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CAST PRODUCT HAVING CERAMICS AS INSERT

AND METHOD OF MAKING SAME

ABSTRACT OF THE DISCLOSURE

A cast product made from metallic material and ceramic
material with the ceramic material being an insert,
comprises an aggregated body of capsule particles, the capsule
particle including a ceramic particle coated with metallic

particles, and metallic material cast over the aggregated body.
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CAST PRODUCT HAVING CERAMICS AS INSERT

AND METHOD OF MAKING SAME

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to cast a product
having ceramics as an insert such as a cylinder head a piston
and an exhaust manifold which product is repeatedly subjected

to high thermal stress and a method of making such a product.

Background Art

Generally, a cylinder head and a cylinder liner which
define a combustion chamber of an internal combustion engine
are made from casting iron, respectively. Therefore, the
combustion chamber 1s always exposed to a possible breakage due
to poor rigidness which 18 a characteristic of the casting
iron, and due to residual stress at a casting of the'cylinder
head and the cylinder liner as well as thermal stress and
thermal shock exerted on the cylinder head and the cylinder
liner during operation of the engine. Particularly, so-called
“valve bridge portion” (a portion between an intake port and an
exhaust port and a portion between these ports and a
precombustion chamber hole or a fuel injection nozzle hole)
cannot possess a sufficient size and thickness due to its
structure. Thus, the valve bridge portion is structurely weak
and crackings may occur 1n the elements of the valve bridge

portion.
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A conventional measure to overcome the above-described

problems is as follows: In casting the cylinder head, different
metal is inserted to those portions which require high strength
as disclosed in Japanese Utility Model Registration Application
Second Publication No. 48-25923 and hardening of various degrees
is applied to the intermediate product in accordance with
thermal stress occurring in the final product during the
operation of the engine as disclosed in Japanese Utility Model
Registration Application Second Publication No. 63-883l.

10 However, recent engines have very high output and

accordingly the thermal stress and mechanical load on the parts

around the combustion chamber have increased greatly. Thus,
reinforcement of those parts which are subjected to high

thermal stress is not enough to eliminate the possibility of

cracking.

On the other hand, a surface insulation treatment is
applied to the parts around the combustion chamber in order to
suppress thermal fatigue due to a temperature increase, as one
aspect of improving the engine performances. One way of surface

20 insulation is disclosed for instance in Japanese Utility Model
Application Laid-Open No. 59-85348. 1In this application, a
part of the cylinder head on the combustion chamber side 1is

formed by ceramic material. This prevents cracking and 1mproves

a thermal insulation property.

Figures 13 and 19 show a cylinder head arrangement in

line with the above proposal in a plan view and a sectional
view, respectively. As illustrated, a recess portion 5 1is

formed at a valve bridge portion 4 between an 1intake port 1

73483-3
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and an exhaust port 2 of a cylinder head. A fuel injection
nozzle 1nstallation hole 3 is bored in the valve bridge portion
4. The recess portion 5 is filled with ceramic material which
forms a ceramic layer 6.

However, in a cylinder head made from cast iron, there
1s no adequate techinque to join the cast iron material with
the ceramic material. Therefore, the ceramic layer should be
applied on the combustion chamber side cylinder head by bolts.
I'he bolting cannot ensure a sufficient joint and consequently

the ceramic part, which is a brittle part, may be broken due

to vibrations during the engine operation.

In another example, a ceramic port liner is inserted in

the exhaust manifold in order to raise a turbocharging

efficiency by a thermal insulation of internal eXxhaust gas. In
such a structure, the ceramic liner is cast as an insert as the
exhaust manifold 1is cast. This raises a problem that the
brittle ceramic part will be broken by thermal expansion
iron part and

stress produced upon solidification shrinkage. Even if the

cracking does not appear during and after the
operation, the parts may be broken by vibrations during the
engine operation.

Another joint techinque for the cast iron and the
ceramic part has been propoesed. An appropriate amount of
metallic particles are mixed with ceramic particles and the

miXture is sintered. Then, the sintered element is cast as

an
insert. According to this technique, the metallic particles
are metallographically joined with the melt of cast iron. As a

—rd Py [P —ddge emimm *elesthas *
Anad i Y - P - -
AL e AN A A EPRASY B AR L Ay PR Y B o -y o)




2035018

result, the ceramics and the cast iron are combined with each

other very tightly.

