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Description
Technical Field

[0001] The present invention relates to a method of
producing a powder sintered product.

Background Art

[0002] In the past, as an example of these methods, a
method of solidifying a powder material (for example,
Patent Document 1) was widely known in which a pre-
determined amount of water is added to metal powders
orthe like and then the whole mixture was mixed, charged
into a mold equipped with a steam venting means, and
subjected to a pressure molding under a low temperature
of 100°C or below in order to increase the apparent den-
sity at a low pressure when immobilizing theses kinds of
powder materials. It was also widely known that a method
of producing an alloyed aluminum sintered compact (for
example, Patent Document 2) in which a rapidly-solidified
powder containing an alloyed aluminum is mixed with a
lubricant powder having a melting point in the range of
100 to 300°C to obtain a mixed powder. In this method,
the mixed powder is heated at the temperature higher
than the melting point of the lubricant powder and then
pressured to obtain a powder compact. The powder com-
pactis then sintered in order to obtain both a high-density
powder compact and a sintered compact having smaller
dimensional variation than the powder compact. Another
known method is a method of producing a high-density
sintered material in which raw powders such as steel
powder or the like are heated under a temperature in the
range of 350 to 650°C in a non-oxidative atmosphere that
does not impair the fluidity of the powders. The powders
are charged into a mold coated with a lubricant pre-heat-
ed at 150 to 450°C, and subjected to compression and
a warm molding to mold a powder compact. The powder
compact is then heated and sintered in order to obtain a
high-density sintered component on the basis that com-
pressibility of the powders are abruptly improved at a
temperature around 350°C regardless of whether the
powders are pure iron powders or alloyed steel powders.
[0003] In addition, a method of compression-molding
a powder for powder metallurgy (Patent Document 4)
has been widely known in which a powder for powder
metallurgy having a lubricant incorporated therein is
charged into a mold of which the surface of an inner wall
is coated with the lubricant and then the powder is sub-
jected to a compression molding under a warm or a hot
atmosphere by setting the content of the lubricant in the
powder for powder metallurgy as 0.20% by mass or less
(0% by mass not being included in this range) per total
mass of the powder in order to increase the molding den-
sity when an iron powder or an alloyed iron powder is
subjected to the compression molding.

[0004] Inthe case of charging a raw powder for powder
metallurgy into a mold and molding a compact by apply-
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ing pressure under a warm atmosphere, in order to in-
crease the fluidity of the raw powder when charging the
raw powder into the mold and in order to increase the
compressibility of the compact by increasing the lubricity
between the raw powders and between the raw powder
and the mold when molding the compact by applying
pressure, a raw powder for a warm molding in which lith-
ium stearate is mixed as a lubricant has been generally
used as a raw material for powder metallurgy. However,
in the case that lithium stearate is mixed in the raw pow-
der, there is a problem in that fluidity of the raw powder
is actually deteriorated when the raw powder is heated
at 150°C or higher even though the melting point of lithium
stearate is approximately 220°C. In addition, there is a
problem in that sufficient lubricity and compressibility can
not be obtained by using lithium stearate.

[0005] Asdisclosed in Patent Document 5, it has been
known that the fluidity of the raw powder is improved by
adding a very small amount of fatty acid metallic salt hav-
ing a small particle diameter, that is, the average particle
diameter to the powder is 4 pm or less. However, there
are weak points in that lubricity that can not be obtained
by adding a very small amount of fatty acid metallic salt
when the pressure molding is carried out, and fluidity is
actually deteriorated when the amount thereof sufficient
to obtain general lubricity is added. In addition, there is
a problem in that the cost for producing fatty acid metallic
salt having small particle diameter is more expensive
than the cost for producing general fatty acid metallic
salt, which is not economical.

[0006] As disclosed in Patent Document 6, it has been
known that a lubricant which contains a component hav-
ing a low melting point that is lower than the temperature
for the pressure molding is used. However, there is a
problem in that fluidity of the raw powder can not be suf-
ficiently obtained when the lubricant containing a lubri-
cative component having a low melting point is heated
up to the temperature for a warm molding.

[0007] For molding a powder compact as mentioned
above, a powder for powder metallurgy having a solid
lubricantincorporated in a raw powder thereof is charged
into a mold by the use of a powder feeding device. The
powder for powder metallurgy charged into the mold is
then compacted, the powder compact is taken out of the
mold, and the powder for powder metallurgy is charged
again into the mold from which the powder compact was
taken out. These steps are successively carried out to
continuously mold the powder compact. The powder
feeding device is equipped with a hopper and a feeder
connected with a feeding pipe (for example, Patent Doc-
ument 7).

[0008] As mentioned above and according to the re-
lated arts described in the Patent Documents 1 to 6, a
warm molding is carried out by heating the powder for
powder metallurgy before it is charged into the mold or
heating the mold where the powder for powder metallurgy
is charged into.
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Patent Document 1: Japanese Unexamined Patent
Application, First Publication No. S63-72802
Patent Document 2: Japanese Unexamined Patent
Application, First Publication No. S61-136602
Patent Document 3: Japanese Unexamined Patent
Application, First Publication No. S58 - 71302
Patent Document 4: Japanese Unexamined Patent
Application, First Publication No. 2000-199002
Patent Document 5: Japanese Unexamined Patent
Application, First Publication No. 2000-273502
Patent Document 6: Japanese Unexamined Patent
Application, First Publication No. 2001-294902
Patent Document 7: Japanese Unexamined Patent
Application, First Publication No. 2003-191095

[0009] EP 1 199 124 discloses a method whereby a
die is filled with an iron-based mixed powder, and then
compaction pressure is performed at a predetermined
temperature. The die is used at ordinary temperature
without preheating in ordinary compaction and after pre-
heating to a predetermined temperature in warm com-
paction. The preamble of claim 1 is based on this docu-
ment.

