
is possible to obtain particles containing uniformly dis-
persed magnesium silicide therein.

[0060] According to the present invention, the metal
particles 34 are used for preparing vehicle components.
By using the metal particles 34 of the invention, the ve-
hicle components can be easily and quickly manufac-
tured.

[0061] The metal particles of the present invention are
useful for preparing vehicle components such as a piston
for an engine. In the process for manufacturing a vehicle
component of the invention, the metal particles 10 can
be directly charged into a mold for a compression mold-
ing, and pressure is applied to the metal particles. Ac-
cordingly, the metal particles are plastically deformed,
and hence a molding is produced.

[0062] As additional operations, if the metal particles
to be used do not have a uniform particle diameters, it is
possible to classify the particle size and to use particles
with narrow particle size distribution. On the other hand,
when it is desired to use particles with different particle
diameters, i.e., broad particle distribution, it is possible
to blend particles with different diameters.

[0063] The preform obtained from the metal particles
of the present invention is heated to a temperature lower
than the melting point of the mixture of magnesium and
silicone, for sintering the preform. During the sintering
process, particles are fused to each other. As a result,
the density of the sintered preform is increased (densifi-
cation), and hence the strength of the product is in-
creased.

[0064] Thereafter, the sintered preform, which is usu-
ally porous, is forged so that the voids are eliminated,
and the rigidity of the product is increased.

[0065] Consequently, it is possible to easily and eco-
nomically produce a light-weight vehicle component,
such as a piston for a vehicle engine, with excellent me-
chanical properties by using particles of the present in-
vention.

[0066] The engine made from the metal particles of
the invention wherein finely-divided silicide particles are
uniformly dispersed shows excellent fatigue strength at
high temperatures. Moreover, the light-weight of the pis-
ton reduces a load to be applied to the engine.

[Examples]

[Manufacture of metal particles]

[0067] Metal particles are prepared based on the pro-
cedure explained with referring to Figs. 3A to 3C by using

the apparatus shown in the figures. The opening of the
outlet port was set to have a diameter of 1.5 mm.
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[Examples 1 and 2 and Comparative Example 1]

[0068] 95 wt.% of magnesium and 5 wt.% of silicon
both in pulverulent form are introduced into a fusing con-
tainer (container), with introducing an inert gas thereto.
Then, the temperature of the raw material mixture was
increased to 950°C to obtain a melt.

[0069] Pressure was appliedtotheinside of the sealed
fusing container so as to make the pressure inside the
fusing container is 0.4 bar higher (Example 1), 1.5 bar
higher (Example 2), and 0.3 bar higher (Comparative Ex-
ample 1), with respect to the atomization chamber.
[0070] The melt obtained from Comparative Example
1 had a high viscosity and could not discharge from the
outlet port of the fusing container. (Result = X in Fig. 4)
On the other hand, the melt obtained from Examples 1
and 2 had a good flowability and was discharged from
the outlet port (Result = O in Fig. 4).

[0071] Againstthe discharged melt of Examples 1 and
2, argon gas jet stream was applied with the gas flowing
rate being controlled depending on the viscosity of the
melt.

[Examples 3 and 4, and Comparative Example 2]

[0072] The procedure as to Examples 1 and 2 and
Comparative Example 1 was repeated except that 95 wt.
% of magnesium and 5 wt.% of silicon used as raw ma-
terials were replaced by 90 wt.% of magnesium and 10
wt.% of silicon. Pressure was applied to the inside of the
sealed fusing container so as to make the pressure inside
the fusing container is 0.4 bar higher (Example 3), 1.5
bar higher (Example 4), and 0.3 bar higher (Comparative
Example 2), with respect to the atomization chamber.
The melt from Comparative Example 2 could not be dis-
charged because of the high viscosity, while it was pos-
sible to discharge the melt obtained from Examples 3
and 4.

[0073] Againstthe discharged melt of Examples 3 and
4, argon gas jet stream was applied with the gas flowing
rate being controlled depending on the viscosity of the
melt.

[0074] According to Examples 1 to 4, magnesium-
based metal particles with a mean diameter of about 50
wm were produced in a stable condition. In the metal
particles, silicon initially mixed to magnesium in a finely-
dispersed state was completely converted into magne-
sium silicide particles, and the magnesium silicide parti-
cles with diameters of 5 wm or less were uniformly dis-
persed in the magnesium-based metal particles.

[Manufacture of piston for engine]

[0075] Fromthe magnesium-based metal particles ob-
tained by Examples 1, 2, 3 and 4, pistons for vehicle
engines were produced via treatment of the metal parti-
cles, the compression molding of the metal particles, sin-
tering and forging the preform.

20

25

30

35

40

45

50

55

[0076] The pistons had a fatigue strength of in the
range of 25+25 MPa to 3535 MPa at a temperature of
300°C.

[0077] The present invention being thus described, it
will be clearly understood that the same may be varied
in many ways. Such variations are not to be regarded as
a departure from the spirit and scope of the present in-
vention, and all such modification as would be easily un-
derstood to one skilled in the art are intended to be in-
cluded within the scope of the appended claims.

Claims

1. Metal particles (10) approximately in the form of
spheres having a mean diameter of about 40 um to
about 100 wm, comprising:

magnesium silicide particles having a mean di-
ameter of about 1 um to about 10 wm uniformly
dispersed in the metal particles (10), the metal
particles (10) being obtained by mixing about 90
wt.% to about 95 wt.% of magnesium and about
5 wt.% to about 10 wt.% of silicon, and the mag-
nesium silicide particles being formed in the
metal particles (10) by the reaction of the mag-
nesium and the silicon.

