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@ Molding method for powder of metal, ceramic, etc.

@ A method of molding the powder of a metal,
ceramic or the like which comprises preparing a
plastic mold having at least one opening on the
surface of a pattern having a desired form to be
molded, removing the pattern to form a cavity on the
plastic mold, filling a molding material of metal pow-
der, ceramic powder or the like into the cavity
through the opening, sealing the cavity, and treating
the mold with cold isostatic pressing. In the method
of the invention, by using a plastic material for the
mold, the external liquid pressure is fransmitted to
the molded body therein, and an isotropic pressure
is added to the molded body during the cold
isostatic pressing. According fo the method of the
invention, the time for preparing a mold can be
shortened to about 1 hour from 5 to 20 hours which
is taken in the previous method.
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BACKGROUND OF THE INVENTION

This invention relates to a molding method
capable of obtaining a molded body efficiently from
the powder of a metal, ceramic or the like with rare
occurrence of anisotropic contraction.

The cold isostatic pressing (CIP) is well known
as the method of producing a uniform molded body
by filling the powder of a metal, ceramic or the like
into an elastic mold, sealing the mold and pres-
surizing it at ordinary temperature sing water, oil,
etc. as the pressurizing medium. In this methd, a
device is necessary so as not {o deform the elastic
mold by the weight of the powder.

As such a device, a known method is to thick-
en and to strengthen the elastic moid {0 a ceriain
degree.

Another known method is disclosed in Japa-
nese Patent KOKAI No. 62-297402 which com-
prises preparing an elastic thin mold having a pre-
scribed form and a gas-permeable mold support
having an inside form similar to the mold, and
putting the mold into the mold support. In this
method, the elastic thin mold is fitted to the inner
surface of the mold support by keeping the mold
support under a negative pressure, and thereby,
the form of the mold is ensured. Raw powder is
filled into the mold, degassed and then sealed.
Subsequently, the mold support is detached, and
the mold is subjected to the cold isostatic pressing.
The mold is removed to obtain a molded body.

The inventors already completed a method of
molding the powder of a metal, ceramic, etc. which
comprises forming an elastic thin mold having at
least one opening on the surface of a pattern
having a desired form to be molded, forming a
lightly adherable mold support so as to adhrere to
the outer surface of the mold, removing the pattern
from the mold to form a cavity, filling a molding
material powder such as metal or ceramic into the
cavity through the opening, degassing, sealing, and
treating the mold with cold isostatic pressing
(Japanese Patent KOKAI No. 2-280999).

In the method of thickening and stregthening
the elastic mold, isotropic contraction does not
occur in both of the elastic mold and hie filled
body, since the contraction degree of the elastic
mold by the pressurising is different from the con-
traction degree of the filled body by the pressuriz-
ing. Therefore, a great deal of mechanical proces-
sings are necessary in order o obtfain a formed
body having a desired form and a dimensional
accuracy.

By using the method of supporting the outside
of the elastic thin mold by the gas-permeable mold
support, the dimentional accuracy is sharply im-
proved compared with the method of thickening
and strengthening the elastic mold. However, since
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the elastic thin mold is expanded to be fitted to the
inner surface of the mold support utilizing the dif-
ferential pressure, the phenomenon frequently oc-
curred that the elastic thin mold was expanded
without moving to the corresponding position of the
inner surface of the mold support having a similar
form. When the mold was subjected to CIP treai-
ment in this state, the above slippage caused an-
isotropic contraction and wrinkles. The problem be-
came more remarkable the more the desired form
became complex.

In the molding methd completed by the in-
ventors, it is necessary labor and time for prepar-
ing an elastic thin mold excellent in sealability. For
example, an elastic thin mold was prepared by
repeating the coating and drying of the raw rubber
liquid 5 to 20 times with taking a time of 5 to 20
hours.

SUMMARY OF THE INVENTION

An object of the invention is to provide a meth-
od of molding the powder of a metal, ceamic or the
like capable of producing a molded body having a
high dimentional accuracy with rare occurrence of
an isotropic contraction.