The above proposal, however, has following drawbacks:
First, 1 f the ceramic particulates and the metallic
particulates exist in a segregated state in the product, the
thermal strength, the thermal Insulation property and a
deformation-resistance of the product are lowered and a
durability of the product is shortened. In addition, 1t 18
very difficult to manufacture the product having the ceramic
particulates and the metallic particulates distributed

homogeneously. A very strict quality control is required to

obtain a homogeneous product.

SUMMARY OF THE INVENTION

An object of the present invention ijs to0  improve a

strength and thermal Iinsulation ability of a cast product.

Another object of the present invention is to provide a

cast product having a ceramic insert whose Joint with the cast

lron is improved when the ceramic insert of sufficient strength

and thermal insulation ability is cast as insert in the cast

11ron.

Still another object of the Ppresent invention | S to

obtain a ceramic product which has no segregation in structure,

1S suitable for mechanical cutting and has no crackings.

Yet another object of the present invention is to
obtain a product in which the ceramic particulates and the
metallic particulates are homogeneously mixed with each other.

According to one aspect of the present Invention, there
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is provided a cast product made from metallic material and
ceramic material with the ceramic material being an 1insert
comprising: an aggregated body of capsule particles, each of
the capsule particles including a ceramic particle having
substantially the entire surface thereof coated with a plurality
of metallic particles; and metallic material cast over the
aggregated body, the coating of metallic particles penetrating
into the surface of the ceramic particle and having a thickness
sufficient to metallurgically bind the metallic cast material
with the ceramic insert defined by the ceramic particles.

The group of capsule particulates include capsule
particulates of predetermined configuration and the capsule
particulates are formed from powder compacts.

The group of capsule particulates may be a sintered
body made from powder compacts of the capsule particulates.

The ceramic particulates are preferably hollow ceramic
particulates.

A diameter of the ceramic particulate may be approxi-
mately between 10 and 500 micrometers.

A diameter ratio of the ceramic particulate to the
metallic particulate may be about 10 to 1.

The ceramic particulate may be A1203.

The ceramic particulates may be volcanic ash sand
soil grains. These s0il grains may be "Shirasu". The "Shirasu"
may have grain size of 74 micrometers or below as its 40 to 60
weight percent and 74 to 420 micrometers as its 50 to 40 weight
percent or 120 micrometers or below as 1its 30 to 40 weight

percent.

73483-3
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The metallic particulates may be iron metal or stain-
less material.

The metallic particulates may be cast iron.

The group of particulates are preferably positioned
in those portions of the product which are exposed to high
thermal stress. The group of particulates may be a sintered
body or a compact defining a combustion chamber. The group of
particulates may be a sintered body or a compact defining an
inner wall of an exhaust manifold of the engine. The innerx
wall of the exhaust manifold may be the inner wall at the
entrance of the exhaust manifold. The group of the particulates

may be a sintered body or a compact defining a lower portion of

the cvlinder head and/or an exhaust port liner.

According to another aspect of the present invention,
there is provided a method of making a cast product using a
metallic material and a ceramic material with the ceramic
material being the insert, comprising the steps of: (A) forming
a capsule particle by forcing a number of metallic particles on
the surface of a ceramic particle such that the metallic
particles adhere on the ceramic particle, the diameter of the
metallic particle being smaller than that of the ceramic
particle so as to form an intermediate product, and applying a
shock effect by high speed air flow to the intermediate product
such that the metallic particles penetrate into the ceramic
particle to obtain the capsule particles; (B) forming a powder
compact of predetermined shape from the capsule particles; and
(C) casting the metallic material over the powder compact and

simultaneously sintering the powder compact, the metallic

73483-3
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particles forming a coating on the ceramicC particles sufficient
in thickness to metallurgically bind the metallic material cast
in step (C) with the ceramic insert defined by the ceramic
particles.