2. Metal particles (10) approximately in the form of
spheres having a mean diameter of about 10 um to
about 100 pm, comprising:

magnesium silicide particles having a mean di-
ameter of about 1 um to about 10 wm uniformly
dispersed in the metal particles (10), the metal
particles (10) being obtained by mixing about 80
wt.% to about 94 wt.% of magnesium, about 5
wt.% to about 10 wt.% of silicon and about 1 wt.
% to about 10 wt.% of aluminum, and the mag-
nesium silicide particles being formed in the
metal particles (10) by the reaction of the mag-
nesium and the silicon.

3. Aprocess for manufacturing metal particles (10) ap-
proximately in the form of spheres containing therein
uniformly dispersed magnesium silicide particles,
comprising:

charging a container (22) with a mixture of about
90 wt.% to about 95 wt.% of magnesium and
about 5 wt.% to about 10 wt.% of silicon under
an inert gas atmosphere,

heating the mixture to a temperature which ex-
ceeds the solidification temperature of the mix-
ture and which is lower than the boiling temper-
ature thereof,

maintaining the temperature of the mixture,
increasing the internal pressure of the container
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(22) with respect to the internal pressure of a
chamber (40) which is provided below the con-
tainer (22),

discharging a melt of the mixture from an outlet
port (28) of the container (22) to the chamber
(40),

applying a jet gas stream (36) to the melt dis-
charged from the outlet port (28) so as to scatter
the melt in the form of particles having a mean
diameter of about 40 wm to about 100 wm, and
solidifying the particles.

A process for manufacturing metal particles (10) ap-
proximately in the form of spheres containing therein
uniformly dispersed magnesium silicide particles,
comprising:

charging a container (22) with a mixture of about
80 wt.% to about 94 wt.% of magnesium, 5 wt.
% to about 10 wt.% of silicon and about 1 wt.%
to about 10 wt.% of aluminum under aninert gas
atmosphere,

heating the mixture to a temperature which ex-
ceeds the solidification temperature of the mix-
ture and which is lower than the boiling temper-
ature thereof,

maintaining the temperature of the mixture,
increasing the internal pressure of the container
(22) with respect to the internal pressure of a
chamber (40) which is provided below the con-
tainer (22),

discharging a melt of the mixture from an outlet
port (28) of the container (22) to the chamber
(40),

applying a jet gas stream (36) to the melt dis-
charged from the outlet port (28) so as to scatter
the melt in the form of particles having a mean
diameter of about 40 um to about 100 pm, and
solidifying the particles.

The process for manufacturing metal particles (10)
approximately in the form of spheres containing
therein uniformly dispersed magnesium silicide par-
ticles as claimed in claims 3 or 4, wherein the tem-
perature of the mixture heated in the container (22)
is in the range of about 940°C to about 960°C, and
the outlet port (28) of the container (22) is set to have
a diameter in the range of about 1.0 mm to about 2.0
mm.

The process for manufacturing metal particles (10)
approximately in the form of spheres containing
therein uniformly dispersed magnesium silicide par-
ticles as claimed in any of claims 3 to 5, wherein the
pressure in the container (22) is higher than the
chamber (40) by 0.4 bar or more.

The process for manufacturing metal particles (10)
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approximately in the form of spheres containing
therein uniformly dispersed magnesium silicide par-
ticles as claimed in any of claims 3 to 6, wherein
high-frequency induction furnace is used as the con-
tainer (22).

A process for manufacturing a vehicle component,
comprising:

subjecting metal particles (10) approximately in
the form of spheres having a mean diameter of
about 40p.m to about 100 wm to compression
molding to give a molding, the metal particles
(10) containing magnesium silicide particles
having a mean diameter of about 1um to about
10 wm uniformly dispersed in the metal particles
(10), the metal particles (10) being obtained by
mixing about 90 wt.% to about 95 wt.% of mag-
nesium and about 5 wt.% to about 10 wt.% of
silicon, and the magnesium silicide particles be-
ing formed in the metal particles (10) by the re-
action of the magnesium and the silicon,
sintering the molding by heating the molding to
a temperature lower than the melting tempera-
ture of the mixture to give a sintered material,
and

forging the sintered material with application of
heat thereto.

9. A process for manufacturing a vehicle component,

comprising:

subjecting metal particles (10) approximately in
the form of spheres having a mean diameter of
about 40pm to about 100 wm to compression
molding to give a molding, the metal particles
(10) containing magnesium silicide particles
having a mean diameter of about 1um to about
10 wm uniformly dispersed in the metal particles
(10), the metal particles (10) being obtained by
mixing about 80 wt.% to about 94 wt.% of mag-
nesium, about 5 wt.% to about 10 wt.% of silicon,
and about 1 to 10 wt.% of aluminum, and the
magnesium silicide particles being formed in the
metal particles (10) by the reaction of the mag-
nesium and the silicon,

sintering the molding by heating the molding to
a temperature lower than the melting tempera-
ture of the mixture to give a sintered material,
and

forging the sintered material with application of
heat thereto.

10. The process for manufacturing a vehicle component

as claimed in claim 8 or 9, wherein the vehicle com-
ponent is a piston for an engine.
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