[0010] Y. OZAKI, S. UNAMI AND S. UENOSONO:
"Pre-mixed Partially Alloyed Iron Powder for Warm Com-
paction: KIP Clean Mix HW Series" KAWASAKI STEEL
TECHNICAL REPORT, no. 47, December 2002
(2002-12), pages 48-54, XP002537823. This document
discloses an iron powder pre-mix "Clean Mix HW Series"
designed for warm compaction by incorporating "KW-
was". KW-was is said to have realized the powder char-
acteristics - flow rate and apparent density - stable in the
wide temperature range from room temperature to 423
K. Allegedly, because of this stability, HW Series does
not require the rigid control of the powder temperature in
the compacting process of mass production. It was also
found by the study about compacting process that KW-
way promot4ed particles rearrangement during compac-
tion and gave green density higher than 7.3 Mg/m3, hav-
ing pore structure homogenous in size and shape. The
homogenous structure of green compacts is described
as having resulted in the improvement of mechanical
strength of sintered and heat-treated compacts.

[0011] THOMAS Y ET AL: "INFLUENCE OF TEM-
PERATURE ON PROPERTIES OF LITHIUM STEAR-
ATE LUBRICANT" METAL POWDER REPORT, MPR
PUBLISHING SERVICES, SHREWSBURY, GB, vol. 1,
no. 3, 1 January 1997 (1997-01-01), pages 4-23,
XP0080287691SSN:0026-0657. This document disclos-
es that during the compaction of metal powder parts, the
die temperature is generally increased due to the friction
of parts on die walls. This temperature rise may affect
the properties of the lubricant used in the powder mix
and thus affect the ejection and hence the surface finish
of the part. Moreover, the recent introduction of warm
compaction has revealed a need for a better understand-
ing of the behaviour and properties of the lubricant as
the compacting temperature is increased.
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[0012] The physical, chemical, rheological and lubri-
cation properties of lithium stearate have been evaluated
as a function of temperature. Tests were carried out on
both pure lithium stearate and water-atomized steel pow-
ders admixed with lithium stearate. Differential scanning
calorimetry and diffuse reflectance infrared spectroscopy
were used to study the effect of temperature on polymor-
phous transformations. Correlations between the differ-
ent crystalline structures and the rheological and lubricity
characteristics of the lubricant at different compacting
temperatures were established.

Disclosure of the Invention
Problems to be Solved by the Invention

[0013] As mentioned above, in the case of heating a
powder for powder metallurgy before it is charged into a
mold, since a lubricant is softened even when the powder
is heated at the temperature of the melting point of the
lubricant or below, the powder is hardened in a feeding
pipe or a feeder, thereby easily causing failure in charg-
ing. In addition, in the case of not heating the powder for
powder metallurgy, there is a problem in that a sintered
product may be uneven in quality due to a variation in
the temperature, that is, an increase in the temperature
due to a continuous molding and a decrease in the tem-
perature of the mold when operation of a molding device
is stopped because of a failure of the device or for taking
a break during the operation.

[0014] Therefore, an object of the invention is to pro-
vide a method of producing a powder sintered product
which allows producing a powder sintered product of sta-
ble quality.

Means for Solving the Problem

[0015] The inventors carried out an experiment in
which a powder for powder metallurgy having a solid lu-
bricantincorporated in a raw powder thereof was heated
in a mold to mold a powder compact. The powder com-
pact was sintered, and it was discovered that uneven-
ness in density of a powder sintered product became
larger when the temperature of the mold was below the
boiling point of water and unevenness in weight of the
powder sintered product became larger when the tem-
perature of the mold was over the melting point of the
solid lubricant. Thus the present invention was con-
trieved.

[0016] The invention according to Claim 1 relates to a
method of producing a powder sintered product and the
method includes a charging step of charging a powder
for powder metallurgy having raw powders and a solid
lubricantincorporated therein into a mold; a powder com-
pact molding step of compacting the powder for powder
metallurgy charged into the mold and molding a powder
compact; and a powder compact release step of taking
the powder compact out of the mold; continuously mold-
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ing the powder compact; and sintering the powder com-
pact, in which the temperature of the mold is set to a
value in the range of from the boiling point of water to the
melting point of the solid lubricant. The temperature of
the powder for powder metallurgy is maintained at the
boiling point of water or below by cooling the powder
before it is charged.

[0017] The invention according to Claim 2 relates to
the above production method in which the raw powder
is one of an iron powder, an alloyed iron powder, and a
mixed powder containing the iron powder and the alloyed
iron powder as main components, the solid lubricant is
a hydroxy fatty acid, and the temperature of the mold is
in the range of 101 to 190 deg. C.

