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Description

BACKGROUND OF THE INVENTION

Field of the Invention and Related Art Statement

[0001] The present invention relates to a method of casting a product.
[0002] It is often not necessary for the whole of a cast product to have a function that is required for only a part of
the product. For example, an abrasive face of the cylinder portion in an engine block requires high wear resistance;
however, the wear resistance is not required for the other portions. Therefore, it is sufficient for the cast product that
only the necessary portion or the surface has the required function.
[0003] In such a case it has been conventionally proposed as a method of adding the wear resistance to a portion
of a cast product, for example, to set a preform comprising alumina, silicon nitride, silicon carbide or whiskers of these
in a fiber form in a mold cavity and to force a molten metal into into the mould cavity and into gaps among respective
fibers. However, according to this method much restriction is imposed on the shape of the product, manufacturing
steps are prolonged and the machinability of the product as cast is poor, giving rise to a disadvantage of very high
production cost.
[0004] Hence, the applicants have previously proposed a method of providing a wear resistant layer on the surface
of a cast product by directly casting metal together with wear resistant fine particles as disclosed in Japanese Unex-
amined Patent Publication No. Hei 7-124739. However, according to this conventional method, when the size of the
wear resistant fine particles is increased, the machinability is deteriorated. On the other hand, when the size of the
wear resistant fine particles is decreased, the thickness of the wear resistant layer becomes very thin. Moreover, when
the metal is cast together with the wear resistant fine particles, there is a risk that the function of the cast product will
not be achieved since a binder holding the wear resistant fine particles remains in the cast product and it is difficult to
increase the thickness of the wear resistant layer.
[0005] In Patent Abstracts of Japan vol. 095, No 008.29 Sept 1995 and JP 07 124739A there is set forth that a
collapsible core can be provided with a coating before a casting step, and the coating remains with the casting after
the core is collapsed and removed, but this publication does not disclose the nature of the coating, and so not deal
with the objective of the present invention.
[0006] Also, in United States Patent No 3945423 (E1) the inventor is concerned with the formation of a wear resistant
shell by electro-deposition of a layer on the surface of a core, so that at the end of forming of the layer, the electric
current is increased, which has the effect of making the deposited layer surface rough. The core with the rough surface
is placed in a bath of coating metal material (eg aluminium) which binds mechanically by virtue of the rough surface
of the deposited layer, and then the core with the layer and aluminium coating is placed in a mould for the formation
of the cast product. Eventually, the core is removed, and the cast product has a hard surface characteristic. The dis-
closure is not concerned with coating wear resistant particles with aluminium or the like, but rather that a layer of
aluminium is placed on an electro-deposited layer, which probably is not made up of granules or particles.
[0007] In Patent Abstracts of Japan vol. 018, No 538 (M-1686), 13 October 1994 and JP 06 190537A it is disclosed
that a wear resistant surface is provided on a cast product, by mixing metal powder and "wafer glass base" to form
"raste-state". The resulting mixture is coated on the part of the mould where the wear resistant surface is to be formed
on the cast product. After the material is so coated, the molten material is cast into the mould. The result is a "reformed
layer on the surface of the casting".
[0008] There is no disclosure the specific extent of coating of the wafer glass base.
[0009] In Patent Abstracts of Japan vol. 014 323 (M-0997) 11 July 1990 and No JP 02 108447A it is set forth that a
mould core is first of all coated with a mixture of "wafer glass series inorganic binder" and zircon powder. Other coatings
are added. When the core has been finally coated, it is fixed in the die and the casting metal material is cast around
the core. The core is eventually removed, and the resulting product has a surface characteristic which it would not
otherwise have without the surface coating. There is no disclosure of the extent of coating, if any, of function selecting
material.

OBJECT AND SUMMARY OF THE INVENTION

[0010] It is a first object of the present invention to provide a method of casting a product with a surface having a
required function such as the wear resistance easily and inexpensively by means of a normally known pressure casting
process.
[0011] Further, it is a second object of the present invention to provide a method of casting a product with a function
selecting layer of sufficient thickness formed on the surface even when very fine function selecting materials are used,
and wherein the machinability of the product as cast is excellent.
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[0012] According to the invention there is provided a method of casting a product by inserting casting metal material
into a mould cavity, and by which method the product is provided on at least a part of its surface with a layer of inter-
mediate material comprising a function selecting material which has at least one physical property which is different
from that of the casting metal material, and a coating material which is the same as or is from the same group as the
casting metal material, and wherein the layer of intermediate material is located in the casting mould cavity prior to
inserting the casting metal material into the casting mould cavity.
[0013] Characterised in that the intermediate material is formed by coating at least half of the function selecting
material with the coating material.
[0014] Preferably, the function selecting material comprises particles and in one example the function selecting ma-
terial comprises two different types of function selecting particles.
[0015] It is preferred that the intermediate material is granular in nature, and that the layer is provided by a preform
of the intermediate material.
[0016] In a specific example, the intermediate material comprises at least two types of granular intermediate mate-
rials, each of which is formed by coating at least half the surface with the coating metal material.
[0017] In another example, the intermediate material is mixed with another function selecting material of at least one
physical property which is different from that of the function selecting material of the intermediate material.
[0018] When the intermediate material is granular in nature, the granules of the intermediate material preferably
have a size in the range 50µm to 100µm.
[0019] According to a specific method, the intermediate material is formed by depositing atomised droplets of a
molten metal composition which comprises the function selecting material and the coating metal material onto a col-
lector.
[0020] In another specific method, the intermediate material is formed by depositing atomised droplets of a molten
metal composition which comprises the function selecting material and the coating metal material onto a collector and
the atomised droplets form a semi-molten film in which the solid phase to liquid phase ratio is about 80% and on which
surface the solid phase to liquid phase is less than 80%.
[0021] Preferably, to locate the intermediate material in the casting mould cavity, the intermediate material is mixed
with adhesive and formed as a preset core, which is subsequently located in position in the mould cavity.
[0022] Alternatively, to locate the intermediate material in the casting mould cavity, the intermediate material is ad-
hered by adhesive to a surface of a preset core, which is located in position in the mould cavity.
[0023] Again, to locate the intermediate material in the casting mould cavity, the intermediate material is adhered in
position to the mould cavity by using adhesive to adhere the intermediate material to the surface of the mould cavity.
[0024] In any of these cases the adhesive comprises one or more selected from the group consisting of phenolic
resin, fran resin, unsaturated polyester resin, urethane resin, polyvinyl acetate resin, polyvinyl chloride resin, inorganic
cement, sodium silicate and low melting point metals.
[0025] The coating metal material comprises one selected from the group consisting of aluminium, magnesium, zinc,
copper, iron and alloys thereof and the function selecting material may comprise one or more selected from the group
comprising a primary crystal silicon particle crystallised to a hyper-eutectic Al-Si alloy powder, a carbon particle pre-
cipitated to a cast iron powder, SiC, Al2O3, Si3N4, SiO2, TiC, graphite, lead, molybdenum disulfide, iron, intermetallic
compounds precipitated to aluminium series alloys, K2O-6TiO2, nickel alloys, cobalt alloys, ferrite magnet, magnetic
steels, cobalt, pumice, shirasu balloon, alumina balloon, carbon balloon and hollow glass beads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figs. 1(a), 1(b) and 1(c) are schematic views for explaining examples of combinations where granular intermediate
materials in accordance with the present invention are used;