Another object of the invention is o provide a
methd of molding the powder of a metal, ceramic
or the like capable of producing a molded body
efficiently with less labor and time.

The present invention provides a method of
molding the powder of a metal, ceramic or the like
which has achieved the above objects, comprising
preparing a plastic mold having at least one open-
ing on the surface of a pattern having a desired
form to be molded, removing the pattern to form a
cavity on the plastic mold, filling a molding material
of metal powder, ceramic powder or the like into
the cavity through the opening, sealing the cavity,
and treating the mold with cold isostatic pressing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 to 3 are sectional views indicating a
state immediately before placing in a CIP appara-
tus in each example of the method of the invention,
respectively.

Figure 4 is a sectional view of the mold used
for preparing patterns used in the examples of the
method of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the case that the pattern having a desired
form to be molded can be taken out of the plastic
mold in a form of the whole body or by breaking it,
the pattern may be composed of a material resis-
tant to deformation which can be selected from a
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wide range of materials, such as metals, ceramics,
plastics and woods. Whereas, in the case that the
patern cannot be taken out even though it is
broken, the pattern is composed of a removable or
vanishable material by melting, dissolving, sublima-
tion or the like in the range of not interfering with
the function of the plastic mold. The materials
removable by melting are wax, efc., and the materi-
als removable by dissolving in water or an organic
solvent are polyvinyl alcohol, polyvinyl butyral,
polyethylene glycol, methyl cellulose, carbox-
ymethy! cellulose, urea, urea resin, water-soluble
wax, efc. The materials vanishable by sublimation
are naphthalene, eic. In order to conirol the
strength, rigidity and the like, the powder of a
metal, ceramic, plastic, wood or the like may be
blended with the removable or vanishable material.

The method of forming the above material info
the pattern having a desired form may be conven-
tional. For example, a great mass may be formed
into the desried form by mechanical processings,
or the material may be cast into a mold having the
desried form in a melted state. The material may
be formed by injection molding in a melted or
semisolidified state. In the case that the plastic
mold is removed by meliing in a later process, if
there is a fear of entering the melted material into
the spaces of the molded body, it is preferred to
form a membrane for prevention against the enter-
ing on the surface of the pattern prior to the forma-
tion of the plastic mold. For exampile, in the case of
forming the plastic mold of paraffin wax, it is effec-
tive to apply a raw liquid of nylon, silicone rubber,
natural rubber or the like onto the surface of the
pattern.

The plastic mold has a role of transmitting the
external pressure added during cold isostatic
pressing to the powder filled in the cavity of the
mold, and must be composed of a material which
starts plastic deformation at a pressure lower than
the pressure to start the deformation of the powder
layer. Otherwise, the isotropic contraction of the
powder layer is not ensured, and therefore, moided
bodies having a high dimentional accuracy cannot
be obtained. Particularly, when the powder is com-
posed of granules produced by granulating fine
powder, the plastic mold must start plastic de-
formation at a low pressure of about 0.5 kg/cm2.
The material for the plastic mold may be selected
from the materials satisfying the above condition,
such as waxes, e.g., beeswax, lanolin, spermacsti,
montan wax, paraffin wax, microcrystalline wax,
polyethylene wax, Fischer-Tropsch wax, montan
wax derivatives, paraffin wax derivatives and micro-
crystalline wax derivatives, saturated monocarbox-
ylic acids, e.g., lauric acid, palmitic acid, stearic
acid and cerotic aicd, unsaturated carboxylic acids,
e.g. fumaric acid and maleic acid, various blends
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containing the above materials as the principal
component, oil soil, and low-melting alloys. When
the pattern has a form difficilt of taking out, it is
necessary to remove the pattern by collapse. In
this case, the maiterial not damaged through the
removal by collapse must be selected as the ma-
terial for the plastic mold. For example, when the
pattern constructed by a water-soluble material is
removed by dissolving in water, the plastic mold
must be formed of a material resistant to water and
not softened nor melted at the applied temperature.
When the pattern is removed by melting, similar
limitations are required at the applied temperature.