[0018] The invention according to Claim 3 relates to
the production method in which the temperature of the
mold is almost regularly maintained within the range from
a setting temperature of 20°C by heating and cooling the
mold in the powder compact molding step.

[0019] The temperature of the powder for powder met-
allurgy is maintained at the boiling point of water or below
by cooling the powder before it is charged.

Effects of the Invention

[0020] According to the constitution in Claim 1, it is
possible to decrease unevenness in the density of a pow-
der compact by setting the temperature of a mold at a
value in the range of from the boiling point of water to the
melting point of the solid lubricant. Therefore, a sintered
product which the powder compact is sintered is sub-
stantially even in strength and density. Further, since the
powder for powder metallurgy before being charged may
receive heat from the mold when the mold is heated, it
is possible to decrease uneveness in the charging of the
raw powder by cooling the powder metallurgy before it
is charged.

[0021] According to the constitution in Claim 2, it is
possible to obtain a sintered product which is substan-
tially even in strength and density when an iron powder,
an alloyed iron powder, or a mixed powder containing
the iron powder and the alloyed iron powder as main
components is used as a raw powder, particularly, it is
possible to obtain excellent lubricity and compressibility
in a compression molding greater than the case where
the known lithium stearate is used.

[0022] According to the constitution in Claim 3, it is
possible to obtain a sintered product which is even in
strength and density.

Brief Description of the Drawings

[0023]
[Fig. 1] Fig. 1is a cross-section drawing of a first step
illustrating method 1.

[Fig. 2] Fig. 2 is a cross-section drawing of second
step illustrating method 1.
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[Fig. 3] Fig. 3 is a graph showing temperature-de-
pendency of a deformation resistance illustrating
method 1.

[Fig. 4] Fig. 4 is a graph of temperature and apparent
density illustrating method 1.

[Fig. 5] Fig. 5 is a graph of temperature and fluidity
illustrating method 1.

[Fig. 6] Fig. 6 is a cross-section drawing illustrating
an Embodiment of the invention.

Brief Description of the Reference Symbols
[0024]
2: DIE
6: PURE IRON POWDER (RAW POWDER)
8: LUBRICANT
10: POWDER COMPACT
Best Mode for Carrying Out the Invention

[0025] A preferred embodiment according to the
present invention will be described in detail with refer-
ence to the attached drawings. The embodiment de-
scribed below does not limit the content of the present
invention described in the claims. Further, it may not be
considered that the whole constitutions described below
are necessary requirements for the present invention. In
the embodiment, a new method of producing a powder
sintered product may be obtained by employing a differ-
ent method of producing a powder sintered product, and
the method of producing a powder sintered product will
be described.

Method 1

[0026] Hereinafter, method 1 will be described with ref-
erence to Figs. 1 to 6. First, a production method will be
described with reference to Figs. 1 and 2. In the drawings,
the reference numeral 2 is a die substantially working as
amold having a through-hole 3 on an axis line Y; abottom
punch 4 fitted into the through-hole 3 is disposed below
the die 2 for swinging vertically; and a top punch 5 fitted
into the through-hole 3 is disposed above the die 2 for
swinging vertically.

[0027] As mentioned above, a mold 1 includes the die
2, the top punch 5, and the bottom punch 4.

[0028] Inthe die 2, a heating means 7 such as an elec-
tric heater which heats the die 2 and a pure iron powder
6 which is a raw powder described later stored in the die
2 is provided.

[0029] Inafeeder9inwhichthe raw powderisfed from
a hose 9A thereto in the air and the powder is slid on the
upper surface of the die 2 and which drops the raw pow-
der stored therein into the through-hole 3, a mixture of
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the pure iron powder 6 and a solid lubricant 8, which is
of room temperature (20°C) or a temperature slightly
higher than that of room temperature due to remaining
heat in the heating means 7, is stored. As the feeder 9
moves forward, the mixture of the powder 6 and the solid
lubricant 8 is dropped into and stored in the through-hole
3 in a state where the bottom punch 4 is previously en-
gaged (charging step). An example of the solid lubricant
8 includes hydroxy stearate (more specifically, lithium
12-hydroxy stearate). The mixing ratio of the pure iron
powder 6 and the solid lubricant 7 is 100 to 1. At this time,
the inner surface of the through-hole 3 is heated by the
heating means 7 to 150°C which is a temperature in the
range below the melting point of the solid lubricant. Ac-
cordingly, powders 6 and the solid lubricant 8, which are
in sides of the inner surface and the axis line Y, are heated
to 150°C. The powder 6 of the raw powder may be one
of an iron powder, an alloyed iron powder, and a mixed
powder containing either or both of the iron powder or/and
the alloyed iron powder as the main components.
[0030] A powder feeding means 11 is constituted with
the feeder 9, the hose 9A, and a hopper (not shown)
connected with an edge anchor side of the hose 9A. The
mixture of the powder 6 and the solid lubricant 8 is stored
inside of the hopper.