Fig. 2 is a schematic view showing the structure of a granular intermediate material in accordance with the present
invention;

Fig. 3 illustrates a graph showing the test result of the wear resistance of a product that is cast by a method in
accordance with the present invention;

Fig. 4 is a microphotograph showing the metallographic structure of a function selecting layer of a cast product
(Example 1) in accordance with the present invention;

Fig. 5 is a microphotograph showing the metallographic structure of a function selecting layer of a cast product
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(Example 3) in accordance with the present invention;

Fig. 6 is a microphotograph showing the metallographic structure of a function selecting layer of a cast product
(Example 4) in accordance with the present invention; and

Fig. 7 is a microphotograph showing the metallographic structure of a function selecting layer of a cast product
(Example 5) in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0027] In this invention "product" is referred to as a product cast by the pressure casting such as the die cast process,
the molten metal forging process, the semi-molten metal forging process or the like. Accordingly, a cast product in the
present invention is cast by using a metal material that is normally used in the abovementioned casting processes,
that is, metal materials of aluminum, its alloy, magnesium alloy, zinc alloy, copper, its alloy or the like and these metal
materials are referred to as "casting metal materials".
[0028] Further, although almost all of the cast product in accordance with the present invention is formed by the
casting metal material, a layer (hereinafter, function selecting layer) having a required function is formed with a prede-
termined thickness at only the surface of the product at a necessary portion thereof. The function selecting layer is
formed simultaneously with the casting of the cast product.
[0029] According to the present invention an intermediate material is formed by a) a material having at least one of
physical property value different from that of the casting metal material, that is, a material (hereinafter, function selecting
material) having a desired function (physical property) and b) a metal material (hereinafter, coating metal material) for
coating the surface of the function selecting material. The intermediate material is cast with the casting material to form
the product.
[0030] As the particles of the function selecting material are coated with the coating metal material the size of the
resulting particles is larger than the size of the function selecting material particles. Fig. 1(a) shows the case where
one type of function selecting particle is used, and Fig. 1(b) shows the case where two kinds of function selecting
material particles are used. Alternatively, a granular intermediate material having a large particle size is formed by
coating at least a half of the surface of one kind or two kinds or more of the function selecting materials with one kind
or two kinds or more of the coating metal materials and the granular intermediate material is used by mixing it with one
kind or two kinds or more of function selecting materials having at least one of physical property values different from
those of the function selecting materials constituting the granular intermediate material as illustrated in Fig. 1(c). Also
alternatively, the intermediate material (metal preform material) may be formed on the surface of a collector by atomizing
molten metals comprising the function selecting materials and the coating metal material.
[0031] The intermediate material formed as illustrated in Fig. 1(a) is used when it is easy to uniformly distribute the
function selecting material or materials. The intermediate materials formed as illustrated in Fig. 1 (b) are used when it
is difficult to uniformly distribute two kinds or more of the function selecting materials in one intermediate material
because the function selecting materials are incompatible with each other, or due to a difference in specific weights
thereof, or, in the case where the intermediate material cannot be produced by atomization etc. because the viscosity
becomes excessively high as a result of mixing two kinds or more of the function selecting materials. The intermediate
material formed as illustrated in Fig. 1(c) and is used when it is easy to uniformly distribute the granular intermediate
material and one kind or two kinds or more of additional function selecting materials and even if the size of the function
selecting material in the intermediate material is small, it can be formed into a thick composite material layer. When a
molten metal including the function selecting material and the coating metal material is atomized to form the interme-
diate material it may be formed on the surface of a collector forming innumerable gaps which the casting metal invades
in casting the product.
[0032] Atomizing is the technology of converting a molten metal into small droplets (spray) and two types, the pres-
sure injection type atomizing process and gas atomizing process are well known.
[0033] The pressure injection type atomizing process is an atomizing process in which molten metal is injected from
a vibrating nozzle by applying pressure on the molten metal. In the gas atomizing process molten metal is converted
into small droplets (spray) by blowing air or inert gas such as nitrogen gas into the molten metal as it flows downward,
and the small droplets are rapidly cooled and solidified as they flow.
[0034] According to the present invention these atomizing processes are applied in forming the intermediate material
by making the molten metal which has been converted into the small droplets (spray) adhere onto the surface of a
collector where they solidify. In the following explanation examples using the gas atomizing process will be disclosed.
[0035] In more details, air or inert gas is blown into the molten metal comprising at least one function selecting
material and the coating metal material to converting the molten metal into small droplets (spray). The molten metal
that has been converted into the small droplets is rapidly cooled and solidified as it flows and the small droplets are
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made to adhere onto the surface of the collector where they solidify. The collector is formed in a desired shape and
the intermediate material preform is created. The comparatively fine droplets derived from the molten metal are made
to adhere onto and accumulate on the surface of the collector in a fully solidified state, whilst comparatively large
droplets adhere onto and accumulate on the surface of the collector in the molten state. Droplets having an intermediate
size adhere onto and accumulate on the surface of the collector in a semi-molten state (state where the liquid phase
and the solid phase are mixed) and as a result a semi-molten film is formed on the surface of the collector.
[0036] In forming the intermediate material (preform), the temperature and the solid phase ratio are maintained con-
stant by setting the temperature of the molten metal, the pressure of the atomizing gas, the spray distance, the nozzle
diameter etc. at pertinent values. It is preferable to set the solid phase to liquid phase ratio of the above mentioned
semi-molten film at about 80 %. By setting the solid phase ratio of the semi-molten film at about 80 %, when the semi-
molten film is solidified into the intermediate material (preform), innumerable gaps which the casting metal material
can invade in casting the product, are formed and as a result, the adherence of the intermediate material (preform)
with respect to the casting metal material is improved and the rigidity of the function selecting layer is improved. When
the solid phase ratio of the semi-molten film is less than about 80 %, the adherence of the intermediate material (pre-
form) with respect to the casting metal material is not improved. Further, when the solid phase ratio of the semi-molten
film is more than about 80 %, there are more oversprayed particles which cannot adhere to and accumulate on the
surface of the collector and the yield deteriorates.
[0037] When it is difficult to obtain a solid phase ratio of about 80 %, it is preferable to spray water to droplets adhering
to and accumulating on the surface of the collector to promote the solidification.