According to still another aspect of the present
invention, there is provided a method of making a cast product
using a metallic material and a ceramic material with the
ceramic material being the insert, comprising the steps of:

(A) forming a capsule particle by forcing a number of metallic
particles on a surface of a ceramic particle such that the
metallic particles adhere on the ceramic particle, the diameter
of the metallic particle being smaller than that of the ceramic
particle so as to form an intermediate product, and applying a
shock effect using high speed air flow to the intermediate
product such that the metallic particles penetrate into the
ceramic particle to obtain the capsule particle; (B) forming a
powder compact of predetermined shape from the capsule
particles; (C) sintering the powder compact to form a sintered
body; and (D) casting the metallic material over the sintered
body to form the cast product, the metallic particles forming a
coating on the ceramic particles sufficient in thickness to
metallurgically bind the metallic material cast in step (D)
with the ceramic insert defined by the ceramic particles.

The capsule-particle-forming step may be performed by
a powder shock-applying machine or a rolling machine.

The powder-compact-forming step may be a step of

pressure-compacting powders of capsule particles.

73483-3
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The sintering step may include a sintering operation
at a temperature between about 900°C and about 1,000°C.

According to the present invention, the ceramic
elements are added to the product in a desirable condition sO
that the strength and the heat insulation property of the
product are improved. In addition, the surface of the powder
compact or the sintered body is changed to the metal so that
the joint with the cast iron becomes easier or casting of the
cast iron over the powder compact or the sintered body becomes
easier. Furthermore, the ceramic elements are uniformly
distributed in the final product so that the possibility of
cracking is eliminated. Moreover, the metallic particles make

the mechanical cutting easiler.

7a
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Particularly, if the ceramic particles have hollow
portions to contain air therein, the thermal insulation 1is
further improved by layers of air. Also, if volcanic ash sand

soil grains such as “Shirasu” are used as the hollow ceramic

particles, a ceramic element manufacturing cost is reduced.

Van der Waals forces are used when the metallic
particles are forced to adhere on the surface of the ceramic
particle. However, the adhesion between dissimilar particles 1is
not always enough at this point. Therefore, in order to form
the capsule powder, the impulsive forces of the high speed air
is applied to the surface, which is formed by a number of
metallic particles adhered on the ceramic core, of the ceramic
core such that the metallic particles intrude into the ceramic
core. This provides a strong joint between the dissimilar
particles. Specifically, individual ceramic particles are
covered with or enclosed by the metallic particulars with
strong joint force. Therefore, when the powder compact 1s made
from these capsule powders, the ceramic particles and the
metallic particles are homogeneously mixed with each other 1in

the powder compact.

At the next step, the compact of capsule powders are
sintered to obtain a sintered body. Then, the cast iron.is
cast over the sintered body. Alternatively, the compact 1is
sintered and at the same time, the cast iron 1is cast over the
compact. At the step of sintering the compact and the step of

casting the cast iron over the compact or the sintered body,

the metallic particles covering the ceramic particles and the
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other metallic particles are metallurgically joined with each

other, and the combined metal and the cast 1ron are
metallurgically joined with each other, so that the metallic
cast product contains the ceramic particles as the insert.
This means that the compact of capsule powders and the cast
iron are firmly joined with each other. Therefore, the heat

resistance, the thermal insulation property and the deformation

resistance of the final product are 1mproved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view showing a piston head of

an embodiment of the present invention;

Figure 2 is a perspective view showing a combustion

chamber lateral wall of the piston head of Figure 1;

Figure 3 is a perspective view of an exhaust manifold

according to a second embodiment of the present invention;

Figure 4 is a view taken along the line A-A of Figure

Figure 5 1is a sectional view of major portions of a

cylinder head according to a thrid embodiment of the present

invention;

Figure 6 is a perspective view of an exhaust port liner
of Figure 5;

Figure 7 shows a fourth embodiment 0f the present
invention with a section view 1llustrating a step of metallic
particle adhesion on ceramic particle surface;

Figure 8 shows a sectional view of a capsule particle;
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Figure 9 shows a powder impacting machine used to
carry out a method of making a cast product having ceramic
particles as insert;

Figure 10 is a view useful to explan a fifth embodiment
of the present invention, showing a sectional view of a
particle of a hollow ceramic particle and metallic particles
adhering on the ceramic particle:

Figure 11 is a sectional view of a capsule particle:

Figure 12 depicts a system for manufacturing the

capsule particles:

Figure 13 depicts a sectional view of a rolling machine

of the system of Figure 12:

Figure 14 depicts a sintered body of the capsule

particles;

