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(54) Granulated powder and method for producing granulated powder

(57) Disclosed is a granulated powder which in-
cludes a metal powder and an organic binder and is ob-
tained by binding a plurality of metal particles in the metal
powder to one another by the organic binder. The organic
binder contains polyvinyl alcohol or a derivative thereof
and a polyol. Further, the ratio of the apparent density of

the granulated powder to the true density of the metal
powder (a metal material constituting the metal powder)
is from 20% to 50%. Further, as the polyol, glycerin is
preferred, and the addition amount thereof is preferably
from 0.01 to 0.2 parts by weight based on 100 parts by
weight of the metal powder.
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Description

Technical Field

[0001] The present invention relates to a granulated powder and a method for producing the same.

Related Art

[0002] As a method for molding a metal powder, a compression molding method in which a mixture of a metal powder
and an organic binder is filled in a given molding die, followed by compression, thereby obtaining a molded body in a
given shape has been known. The obtained molded body is subjected to a degreasing treatment of removing the organic
binder and a firing treatment of sintering the metal powder, thereby forming a metal sintered body. Such a technique is
an exemplary powder metallurgy technique, and a large amount of a metal sintered body in a complicated shape can
be produced according to the shape of the molding die. Therefore, such a technique has been widely spread in many
industrial fields.
[0003] In the compression molding method, first, it is necessary to fill a metal powder in a molding die as tightly as
possible. It is because if there is a space in the molding die, this space remains in the resulting molded body as a hole,
resulting in deteriorating the denseness of the metal sintered body in the end.
[0004] However, as the metal powder, a fine powder having an average particle diameter of 10 Pm or less is sometimes
used. Such a fine powder has low fluidity, and therefore has a poor filling property in a molding die. Therefore, a mixture
of a metal powder and an organic binder is granulated into particles having a larger particle size to improve the fluidity
thereof. When the mixture is granulated, a plurality of particles in the metal powder are bound to one another by the
organic binder, thereby forming a granulated powder having a larger particle size. The granulated powder has higher
fluidity than the metal powder, and therefore has an excellent filling property in a molding die, and thus, a dense molded
body and a dense sintered body can be produced.
[0005] For example, JP-A-2005-154847 discloses a method for obtaining a sintered body by compression molding a
granulated powder of a metal powder and firing the resulting molded body at a high temperature of 1200°C or higher.
[0006] However, a firing furnace which can be used at a temperature of 1200°C or higher needs a special heat resistant
structure, and therefore is expensive, and also has a high running cost.
[0007] On the other hand, if the firing temperature is decreased, the density of the resulting sintered body is decreased,
and a problem arises in that the sintered body has a poor mechanical property.
[0008] For this reason, there is a need for providing a granulated powder which is favorably sintered even if it is fired
at a relatively low temperature and which is capable of producing a sintered body having a high density, and for providing
a method for producing a granulated powder capable of easily producing such a granulated powder.

Summary of the Invention

[0009] This problem is solved by the provision of a granulated powder containing a plurality of metal particles bound
to one another by an organic binder, wherein the organic binder contains polyvinyl alcohol or a derivative thereof and a
polyol, preferably a glycol, and the ratio of the apparent density of the granulated powder to the true density of the metal
particles is from 20% to 50%.
[0010] According to this configuration, a granulated powder which is favorably sintered even if it is fired at a relatively
low temperature and is capable of producing a sintered body having a high density can be obtained.
[0011] In accordance with the aspect of the invention, the polyol is preferably glycerin.
[0012] Among polyols glycol is preferred, and glycerin has a relatively small molecular weight and also has a high
hydroxyl group content, and therefore easily enters between the molecules of polyethylene glycol. Moreover, glycerin
contains a lot of sites which contribute to hydrogen bond formation, and therefore contributes to the densification of the
granulated powder. Further, glycerin has a moderate viscosity, and therefore can further increase the binding property
of the metal powder at the time of granulation and the shape retaining property of the molded body.
[0013] In accordance with the aspect of the invention, the amount of the polyol is preferably from 0.01 to 0.2 parts by
weight based on 100 parts by weight of the metal particles.
[0014] In this preferred embodiment, the granulated powder can be densified in a beneficial manner, and therefore a
sintered body having a high density can be obtained. Further this preferred embodiment can prevent the occurrence of
spring back which is the result of accumulation of stress in the molded body during compression molding and relief of
the accumulated stress after completion of molding accompanied by deformation.
[0015] In accordance with the aspect of the invention, the organic binder preferably further contains an organic amine
or a derivative thereof.
[0016] In this preferred embodiment, the organic amine is spontaneously adsorbed onto the surfaces of the particles
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of the metal powder to reduce the interparticle friction, thereby accelerating the densification of the granulated powder.
In addition to this, the organic amine adsorbed onto the surfaces of the particles reduces the chance of contact between
the particles and the outside air, and therefore, the weather resistance of the particles can be increased.
[0017] In a particularly preferred embodiment, the organic amine is preferably at least one of an alkylamine, a cy-
cloalkylamine, an alkanolamine, and a derivative thereof.
[0018] These preferred organic amines allow for further acceleration of the densification of the granulated powder.
[0019] The amount of the organic amine is preferably from 0.001 to 5 parts by weight based on 100 parts by weight
of the metal particles.
[0020] According to this configuration, the densification of the granulated powder and the improvement of the weather
resistance are further enhanced.
[0021] In another preferred embodiment, the content of the organic binder in the granulated powder is preferably from
0. 1 to 20% by weight.
[0022] In this preferred embodiment, the disintegrating property at the time of molding and the shape retaining property
of the molded body after molding can be increased. As a result, a sintered body having a high density and excellent
dimensional accuracy can be obtained.
[0023] In accordance with another aspect of the invention, there is provided a method for producing a granulated
powder including allowing a metal powder to tumble and/or flow while supplying a solution of an organic binder containing
polyvinyl alcohol or a derivative thereof and a polyol, thereby granulating the metal powder.
[0024] According to this method, a granulated powder which is favorably sintered even if it is fired at a relatively low
temperature and is capable of producing a sintered body having a high density can be easily produced.
[0025] In the method of the invention, the solution of the organic binder is preferably supplied by spraying.
[0026] According to this preferred embodiment, since the right amount of the binder solution is supplied uniformly to
the granulated powder, the shape and size of the granulated powder can be made uniform. As a result, a granulated
powder having a uniform particle size distribution can be obtained.

Brief Description of the Drawings

[0027] The invention will be described with reference to the accompanying drawings, wherein like numbers reference
like elements.
[0028] FIGS. 1A and 1B are schematic views showing a structure of a tumbling granulator to be used in a method for
producing a granulated powder according to the invention.
[0029] FIG. 2 is a graph showing the distribution of molded bodies obtained using the granulated powders obtained
in the respective Examples with the horizontal axis representing the addition amount of glycerin and the vertical axis
representing a molding density.