[0031] Next, the pure iron powder 6 is subjected to a
compression molding to form a powder compact 10 by
fitting the top punch 5 into the through-hole 3 (powder
compact molding step). According to a mechanism of
compression molding, the powder 6 stored in the
through-hole 3 is rearranged in a first step. At this time,
because the powder 6 and the solid lubricant 8 are heat-
ed, the solid lubricant 9 is mixed into the powders 6 and
thus it becomes a state where the charging property
thereof is increased as compared with a rearrangement
state at the room temperature where a powder compact
is formed at the room temperature even the ratio thereof
was the same. As mentioned above, after the first step
where the powder 9 is rearranged, the top punch 5 is
pressurized into the through-hole 3 as a second step and
the powder 6 is plastic-deformed. As a result, a ring-
shaped powder compact 10 is formed. Then, the top
punch 5 is ejected upwardly and the bottom punch 4 is
elevated, thereby taking the powder compact 10 out of
the through-hole 3 (powder compact release step).
[0032] As mentioned above, in the steps of producing
the powder compact 10, a powder for powder metallurgy
having the powder 6 of the raw powder in which the solid
lubricant 8 is incorporated is charged into the mold 1
(charging step), the powder for powder metallurgy
charged into the mold 1 is compressed to mold the pow-
der compact 10 (powder compact molding step), the pow-
der compact 10 is taken out of the mold 1 (powder com-
pact release step), the step of charging the powder for
powder metallurgy into the mold 1 again after the powder
compact release step is successively carried out to con-
tinuously form the powder compact 10.

[0033] As mentioned above, in the steps of producing
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the powder compact 10, the powder for powder metal-
lurgy having the powder 6 of the raw powder in which the
solid lubricant 8 is incorporated is not heated before it is
charged except for receiving heat from the mold 1. When
the powder for powder metallurgy of which the temper-
ature is lower than the temperature of the mold 1 is
charged into the mold 1, the temperature of the mold 1
(the temperature of the inner surface of the die 2 and the
upper surface of the bottom punch 4) fluctuates. Howev-
er, the temperature of the mold is maintained at the tem-
perature in the range of = 20°C from 150°C, which is the
setting temperature in this method, by controlling the
heating temperature of the heating means 7 by the use
of a temperature sensor, which is not shown, in the die
2. The temperature sensor controls the heating temper-
ature of the heating means 7 at the time of charging the
powder for powder metallurgy, or cools the die 2 with
water. The temperature of the inner surface of the die 2
is detected by the temperature sensor.

[0034] The powder compact 10 obtained by the steps
of producing the powder compact s sintered under a pre-
determined gas atmosphere.

[0035] Fig. 3 shows the temperature dependency on
yield stress of a pure iron (Fe). It can be understood that
yield stress of a sintered product becomes generally even
from the boundary of 100°C, a substantially even yield
stress is obtained in the temperature of the mold 1 in the
range of from 100°C to 200°C, and the yield stress is
increased below 100°C and decreased over 200°C. Fig.
4 is a graph of the temperature and apparent density.
The apparentdensity extremely changes from the bound-
ary of 100°C and a substantially even apparent density
can be obtained in the range of from 100°C to 200°C.
The apparent density is increased from the boundary of
100°C but becomes even in the range of from 101°C to
250°C. This range is where the strength (yield stress)
and apparent density with respect to the temperature be-
comes stable. A sintered product which is a substantially
even in strength and density can be obtained by heating
the mold 1 to the temperature in the range of from 101°C
to 190°C. This range of from 101°C to 190°C is the tem-
perature range from the boiling point of water to the melt-
ing point of the solid lubricant. Fig. 5 is a graph of tem-
perature and fluidity. Fluidity is generally increased ac-
cordingto anincrease inthe temperature but the powders
do not flow over 200°C.

[0036] Next, a suitable example of the solid lubricant
8 used in the invention will be described in detail.
[0037] According to the solid lubricant 8 described be-
low, fluidity of the raw powder is not deteriorated when
the powder is heated to 150°C or higher, and itis possible
to obtain excellent lubricity and compressibility in a com-
pression molding greater than the case where the known
lithium stearate was used. Lithium 12-hydroxy stearate
having an average particle diameter of 5 um to 100 pm
can be easily produced according to a method of directly
reacting 12-hydroxy stearate derived from castor oil
which is inexpensive and a lithium compound, and is
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highly economical. Therefore, it is advantageous in that
the production cost thereof can be reduced.

[0038] The powder for powder metallurgy contains hy-
droxy fatty acid salt having an average particle diameter
of 5 um to 100 wm. Here, the average particle diameter
means a particle size measured according to a known
method such as a microscopy method, a precipitation
method, a laser diffraction scattering method, a laser
Doppler method, or the like.

[0039] Provided that the average particle diameter of
hydroxy fatty acid salt is below 5 pm, fluidity of the raw
powder is deteriorated when the hydroxy fatty acid is add-
ed to the powder in an amount that general lubricity of
the raw powder can be obtained. Accordingly, it is not
preferable that the average particle diameter of hydroxy
fatty acid salt be below 5 pm.

[0040] To produce hydroxy fatty acid salt having small
diameter below 5 pm of the average particle diameter in
consideration of fluidity, a method of reacting alkali metal
salt of hydroxy fatty acid and inorganic metal salt in a wet
type is generally used. However, since the watersoluble
starting material is a sodium salt or potassium salt of the
hydroxy fatty acid, the hydroxy fatty acid salt of lithium
having ionizing property higher than that of sodium and
potassium can not be produced. According to the inven-
tion as described below, it is not preferable that the av-
erage particle diameter of hydroxy fatty acid salt be below
5 wm in order to suitably use the hydroxy fatty acid salt
of lithium.