Figure 15 is a partial sectional view of a piston which

1s a cast product having a ceramics as an i1nsert arroding to

the fifth embodiment:

Figure 16 is an enlarged view of "B" section of Figure
15,

Figure 17 schematically illustrates volcanic ash sand

soll grains "Shirasu" which are used as hollow ceramic

particles;

Figure 18 1is a plan view of a cylinder head of a

conventional arrangement: and

Figure 19 is a sectional view taken along the line C-C

of Figure 18.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10
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Now, preferred embodiments of the present invention
will be explained.
Figures 1 and 2 illustrate a cast iron piston 11 having

a ceramic particles as insert according to a first embodiment

of the present invention. In a piston head 12 of the piston
11, a powder compact or sintered body 13 made from capsule
particles is cast as insert. The powder compact or sintered
body 13 includes ceramic particles (cores) and metallic
particles (coating particles) surrounding the ceramic
particles. A combustion chamnber 14 is defined by the powder
compact 13. In other words, a wall 15 of the combustion

chamber 14 is formed by homogeneously distritubed, firmly added

ceramic particles.

This piston 11 1S exposed to high temperature
combustion gas and thermal stress repeatedly, but cracking does
not appear in the combustion chamber wall of the <cast iron
Piston since the piston 11 has the above construction.

Figures 3 and 4 show a second embodiment of the present
Invention. Numeral 21 designates an cast iron exhaust manifold
having ceramic particles as insert. A powder compact (sintered
body) 23 made from the capsule particles are cast in an inner
wall of the exhaust manifoid. An inner wall 24 of the powder

compact 23 defines an exhaust gas passage 25.

A cast location of the powder compact 23 may be a
connecting portion 26 between the exhaust manifold 21 and a

cylinder head (not shown) or may be an entire inner wall of the

exhaust manifold 21.

11
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Figures 5 and 6 show a third embodiment of th present
invention, in a lower-portion 32 (a valve bridge portion) of a

cast iron cylinder head 31 and an exhaust port liner 33 of the

cylinder head 31, powder compacts (sintered bodies) 34 and 35
made from the above-described capsule particles are cast as

insert.

Since the lower portion 32 of the cylinder head and the
exhaust port liner 33 include the powder compacts 34 and 35
respectively, the heat resistance, the thermal insulation
ability and the deformation resistance of these elements are
improved. In addition, crackings do not appear in these
elements even if thermal stress is repeatedly applied to them.

Now, a method of making the cast iron product having a

ceramic element as the insert, as mentioned in the first to the

third embodiments will be explained as a fourth embodiment of
the present invention.

Major steps of the method are: forming capsule
particles; forming a powder compact from the capsule particles;:
and performing a casting with the powder compact as an insert.

The capsule particle forming steps may be carried out
by a fine-particle shock-applying machinei and peripheral
equipments thereof (Figure 9) and the shock-applying machine
will be explained. ‘

As illustrated, a disk 44 is mounted on a shaft 43

rotatably supported by a casing 42 and a Plurality of shock-

applying pins 45 are provided on the outer periphery of the
disk 44 at predetermined intervals and extend in the radial

direction of the disk 44.

12
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The disk 44 gs adpated to rotate at a high speed. A
collision or impact ring 46 i1is provided around the disk 44 with
a predetermined clearance. The impact ring 46 is mounted on
the 1inner wall of the casing 42. The impact ring 46 is cut
out at a lower portion 47 thereof and a valve 48 is provided at
the cut out portion 47 of the ring 46.

The wvalve 48 is connected to a valve stem 50 which
serves as a rod of the actuator 49 and a up-and-down movement
of the valve stem 50 opens and closes the cut out 47.

A clearance between the outer periphery of the disk 44
and the impact ring 46 defines an impact chamber 51 for
applying a shock or an impulsive force to the fine particles.
The impact chamber 51 has a circulation opening b2 and a

circulation passge 53 extends from the opening 52 to a central

portion of the disk 44.

IThe fine particles are fed into the chamber b1 through
a feed chute 55 connecting the passage a3 with a hopper 54. A
predetermined impulsive force is applied to the fine particles
and the fine particles are discharged from a discharge chute 56

as the valve 48 moves.

The peripheral equipments of the impact machine 41
include a raw material weighing feeder 57 which transferrs the
fine particles to the raw material hopper 54, a raw material

storage 58 provided upstream of the feeder 57 and a

preprocessor 59 for feeding the fine particles to the storage

08.