Detailed Description

[0030] Hereinafter, the granulated powder and the method for producing a granulated powder according to the invention
will be described in detail by way of preferred embodiments with reference to the accompanying drawings. Needless to
say, the invention also encompasses combinations of the preferred embodiments described hereinafter, and such com-
binations represent particularly preferred embodiments of the invention.
[0031] The granulated powder according to the invention contains a metal powder and an organic binder, and is
obtained by binding a plurality of metal particles in the metal powder by the organic binder.
[0032] Further, the organic binder to be used in the invention contains polyvinyl alcohol or a derivative thereof and a
polyol. Further, the ratio of the apparent density of the granulated powder according to the invention to the true density
of the metal powder (a metal material constituting the metal powder) is from 20% to 50%.
[0033] Such a granulated powder is favorably sintered even if it is fired at a relatively low temperature and is capable
of producing a sintered body having a high density. Therefore, it has an advantage that a firing furnace which does not
have a special heat resistant structure, is inexpensive, and has low running cost can be used.
[0034] Hereinafter, the granulated powder according to the invention will be described in detail.

Metal Powder

[0035] The metal powder is not particularly limited, however, examples thereof include Mg, Al, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Y, Zr, Nb, Mo, Pd, Ag, In, Sn, Ta, W, and alloys thereof.
[0036] Among these, as the metal powder, a powder of any of a variety of Fe-based alloys such as stainless steel,
dies steel, high-speed tool steel, low-carbon steel, Fe-Ni alloy, and Fe-Ni-Co alloy is preferably used. Since such an Fe-
based alloy has an excellent mechanical property, a sintered body obtained using this Fe-based alloy powder has an
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excellent mechanical property and can be used in a wide range of applications.
[0037] Examples of the stainless steel include SUS 304, SUS 316, SUS 317, SUS 329, SUS 410, SUS 430, SUS 440,
and SUS 630.
[0038] Further, the average particle diameter of the metal powder is preferably from 1 to 30 Pm, more preferably from
3 to 20 Pm, further more preferably from 3 to 10 Pm, The metal powder having such a particle diameter is capable of
producing a sufficiently dense sintered body in the end while avoiding a decrease in the compressibility at the time of
molding.
[0039] Incidentally, if the average particle diameter is less than the above lower limit, the metal powder may be liable
to aggregate and the compressibility at the time of molding may be significantly decreased. On the other hand, if the
average particle diameter exceeds the above upper limit, a space between the particles of the powder may be too large,
and the densification of the finally obtained sintered body may be insufficient.
[0040] Further, the tap density of the metal powder to be used in the invention is, in the case of, for example, an Fe-
based alloy powder, preferably 3.5 g/cm3 or more, more preferably 3.8 g/cm3 or more. When the metal powder has a
high tap density as described above, at the time of obtaining the granulated powder, an interparticle filling property is
increased in a beneficial manner. Therefore, a particularly dense sintered body can be obtained.
[0041] Further, the specific surface area of the metal powder to be used in the invention is not particularly limited,
however, it is preferably 0.15 m2/g or more, more preferably 0.2m2/g or more, further more preferably 0.3 m2/g or more.
When the metal powder has a large specific surface area as described above, the surface activity (surface energy) is
increased, and therefore, sintering can be easily performed even if lower energy is applied. Accordingly, sintering can
be achieved in a shorter time when sintering the molded body. As a result, the sintered body can be densified even if
the molded body is fired at a low temperature.
[0042] Such a metal powder may be, for example, produced by any method, however, a metal powder produced by,
for example, an atomization method (a water atomization method, a gas atomization method, a high-speed spinning
water atomization method, etc.), a reduction method, a carbonyl method, a pulverization method, or the like can be used.
[0043] In particular, a metal powder produced by an atomization method is preferably used as the metal powder. By
the atomization method, it is possible to efficiently produce a metal powder having an extremely small average particle
diameter as described above. Further, it is possible to obtain a metal powder having a uniform particle diameter and a
small variation in particle diameter. Accordingly, by using such a metal powder, air holes can be reliably prevented from
being generated in the sintered body, and the density can be improved.
[0044] Further, the metal powder produced by an atomization method has a spherical shape relatively close to a true
sphere, and therefore has excellent dispersibility and fluidity in the binder. Therefore, when the granulated powder is
filled in a molding die to effect molding, the filling property can be increased, and a dense sintered body can be obtained
in the end.