[0038] Gas atomization may be performed by previously mixing the function selecting material into the molten coating
metal material and by blowing air or inert gas to the molten material. Alternatively, gas atomization may be performed
by blowing air or inert gas including the function selecting material to the molten coating metal material, or by blowing
air or inert gas to a molten metal to precipitate crystals of an intermetallic compound.
[0039] As function selecting materials applicable to the present invention, there are one or two (selected) selections
from the group consisting of primary crystal silicon particle precipitated to hyper-eutectic AISi alloy powder, carbon
particle precipitated to cast iron powder, SiC, A1203, Si3N4, SiO2, TiC, graphite, lead, molybdenum disulfide, iron,
intermetallic compounds precipitated to aluminum series alloys, K20-6TiO2, nickel alloy, cobalt alloy, ferrite magnet,
magnetic steel, cobalt, pumice, shirasu balloon, alumina balloon, carbon balloon, hollow glass beads and the like. The
function selecting material is pertinently selected from these in accordance with the desired function to be achieved.
[0040] That is, when a cast product is intended to have a layer with the function of, for example, wear resistance,
primary crystal silicon particle precipitated to hyper-eutectic Al- Si alloy powder, carbon particle precipitated to cast
iron powder, SiC, A1203, Si3N4, 5i02, TiC, iron, intermetallic compounds precipitated to aluminum series alloys and
the like are used as the function selecting materials. When it is intended that the layer should have a function of heat
resistance, K20-6TiO2, A1203, nickel alloy, cobalt alloy and the like are used. When it is intended that the layer should
have a function of self lubricity, graphite, lead, BN, molybdenum disulfide and the like are used. When it is intended
that the layer should have a function of magnetic property, ferrite magnet, magnetic steel, cobalt and the like are used.
When it is intended that the layer should have a function of vibration resistance or sound insulation, pumice, shirasu
balloon, alumina balloon, carbon balloon, hollow glass beads and the like are used. When it is intended that the layer
should have a chromatic property, Sr2P207:Eu(blue purple), BaMg2Al16027:Eu(blue), MgWO4(blue white),
MgGa2O4:Eu(blue green), Zn2SiO4:Eu (green), Y203:Eu(red), (Sr, Mg, Ba)3(P04)2:Sn(orange) and the like are used.
Furthermore, when a plurality of these functions are needed, the function selecting materials of two kinds or more are
used.
[0041] Although there is no particular restriction to the shape of the particles of these function selecting materials
used, it is preferable that the particle size is in a range of 1 µm to 50 µm and it is preferable that the size is uniformly
and particularly in a range of 1 µm to 40 µm when the product as cast is subjected to machining such as cutting. In
this case although there is no problem if the size of the function selecting material is small, when the size is 50 µm or
larger, the machinability of the product as cast is reduced which is not preferable.
[0042] When primary crystal silicon particle precipitated to hyper-eutectic Al-Si alloy powder is particularly used as
the function selecting material, it is preferable that fine primary crystal silicon particles are precipitated by rapidly cooling
and solidifying hyper- eutectic Al-Si alloy through atomization and Si component is included by 12 to 50 % by weight,
more preferably about 20 to 30 % by weight.
[0043] Further, when carbon particles precipitated to cast iron powder is used as the function selecting material,
carbon particles is precipitated by solidifying cast iron.
[0044] When intermetallic compounds precipitated to aluminum series alloys are used as the function selecting ma-
terials, fine intermetallic compounds are precipitated through atomization by rapidly cooling and solidifying cast metal
materials as shown by the following Table 1 and the casting metal materials are selected pertinently in accordance
with the required function.
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[0045] Further, as the coating metal material used in the present invention, there is a metal material comprising one
or two selected from the group consisting of aluminum or its alloy, magnesium alloy, zinc alloy, copper or its alloy, iron
or its alloy and the like. A metal material of the same kind or the same group as that of the casting metal material is
preferably used. Specifically, when, for example, an aluminum alloy is used as the casting metal material, aluminum
or its alloy, magnesium alloy, zinc alloy etc. is used as the coating metal material, or when a magnesium alloy is used
as the casting metal material, the magnesium alloy is used also as the coating metal material. In this way, a metal
material of the same kind as that of the casting metal material or a metal material which is easy to make an alloy
compatible with the casting metal material is used. Thereby, even when the intermediate material is formed in a granular
shape and is formed into a metal preform, the intermediate material will not drop off from the surface of the cast product.
[0046] When a granular intermediate material is made by coating the surface of particles of a function selecting
material with a coating metal material, it is necessary to coat at least a half of the surface of the function selecting
material with the coating metal material. Otherwise, the adhering function with respect to the casting metal material is
deteriorated and the function selecting material can easily become detached from the cast product.
[0047] When a granular intermediate material is prepared, it is prepared by mixing a function selecting material into
a molten coating metal material and by crushing it or it is prepared by dispersing it in a liquid phase and by atomizing
it or by subjecting the function selecting material and the coating metal material to mechanical alloying.
[0048] In this case, it is preferable to form the granular intermediate material into a granular shape having a particle
size of about 50 µm to 1000 µm. That is, the size (particle size) of the granular intermediate material influences on the
density when the granular intermediate material is made to adhere onto the surface of a preset core or the surface of
a mold cavity and the density (intervals among particles) significantly influences the thickness of the function selecting
layer formed and accordingly, the particle size is pertinently selected in accordance with the required thickness of the
reformed layer.
[0049] With respect to the preferable dimensions, it was found through experimental results that when the required
thickness of the function selecting layer is 1 mm or less, the size (particle size) of the granular intermediate material
is rendered 50 µm or more. When the thickness of the (reformed) function selecting layer is intended to be about 1
mm through 2 mm, the size (particle size) of the granular intermediate layer is 100 µm or more and when the thickness
of the reformed layer is intended to be 2 mm or more, the size (particle size) of the granular intermediate material is
300 µm or more.
[0050] With regard to the shape of particle of the granular intermediate material, a polygonal shape having irregu-
larities on the surface is preferable to a spherical shape with smooth surface. When the granular intermediate material
is formed of particles in a polygonal shape having irregularities on the surface, the mechanical bonding force bonding
the granular intermediate material to the matrix (casting metal material) is improved, whereby the granular intermediate
material is prevented from detaching from the cast product. Fig. 2 illustrates a schematic view representing the structure
of the granular intermediate material.
[0051] As an adhesive agent for forming a preset core by using a granular intermediate material or adhering the
granular intermediate material at a predetermined location of the surface of the preset core or a mold cavity, it is
preferable that the adhesive agent generates small amounts of gases when it is brought into contact with a molten
casting metal material. Specifically, one or at least two selected from the group consisting of phenolic resin, fran resin,
unsaturated polyester resin, urethane resin, polyvinyl acetate resin, polyvinyl chloride resin, inorganic cement, sodium
silicate, low melting point metals and the like are used.