[0041] When the average particle diameter of hydroxy
fatty acid salt is over 100 uwm, a large hole is formed in
the powder compact after hydroxy fatty acid salt is re-
moved by heat decomposition or evaporation thereof dur-
ing the sintering. Appearance or mechanical strength of
the powder metallurgy product thus obtained is deterio-
rated. Therefore, it is not preferable that the average par-
ticle diameter of hydroxy fatty acid salt be over 100 pm.
[0042] The powder for powder metallurgy suitable for
the present invention contains hydroxyl fatty acid salt in
the amount of 0.3% by mass to 2% by mass. When the
content of hydroxyl fatty acid salt is below 0.3% by mass,
sufficient lubricity of the raw powder can not be obtained.
Accordingly, it is not preferable to give the content of
hydroxyl fatty acid salt below 0.3% by mass. In addition,
when the content of hydroxyl fatty acid salt is over 2%
by mass, compressibility is deteriorated and thus there
is no point in the warm molding. Accordingly it is not pref-
erable for the content of hydroxyl fatty acid salt be over
2% by mass. Further, when the content of hydroxyl fatty
acid saltis in the range of 0.3% by mass to 0.5% by mass,
lubricity may not be obtained depending on the size of
the product or surface condition of the mold. Therefore,
it is more preferable to contain hydroxyl fatty acid salt in
the amount of from 0.5% by mass to 2% by mass.
[0043] The powder for powder metallurgy of the
present present invention does not contain a lubricant
having the melting point below the molding temperature.
Here, the molding temperature means the temperature
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of the mold 1. When the molding temperature is below
1000C, unevenness in density of the powder compact is
increased. When the warm molding temperature is over
1900C, fluidity of the lubricant 8 of the present invention
is deteriorated and the raw powder may be oxidized.
Therefore, in consideration of the lubricant 8, it is prefer-
able that the molding temperature be set in the range of
1010C to 1900C. Accordingly, the meaning of "a lubricant
having a melting point below the molding temperature is
not contained inthe presentinvention"is thatthe lubricant
of which adhesion is increased according to dissolution
atthe temperature below the molding temperature or var-
iation in a crystal structure is not contained except for the
inevitable impurities. Since the lubricant 17 having the
melting point below the molding temperature is not con-
tained, the lubricant 8 is not melted and the raw powder
is not disturbed even when it is heated up to the molding
temperature or more.

[0044] Examples of hydroxy fatty acid salt of the
present invention include metal salt of hydroxy fatty acid
in which a hydroxyl group is added to stearic acid
(C47H35COO0OH), oleic acid (C47H33COOH), linoleic acid
(C47H31COOH), linolenic acid (C47H,9COOH), palmitinic
acid (C45H31COOH) myristic acid (C43H,7COOH), lauric
acid (C44H,3COOH), capric acid (CgH1gCOOH), caprylic
acid (C;H,5COOH), caproic acid (CsH44COOH), or the
like. In addition, hydroxy fatty acid salt having various
numbers of carbon atoms or structures may be used.
Hydroxy stearate salt is suitably used in consideration of
the melting point of hydroxy fatty acid salt, lubricity, and
economical property.

[0045] Examples of metal constituting hydroxy stear-
ate salt include lithium, calcium, zinc, magnesium, bari-
um, sodium, potassium, and the like. However, lithium is
suitably used in consideration of the melting point of hy-
droxy stearate salt or hygroscopicity. Therefore, in the
present invention, lithium hydroxy stearate is suitably
used as for hydroxy stearate salt.

[0046] Lithium hydroxy stearate having a hydroxy
group in a predetermined location or with a predeter-
mined number may be used. However, in consideration
of economical efficiency, lithium 12-hydroxy stearate
(CH3(CH5)sCH(OH)(CH,)1,COOLi) having one hydroxy
group in alocation of 12th carbon is suitably used. Lithium
12-hydroxy stearate having the average particle diame-
ter of 5 um to 100 wm can be easily produced according
to the method of directly reacting 12-hydroxy stearate
(CH5(CH,)5CH(OH)(CH,)47COOH) derived from ricino-
leic acid (CH3(CH5)5CH(OH)CH,CH=CH(cH,),COOH)
which is a main component of inexpensive castor oil and
a lithium compound, and is highly economical. Accord-
ingly, the production cost in powder metallurgy can be
reduced by using lithium 12-hydroxy stearate. Approxi-
mately 10 percent of lithium stearate is mixed therein as
the inevitable impurities derived from castor oil. However,
since fluidity may be deteriorated when purity of lithium
12-hydroxy stearate is low, itis preferable to have as high
purity as possible.
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[0047] To the powder 15 of the raw powder in powder
metallurgy in which, for example, metal such asironis a
main component, hydroxy fatty acid salt is added as the
lubricant 17 and then mixed by the use of a rotating mixer
or the like to obtain a powder for powder metallurgy.
[0048] Here, as mentioned above, the content of hy-
droxy fatty acid in the powder for powder metallurgy is in
the range of from 0.3% by mass to 2% by mass, prefer-
ably from 0.5% by mass to 2% by mass in order to obtain
lubricity and fluidity of the raw powder. A lubricant having
amelting point below the molding temperature is notadd-
ed. However, a lubricant having a melting point over the
molding temperature may be added. As for hydroxy fatty
acid salt, hydroxy stearate salt is preferable and lithium
hydroxy stearate is more preferable. Among the kinds of
lithium hydroxy stearate, lithium 12-hydroxy stearate is
most preferred.