Organic Binder

[0045] According to the invention, as described above, the organic binder contains polyvinyl alcohol (PVA) or a de-
rivative thereof and a polyol.
[0046] Incidentally, in an existing granulated powder, a high apparent density could not be realized. It is considered
that this is because the distance between particles of a metal powder could not be sufficiently reduced. In particular,
when the particle diameter of the metal powder was small, the metal powder was bulky, and the above tendency was
more prominent.
[0047] On the other hand, by using the above-mentioned organic binder, when the metal powder and the organic
binder are mixed and the resulting mixture is granulated to form a granulated powder, the assembling property of the
metal powder is increased, and a granulated powder having a high apparent density can be obtained.
[0048] In the thus densified granulated powder, the distance between metal particles is sufficiently reduced, and
therefore, at the time of performing degreasing and firing, sintering is initiated at a lower temperature in a shorter time.
Therefore, a firing furnace which does not have a special heat resistant structure, is relatively inexpensive, and has low
running cost can be used, and a sintered body having a high density can be efficiently produced.
[0049] Examples of the reason why the granulated powder according to the invention exhibits the above-mentioned
effect include the following points.
[0050] First, polyvinyl alcohol or a derivative thereof and a polyol are uniformly mixed regardless of the mixing ratio
of both components. This is because the hydroxyl groups of both molecules are attracted to each other by a hydrogen
bond so that the distance between molecules is reduced. It is considered that in particular, the molecule of the polyol
enters between the molecules of polyvinyl alcohol and contributes to the reduction of the distance between the molecules
of polyvinyl alcohol. Moreover, the above-mentioned organic binder is promptly decomposed at a relatively low temper-
ature, and therefore, hardly functions as an inhibitory factor for sintering. Due to this, it is considered that the molded
body obtained by molding the granulated powder according to the invention is sintered at a lower temperature in a shorter
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time.
[0051] Further, it is considered that these organic binder molecules are attracted also to the particles of the metal
powder by a hydrogen bond. This is because a hydroxyl group is exposed on the surfaces of the particles of the metal
powder, and therefore a hydrogen bond is formed between this hydroxyl group and the hydroxyl group of the organic
binder molecule. As a result, it is considered that the distance between the particles of the metal powder is reduced, so
that the granulated powder is densified, and also the resulting sintered body is densified.
[0052] For the above reasons, the granulated powder according to the invention becomes dense and has a high
apparent density. Specifically, the ratio of the apparent density (g/cm3) of the granulated powder according to the invention
to the true density (g/cm3) of the metal powder is from 20% to 50%. Such a granulated powder is favorably sintered
even if it is fired at a relatively low temperature and is capable of producing a sintered body having a high density.
Therefore, it has an advantage that a firing furnace which does not have a special heat resistant structure, is inexpensive,
and has low running cost can be used.
[0053] In addition, the amount of a plasticizer or a lubricant which has been used in the related art for increasing a
sintering density can be reduced, or the use of such an additive can be stopped. Therefore, by the reduction or omission
of the addition of such an additive, a decrease in the sintering density can be prevented, and the sintering density can
be further increased, and also the cost can be reduced.
[0054] Incidentally, as the granulated powder is densified to such an extent that the apparent density falls within the
above range, the shrinkage ratio at the time of sintering is decreased by that much. As a result, the dimension of the
sintered body hardly deviates from a target value, and the dimensional accuracy of the sintered body can be increased.
That is, according to the invention, a sintered body having a high dimensional accuracy can be obtained.
[0055] As the polyvinyl alcohol or a derivative thereof, one having a weight-average molecular weight of from about
2000 to 200000 is preferably used, and one having a weight-average molecular weight of from about 5000 to 150000
is more preferably used. Polyvinyl alcohol having such a weight-average molecular weight is most suitable as the organic
binder in terms of viscosity and thermal decomposability. That is, such polyvinyl alcohol can achieve the binding property
of the metal powder at the time of granulation and the disintegrating property at the time of molding and the shape
retaining property of the molded body after molding to a high level. As a result, by using the granulated powder according
to the invention, a sintered body having a high density and excellent dimensional accuracy can be obtained.
[0056] Incidentally, the derivative of polyvinyl alcohol refers to one obtained by substituting a hydrogen atom attached
to a carbon atom with any of various functional groups, and examples of the functional group include an alkyl group, a
silyl group, and an acrylate group.
[0057] On the other hand, examples of the polyol include ethylene glycol, propylene glycol, butylene glycol, hexylene
glycol, pentane diol, hexane diol, heptane diol, diethylene glycol, dipropylene glycol, and glycerin. These polyols can be
used alone or in combination of two or more.
[0058] Among these, glycerin is preferred as the polyol to be used in the invention. Among polyols, glycerin has a
relatively small molecular weight and also has a high hydroxyl group content. Therefore, glycerin easily enters between
the molecules of polyethylene glycol, and also the site which contributes to hydrogen bond formation is increased as
the hydroxyl group content is increased, and therefore the granulated powder may be densified even further. In addition,
glycerin has a moderate viscosity, and therefore can further increase the binding property of the metal powder at the
time of granulation and the shape retaining property of the molded body.
[0059] The polyol is added in an amount of preferably from 0.01 to 0.2 parts by weight, more preferably from 0.01 to
0. 1 parts by weight based on 100 parts by weight of the metal powder. By adding the polyol in such an addition amount,
the granulated powder can be particularly densified.
[0060] Incidentally, if the addition amount of the polyol is less than the above-mentioned lower limit, the density of the
granulated powder and also the density of the sintered body may be decreased. On the other hand, if the addition amount
of the polyol exceeds the above-mentioned upper limit, the density of the granulated powder may also be decreased,
and a phenomenon, a so-called "spring back" in which stress is accumulated in the molded body during compression
molding and the residual stress after completion of molding is relieved accompanied by deformation may be increased.
Therefore, the dimensional accuracy of the sintered body may be decreased or cracking or the like may occur.
[0061] Further, the polxol is added in an amount of preferably from 0.005 to 2% by weight, more preferably from 0.01
to 1% by weight, further more preferably from 0.02 to 0.5% by weight based on the amount of polyvinyl alcohol or a
derivative thereof. This preferred embodiment allows for a higher extent of densification of the granulated powder due
to the reduction of the distance between the molecules of polyvinyl alcohol by the polyol and the sufficient disintegrating
property of the granulated powder at the time of molding.
[0062] Further, the organic binder preferably contains an organic amine or a derivative thereof other than the above-
mentioned components. By incorporating an organic amine or a derivative thereof in the organic binder, the fluidity and
weather resistance of the metal powder can be increased. This organic amine contains an amino group in each molecule,
and this amino group is spontaneously adsorbed onto the surfaces of the particles of the metal powder, and therefore,
the interparticle friction can be reduced. As a result, the fluidity of the metal powder is increased and the distance between
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the particles is reduced. In this manner, the organic amine beneficially contributes to the densification of the granulated
powder. In addition, the organic amine adsorbed onto the surfaces of the particles reduces the chance of contact between
the particles and the outside air, and therefore, the particles can be protected from oxygen, moisture, and the like, and
the weather resistance of the particles is enhanced.
[0063] Incidentally, the adsorption of the amino group onto the surfaces of the particles is considered to be due to an
interaction between the lone pair of electrons of the amino group which is a polar group and an adsorption site of the
surfaces of the particles of the metal powder.
[0064] Examples of such an organic amine include alkylamines, cycloalkylamines, alkanolamines, allylamines, ar-
ylamines, alkoxyamines, and derivatives thereof. Among these, particularly, at least one of alkylamines, cycloalkylamines,
alkanolamines, and derivatives thereof is preferably used. These amines contribute to further densification of the gran-
ulated powder.
[0065] Examples of the alkylamine include monoalkylamines such as n-hexylamine, n-heptylamine, n-octylamine
(normal-octylamine), and 2-ethylhexylamine; dialkylamines such as diisobutylamine; and trialkylamines such as diiso-
propylethylamine.
[0066] Examples of the cycloalkylamine include cyclohexylamine and dicyclohexylamine.
[0067] Examples of the alkanolamine include monoethanolamine, diethanolamine, triethanolamine, monopropa-
nolamine, dipropanolamine, tripropanolamine, N,N-dimethylethanolamine, N,N-diethylethanolamine, N-aminoethyleth-
anolamine, N-methylethanolamine, and N-methyldiethanolamine.
[0068] Further, as the derivative of such an organic amine, although it is not particularly limited, preferably, a nitrite
of an organic amine, a carboxylate of an organic amine, a chromate of an organic amine, an acetate of an organic amine,
or the like can be used.
[0069] Such an organic amine is preferably added in an amount of from 0.001 to 5 parts by weight, more preferably
from 0.005 to 1 part by weight based on 100 parts by weight of the metal powder. By adding the organic amine in such
an addition amount, the granulated powder can be further densified and the weather resistance of the granulated powder
can be further increased.
[0070] Incidentally, the organic binder may contain for example, polyvinylpyrrolidone (PVP), stearic acid, ethylenebi-
sstearamide, an ethylene-vinyl copolymer, paraffin, wax, sodium alginate, agar, gum Arabic, a resin, sucrose, or the like
other than the above-mentioned components.
[0071] Further, to the organic binder, an additive such as a phthalic acid ester (such as DOP, DEP, or DBP), an adipic
acid ester, a trimellitic acid ester, or a sebacic acid ester may be added as needed.
[0072] Further, as the additive, an antioxidant, a degreasing accelerator, a surfactant, or the like may be added other
than the above-mentioned components.
[0073] Incidentally, the total content of the polyvinyl alcohol or the derivative thereof and the polyol in the organic
binder is preferably 80% by weight or more, more preferably 90% by weight or more. By allowing the content thereof to
fall within the above range, a granulated powder having a sufficiently high density can be obtained.