TABLE 1

Atomized casting metal material and precipitated intermetallic compound

Intermetallic compound Hardness (Hv) Casting metal material

TiAl 1200 Al-Ti-V series alloy

FeAl 500 Al-Fe series alloy

FeAl3 500-900 Al-Fe series alloy

NiAl3 500-900 Al-Ni series alloy

NiAl 450 Al-Ni series alloy

CuAl2 380 Al-Cu series alloy

MgAl3 190 Al-Mg series alloy

CoAl 400 Al-Co series alloy
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[0052] When a preset core is formed by using a granular intermediate material, conventionally well-known sand core
forming processes, for example, the shell core forming process, the cold box core forming process, CO2 core forming
process and the like are applicable thereto. Also, a collector as referred to herein may be formed into a desired shape
by means of casting, machining, or plastic deformation (deep drawing or impact forming) etc. using a metal material
of aluminum, iron etc.
[0053] As a preset core for adhering (coating) of a granular intermediate material, well known preset cores of sand
cores using sand such as quartz sand, alumina sand, cerabeads, chromite sand etc., a cold box core, a low melting
point metal core and the like can be used and in addition thereto, metal cores manufactured by means of casting,
machining, plastic deformation (deep drawing, impact forming) etc. using a metal material of aluminum, iron etc., can
be used.
[0054] Moreover, in order to cast a product with a function selecting layer a preset core formed by adding thereto a
granular intermediate material is installed at a predetermined location in a mold cavity, or a granular intermediate
material is made to adhere (coated) onto the surface of a previously formed preset core and the preset core is installed
at a predetermined location of a mold cavity, or a granular intermediate material is directly made to adhere (coated)
onto a portion of a cast product to provide a function, or an intermediate material (preform) formed on the surface of
a collector is installed at a predetermined location of a mold cavity by separating it from the collector or without sepa-
rating it therefrom and thereafter, a molten casting metal material is filled up at the inside of the mold cavity and pres-
surized at high pressure.
[0055] When a granular intermediate material is used with an adhesive agent component at least a portion thereof
is decomposed (or molten0 into a gaseous state by heat of the casting metal material and further, the casting metal
material invades the gas spaces inside of the granular intermediate material to integrate with the granular intermediate
material to form a composite body. Thereby, a cast product in which a function selecting material layer is provided is
formed. The function selecting layer is of a constant thickness (depth). Further, when the intermediate material (preform)
formed on the surface of a collector through atomization is used, the molten casting metal material is cast together
with the intermediate material (preform) to integrate to form a composite body, and when innumerable gaps are formed
in the above-mentioned intermediate material (preform), the molten casting metal material invades the inside of the
innumerable gaps to thereby form a cast product in which a function selecting layer is formed at the surface over a
range of a constant thickness (depth).

EXAMPLES

[0056] Next, an explanation will be given of specific examples in which the surface of a cast product is formed to
provide wear resistance by the method according to the present invention. However, the present invention is not re-
stricted to such examples but it is to be understood that the function selecting can be conducted by pertinently selecting
and using function selecting materials as described above.