Other peripheral equipments are a cyclone 60 for

13
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receiving the fine particles discharged from the impact chamber
561, a rotary valve 61-provided for the cyclone 60, a bag filter
63 having another rotary valve 62, a blower 64 and a controller
6o for controlling the raw material weighing feeder 57, the
disk 44 and the actuator 49.

Next, a process of making the capsule particles will be
explained.

As 1llustrated in Figure 7, ceramic particles 71 of 10~
500 micrometer (in diameter) are prepared. These ceramic
particles 71 may be fine particles of A1203. In addition,
metallic particles 72 having smaller diameter than the ceramic
particle, for example one-tenth of the ceramic particle, are

prepared. The metallic particles may be iron metallic

particles.

The metallic particles 72 are applied on the surface of

the ceramic particle 71 such that the metallic particles 72
adhere thereon. The adhesion is carried out by the

preprocessor 09 with use of van der Waals forces.

Each particle 73 has the alumina particle 71 and the

metallic particles 72 around the alumina particle 71. The
particles 73 are fed from the preprocessor 59 to the raw
material storage 58.

At that time, the valve 48 of the impact machine 41 s
closed, and inert gas is fed into the machine 41 while the
shaft 44 is rotated. The rotational speed of the disk 44 is
ad justed between 8,000 to 16,00 rpm by the controller 65. The
rotation of the disk 44 rotates the Pin 45 mounted on the outer

periphery of the dis 44 and produces air flow therearound. A

14

ARV FR A - v i
T T T S

i e ol LN - PP Ol oo ORI PR A

A - P I - -t el S Ay it



2035018

fan effect due to a centrifugal force of the air flo forms a
circulation flow ext;nding from the opening 52 of the chamber
51 to the central portion of the disk 44 through the passage
53.

After tha circulation flow is formed, the treated fine
particles 73 in the storage 58 are thrown into the hopper 54 by
the feeder 57. The fine particles 74 enter the impact chamber
01 from the raw material hopper 54 through the chute 55. [n

the chamber 51, a number of Pins 45 of the disk 44 which

rotates at a high speed, apply Instataneous shock to the fine
particles 73. Then, the fine particles 73 collide against the
ring 46 such that a second shock and a strong compressing force
are applied to the fine particles 73. After that, the fine
particles 73 flow into the circulation passage 53 with the
circulating gas flow and reach the chamber 51 again, as
indicated by the arrow "a". Then, the fine particles 73 are

exposed to the shock again.

Therefore, the fine particles 73 face the impulsive

force repeatedly within a short period of time. The time
required may be about 1 to 10 miniutes. During that period of
time, the surface of the ceramic particle 71 is given thermal
energy so that the metallic particles 72 or the ceramic

particle 71 is softened or meilt within a short period of time,

whereby the metallic particles 72 are distributed homogeneously
on the surface of the ceramic particle 71. In other words, the

ceramic particle 71 is covered with the metallic particles 72

whereby the coated capsule particle (powder body) 74 which has

15
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the ceramic partilce 71 as the core and the metallic particles

72 around the ceramic particle 71 is manufactured.

After the capsule particle 74 is prepared, the valve 48
is moved to a position indicated by the double-dot 1line of
Figure 9 so that the cut out portion 47 is opened to discharge
the capsule particles 74 from the chamber 51.

The centrifugal force exerted on the capsule particles
74 and a suction force of the blower 64 discharge the capsule

particles 74 from the chamber 51 and the circulation passage 53
within a short period of time (several seconds) , as shown 1in
Figure 8. Then, the capsule particles 74 are - introducted to
the fine particle collecting mechanism (the cyclone 60 and the
gas filter 63) through the discharge chute 56. The capsule

particles 74 are expelled outside by the rotary valves 61 and
62.

Next, the capsule particles 74 are pressurized and
shaped to predetermined configurations. In other words, as
shown in Figures 2, 4 or 6, there are formed the powder compact
13 defining the <combustion chamber 14 of the pPiston head 12,
the powder compact 24 defining the exhaust gas passage 25 of
the exhaust manifold 21 and the powder compact 34 defining the
port liner 33 of the cylinder head 31.