Granulated Powder

[0074] The granulated powder according to the invention contains the above-mentioned metal powder and organic
binder. The content of the organic binder in the granulated powder is preferably from 0.1 to 20% by weight, more
preferably from 0.3 to 3% by weight, further more preferably from 0.5 to 2.5% by weight. By allowing the content of the
organic binder to fall within the above range, the binding between the metal powder particles and the sufficient densification
of the granulated powder can be achieved. Further, by using such a granulated powder, the disintegrating property at
the time of molding and the shape retaining property of the molded body after molding can be increased. As a result, a
sintered body having a high density and excellent dimensional accuracy can be obtained.
[0075] In the granulated powder according to the invention, as described above, the ratio of the apparent density of
the granulated powder to the true density of the metal powder is from 20% to 50%. The apparent density of the granulated
powder refers to a ratio of the mass to the volume of the granulated powder in a state where the powder is naturally
filled, and can be determined according to Test Method for Apparent Density of Metal Powders specified in JIS Z 2504.
On the other hand, the true density of the metal powder refers to a true density of the metal material constituting the
metal powder.
[0076] By using the organic binder as described above, the densification of the granulated powder is achieved, and
the granulated powder in which the ratio of the apparent density to the true density of the metal powder falls within the
above range can be obtained. Such a granulated powder is capable of forming a molded body having a high molding
density when it is molded, and also is capable of forming a sintered body having a high sintering density. Further, the
shrinkage ratio at the time of sintering can be reduced, and therefore, the dimensional accuracy of the sintered body
can be increased.
[0077] The ratio of the apparent density of the granulated powder according to the invention to the true density of the
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metal powder is in the above range, however, it is preferably from 25% to 45%, more preferably from 30% to 40%.
[0078] If the ratio of the apparent density is lower than the above lower limit, the densification of the granulated powder
is insufficient, and the sintering property at a low temperature is significantly decreased. On the other hand, if the ratio
of the apparent density exceeds the above upper limit, the granulated powder is excessively densified, and a moderate
disintegrating property at the time of molding cannot be obtained, and therefore, the shape retaining property of the
molded body is decreased.
[0079] Further, the shape of each particle of the granulated powder according to the invention greatly affects the fluidity
and the filling property. From this viewpoint, the shape of each particle of the granulated powder is preferably a shape
close to a true sphere.