During the CIP treatment, external pressure is
transmitted to the powder layer through the plastic
mold, and the plastic mold tends fo enter the space
between the particles composing the powder.
When the plastic mold enters the space, demolding
is difficult. That is, the surface of the molded body
is separated during removing the plastic mold by a
mechanical destruction. Besides, in the case of
removing the plastic mold by meliing, the particles
on the surface of the molded body is escaped
simultaneously. A means effective for preventing
the plastic mold to enter the molded body is to
form the plastic mold using an aggregate of
swelled organic polymer particles absorbing the
plastic mold material. The entering into the molded
body can be prevenied by rendering the particle
size of the swelled particle o 50 to 5,000 um,
preferably 200 to 1,000 um. A suitable swelled
particle aggregate for such a plastic mold can be
produced by preparing a solution composed of 80
wi. % of urea and 20 wt. % of water as the plastic
mold mateial and allowing 0.5 wi. % of sodium
acrylate polymer particles to absorb the solution.
Another suitable swelled particle aggregate is pro-
duced by employing cetyl alcohol as the plastic
mold materiai and allowing oil absorbent acrylic
resin particles to absorb it.

The plastic mold has at least one opening
capable. of put the powder of the molding material
such as a metal or ceramic in the cavity. The
position, size, form and the like of the opening are
designed so that the powder of the molding ma-
terial is filled in the form to be molded.

The plastic mold can be prepared according to
a conventional method. For example, the pattern is
hung in a suitable vessel, and the aforementioned
material for the plastic mold is melted and poured
therein.

The powder of the molding material such as a
metal or ceramic is filled in the cavity of the plastic
mold through the opening. The metal, ceramic and
the like are moldable ones by the CIP treatment,
such as stainless steels, high speed steels, tung-
sten carbide-cobalt mixtures, silicon carbide are.
titanium diboride. They may be mixed. A suitable
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particle size is 10 fo 1,000 um.

The fine particles having a particle size of less
than 10 um are liable to agglomerate, and it is
difficult to fill them in a uniform density. However
the fine particles are applicable by granulating.
When an organic binder is added in order to
granulate fine powder, heretofore, 2 to 8 parts by
volume of the organic binder were added to 100
parts by volume of the fine powder. However, the
inventors found that the entering of the plastic mold
into the molded body during the CIP freatment can
be prevented by adding 10 to 100 parts by volume,
preferably 20 to 80 parts by volume of the organic
binder to 100 parts by volume of the fine powder.
That is, 20 to 80 parts by volume of the organic
binder is added to 100 parts by volume of the
powder for molding, the granules are collapsed by
the consolidation during the CIP treatment to return
the primary particles, and the space between the
primary particles are filled by the organic binder.
As a result, the organic binder prevents the enter-
ing of the plastic mold. When the added amount is
less than 20 parts by volume, particularly less than
10 parts by volume, the above effect is insufficient.
While, when it is beyond 80 parts by volume,
particularly 100 parts by volume, the organic binder
inhibits the consolidation of the powder. As the
organic binder, paraffin wax, polyvinyl alcohol
(PVA), polyvinyl butyral, carboxymethyl cellulose,
polyvinyl acetate and the like are applicable.

When a metal powder having a particle size of
10 to 1,000 um is molded, it is preferable to apply
a porous powder having an apparent density of 20
to 60 % of the frue density, i.e. 80 to 40 % of
porosity. In such a powder, particles are deformed
and entangled by the consolidation to obtain a
molded body having a high forming strength. As a
result, even if the plastic mold enters the molded
body from the surface, the surface is resistant to
the occurrence of defects during demolding. The
porous metal powder can be produced by various
methods, and includes the iron powder and copper
powder produced by the water atomizing method
and the aluminum powder produced by the air
atomizing method. Sponge fitanum is also pre-
ferred.