The powder compacts 13, 24 and 34 are located 1in
respective casting molds (not shown) and metallic melt <(iron)
are added into the casting molds whereby the desired piston 11,
the exhaust manifold 21 and the cylinder head 31 are cast.
Therefore, the powder compacts 13, 24 and 34 are sintered by

the high temperature molten metal and at the same time, the

16
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powder compacts become the inserts o0f the respective cast
products.

Alternatively, the powder compacts 13, 24 and 34
may undergo the sintering, like a normal sintering of the
metal, by a sintering furnace at a sintering temperature of the
metal.

The final products obtained are shown in Figures 1 to 6.

Since the capsule particles 74 are used, the indivisual

ceramic particles 71 are covered with the metallic particles 72
with strong bonding force. Therefore, there are obtained
products having the ceramic particles 71 and the metallic
particles 72, both particles being distributed homogeneously in
the product, without strict quality control.

The product has an excellent thermal resistance,
a thermal insulation property and a deformation resistance. In
addition, in the product which has the ceramic particles as the
Inserts, the ceramic particles 71 and the metallic particles 72
covering the ceramic particles 71 are metallurgically combined
with each other. Further, when the casting of the cast iron is
performed with the powder compacts 13, 24 and 34 as the
inserts, the metallic particles around the ceramic particles
are metallurgically combihed with the cast iron. Therefore,
the problem of the brittleness of the ceramics are eliminated.

consequently, the thermal resistance, the thermal insulation

and the deformation resistance of the product is improved and

the strength and the longevity of the procduct is also

1mproved.

17
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in this way, the manufacturing method of the present
invention eliminates all the problems of the conventional cast
iron product having the ceramics as the insert. The method of
the present invention widens the field of use of the ceramic
products remarkably.

In the powder compact or the sintered body, since the
ceramics 1is coated with the metal, stress which would be
produced wupon thermal expansion and solidification shrinkage
with respect to the casting base metal. As a result, the
castability 1is improved and the crackings do not appear. In

addition, the mechanical cutting of the product becomes as easy

as the metal itself.

A ratio of the metallic portion to the ceramic portion
1s 30 to 70 at maximum and the metallic portion may be reducted
relative to the ceramic portion. Therefore, if it is desired
to further improve the thermal resistance, the thermal
insulation ability and the deformation resistance, the metallic
portion (metallic particles) will be reduced. On the other
hand, if the product is often subjected to vibrations and

shocks, the metallic portion is lncreased in order to reduce

/

the brittleness of the ceramics.

The present invention may be applied to products other

than those illustrated in Figures 1 to 6.

Next, a fifth embodiment of the present invention will

be described with Figures 10 to 17.

In this particular embodiment, the ceramic particle 82
having a hollow portion 81 is employed, as shown in Figures 10

and 11. Like the forth embodiment, the ceramic particle 82 is

18
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coated with the metallic particles 83. The metallic particle

83 has a smaller diameter than the ceramic particle 82, for

example one-tenth of +the ceramic particle. The metallic
particles 83 are forced to adhere on the ceramic particle 82

and the 1impulsive force is applied to them such that the

metallic particles 83 firmly adhere on the ceramic particle 82.
In this manner, there is obtained the capsule particle 86 which
has the hollow ceramic particle 82 as the core particle 84 and
the metallic particles 83 as the coéting particles 85, as shown

in Figure 11.

The capsule particle 86 may be manufactured by the
system of Figure 9, but here another system is employed and

illustrated in Figures 12 and 13.

The system is used to manufacture the capsule particles

in a dry manner. The system includes an electrostatic device
91, a feeding apparatus 92, a rolling device (hybridizer) 93
and a powder body collecting device 94, The electrostatic

device 91 is used to force small particles to adhere a base

particle. The small particle has a diameter smaller than the
base particle. The feeding machine 92 is used to transfer the
base particles having the smaller particles thereon. The

rolling machine 93 is used to apply the shock or the impulsive
force to the particles. The collecting machine 94 is used to
receive the manufactured capsule particles. These devices 91,
92 and 93 are controlled by a controller 95.