Method for Producing Granulated Particle

[0080] Subsequently, an embodiment of the method for producing a granulated powder according to the invention will
be described.
[0081] Hereinafter, prior to the description of the method for producing a granulated powder, a granulator to be used
in this production method will be described.
[0082] FIGS. 1A and 1B are schematic views showing a structure of a tumbling granulator to be used in the method
for producing a granulated powder according to the invention: FIG. 1A is a vertical cross-sectional view of the tumbling
granulator; and FIG. 1B is a cross-sectional view taken along the line A-A of FIG. 1A.
[0083] A tumbling granulator 1 is provided with a treatment vessel 10 for performing granulation, a blade 20 and a
cross screw 30 installed in the treatment vessel 10, and a spray nozzle 40.
[0084] As shown in FIG. 1A, the treatment vessel 10 has a bottom portion 11 and a side wall portion 12 vertically
provided from the bottom portion 11. The side wall portion 12 has a conical shape (for example, a circular truncated
cone tube shape) in which the inner and outer diameters gradually increase from the top to the bottom. Since the
treatment vessel 10 (side wall portion 12) has such a shape, an air current can be formed in the treatment vessel 10
such that a powder blown up by the blade 20 at the outer periphery of the treatment vessel 10 falls at the center of the
treatment vessel 10. As a result, the powder can be uniformly treated, and therefore, a granulated powder having a
sharp particle size distribution can be efficiently produced.
[0085] Further, the treatment vessel 10 has an opening on the top, and a lid 13 is attached thereto so as to close the
opening.
[0086] The blade 20 has a base portion 23, and three rotary vanes 21, which are fixed to the base portion 23 at one
end thereof and are arranged radially at approximately equal intervals.
[0087] Further, in the center of the bottom portion 11 of the treatment vessel 10, a through-hole 110 is provided, and
a rotary drive shaft 22 is inserted into this through-hole 110.
[0088] The upper end of the rotary drive shaft 22 is fixed to the base portion 23 and the lower end thereof is connected
to a rotary driving source (not shown). Then, the rotary drive shaft 22 is rotationally driven in the forward reverse directions
by this rotary driving source, thereby rotating the blade 20.
[0089] Further, each of the rotary vanes 21 is fixed inclined with respect to the rotary drive shaft 22 such that it is
inclined downwardly toward the front side in the rotating direction of the blade 20. According to this configuration, as the
blade 20 rotates, the powder can be effectively thrown up and an air current as described above can be formed.
[0090] In the side wall portion 12 of the treatment vessel 10, a through-hole 130 is provided, and a rotary drive shaft
31 is inserted into this through-hole 130.
[0091] One end of the rotary drive shaft 31 is fixed to the cross screw 30, and the other end thereof is connected to
a rotary driving source (not shown). Then, the rotary drive shaft 31 is rotationally driven in the forward reverse directions
by this rotary driving source, thereby rotating the cross screw 30.
[0092] The spray nozzle 40 is provided such that it pierces the lid 13 attached to the treatment vessel 10, and a supply
port is located in the treatment vessel 10. According to this configuration, a solvent can be sprayed in the treatment
vessel 10. By spraying a solvent from the spray nozzle 40, a descending air current is formed in the vicinity of the spray
nozzle 40.
[0093] Here, the operation of the tumbling granulator 1 as described above, that is, the method for producing a
granulated powder using the tumbling granulator 1 will be described. The method for producing a granulated powder
using the tumbling granulator 1 is one example of the method for producing a granulated powder according to the
invention, and it is a matter of course that the method for producing a granulated powder according to the invention is
not limited thereto.
[0094] Subsequently, the method for producing a granulated powder will be described.
[0095] The method for producing a granulated powder according to this embodiment includes allowing a metal powder
to tumble and/or flow while supplying a solution of an organic binder (a binder solution), thereby granulating the metal
powder.
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[0096] First, a metal powder is fed in the inside of the treatment vessel 10 of the tumbling granulator 1 as described
above. Then, by stirring the metal powder with the blade 20, the metal powder is allowed to tumble and/or flow.
[0097] Concurrently with this, the binder solution is sprayed from the spray nozzle 40. The binder solution in the mist
form wets the metal powder and also binds the particles of the metal powder. As a result, the metal powder is granulated,
whereby a granulated powder 80 is obtained. This granulated powder 80 gradually moves (tumbles) toward the outer
periphery (toward the side wall portion 12) of the treatment vessel 10 as the blade 20 rotates and also is thrown up
above by the rotary vanes 21. The thrown-up granulated powder 80 falls at the center of the treatment vessel 10 and is
allowed to tumble again by the blade 20. When a series of processes as described above is repeated, the granulated
powder is properly shaped, whereby the granulated power 80 having a shape close to a true sphere is formed. Accordingly,
a dense granulated powder in which the distance between the particles is short can be obtained.
[0098] Further, in such a granulation process, when the particles during granulation come in contact with the rotating
cross screw 30, particles having a large particle diameter (particles in which the degree of granulation progress is high)
are crushed. By doing this, excessive granulation is prevented, and the particle size distribution of the granulated powder
is controlled to be narrow.
[0099] Incidentally, the binder solution may be supplied by any method, for example, by placing the binder solution in
the treatment vessel 10 in advance, etc., however, it is preferred that the binder solution is sprayed from the top as
shown in FIG. 1A. By doing this, the right amount of the binder solution is supplied uniformly to the granulated powder
80 thrown-up by the blade 20, and therefore, the shape and size of the granulated powder 80 can be made uniform. In
particular, by allowing the granulated powder 80 to come in contact with the binder solution while floating in the air, the
entire surface of the particles of the granulated powder 80 is wetted uniformly, and therefore, the uniformity becomes
more prominent. As a result, the granulated powder 80 having a uniform particle size distribution can be obtained.
[0100] Examples of the solvent to be used in the binder solution include inorganic solvents such as water, carbon
disulfide, and carbon tetrachloride; and organic solvents including ketone-based solvents such as methyl ethyl ketone
(MEK), acetone, diethyl ketone, methyl isobutyl ketone (MIBK), methyl isopropyl ketone (MIPK), cyclohexanone, 3-
heptanone, and 4-heptanone; alcohol-based solvents such as methanol, ethanol, n-propanol, isopropanol, n-butanol, i-
butanol, t-butanol, 3-methyl-1-butanol, 1-pentanol, 2-pentanol, n-hexanol, cyclohexanol, 1-heptanol, 1-octanol, 2-octa-
nol, 2-methoxyethanol, allyl alcohol, furfuryl alcohol, and phenol; ether-based solvents such as diethyl ether, dipropyl
ether, diisopropyl ether, dibutyl ether, 1,2-dimethoxyethane (DME), 1,4-dioxane, tetrahydrofuran (THF), tetrahydropyran
(THP), anisole, diethylene glycol dimethyl ether (diglyme), and 2-methoxyethanol; cellosolve-based solvents such as
methyl cellosolve, ethyl cellosolve, and phenyl cellosolve; aliphatic hydrocarbon-based solvents such as hexane, pen-
tane, heptane, cyclohexane, methyl cyclohexane, octane, didecane, methylcyclohexene, and isoprene; aromatic hydro-
carbon-based solvents such as toluene, xylene, benzene, ethylbenzene, and naphthalene; aromatic heterocyclic com-
pound-based solvents such as pyridine, pyrazine, furan, pyrrole, thiophene, 2-methylpyridine, 3-methylpyridine, 4-meth-
ylpyridine, and furfuryl alcohol; amide-based solvents such as N,N-dimethylformamide (DMF) and N,N-dimethylacetoa-
mide (DMA); halogen compound-based solvents such as dichloromethane, chloroform, 1,2-dichloroethane, trichloroeth-
ylene, and chlorobenzene; ester-based solvents such as acetylacetone, ethyl acetate, methyl acetate, isopropyl acetate,
isobutyl acetate, isopentyl acetate, ethyl chloroaceate, butyl chloroacetate, isobutyl chloroacetate, ethyl formate, isobutyl
formate, ethyl acrylate, methyl methacrylate, and ethyl benzoate; amine-based solvents such as trimethylamine, hexy-
lamine, triethylamine, and aniline; nitrile-based solvents such as acrylonitrile and acetonitrile; nitro-based solvents such
as nitromethane and nitroethane; and aldehyde-based solvents such as acetoaldehyde, propione aldehyde, butyl alde-
hyde, pentanal, and acrylaldehyde. These can be used alone or in admixture of two or more.
[0101] Incidentally, the number of rotations per unit time (hereinafter simply referred to as "rotation speed") of the
blade 20 is not particularly limited as long as it can ensure at least tumbling of the granulated powder 80, however, for
example, it is preferably from about 50 to 500 rpm, more preferably from about 100 to 300 rpm. If the rotation speed of
the blade 20 falls within the above range, the granulated powder 80 can be allowed to efficiently tumble and granulation
can be efficiently performed. Further, a moderately consolidated state is obtained, and therefore, a granulated powder
having a higher apparent density can be obtained. As a result, the granulated powder 80 which is denser and has a
particularly narrow particle size distribution can be obtained.
[0102] On the other hand, if the rotation speed of the blade 20 is less than the above lower limit, tumbling or throwing-
up of the granulated powder 80 may be insufficient, which may cause uneven granulation. Further, consolidation may
be insufficient and the granulated powder 80 having a low apparent density may be formed, and also the granulated
powder 80 which has not a spherical shape but an irregular shape with low fluidity may be formed. On the other hand,
if the rotation speed of the blade 20 exceeds the above upper limit, the granulated particles may be crushed more than
necessary by the blade 20, and a powder, the granulation of which does not proceed, may be increased.
[0103] Further, the number of rotations per unit time of the cross screw 30 at the time of granulation is not particularly
limited, however, it is preferably from about 50 to 3500 rpm, more preferably from about 100 to 3000 rpm. According to
this configuration, particles having a large particle diameter can be crushed while preventing excessive crushing of the
particles so that the particle diameter can be made uniform.
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[0104] Further, the supply rate of the binder solution is not particularly limited, however, for example, it is preferred
from 20 to 1000 g/min, more preferably from 30 to 800 g/min, further more preferably from 50 to 600 g/min. When the
supply rate of the binder solution falls within the above range, binding (granulation) of the metal powder by the binder
solution is uniformly performed and the particle size distribution of the resulting granulated powder can be made sharper.
[0105] However, if the supply rate of the binder solution is less than the above lower limit, uneven granulation may
be caused. On the other hand, if the supply rate of the binder solution exceeds the above upper limit, the granulation
may proceed excessively. As a result, the resulting granulated powder may have a wide particle size distribution.
[0106] Further, the concentration of the organic binder in the binder solution is preferably from 0.5 to 20% by weight,
more preferably from 1 to 15% by weight, further more preferably from 2 to 10% by weight.
[0107] Incidentally, the treatment time (stirring time) for granulation is not particularly limited, however, it is preferably
from 1 to 90 minutes, more preferably from 2 to 85 minutes, further more preferably from 3 to 80 minutes. According to
this configuration, ungranulated metal powder can be prevented from remaining, and the particle size distribution of the
resulting granulated powder can be made sufficiently sharp.
[0108] However, if the treatment time for granulation is less than the above lower limit, a relatively large amount of a
powder having a small particle diameter (ungranulated metal powder, etc.) may remain. On the other hand, if the treatment
time for granulation exceeds the above upper limit, a solvent may be directly applied to a powder having a relatively
large particle diameter (a lump of a powder which does not tumble or flow) to cause uneven granulation.
[0109] Further, a solvent which can dissolve the organic binder may be sprayed (supplied) to the granulated powder
as needed. According to this configuration, the granulated powder having a more uniform shape and size can be formed.
[0110] The granulated powder can be formed as described above.
[0111] Incidentally, a technique common to a tumbling granulation method, a fluidized bed granulation method, and
a tumbling fluidized bed granulation method, which are examples of the granulation method is described in the above,
however, the granulation method is not limited to these, and a spray drying method or the like can also be used.
[0112] Further, the use of the granulated powder according to the invention is not particularly limited, however, it can
be preferably used in, for example, the production of a molded body containing the granulated powder, particularly the
production of a sintered body obtained by sintering the molded body containing the granulated powder.