[Example 1]

[0057] SiC having a uniformly distributed particle size of around 5 µm was mixed into a molten aluminum alloy (ADCl2)
by 10 % by weight, dispersed in the liquid phase and converted into a granular intermediate material having a uniformly
distributed particle size of 200 (through) to 300 µm through the atomization process. 1200 g of the intermediate material
was kneaded by adding a solution in which 500 g of polyvinyl acetate resin was dissolved in 600 g of methanol. The
intermediate material was coated on the surface of a previously formed shell core made of zircon sand by a thickness
of approximately 4 mm, the preset core was installed at a predetermined location of a mold cavity and a cylinder block
was cast by the die-cast process using the aluminum alloy (ADCl2). The casting pressure was set to 50 MPa.
[0058] Then, the cast product was taken out from the mold, the preset core was taken out from the cast product and
thereafter, the thickness of the resulting function selecting layer (wear resistant layer) formed on the surface of the cast
product at a portion thereof where the preset core had been disposed, was measured and the wear resistance test
was carried out.

[Example 2]

[0059] A granular intermediate material having a uniformly distributed particle size of around 300 µm in which primary
crystal silicon having a uniformly distributed particle size of around 10 µm was precipitated through the atomization
process, was prepared by using a molten metal of Al-20 % silicon alloy, 300 g of the intermediate material was added
with 13 g of phenolic resin and the intermediate material was kneaded for about 1 minute. The intermediate material
was adheringly coated on the surface of a preset core made of iron, the preset core was installed at a predetermined
location in a mold cavity, the casting was performed as in Example 1 and the thickness and the like of the resulting
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function selecting layer (wear resistant layer) formed on the surface of the cast product at a portion thereof where the
preset core had been disposed, were measured.

[Example 3]

[0060] A granular intermediate material having a uniformly distributed particle size of around 300 µm added with
phenolic resin, was adheringly coated on the surface of a preset core made of iron and the casting was performed as
in Example 1 except using SiC having a uniformly distributed particle size of around 10 µm, the thickness of the resulting
function selecting layer (wear resistant layer) formed on the surface of the cast product at a portion thereof where the
preset core had been disposed, was measured and the wear resistance test was carried out.

[Example 4]

[0061] SiC having a uniformly distributed particle size of around 10 µm was mixed in a molten metal of an aluminum
alloy (ADCl2) by 10 % by weight and dispersed in the liquid phase and a granular intermediate material having a
uniformly distributed particle size of around 300 µm was prepared through the atomization process. In addition thereto,
graphite having a uniformly distributed particle size of around 150 µm was used as a function selecting material having
self lubricity. The same amounts of the granular intermediate material and graphite were mixed and dispersed into a
mixture of 300 g, the casting was conducted as in Example 3, the thickness of the resulting function selecting layer
(wear resistant layer) formed on the surface of the cast product at a portion thereof where the preset core had been
disposed, was measured and the wear resistance test was carried out.

[Example 5)

[0062] The mixture of the granular intermediate material and polyvinyl acetate resin that was prepared in Example
1, was coated on the surface of a portion forming a cylinder in a mold cavity for casting a cylinder block by a thickness
of about 1 mm and the cylinder block was cast by the die-cast process. Further, the cast product was taken out from
the mold, the thickness of the resulting function selecting layer (wear resistant layer) formed on the surface of the
cylinder portion where the mixture had been coated, was measured and the wear resistance test was carried out.
[0063] The result of test obtained in Examples 1 through 5 is summarized and the hardness (HR B) of the function
selecting layer (abrasion resistant layer) formed, the area ratio (%), or a ratio of area of the function selecting material
as compared with the total area of the function selecting layer and the thickness (pm) of the function selecting layer
are shown in the following Table 2 and the result of the abrasion resistance test is shown in the graph of Fig. 3, re-
spectively.
[0064] Incidentally, a comparative example in Table 2 indicates an example of a product which was cast by the normal
die-cast process employing the frequently used aluminum alloy (ADCl2). In Fig. 3, a cast iron liner (FC25) is normally
used at the cylinder portion of the cylinder block and the liner is brought into abrasive contact with a piston ring (chro-
mium-plated material of 545C) attached to a piston and therefore, the cast iron liner (FC25) was selected as the com-
parative example and the abovementioned piston ring material was used as a counterpart material in the abrasion
resistance test.

[0065] It is understood from the above Table 2 and Fig. 3 that the abrasion resistance of the function selecting layer
of the present invention is significantly improved. Furthermore, according to Fig. 3, although considerably excellent
abrasion resistance is shown in Example 1 and Example 3 as compared with the cast iron liner material of the com-
parative example, the counterpart materials are flawed. However, according to Example 4, not only the wear resistance
is excellent but the counter material is not flawed as a result of achieving the function (self lubricity) provided to the
function selecting material (graphite) whereby two kinds or more of functions are realized.
[0066] Fig. 4 through Fig. 7 show microphotographs of the metallographic structures of the function selecting layers
(abrasion resistant layers) formed on the surfaces of the cast products in Examples 1 and 3 through 5. In these micro-
photographs, the black portion designates function selecting materials (SiC or graphite), the gray or whitish portion