To the plastic mold material, various additives
may be added according to the desired properties
or the like. For example, in the case of silicon
nitride, alumina, yttria or the like may be added.

As the sealing means, a pressure transmitting
vessel can be used. The pressure transmitting ves-
sel fransmits the pressure to the plastic mold
placed therein without permeating the pressuring
medium of water, oil or the like, and it may be an
elastic vessel having a form-reversing ability or a
thin bag having no form-reversing ability. The elas-
tic vessel is made of natural rubber or a synthetic
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rubber such as styrene-butadiene rubber,
polyisopropylene rubber, isobutylene rubber, iso-
prene rubber, silicone rubber or urethane rubber.
The thin bag may be made of a soft plastic such
as nylon, polyethylene or EVA as well as the above
rubbers. The elastic vessel is composed of the
vessel body and a lid. The plastic mold and the
powder of the molding material are placed in the
vessel body, and then the lid is aftached fo com-
plete the seal. In the case of the thin bag, the
plastic mold containing the powder of the molding
material is put in the bag, and the opening of the
bag is pinched by a jig or bound to complete the
seal. The air in the space of the powder is removed
by degassing prior to sealing, if necessary.

Other sealing methods may be applicable in-
stead of the above method using the pressure
fransmitting vessel. That is, after filling the powder
of the molding material in the cavity of the plastic
mold, the opening portion is sealed by coating a
plastic material, which may be identical with or
different from the material of the plastic mold, in a
melted or half-melted state. The plastic mold may
be subjected to the CIP treatment as it is, or may
be sealed double by putting it in the pressure
transmitting vessel.

In order to facilitate the plastic deformation of
the plastic mold, heating may be conducted prior
to the CIP treatment. Besides, in order to prevent
temperature drop, the plastic mold is immersed in
a vessel containing a heating medium liquid, and
after adjusting it to a prescribed temperature, the
mold may be treated with CIP together with the
vessel of the heating medium liquid.

The CIP may be conducted using a known CIP
treating apparatus. The freating conditions may be
simular to a known method, such as pressurizing at
100 to 10,000 kg/cm?, preferably 1,000 to 5,000
kg/cm? for 1 to 30 minutes at a maximum pressure.
The pressurizing medium may be warmed to a
temperature lower than the softening point of the
plastic mold. After the CIP treatment, the plastic
mold is taken out, and the plastic mold is sepa-
rated from the molded body. In the case that the
plastic mold does not inhibit, the molded body may
be taken out as it is. In the case that the plastic
mold inhibits, the plastic mold may be broken by a
mechanical means. Alternatively, the molded body
may be taken out by melting the plastic mold by
heating.

After the CIP treatment, the molded body is
usually sintered in a conventional manner.

in the method of the invention, by using a
plastic material for the mold, the external liquid
pressure is transmitted to the molded body therein,
and an isotropic pressure is added to the molded
body during the cold isostatic pressing. According
to the method of the invention, the time for prepar-
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ing a mold can be shortened to about 1 hour from
5 to 20 hours which is taken in the previous meth-
od.

EXAMPLES
Example 1

A silicone rubber mold prepared had a form
shown in Figure 4 of which the cavity was com-
posed of a shaft 40 mm in diameter 100 mm in
length, a disc 120 mm in diameter 40 mm in
thickness and an irregular shaped disc 120 mm in
diameter 40-60 mm in thickness. A stainless steel
beaker was put in a boiling water bath at 100° C,
and 15 parts by weight of water and 85 parts by
weight of urea were put therein and dissolved. The
aqueous solution was poured in the mold shown in
Figure 4, and naturally cooled for 1 hour. Then, the
mold was detached to obtain a water-soluble pat-
tern. The pattern was hung in an elastic vessel 2
made of urethane rubber shown in Figure 1. Par-
affin wax having a melting point of 48 to 50° C was
melted by heating at 60 ° C. The melt was poured
in the cavity, and naturally cooled to obtain a
plastic mold 3. Subsequently, the elastic vessel 2
was submerged in a warm water of 40°C, and
allowed to stand for 30 minutes. As a result, it was
found that the pattern was entirely dissolved. After
drying, the elastic vessel 2 was put on a vibrating
fable, and alumina granules containing 25 vol. % of
PVA prepared by granulating alumina powder hav-
ing a particle size of 0.7 um were filled in the
cavity of the plastic mold 3 with vibration to form a
filling layer 4. Then, the elastic vessel 2 was sealed
by attaching an urethane rubber lid 5. The elastic
vessel 2 was subjected to the CIP freatment at a
pressure of 5,000 kg/cm?, and then, the plastic
mold containing the molded body was taken out.
When the plastic mold was heated at 60 ‘Chbya
fan dryer, the plastic mold was melted and
dropped from the molded body.