Method for Producing Sintered Body

[0113] Hereinafter, one example of the method for producing a sintered body will be described.

Molding

[0114] First, the granulated powder according to the invention as described above is molded using a press molding
machine, whereby a molded body having a desired shape and dimension is produced. The granulated powder according
to the invention itself is dense and has a high filling property. Therefore, a molded body having a high density can be
produced, and a sintered body having a high density and a low shrinkage ratio can be obtained in the end.
[0115] Incidentally, the shape and dimension of the molded body to be produced are determined in expectation of
shrinkage due to the subsequent degreasing and sintering treatments. Further, the molding method is not limited to
press molding, and compression molding, injection molding, or the like may be employed.

Degreasing Treatment

[0116] The molded body obtained in the above-mentioned molding step is subjected to a degreasing treatment (binder
removal treatment), whereby a degreased body is obtained. The degreasing treatment is not particularly limited, however,
it can be performed by a heat treatment in a non-oxidative atmosphere, for example, under vacuum or a reduced pressure
(for example, 1 x 10-1 to 1 x 10-6 Torr), or in a gas such as nitrogen, argon, hydrogen, or dissociated ammonia. In this
case, the condition for the heat treatment slightly varies depending on the decomposition initiation temperature of the
organic binder or the like, however, the heat treatment is preferably performed at a temperature of about 100°C to 750°C
for about 0.5 to 40 hours, more preferably performed at a temperature of about 150°C to 700°C for about 1 to 24 hours.
[0117] Further, the degreasing by such a heat treatment may be performed by being divided into a plurality of steps
(stages) for various purposes (for example, for the purpose of reducing the degreasing time, etc.). In this case, for
example, a method in which degreasing is performed at a low temperature in the former half and at a high temperature
in the latter half, a method in which degreasing at a low temperature and degreasing at a high temperature are alternately
repeated, or the like can be used.
[0118] Incidentally, it is not necessary to completely remove the organic binder by the degreasing treatment, and for
example, a part thereof may remain at the time of completion of the degreasing treatment.
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Firing

[0119] The degreased body obtained in the above-mentioned degreasing treatment is fired in a firing furnace to effect
sintering, whereby a desired sintered body is obtained. By this firing, the metal powder constituting the granulated powder
is dispersed to cause grain growth, and a sintered body which is dense as a whole, in other words, has a high density
and a low porosity can be obtained.
[0120] The firing temperature at the time of firing slightly varies depending on the composition of the granulated powder
or the like, however, for example, in the case of using an Fe-based alloy powder, the firing temperature is preferably
900°C or higher but lower than 1200°C, more preferably from 1000°C to 1180°C. When the firing temperature falls within
the above range, a sintered body can be efficiently produced using a firing furnace which does not have a special heat
resistant structure, is relatively inexpensive, and has low running cost. Incidentally, if the firing temperature is lower than
the above lower limit, sintering of the metal powder does not sufficiently proceed, and the porosity of a finally obtained
sintered body may be increased, and therefore, a sufficient mechanical strength may not be obtained. On the other
hand, if the firing temperature exceeds the above upper limit, a firing furnace which has a special heat resistant structure
is needed, and therefore, ease of firing is reduced.
[0121] Further, the time of holding the maximum temperature during firing is preferably from about 0.5 to 8 hours,
more preferably from about 0.75 to 5 hours.
[0122] Further, the firing atmosphere is not particularly limited, however, a reduced pressure (vacuum) atmosphere
or a non-oxidative atmosphere is preferred. According to this configuration, deterioration of properties due to metal
oxidation can be prevented. A preferred firing atmosphere is a reduced pressure (vacuum) atmosphere at 1 Torr or less
(more preferably at 1 x 10-2 to 1 x 10-6 Torr), an inert gas atmosphere of nitrogen, argon, or the like at 1 to 760 Torr, or
a hydrogen gas atmosphere at 1 to 760 Torr.
[0123] The firing atmosphere may be changed in the course of firing. For example, the initial firing atmosphere is set
to a reduced pressure (vacuum) atmosphere at 1 x 10-2 to 1 x 10-6 Torr, which can be changed to an inert gas atmosphere
as described above in the course of firing.
[0124] Further, the firing may be performed in two or more stages. For example, a first firing and a second firing, in
which the firing conditions are different such that the firing temperature in the second firing is set to higher than that in
the first firing, may be performed.
[0125] Incidentally, the thus obtained sintered body may be used for any purpose, and as the use thereof, various
machine parts and the like can be exemplified.
[0126] The relative density of the thus obtained sintered body varies depending on the use thereof or the like, however,
for example, it is expected to be more than 93%, preferably 94% or more. Such a sintered body has a particularly
excellent mechanical property. Further, by using the granulated powder according to the invention, even if it is fired at
a low temperature, such a sintered body having an excellent mechanical property can be efficiently produced.
[0127] Hereinabove, the invention is described based on preferred embodiments, however, the invention is not limited
to these.
[0128] For example, in the method for producing a granulated powder, an additional step can be added as needed.
[0129] Further, the device to be used in the method for producing a granulated powder according to the invention is
not limited to one described in the above embodiment. For example, in the above embodiment, the case where a tumbling
granulator is used is described, however, a fluidized bed granulator which performs granulation by a fluidizing action, a
tumbling fluidized bed granulator which performs granulation by a tumbling and fluidizing action, a spray drying apparatus
which performs spray drying, or the like may be used.

Examples

1. Production of Granulated Powder

Example 1

[0130] 1) First, as a starting material powder, a 2% Ni-Fe alloy powder (true density: 7.827 g/cm3, manufactured by
Epson Atmix Corporation) having an average particle diameter of 6 Pm produced by a water atomization method was
prepared. Incidentally, the composition of the 2% Ni-Fe is as follows: C: 0.4 to 0.6% by mass, Si: 0.35% by mass or
less, Mn: 0.8% by mass or less, P: 0.03% by mass or less, S: 0.045% by mass or less, Ni: 1.5 to 2.5% by mass, Cr:
0.2% by mass or less, and Fe: remainder.
[0131] 2) On the other hand, as an organic binder, polyvinyl alcohol (RS-1717, manufactured by Kuraray Co., Ltd.),
glycerin (manufactured by Wako Pure Chemical Industries), and an alkylamine derivative (acetate) were prepared.
Further, as a solvent, ion exchanged water was prepared. Incidentally, the addition amount of the solvent was set to 50
g per gram of the organic binder. Further, the saponification degree of the polyvinyl alcohol was 93 and the polymerization



EP 2 364 798 A1

11

5

10

15

20

25

30

35

40

45

50

55

degree thereof was 1700.
[0132] Subsequently, polyvinyl alcohol, glycerin, and the organic amine were mixed in ion exchanged water, and the
resulting mixture was cooled to room temperature, whereby a binder solution was prepared. Incidentally, the addition
amounts of the polyvinyl alcohol, glycerin, and alkylamine derivative were set to 0.8 parts by weight, 0.01 parts by weight,
and 0.1 parts by weight based on 100 parts by weight of the metal powder, respectively.
[0133] 3) Subsequently, the starting material powder was placed in a treatment vessel of a tumbling granulator (VG-
25, manufactured by Powrex Corporation). Then, the starting material powder was allowed to tumble under the following
condition while spraying the binder solution from a spray nozzle of the tumbling granulator. By doing this, a granulated
powder having an average particle diameter of 75 Pm was obtained.
Tumbling condition
Rotation speed of blade: 200 rpm
Rotation speed of cross screw: 2500 rpm
Supply rate of binder solution: 200 g/min
Granulation time: 90 min

Examples 2 to 9

[0134] Granulated powders were obtained in the same manner as in Example 1 except that the addition amount of
glycerin was changed as shown in Table 1, respectively.