 TABLE 2

Example Example 1 Example 2 Example 3 Example 4 Example 5 Comparative Example

Hardness (HR B) 63 65 65 60 67 45

Area ratio (%) 29 20 19 20 29 0

Thickness (µm) 1500 2000 2000 1600 800 -
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designates the coating metal material that is integrated to the casting metal to form a composite body and a portion
which looks white as a whole designates the casting metal material (aluminum alloy: ADCl2). Notations L1, L2, L3 and
L4 designate the thicknesses of the function selecting layers (abrasion resistant layers).
[0067] It is understood by observing the metallographic structures shown in these microphotographs that the function
selecting material, the coating metal material and the casting metal material are integrated to form a composite body
and the function selecting layer is formed with a thickness of 500 µm through 2000 µm or more.
[0068] As described above, according to the method of forming a surface of a cast product in accordance with the
present invention, the surface of the necessary portion of the cast product can be added with the required function
such as the abrasion resistance etc. and therefore, it can be formed only by casting the product by means of the high
pressure casting process. Accordingly, the surface of a cast product can be reformed easily and inexpensively.
[0069] Furthermore, a layer in which the function selecting material, the coating metal material and the casting metal
material are integrated to form a composite body, can easily be formed on the surface of the necessary portion of the
cast product with a practically sufficient thickness (500 µm through 4000 µm or more) even by using particles of the
function selecting material having a small magnitude (for example, about 1 µm through 10 pm). Incidentally, the practical
thickness thereof is 300 µm through 500 µm in the case where machining is not necessary for the product as cast and
it is 1000 µm or more in the case where a machining depth is necessary. Therefore, according to the method of forming
a surface of a cast product in accordance with the present invention, the finishing depth can be provided in accordance
with the necessity and the dimensional accuracy of the function selecting layer portion.
[0070] Also, a very fine function selecting material can be used and therefore, the machinability is excellent in the
case where machining such as cutting is necessary for the product as cast whereby the productivity can be promoted.
[0071] Furthermore, in addition to the advantage that the very fine function selecting material can be used, a plurality
of function selecting materials can be used by pertinently selecting the function selecting materials whereby a surface
that is provided with a plurality of functions can easily be carried out.
[0072] When an intermediate material (preform) is formed on the surface of a collector by atomizing a molten metal
comprising the function selecting material and the coating metal material and a function selecting layer is formed by
casting together with the intermediate material (preform), the function selecting material is almost completely integrated
with the casting metal material forming the cast product to form a composite body and therefore, there is no risk of the
function selecting material becoming detached, and the strength of the reformed layer can be promoted. Also, there
is no concern that the function of the cast material will deteriorate afterwards since there exists no foreign substance
other than the casting metal material and the function selecting material at the inside of the function selecting layer.
[0073] In addition thereto, in the case where the function selecting material that is incorporated in the casting metal
material by the casting operation, is adhered to the surface of a collector and solidified there along with the coating
metal material by atomization, innumerable gaps are formed in the intermediate material (preform) that is formed on
the surface of the collector by setting atomizing conditions such as the temperature of molten metal, the nozzle diameter
etc. at pertinent values. During casting, the casting metal material invades the inside of the gaps, improving the ad-
herence of the intermediate material (preform) with respect to the casting metal material and the rigidity of the reformed
layer can be promoted.
[0074] Having described specific preferred embodiments of the invention with reference to the accompanying draw-
ings, it will be appreciated that the present invention is not limited to those precise embodiments, and that various
changes and modifications can be effected therein by one of ordinary skill in the art without departing from the scope
of the invention as defined by the appended claims.

Claims

1. A method of casting a product by inserting casting metal material into a mould cavity, and by which method the
product is provided on at least a part of its surface with a layer of intermediate material comprising a function
selecting material which has at least one physical property which is different from that of the casting metal material,
and a coating material which is the same as or is from the same group as the casting metal material, and wherein
the layer of intermediate material is located in the casting mould cavity prior to inserting the casting metal material
into the casting mould cavity.
Characterised in that the intermediate material is formed by coating at least half of the function selecting material
with the coating material.

2. A method according to Claim 1, wherein the function selecting material comprises particles.

3. A method according to Claim 1, wherein the function selecting material comprises two different types of function
selecting particles.
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4. A method according to Claim 2 or 3, wherein the intermediate material is granular in nature.

5. A method according to Claim 1, 2, 3 or 4, wherein the layer is provided by a preform of the intermediate material.

6. A method according to Claim 1, wherein the intermediate material comprises at least two types of granular inter-
mediate materials, each of which is formed by coating at least half the surface with the coating metal material.

7. A method according to Claim 1, wherein the intermediate material is mixed with another function selecting material
of at least one physical property which is different from that of the function selecting material of the intermediate
material.

8. A method according to Claim 4, wherein the granules of the intermediate material have a size in the range 50µm
to 100µm.

9. A method according to Claim 1, wherein the intermediate material is formed by depositing atomised droplets of a
molten metal composition which comprises the function selecting material and the coating metal material onto a
collector.

10. A method according to Claim 1, wherein the intermediate material is formed by depositing atomised droplets of a
molten metal composition which comprises the function selecting material and the coating metal material onto a
collector and is formed to have innumerable gaps therein, which the casting metal material can invade.

11. A method according to Claim 1, wherein the intermediate material is formed by depositing atomised droplets of a
molten metal composition which comprises the function selecting material and the coating metal material onto a
collector and the atomised droplets form a semi-molten film in which the solid phase to liquid phase ratio is about
80% and on which surface the solid phase to liquid phase is less than 80%.

12. A method according to Claim 1, wherein to locate the intermediate material in the casting mould cavity, the inter-
mediate material is mixed with adhesive and formed as a preset core, which is subsequently located in position
in the mould cavity.

13. A method according to Claim 1, wherein to locate the intermediate material in the casting mould cavity, the inter-
mediate material is adhered by adhesive to a surface of a preset core, which is located in position in the mould cavity.

14. A method according to Claim 1, wherein to locate the intermediate material in the casting mould cavity, the inter-
mediate material is adhered in position to the mould cavity by using adhesive to adhere the intermediate material
to the surface of the mould cavity.

15. A method according to Claim 12, 13 or 14, wherein the adhesive comprises one or more selected from the group
consisting of phenolic resin, fran resin, unsaturated polyester resin, urethane resin, polyvinyl acetate resin, poly-
vinyl chloride resin, inorganic cement, sodium silicate and low melting point metals.

16. A method according to Claim 1, wherein the coating metal material comprises one selected from the group con-
sisting of aluminium, magnesium, zinc, copper, iron and alloys thereof.

17. A method according to Claim 1, wherein the function selecting material comprises one or more selected from the
group comprising a primary crystal silicon particle crystallised to a hyper-eutectic A1-Si alloy powder, a carbon
particle precipitated to a cast iron powder, SiC, Al2O3, Si3N4, SiO2, TiC, graphite, lead, molybdenum disulfide, iron,
intermetallic compounds precipitated to aluminium series alloys, K2O-6TiO2, nickel alloys, cobalt alloys, ferrite
magnet, magnetic steels, cobalt, pumice, shirasu balloon, alumina balloon, carbon balloon and hollow glass beads.