[0049] In order to improve lubricity of the mold and the
raw powder, a powder of hydroxy fatty acid salt may be
previously attached on a molding surface of the mold 1
before the powder for powder metallurgy is charged
therein. In case of attaching the powder of hydroxy fatty
acid salt on the mold 1, the powder can be simply at-
tached by using static electricity after electrifying the pow-
der. As for hydroxy fatty acid salt in such a case, it is
preferable to use hydroxy stearate salt, more preferably
lithium hydroxy stearate, and most preferably lithium 12-
hydroxy stearate by the same reason as the above-men-
tioned case of the powder for powder metallurgy.
[0050] As for hydroxy fatty acid salt attached to the
mold 1, hydroxy fatty acid salt having the average particle
diameter of 50 uwm or below is used. When the average
particle diameter of hydroxy fatty acid salt is over 50 pum,
the amount of hydroxy fatty acid salt to be attached to
the mold becomes oversupplied and surface density of
the compact is deteriorated, which is not preferable.
[0051] After that, a powder metallurgy product can be
obtained by being subjected to a cutting process, if nec-
essary.

[0052] As described above in detail, the powder for
powder metallurgy of the present invention contains hy-
droxy fatty acid salt having the average particle diameter
of 5 um to 100 wm in the amount of 0.3% by mass to 2%
by mass, more preferably from 0.5% by mass to 2% by
mass in the raw powder for powder metallurgy. There-
fore, fluidity of the powder 6 of the raw powder is not
deteriorated when the powder is heated between 150
and 190QC and it is possible to obtain excellent lubricity
and compressibility in a compression molding greater
than the case where the known lithium stearate was used.
In addition, since the lubricant 8 having the melting point
below the warm molding temperature is not contained in
the powder, deterioration in fluidity of the raw powder can
be certainly prevented.

[0053] According to the warm molding method of the
present invention, the molding may be carried out after
previously attaching hydroxy fatty acid salt having an av-
erage particle diameter of 50 um or below on the mold
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1 for powder metallurgy. Therefore, lubricity of the mold
1 and the raw powder may be increased.

[0054] Lithium 12-hydroxy stearate having the average
particle diameter of 5 um to 100 wm can be easily pro-
duced according to the method of directly reacting 12-
hydroxy stearate derived from inexpensive castor oil and
alithium compound, and is highly economical. Therefore,
in order to decrease the production cost, the lithium 12-
hydroxy stearate is particularly suitably used as hydroxy
fatty acid salt.

[0055] As mentioned above, for the powder for powder
metallurgy, it is preferable to contain hydroxy fatty acid
salt having the average particle diameter of 5 um to 100
pwm in the amount of 0.3% by mass to 2% by mass in the
powder 6 of the raw powder. In addition, the powder 6 of
the raw powder for powder metallurgy contains hydroxy
fatty acid salt having the average particle diameter of 5
pm to 100 wm in the amount of 0.5% by mass to 2% by
mass. Further, the lubricant having the melting point be-
low the warm molding temperature is not contained in
the powder.

[0056] The hydroxy fatty acid salt is hydroxy stearate
salt. The hydroxy stearate saltis lithium hydroxy stearate.
The lithium hydroxy stearate is lithium 12-hydroxy stea-
rate.

[0057] In addition, the warm molding is carried out by
using the powder for powder metallurgy. The molding
may be carried out after previously attaching hydroxy fat-
ty acid salt having an average particle diameter of 50 pm
or below on the mold 1 for powder metallurgy. The hy-
droxy fatty acid salt is lithium hydroxy fatty acid. The lith-
ium hydroxy fatty acid is lithium hydroxy stearate. It is
preferable to use lithium 12-hydroxy stearate as the lith-
ium hydroxy stearate.

[0058] As mentioned above, according to the embod-
iment corresponding to part of Claim 1, the method of
producing a powder sintered product includes the charg-
ing step of charging the powder for powder metallurgy
having the powder 6 of the raw powder and the solid
lubricant 8 incorporated therein into the mold 1; the pow-
der compact molding step of compacting the powder for
powder metallurgy charged into the mold 1 and molding
the powder compact 10; the powder compact release
step of taking the powder compact 10 out of the mold 1;
continuously molding the powder compact 10; and sin-
tering the powder compact 10, in which the temperature
of the mold is set to a value in the range of from the boiling
point of water to the melting point of the solid lubricant
8. Therefore, the powder compact 10 can be continuously
molded without causing a failure in the feeding of the
powder for powder metallurgy. The sintered product
which is formed by sintering the powder compact 10 be-
comes even in strength and density and thus a stable
sintered product which is substantially even in strength
and density can be produced.