Examples 10 to 15

[0135] Granulated powders were obtained in the same manner as in Example 3 except that the addition amount of
the organic amine was changed as shown in Table 1, respectively.

Examples 16 to 21

[0136] Granulated powders were obtained in the same manner as in Example 3 except that the addition amount of
polyvinyl alcohol was changed as shown in Table 2, respectively.

Example 22

[0137] A granulated powder was obtained in the same manner as in Example 3 except that the addition of the organic
amine was omitted.

Examples 23 to 26

[0138] Granulated powders were obtained in the same manner as in Example 1 except that the composition and the
addition amount of the polyol or the composition and the addition amount of the organic amine were changed as shown
in Table 2, respectively.

Examples 27 and 28

[0139] Granulated powders were obtained in the same manner as in Example 22 and Example 3, respectively, except
that the composition of the metal powder was changed to SUS-316L (true density: 7.98 g/cm3).

Comparative Examples 1 to 3

[0140] Granulated powders were obtained in the same manner as in Example 1 except that the organic binder was
prepared using only polyvinyl alcohol (the addition of glycerin and the alkylamine derivative was omitted) and the addition
amount thereof was changed as shown in Table 2, respectively.

Comparative Example 4

[0141] A granulated powder was obtained in the same manner as in Comparative Example 1 except that polyvinylpyr-
rolidone was used in place of polyvinyl alcohol.
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Comparative Example 5

[0142] A granulated powder was obtained in the same manner as in Comparative Example 4 except that glycerin and
the alkylamine derivative were further added to the organic binder.

Comparative Example 6

[0143] A granulated powder was obtained in the same manner as in Example 28 except that the organic binder was
prepared using only polyvinyl alcohol (the addition of glycerin and the alkylamine derivative was omitted).

2. Evaluation of Granulated Powder

2.1 Evaluation for Apparent Density

[0144] The apparent density of each of the granulated powders obtained in the respective Examples and Comparative
Examples was measured. Then, the ratio thereof to the true density of each metal powder was calculated.

2.2 Evaluation for Molding Density

[0145] Each of the granulated powders obtained in the respective Examples and Comparative Examples was molded
under the following molding condition.
Molding condition
Molding method: press molding method
Molding shape: cube with a side of 20 mm
Molding pressure: 600 MPa (6 t/cm2)
[0146] Subsequently, the dimension and weight of the obtained molded body were measured, and the molding density
was calculated from the measurements.

2.3 Evaluation for Sintering Density

[0147] Subsequently, the obtained molded body was degreased under the following degreasing condition.
Degreasing condition
Degreasing temperature: 600°C
Degreasing time: 1 hour
Degreasing atmosphere: hydrogen gas atmosphere
[0148] Subsequently, the obtained degreased body was fired under the following firing condition, whereby a sintered
body was obtained.
Firing condition
Firing temperature: 1150°C
Firing time: 3 hours
Firing atmosphere: reduced pressure Ar atmosphere
Atmospheric pressure: 1.3 kPa (10 Torr)
[0149] Subsequently, the density of the obtained sintered body was measured by a method according to the Archimedes
method specified in JIS Z 2501. Further, the relative density of the sintered body was calculated from the measured
sintering density and the true density of the metal powder.

2.4 Evaluation for Dimensional Accuracy

[0150] Subsequently, the width dimension of the obtained sintered body was measured using a micrometer. Then,
evaluation was performed for the measurements according to the following evaluation criteria based on the "Permissible
Deviations in Widths Without Tolerance" specified in JIS B 0411 (Permissible Deviations in Dimensions Without Tolerance
Indication for Metallic Sintered Products).
[0151] Incidentally, the width of the sintered body refers to a dimension in the direction orthogonal to the direction of
compression at the time of press molding.
Evaluation Criteria

A: Grade is fine (tolerance is �0.1 mm or less)
B: Grade is medium (tolerance exceeds �0.1 mm but is 0.2 mm or less)
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C: Grade is coarse (tolerance exceeds �0.2 mm but is 0.5 mm or less)
D: Outside the permissible tolerance

[0152] Hereinafter, the results of the evaluation items described in 2.1 to 2.4 are shown in Tables 1 and 2.
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Table 1

Metal 
powder

Organic binder
Ratio of 
organic 

binder in 
granulated 

powder

Evaluation results

Polyvinyl alcohol Polyol Organic amine

Ratio of 
apparent 
density to 

true 
density

Molding 
density

Sintering 
density

Relative 
density

Dimensional 
accuracy

100 
parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts by 
weight

% by weight % g/cm3 g/cm3 % -

Example 
1

2% Ni-
Fe

PVA 0.8 Glycerin 0.01
Alkylamine 
derivative

0.1 090 29.4 6.47 7.42 94.8 B

Example 
2

2% Ni-
Fe

PVA 0 8 Glycerin 0.03
Alkylamine 
derivative

0.1 0.92 32.2 6.49 7.45 95.2 A

Example 
3

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

0.1 0.94 35.0 6.52 7.48 95.6 A

Example 
4

2% Ni-
Fe

PVA 0.8 Glycerin 0.07
Alkylamine 
derivative

01 0.96 29.4 6.47 7.42 94.8 A

Example 
5

2% Ni-
Fe

PVA 0.8 Glycerin 0.1
Alkylamine 
derivative

0.1 0.99 24.7 6.43 7.37 94.2 B

Example 
6

2% Ni-
Fe

PVA 08 Glycerin 0.2
Alkylamine 
derivative

0.1 1.09 23.1 6.42 7.36 94.0 B

Example 
7

2% Ni-
Fe

PVA 0.8 Glycerin 0.3
Alkylamine 
derivative

0.1 1.19 21.9 6.40 7.34 93.8 B

Example 
8

2% Ni-
Fe

PVA 0.8 Glycerin 0.5
Alkylamine 
derivative

0.1 1.38 22.8 6.41 7.35 93.9 B

Example 
9

2% Ni-
Fe

PVA 0.8 Glycerin 0.7
Alkylamine 
derivative

0.1 1.57 22 8 6.41 7.35 93.9 C

Example 
10

2% Ni-
Fe

PVA 08 Glycerin 0.05
Alkylamine 
derivative

0.001 0.84 30.4 6,45 7.43 94.9 B
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(continued)