As shown in Figure 13, a rotor 98 is rotatably provided

in the rolling machine 93. The rotor 98 includes a stator 96

19
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and he stator 96 has blades 97. The particles to be treated,
fed from a chute 98 are blown off or scattered by the
centrifugal force of the roller 98, as indicated by the broken
line "b". During this process, the particles impinge on the
inner wall of the stator 96 and the blades 97 so that the
impulsive force i1s applied to the particles, and the particles
are repeatedly thrown into the high speed air flow by the
circulation passage 100. Then, when a discharge valve 101
of the stator 96 is opened, the capsule particles are
discharged from an outlet port 102.

The hollow ceramic particles 82 and the metallic
particles 83 adhering on the ceramic particles are thrown into
the rolling machine 93 and the impulsive force is applied to
the particles by the high speed air flow for about 1 to 10
mininutes. The rotational speed of the rotor 98 s between
8,000 and 16,000 rpm. The product 86 is the capsule particle

whose elements are joined with each other firmly.

The method of making the capsule particle 86 is not

limited +to the above-described method, but may be a Known wet

method.

Next, the fine particles (a number of the capsule

particles 86) are shaped to a predetermined configuration, 1like
the normal sintering of the metal, and then sintered by the
sintering furnace at the sintering temperature of the metal.
The resulting product is the sintered body 87 of Figure
14. In other words, there is obtained an aggregated body of
the hollow <ceramic particles 82 and the metallic particles

(coating particles) 85. The surface of the sintered body 87
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is coated with the metal. This is the same situation as that
the plating is applied to the ceramics.

The sintered body 87 and the cast iron are <cast with
the sintered body 87 being the insert, 1like the fourth
embodiment, and the cast product having the ceramics as the
insert is obtained.

In this manner, since the sintered body 87 is formed by
the capsule particles 86 which have the hollow ceramic
particles 82 as the insert, the cast product having th sintered
body 87 as the insert has a futher improved thermal insulation
ability. Specifically, since the core particles are the hollow

particles, the air layers in the hollow portions further

improve the thermal insulation ability.

Stainless fine particles (SUS 304) may be used as the
coating particles 85 for the capsule particles 86. In such a

case, the sintering temperature is between about 900 and about

1,000 °cC.

The fifth embodiment may be used in the same field as
the fourth embodiment. For example, the fifth embodiment may
be wused as the thermal insulation element of the top of the
piston (cast iron), as shown in Figure 16.

In other words, the sintered body 111 having a shape of
combustion chamber at the piston top is made from the capsule
particles 86. The sintered body 111 is placed in the casting
mold (not shown) for casting the piston body 112 and the molten
metal 1s poured thereinto. At this time, the molten metal

reacts with the metal (coated particles 85) in the surface of
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the sintered body 111 and joined with the surface of the
sintered body 111, as‘shown in Figure 16. Thus, the cast iron
113 is cast over the sintered body or the sintered body becomes
the insert of the cast iron product.

The sintered body 111 is coated with the metal in terms
of particle-level so that the metallic coating layer serves as
a stress absorber when the cast iron is solidified. [n
addition, the thermal expansion of the product is similar to

the cast iron (13 x 107° 1/°C) so that there is no possibility

of crackings due to the thermal expansion.

The hollow ceramic particles may be porous volcanic ash

sand so0il grains which exist in nature. For example, soil
grains 121 ("Shirasu") of Figure 17 may be used. "Shirasu" can
be found in Kyushu area of Japan and contain porous pumices

and volcanic glasses as its major components. The grain sigze
of so-called "fine Shirasu" is below 74 micrometers for 40 to
60 % thereof (weight percent) and between 74 to 420 mictometers
tor 50 to 40 %. The grain size of so-called "coarse Shirasu"
1s 120 micrometers for 30 to 40 % of its weight.

By wusing Shirasu, the process of preparing the hollow

ceramic particles can be omitted and the manufacturing cost is

reduced.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A cast product made from metallic material and ceramic
material with the ceramic material being an insert comprising:

an aggregated body of capsule particles, each of the
capsule particles including a ceramic particle having
substantially the entire surface thereof coated with a plurality
of metallic particles; and

metallic material cast over the aggregated body, the
coating of metallic particles penetrating into the surface of
the ceramic particle and having a thickness sufficient to
metallurgically bind the metallic cast material with the ceramic

insert defined by the ceramic particles.

2. The cast product of claim 1, wherein the aggregated
body includes a powder compact which is formed by the capsule

particle.