[0059] As mentioned above, according to the embod-
iment corresponding to Claim 2, the raw powder is one
of an iron powder, an alloyed iron powder, and a mixed
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powder containing the iron powder and the alloyed iron
powder as the main components. That is, the raw powder
is one of an iron powder, an alloyed iron powder, and a
mixed powder containing either or both the iron powder
or/and the alloyed iron powder as the main components.
The solid lubricant 8 is hydroxy fatty acid. The tempera-
ture ofthe mold 1 is in the range of 101 to 190°C therefore
it is possible to obtain a sintered product which is even
in strength and density when the iron powder or the al-
loyed iron powder is used as the raw powder and it is
possible to obtain excellent lubricity and compressibility
in the compression molding greater than the case where
the known lithium stearate is used.

[0060] As mentioned above, according to the embod-
iment corresponding to Claim 3, since the powder for
powder metallurgy is not heated before it is charged, the
solid lubricant 8 is not melted and thus the charging prop-
erty is not deteriorated. Therefore, only the temperature
of the mold 1 is required to be controlled.

[0061] As mentioned above, in steps of producing the
powder compact 10 according to the embodiment corre-
sponding to Claim 4, since the temperature of the mold
1 is substantially evenly maintained in the range of =
20°C, it is possible to obtain a sintered product which is
even in strength and density.

Embodiment

[0062] Fig. 6 indicates an embodiment of the present
invention. With respect to the portions that are the same
as those of method 1, the same reference numerals are
assigned detailed descriptions thereof are omitted. The
embodiment will be described in detail below. In the em-
bodiment, a cooling means 12 cooling the powder for
powder metallurgy before being charged is provided. The
cooling means 12 is provided in the powder feeding
means 11. The cooling means 12 may use water cooling
or air cooling. For a water cooling method, there is a
method of circulating a cooling solution. The cooling
means 12 is provided in the feeder 9 and the hose 9A,
specifically, in a portion of the hose 9A near the mold 1
and outer side of the feeder 9.

[0063] Since the mixture of the pure iron powder 6 and
the solid lubricant 8, which is the powder for powder met-
allurgy, may be in the state of high temperature due to
remaining heat of the heating means 7 in the feeder 9,
the powder for powder metallurgy before being charged
is cooled to maintain the temperature thereof below the
boiling point of water by the cooling means 12.

[0064] As mentioned above, according to the embod-
iment corresponding to Claim 1, the temperature of the
powder for powder metallurgy is maintained at the boiling
point of water or below by cooling the powder before it
is charged. Since the powder for powder metallurgy be-
fore being charged can receive heat from the mold 1
when the mold 1 is heated, it is possible to decrease
unevenness in charging density by cooling the powder
for powder metallurgy before it is charged. In particular,
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itis preferable to cool the powder to a temperature below
the boiling point of water.

[0065] The invention is not limited to the above-men-
tioned embodimentbut may be modified in various forms.

Claims

1. A method of producing a powder sintered product,
comprising:

a charging step of charging a powder for powder
metallurgy having a raw powder (6) and a solid
lubricant (8) incorporated therein into amold (1);
a powder compact molding step of compacting
the powder for powder metallurgy charged into
the mold and molding a powder compact;

a powder compact release step of taking the
powder compact out of the mold;

continuously molding the powder compact and
wherein the temperature of the mold is set to a
value in the range of the boiling point of water
or more to the melting point of the solid lubricant
or less, characterised by the method compris-
ing

sintering the powder compact,

wherein a cooling means (12) for cooling the
powder for powder metallurgy before it is
charged is provided in a powder feeding means
(11), wherein the powder for powder metallurgy
inthe powder feeding means receives heat from
a heating means of the mold, and the powder
for powder metallurgy is cooled to maintain the
temperature thereof at or below the boiling point
of water by the cooling means.

2. The method of producing a powder sintered product
according to Claim 1, wherein the raw powder is one
of an iron powder, an alloyed iron powder, and a
mixed powder containing the iron powder and the
alloyed iron powder as main components, the solid
lubricant is hydroxy fatty acid, and the temperature
of the mold is in the range of 101 to 190°C.

3. The method of producing a powder sintered product
according to Claim 1 or 2, wherein the temperature
of the mold is almost regularly maintained within the
range of = 20°C from the setting temperature by
heating and cooling the mold in the powder compact
molding step.

4. The method of producing a powder sintered product
according to any one of claims 1 to 3, wherein the
cooling means uses water cooling or air cooling,
wherein in the case of water cooling, a cooling solu-
tion is circulated, wherein the cooling means is pro-
vided in a feeder and a hose (9A) of the powder feed-
ing means.
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The method of producing a powdered sintered pro-
duced according to claim 4, wherein the cooling
means is provided in a portion of the hose (9A) near
the mold (1) and an outer side of the feeder (9).

Patentanspriiche

Ein Verfahren zur Herstellung eines Pulver-Sinter-
Produkts, umfassend:

einen Fullschritt zum Fullen von Pulver zur Pul-
vermetallurgie mit einem Rohpulver (6) und ei-
nem darin eingebundenen Festschmierstoff (8)
in eine Form (1) ;

einen Pulverpresslingformschritt zum Verdich-
ten des in die Form gefiillten Pulvers zur Pulver-
metallurgie und Formen eines Pulverpresslings;
einen Pulverpresslingausgabeschritt zum Aus-
geben des Pulverpresslings aus der Form;
kontinuierliches Formen des Pulverpresslings,
wobei die Temperatur der Form auf einen Wert
im Bereich zwischen dem Siedepunkt von Was-
ser oder mehr zu dem Schmelzpunkt des Fest-
schmierstoffs oder weniger eingestellt wird, da-
durch gekennzeichnet, dass das Verfahren
umfasst:

Sintern des Pulverpresslings,

wobei eine Kihleinrichtung (12) zum Kiih-
len des Pulvers zur Pulvermetallurgie bevor
es eingefillt wird, in einer Pulverférderein-
richtung (11) vorgesehenist, wobeidas Pul-
ver zur Pulvermetallurgie in der Pulverfor-
dereinrichtung Wéarme von einer Heizein-
richtung der Form empféngt, und das Pulver
zur Pulvermetallurgie gekuhlt wird, um sei-
ne Temperatur auf oder unter dem Siede-
punkt von Wasser zu halten.