The linear contraction coefficient of the molded
body thus obtained was 28.6 % to the pattern. The
molded body was uniformly contracted, and the
transferability was excellent.

Example 2

A pattern prepared in a manner similar to Ex-
ample 1 was hung in a metal vessel. Paraffin wax
having a melting point of 48 to 50° C was melted
by heating at 60" C, and the melt was poured in
the cavity followed by natural cooling to obtain a
plastic mold 3. Subsequently, the plastic mold 3
taken out of the metal vessel was submerged in a
warm water of 40° C, and allowed to stand for 30
minutes. As a result, it was found that the pattern
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was entirely dissolved. After drying, the plastic
mold 3 was put on a virating table, and alumina
granules containing 25 vol. % of PVA were filled in
the cavity of the plastic mold 3 with vibration to
form a filling layer 4. Then, the plastic mold was
put in a natural rubber bag, and the opening was
sealed by a clamp 7 as shown in Figure 2. The bag
6 was subjected to the CIP treatment at a pressure
of 5,000 kg/cm?, and then, the plastic mold contain-
ing the molded body was taken out. When the
plastic mold was heated at 60° C by a fan dryer,
the plastic mold was melted and dropped from the
molded body.

The linear contraction coefficient of the moided
body thus obtained was 28.6 % to the pattern. The
molded body was uniformly contracted, and the
transferability was excellent.

Example §

Four patterns prepared in a manner similar to
Example 1 were hung in an elastic vessel made of
urethane rubber shown in Figure 4. Paraffin wax
having a melting point of 48 o 50" C was melted
by heating at 60° C, and the melt was poured in
the cavity followed by natural cooling to obtain a
plastic mold 3. Subsequently, the elastic vessel 2
was submerged in a warm water of 40° G, and
allowed to stand for 30 minutes. As a result, it was
found that the pattern was entirely dissolved. After
drying, the elastic vessel 2 was put on a virating
table, and alumina granules containing 25 vol. % of
PVA were filled in four cavities of the plastic mold
3 with vibration to form filling layers 4. Then, the
glastic vessel 2 was sealed by attaching an
urethane rubber lid 5. The elastic vessel 2 was
subjected to the CIP treatment at a pressure of
5,000 kg/cm?, and then, the plastic mold containing
the molded bodies were taken out. When the plas-
tic mold was heated at 60° C by a fan dryer, the
plastic mold was melted and dropped from the
molded bodies.

The linear contraction coefficients of the four
molded bodies thus obtained were in the range of
28.5 to 28.7 % to the patitern. The molded bodies
were uniformly contracted, and the fransferabilities
were excellent.

Example i

100 parts by weight of beeswax were melted
by heating at 90° C, and 15 parts by weight of
acrylic resin powder having a particle size of 300
wm were added. When the mixiure was heated for
5 hours with stirring, the beeswax was absorbed by
the acrylic resin powder to obtain swelled particles.