3. The cast product of claim 1, wherein the aggregate
body includes a sintered body which is formed by sintering a

powder body of the capsule particle.

4. The cast product of claim 1, wherein the ceramic

particle 1is a ceramic particle having a hollow section.

5. The cast product of claim 1, wherein the grain size
of the ceramic particle is between about 10 to about 500

micrometers.
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6. The cast product of claim 1, wherein a ratio of the
grailn diameter of the ceramic particle to the grain diameter

of the metallic particle is approximately 10 to 1.

7. The cast product of claim 1, wherein the component

ratio of the ceramic particles to the metallic particles is

70 to 30 or less.

8. The cast product of claim 1, wherein the ceramic

particles include A1203.

9. The cast product of claim 1, wherein the ceramic

particles include porous volcanic ash sand soil grains.

10. The cast product of claim 9, wherein the volcanic

ash sand soil grains include "Shirasu".

11. The cast product of claim 10, wherein the "Shirasu"
includes grains below 74 micrometers in grain size for 40 to
60% of its weight and grains between 74 to 420 micrometers for

50 to 40% of its weight.

12. The cast product of claim 10, wherein the "Shirasu"
includes grains below 120 micrometers in grain size for 30 to

40% of its weight.

13. The cast product of claim 1, wherein the metallic

particles include iron metal.

14 . The cast product of claim 1, wherein the metallic

particles include stainless steel.
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15. The cast product of claim 1, wherein the metallic

material includes cast iron.

16. The cast product of claim 1, wherein the aggregated
body includes a compact or a sintered body which defines a

combustion chamber formed in a piston head.

17. The cast product of claim 1, wherein the aggregated
body includes a compact or a sintered body which defines an

inner wall of an exhaust manifold.

18. The cast product of claim 17, wherein the inner wall

18 an inner wall at an entrance of the exhaust manifold.

19. The cast product of claim 1, wherein the aggregated
body 1s a compact or a sintered body to define at least a

lower portion of a cylinder head and an exhaust port liner.

20. A method of making a cast product using a metallic
material and a ceramic material with the ceramic material
being the insert, comprising the steps of:

(A) forming a capsule particle by forcing a number
of metallic particles on the surface of a ceramic particle
such that the metallic particles adhere on the ceramic particle,
the diameter of the metallic particle being smaller than that
of the ceramic particle so as to form an intermediate product,
and applying a shock effect by high speed air flow to the
intermediate product such that the metallic particles penetrate

into the ceramic particle to obtain the capsule particles;
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(B) forming a powder compact of predetermined shape
from the capsule particles; and

(C) casting the metallic material over the powder
compact and simultaneously sintering the powder compact, the
metallic particles forming a coating on the ceramic particles
sufficient in thickness to metallurgically bind the metallic

material cast in step (C) with the ceramic insert defined by

the ceramic particles.

21. The method of claim 20, wherein the capsule particle
forming step is carried out using a fine-particle shock-applying

machine or a rolling machine.

22. The method of claim 20, wherein the powder compact
forming step includes pressurizing and shaping the capsule

particle.

23. A method of making a cast product using a metallic
material and a ceramic material with the ceramic material
being the insert, comprising the steps of:

(A) forming a capsule particle by forcing a number of
metallic particles on a surface of a ceramic particle such that
the metallic particles adhere on the ceramic particle, the
diameter of the metallic particle being smaller than that of
the ceramic particle so as to form an intermediate product, and
applying a shock effect using high speed air flow to the inter-
mediate product such that the metallic particles penetrate into

the ceramic particle to obtain the capsule particle:
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(B) forming a powder compact of predetermined shape
from the capsule particles;

(C) sintering the powder compact to form a sintered
body; and

(D) casting the metallic material over the sintered
body to form the cast product, the metallic particles forming
a coating on the ceramic particles sufficient in thickness to
metallurgically bind the metallic material cast in step (D)

with the ceramic insert defined by the ceramic particles.

24. The method of claim 23, wherein the capsule particle
forming step is carried out using a fine-particle shock-applying

machine or a rolling machine.

25. The method of claim 23, wherein the powder compact
forming step includes pressurizing and shaping the capsule

particle.

26 . The method of claim 23, wherein the sintered body

forming step includes sintering at a temperature between about

900 and about 1,000°C.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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