Patentansprüche

1. Verfahren zum Gießen eines Produktes durch Füllen eines Gießmetallmaterials in einen Formhohlraum, wobei
mit dem Verfahren das Produkt auf wenigstens einem Teil seiner Oberfläche mit einer Schicht aus Zwischenma-
terial versehen wird, das ein Funktionsauswahlmaterial, das wenigstens eine physikalische Eigenschaft aufweist,
die sich von der des Gießmaterials unterscheidet, und ein Beschichtungsmaterial umfasst, das dasselbe ist oder
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aus derselben Gruppe stammt wie das Gießmetallmaterial, und wobei die Schicht aus Zwischenmaterial vor dem
Füllen des Gießmetallmaterials in den Gießformhohlraum in diesem ausgebildet wird, dadurch gekennzeichnet,
dass das Zwischenmaterial durch Beschichten von wenigstens der Hälfte des Funktionsauswahlmaterials mit dem
Beschichtungsmaterial ausgebildet wird.

2. Verfahren nach Anspruch 1, bei dem das Funktionsauswahlmaterial Partikel umfasst.

3. Verfahren nach Anspruch 1, bei dem das Funktionsauswahlmaterial zwei verschiedene Typen von Funktionsaus-
wahlpartikeln umfasst.

4. Verfahren nach Anspruch 2 oder 3, bei dem das Zwischenmaterial körnig ist.

5. Verfahren nach Anspruch 1,2,3 oder 4, bei dem die Schicht durch einen Vorformling des Zwischenmaterials ge-
bildet wird.

6. Verfahren nach Anspruch 1, bei dem das Zwischenmaterial wenigstens zwei Typen von körnigen Zwischenmate-
rialien umfasst, die jeweils durch Beschichten von wenigstens der Hälfte der Oberfläche mit dem Beschichtungs-
material gebildet werden.

7. Verfahren nach Anspruch 1, bei dem das Zwischenmaterial mit einem anderen Funktionsauswahlmaterial von
wenigstens einer physikalischen Eigenschaft gemischt wird, die sich von der des Funktionsauswahlmaterials des
Zwischenmaterials unterscheidet.

8. Verfahren nach Anspruch 4, bei dem die Körnchen des Zwischenmaterials eine Größe im Bereich von 50 µm bis
100 µm haben.

9. Verfahren nach Anspruch 1, bei dem das Zwischenmaterial durch Aufbringen von zerstäubten Tröpfchen einer
Metallschmelzezusammensetzung gebildet wird, die das Funktionsauswahlmaterial und das Beschichtungsme-
tallmaterial auf einem Kollektor umfasst.

10. Verfahren nach Anspruch 1, bei dem das Zwischenmaterial durch Auftragen von zerstäubten Tröpfchen einer
Metallschmelzezusammensetzung gebildet wird, die das Funktionsauswahlmaterial und das Beschichtungsme-
tallmaterial auf einem Kollektor umfasst, und so gebildet wird, dass darin zahllose Lücken entstehen, in die das
Gießmetallmaterial eindringen kann.

11. Verfahren nach Anspruch 1, bei dem das Zwischenmaterial durch Aufbringen von zerstäubten Tröpfchen einer
Metallschmelzezusammensetzung gebildet wird, die das Funktionsauswahlmaterial und das Beschichtungsme-
tallmaterial auf einem Kollektor umfasst, und wobei die zerstäubten Tröpfchen einen teilgeschmolzenen Film bil-
den, in dem das Festphasen-Flüssigphasen-Verhältnis etwa 80% beträgt und auf dem die Oberfläche der Fest-
phase relativ zur Flüssigphase geringer als 80% ist.

12. Verfahren nach Anspruch 1, bei dem zum Einbringen des Zwischenmaterials in den Gießformhohlraum das Zwi-
schenmaterial mit Klebstoff gemischt und zu einem vorgehärteten Kern ausgebildet wird, der nachfolgend im Form-
hohlraum positioniert wird.

13. Verfahren nach Anspruch 1, bei dem zum Einbringen des Zwischenmaterials in den Gießformhohlraum das Zwi-
schenmaterial mit Klebstoff auf eine Oberfläche eines vorgehärteten Kerns geklebt wird, der sich im Formhohlraum
befindet.

14. Verfahren nach Anspruch 1, bei dem zum Einbringen des Zwischenmaterials in den Gießformhohlraum das Zwi-
schenmaterial mit Klebstoff an seine Position im Formhohlraum geklebt wird, um das Zwischenmaterial auf die
Oberfläche des Formhohlraums zu kleben.

15. Verfahren nach Anspruch 12, 13 oder 14, bei dem der Klebstoff eine oder mehrere Komponenten umfasst, aus-
gewählt aus der Gruppe bestehend aus Phenolharz, Fran-Harz, ungesättigtem Polyesterharz, Urethanharz, Po-
lyvinylacetatharz, Polyvinylchloridharz, anorganischem Zement, Natriumsilikat und Metallen mit niedrigem
Schmelzpunkt.
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16. Verfahren nach Anspruch 1, bei dem das Beschichtungsmetallmaterial ein Material umfasst, das ausgewählt wurde
aus der Gruppe bestehend aus Aluminium, Magnesium, Zink, Kupfer, Eisen und Legierungen davon.

17. Verfahren nach Anspruch 1, bei dem das Funktionsauswahlmaterial eine oder mehrere Komponenten umfasst,
ausgewählt aus der Gruppe bestehend aus primären Siliziumkristallpartikeln, kristallisiert zu einem hyper-eutek-
tischen A1-Si Legierungspulver, Kohlenstoffpartikeln, ausgefällt zu einem Gusseisenpulver, SiC, Al2O3, Si3N4,
SiO2, Tic, Graphit, Blei, Molybdändisulfid, Eisen, intermetallischen Verbindungen, ausgefällt zu Aluminiumlegie-
rungen, K2O-6TiO2, Nickellegierungen, Kobaltlegierungen, Ferritmagnet, Magnetstähle, Kobalt, Bimsstein, Shir-
asu-Kügelchen, Aluminiumoxidkügelchen, Kohlenstoffkügelchen und hohle Glasperlen.