A pattern prepared in a manner similar to Ex-
ample 1 was hung in an elastic vessel made of
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urethane rubber shown in Figure 1. The above
swelled particles were poured in the cavity followed
by natural cooling to obtain a plastic mold 3. Sub-
sequently, the elastic vessel 2 was submerged in a
warm water of 40 ~ C, and allowed to stand for 30
minutes. As a result, it was found that the pattern
was entirely dissolved. After drying, the elastic
vessel 2 was put on a virating table, and alumina
granules containing 4 vol. % of PVA were filled in
the cavity of the plastic mold 3 with vibration fo
form a filling layer 4. Then, the elastic vessel 2 was
sealed by attaching an urethane rubber lid 5. The
elastic vessel 2 was subjected to the CIP treatment
at a pressure of 5,000 kg/cm?, and then, the plastic
mold containing the molded body was taken out.
When the plastic mold was heated at 110° C by a
fan dryer, the plastic mold was melted and
dropped from the molded body.

The linear contraction coefficient of the molded
body thus obtained was 28.6 % to the pattern. The
molded body was uniformly contracted, and the
transferability was excellent.

Comparative Example 1

Alumina granules containing 4 vol. % of PVA
were filled in the cavity of the plastic mold 3
prepared similar to Example 1 to form a filling layer
4. Then, the elastic vessel 2 was sealed by attach-
ing an urethane rubber lid 5, and subjected to the
CIP treatment at a pressure of 5,000 kg/cm?. The
plastic mold containing the molded body was taken
out, and heated at 60° C by a fan dryer. As a
result, the plastic mold was melted and dropped
from the molded body. However, many surface
separations occurred, simultaneously, and rough
surface was also observed.

Example 5

Sponge titanium powder having an apparent
density of 1.1 g/cm?® and a mean particle size of 55
um was filled in the cavity of a plastic mold pre-
pared similar to Example 1 with vibration to form a
filling layer 4. Then, the elastic vessel 2 was sealed
by attaching an urethane rubber lid 5, and sub-
jected to the CIP treatment at a pressure of 5,000
kg/cm?. The plastic mold containing the molded
body was taken out, and heated at 60° C by a fan
dryer. As a result, the plastic mold was melted and
dropped from the molded body.

The linear coniraction coefficient of the molded
body thus obtained was 35.0 % to the pattern. The
molded body was uniformly contracted, and the
transferability was excellent.

Claims
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1.

A method of molding the powder of a metal,
ceramic or the like which comprises preparing
a plastic mold having at least one opening on
the surface of a pattern having a desired form
to be molded, removing the pattern to form a
cavity on the plastic mold, filing a molding
material of metal powder, ceramic powder or
the like into the cavity through the opening,
sealing the cavity, and treating the mold with
cold isostatic pressing.

The method of claim 1 wherein the plastic
mold is formed of a material selected from the
group consisting of waxes, saturated monocar-
boxylic acids, unsaturated carboxylic acids,
blends containing at least one of the above
material as the principal component, oil soil
and low-melting alloys.

The method of claim 2 wherein said waxes are
beeswax, lanolin, spermaceti, montan wax, par-
affin wax, microcrystalline wax, polyethylene
wax, Fischer-Tropsch wax, montan wax deriva-
tives, paraffin wax derivatives and microcrystal-
line wax derivatives, said saturated monocar-
boxylic acids are lauric acid, palmitic acid,
stearic acid and cerotic acid, and said unsatu-
rated carboxylic acids are fumaric acid and
maleic acid.

The method of claim 1 wherein said plastic
mold is formed of swelled organic polymer
particles absorbing the material for the plastic
mold.

The method of claim 4 wherein the mean par-
ticle size of the swelled particles is 200 to
1000 wm.

The method of claim 1 wherein said molding
material is in a state of granules containing 20
to 80 parts by volume of an organic binder per
100 parts by volume of the molding material.

The method of cilaim 6 wherein said organic
binder is a member selected from the group
consisting of paraffin wax, polyvinyl alcohol,
polyvinyl butyral, carboxymethyl cellulose and
polyvinyl acetate.

The method of claim 1 wherein said molding
material is a porous metal powder having an
apparent density of 20 to 60 % of the true
density.
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