Das Verfahren zur Herstellung eines Pulver-Sinter-
Produkts nach Anspruch 1, wobei das Rohpulver ein
Eisenpulver, ein Eisenlegierungspulver oder ein
Mischpulver, mit Eisenpulver und Eisenlegierungs-
pulver als Hauptkomponenten ist, der Festschmier-
stoff Hydroxy-Fettsdure ist und die Temperatur der
Form im Bereich zwischen 101 und 190 °C liegt.

Das Verfahren zur Herstellung eines Pulver-Sinter-
Produkts nach Anspruch 1 oder 2, wobei die Tem-
peratur der Form nahezu regelmaRig im Bereich zwi-
schen +/- 20 °C der Soll-Temperatur gehalten wird
indem die Form im Pulverpresslingformschritt ge-
heizt und gekihlt wird.

Das Verfahren zur Herstellung eines Pulver-Sinter-
Produkts nach einem der Anspriiche 1 bis 3, wobei
die Kuhleinrichtung Wasser- oder Luftkiihlung ver-
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wendet, wobei im Fall von Wasserklhlung, eine
Kuhllésung zirkuliert, wobei die Kuhleinrichtung in
einer Zufiihrung und einem Schlauch (9A) vorgese-
hen ist.

Das Verfahren zur Herstellung eines Pulver-Sinter-
Produkts nach Anspruch 4, wobei die Klhleinrich-
tung in einem Abschnitt des Schlauchs (9A) nahe
der Form (1) und einer AuRenseite der Zufiihrung
(9) vorgesehen ist.

Revendications

Procédé pour la production d’un produit fritté en pou-
dre, comprenant :

une étape de chargement qui consiste a charger
dans un moule (1) une poudre pour métallurgie
des poudres ayant une poudre brute (6) et un
lubrifiant solide (8) qui y est incorporé ;

une étape de moulage de comprimé de poudre
qui consiste a compacter la poudre pour métal-
lurgie des poudres chargée dans le moule et a
mouler un comprimé de poudre ;

une étape de démoulage de comprimé de pou-
dre qui consiste a retirer le comprimé de poudre
du moule ;

un moulage en continu du comprimé de poudre
et

dans lequel la température du moule est réglée
a une valeur se trouvant dans la plage allant
d'une valeur supérieure ou égale au point
d’ébullition de I'eau a une valeur inférieure ou
égale au point de fusion du lubrifiant solide, ca-
ractérisé par le procédé comprenant le fait

de fritter le comprimé de poudre,

dans lequel un moyen de refroidissement (12)
destiné arefroidir lapoudre pour métallurgie des
poudres avant d’étre chargée est prévu dans un
moyen d’alimentation en poudre (11), dans le-
quel la poudre pour métallurgie des poudres
dans le moyen d’alimentation en poudre recoit
de la chaleur a partir d’'un moyen de chauffage
dumoule, etla poudre pour métallurgie des pou-
dres est refroidie pour maintenir sa température
a une valeur inférieure ou égale a la valeur du
point d’ébullition de I'eau par le biais du moyen
de refroidissement.

2. Procédé pourla production d’un produit fritté en pou-

dre selon la revendication 1, dans lequel la poudre
brute est 'une parmi une poudre de fer, une poudre
deferalliée, et une poudre mixte contenant la poudre
de fer et la poudre de fer alliée en tant que compo-
sants principaux, le lubrifiant solide est un acide gras
hydroxylé, et la température du moule est dans la
plage allant de 101 a 190°C.
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Procédé pour la fabrication d’un produit fritté en pou-
dre selon larevendication 1 ou 2, dans lequel la tem-
pérature du moule est presque maintenue régulie-
rement dans la plage de = 20°C a partir de la tem-
pérature de réglage par chauffage et par refroidis-
sement du moule dans I'étape de moulage de com-
primé de poudre.

Procédé pour la production d’un produit fritté en pou-
dre selon l'une quelconque des revendications 1 a
3, dans lequel le moyen de refroidissement utilise
un refroidissement a I'eau ou un refroidissement a
I'air, dans lequel dans le cas d’un refroidissement a
I'eau, on fait circuler une solution de refroidissement,
dans lequel le moyen de refroidissement est prévu
dans un dispositif d’alimentation et un tuyau souple
(9A) du moyen d’alimentation en poudre.

Procédé pour la production d’un produit fritté en pou-
dre selon la revendication 4, dans lequel le moyen
de refroidissement est prévu dans une partie du
tuyau souple (9A) a proximité du moule (1) et dans
un c6té externe du dispositif d’alimentation (9).
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