Revendications

1. Procédé permettant de couler un objet en introduisant le matériau du métal de coulage dans une cavité de moule,
et grâce à ce procédé l'objet est doté, sur une partie au moins de sa surface, d'une couche de matériau intermédiaire
comprenant un matériau de sélection de fonction qui possède au moins une propriété physique qui est différente
de celle du matériau du métal de coulage ainsi qu'un matériau d'enduction qui est identique au matériau du métal
de coulage ou provient du même groupe, et dans le cadre duquel la couche de matériau intermédiaire est placée
dans la cavité du moule de coulage, avant l'introduction du matériau du métal de coulage dans la cavité du moule
de coulage.
Caractérisé en ce que le matériau intermédiaire est formé en appliquant une couche de matériau d'enduction
sur la moitié au moins du matériau de sélection de fonction.

2. Procédé, selon la revendication 1, dans lequel le matériau de sélection de fonction comprend des particules.

3. Procédé, selon la revendication 1, dans lequel le matériau de sélection de fonction comprend deux types différents
de particules de sélection de fonction.

4. Procédé, selon la revendication 2 ou 3, dans lequel le matériau intermédiaire est de nature granulaire.

5. Procédé, selon la revendication 1,2,3 ou 4, dans lequel la couche est fournie par une préforme du matériau inter-
médiaire.

6. Procédé, selon la revendication 1, dans lequel le matériau intermédiaire comprend au moins deux types de ma-
tériaux intermédiaires granulaires, dont chacun est formé en appliquant une couche du matériau de métal d'en-
duction sur la moitié de la surface au moins.

7. Procédé, selon la revendication 1, dans lequel le matériau intermédiaire est mélangé à un autre matériau de
sélection de fonction ayant au moins une propriété physique qui est différente de celle du matériau de sélection
de fonction du matériau intermédiaire

8. Procédé, selon la revendication 4, dans lequel les granules du matériau intermédiaire ont de préférence une gros-
seur se situant dans la gamme des 50 µm à 100 µm.

9. Procédé, selon la revendication 1, dans lequel le matériau intermédiaire est formé grâce au dépôt, sur un collecteur,
de gouttelettes pulvérisées d'une composition de métal en fusion laquelle comprend le matériau de sélection de
fonction et le matériau du métal d'enduction.

10. Procédé, selon la revendication 1, dans lequel le matériau intermédiaire est formé grâce au dépôt, sur un collecteur,
de gouttelettes pulvérisées d'une composition de métal en fusion laquelle comprend le matériau de sélection de
fonction et le matériau du métal d'enduction, et est formé de façon à présenter dans celui-ci d'innombrables in-
terstices que le matériau du métal de coulage peut envahir.

11. Procédé, selon la revendication 1, dans lequel le matériau intermédiaire est formé grâce au dépôt, sur un collecteur,
de gouttelettes pulvérisées d'une composition de métal en fusion laquelle comprend le matériau de sélection de
fonction et le matériau du métal d'enduction, et les gouttelettes pulvérisées forment alors une pellicule en semi-
fusion dans laquelle le rapport entre la phase solide et la phase liquide est égal à 80% environ, et sur la surface
de laquelle le rapport entre la phase solide et la phase liquide est inférieur à 80%.
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12. Procédé, selon la revendication 1, dans lequel pour placer le matériau intermédiaire dans la cavité du moule de
coulage, le matériau intermédiaire est mélangé à un adhésif et formé en tant que noyau pré-durci, lequel est
ultérieurement mis en position dans la cavité du moule.

13. Procédé, selon la revendication 1, dans lequel pour placer le matériau intermédiaire dans la cavité du moule de
coulage, le matériau intermédiaire est collé à la surface d'un noyau pré-durci à l'aide d'un adhésif, lequel noyau
est placé en position dans la cavité du moule.

14. Procédé, selon la revendication 1, dans lequel pour placer le matériau intermédiaire dans la cavité du moule de
coulage, le matériau intermédiaire est collé en position sur la cavité du moule en utilisant un adhésif, afin de coller
le matériau intermédiaire à la surface de la cavité du moule.

15. Procédé, selon la revendication 12, 13 ou 14, dans lequel l'adhésif comprend une ou plusieurs substances qui ont
été sélectionnées dans le groupe se composant de : résine phénolique, résine Fran, résine de polyester non sa-
turée, résine d'uréthanne, résine d'acétate de polyvinyle, résine de chlorure de polyvinyle, ciment inorganique,
silicate de sodium et métaux à faible point de fusion.

16. Procédé, selon la revendication 1, dans lequel le matériau du métal d'enduction comprend l'un des matériaux qui
ont été sélectionnés à partir du groupe constitué d'aluminium, de magnésium, de zinc, de cuivre, de fer et d'alliages
de ceux-ci.

17. Procédé, selon la revendication 1, dans lequel le matériau de sélection de fonction comprend un ou plusieurs
matériaux qui ont été sélectionnés à partir du groupe comprenant des particules de cristal de silicium primaires
cristallisées en poudre d'alliage Al-Si hyper-eutectique, des particules de carbone précipitées en poudre de fonte,
SiC, Al2O3, Si3N4, SiO2, TiC, du graphite, du plomb, du bisulfure de molybdène, du fer, des composés intermétal-
liques précipités en alliages de la série aluminium, K2O-6TiO2, des alliages de nickel, des alliages de cobalt, de
la ferrite, des aciers magnétiques, du cobalt, de la pierre ponce, des micro-billes shirasu, des micro-billes d'alumine,
des micro-billes de carbone et des perles de verre creuses.
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