Metal 
powder

Organic binder
Ratio of 
organic 

binder in 
granulated 

powder

Evaluation results

Polyvinyl alcohol Polyol Organic amine

Ratio of 
apparent 
density to 

true 
density

Molding 
density

Sintering 
density

Relative 
density

Dimensional 
accuracy

100 
parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts by 
weight

% by weight % g/cm3 g/cm3 % -

Example 
11

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

0.005 0.85 33.2 6.49 7.45 95.2 A

Example 
12

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

0,01 0.85 34.1 6.51 7.48 95.6 A

Example 
13

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivatives

0.5 1.33 35.4 6.54 7.50 95.8 A

Example 
14

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

1 1.82 35.1 6.53 7.49 95.7 A

Example 
15

2% Ni-
Fe

PVA 0.8 Glycerin 0,05
Alkylamine 
derivative

5 5.53 31.6 6.45 7.41 94.7 B
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Table 2

Metal 
powder

Organic binder
Ratio of 
organic 

binder in 
granulated 

powder

Evaluation results

Polyvinyl alcohol Polyol Organic amine

Ratio of 
apparent 
density 
to true 
density

Molding 
density

Sintering 
density

Relative 
density

Dimensional 
accuracy

100 
parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

% by 
weight

% g/cm3 g/cm3 % -

Example 16
2%Ni-

Fe
PVA 0.1 Glycerin 0.05

Alkylamine 
derivative

0.1 0.25 40.3 6.39 7.34 93.8 B

Example 17
2%Ni-

Fe
PVA 0.2 Glycerin 0.05

Alkylamine 
derivative

0.1 0.35 36.8 6.47 7.42 94.8 A

Example 18
2%Ni-

Fe
PVA 0.5 Glycerin 0,05

Alkylamine 
derivative

0.1 0.65 35.9 6.50 7.45 95.2 A

Example 19
2% Ni-

Fe
PVA 1 Glycerin 0.05

Alkylamine 
derivatives

0.1 1.14 24.3 6.51 7.47 95.4 A

Example 20
2% Ni-

Fe
PVA 2 Glycerin 0.05

Alkylamine 
derivative

0.1 2.10 21.1 6.43 7.37 94.2 B

Example 21
2%Ni-

Fe
PVA 3 Glycerin 005

Alkylamine 
derivative

0.1 3.05 20.3 6.24 7.31 93.4 B

Example 22
2% Ni-

Fe
PVA 0.8 Glycerin 0.05 - - 0.84 29.4 6.44 7.42 94.8 B

Example 23
2% Ni-

Fe
PVA 0.8

Ethylene 
glycol

0,05
Alkylamine 
derivative

0.1 0.94 25.6 6.48 7.38 94.3 B

Example 24
2% Ni-

Fe
PVA 0.8

Propylene 
glycol 

Propylene 
glycol

0.05
Alkylamine 
derivative

01 0.94 27.5 6.49 7.40 94.5 B
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(continued)

Metal 
powder

Organic binder
Ratio of 
organic 

binder in 
granulated 

powder

Evaluation results

Polyvinyl alcohol Polyol Organic amine

Ratio of 
apparent 
density 
to true 
density

Molding 
density

Sintering 
density

Relative 
density

Dimensional 
accuracy

100 
parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

Composition
Parts 

by 
weight

% by 
weight

% g/cm3 g/cm3 % -

Example 25
2% Ni-

Fe
PVA 0.8 Glycerin 0.05

Cycloalkylami 
ne derivative

0.1 0.94 23 8 6.46 7.36 94.0 B

Example 26
2% Ni-

Fe
PVA 0.8 Glycerin 0.05

Alkanolamine 
derivative

0.1 0.94 22.8 6.45 7.35 93.9 B

Example 27
SUS-
316L

PVA 0.8 Glycerin 0.05 - - 0.84 30.4 - 7.56 94.7 B

Example 28
SUS-
316L

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

0.1 0.94 47.2 - 7.61 95.4 A

Comparative 
Example 1

2%Ni-
Fe

PVA 0.8 - - - - 0.79 17.2 6.45 7.29 93.1 C

Comparative 
Example 2

2% NI-
Fe

PVA 0.05 - - - - 0.05 54.1 6.47 6.95 88.8 D

Comparative 
Example 3

2% Ni-
Fe

PVA 3.5 - - - - 3.38 9.3 6.14 6.54 83.6 D

Comparative 
Example 4

2% Ni-
Fe

PVA 0.8 - - - - 0.79 16.3 6.27 7.10 90.7 D

Comparative 
Example 5

2% Ni-
Fe

PVA 0.8 Glycerin 0.05
Alkylamine 
derivative

0.1 0.94 15.4 6.25 7.06 90.2 D

Comparative 
Example 6

SUS-
316L

PVA 0.8 - - - - 0.79 18.7 - 7.32 91.7 C
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[0153] As is apparent from Tables 1 and 2, it was confirmed that each of the molded bodies and the sintered bodies
obtained using the granulated powders obtained in the respective Examples has a high density. In particular, it was
revealed that the molding density and the sintering density can be specifically increased by using glycerin as the polyol,
optimizing the content of the polyol, and so on.
[0154] FIG. 2 is a graph showing the distribution of the molded bodies obtained using the granulated powders obtained
in Examples 1 to 9 with the horizontal axis representing the addition amount of polyol and the vertical axis representing
the molding density.
[0155] Also from FIG. 2, it was confirmed that the molding density can be particularly increased when the addition
amount of the polyol falls within a range from 0.01 to 0.2 parts by weight based on 100 parts by weight of the metal powder.
[0156] Further, it was also confirmed that the sintered bodies obtained using the granulated powders obtained in the
respective Examples have excellent dimensional accuracy.
[0157] On the other hand, by using the granulated powder obtained in Comparative Example 1, a sintered body was
obtained by changing the firing temperature from 1150°C to 1250°C. The sintering density of the resulting sintered body
was 7.41 g/cm3, which was equivalent to that of the sintered body obtained using the granulated powder obtained in
Example 1. From this result, it was revealed that according to the invention, a granulated powder can be favorably
sintered even when it is sintered at a relatively low temperature using a firing furnace which is widely used and inexpensive.

Claims

1. A granulated powder, comprising a plurality of metal particles bound to one another by an organic binder, wherein
the organic binder contains polyvinyl alcohol or a derivative thereof and a polyol, and a ratio of the apparent density
of the granulated powder to a true density of the metal particles is from 20% to 50%.

2. The granulated powder according to claim 1, wherein the polyol is glycerin.

3. The granulated powder according to claim 1 or 2, wherein an amount of the polyol is from 0.01 to 0.2 parts by weight
based on 100 parts by weight of the metal particles.

4. The granulated powder according to any one of claims 1 to 3, wherein the organic binder further contains an organic
amine or a derivative thereof.

5. The granulated powder according to claim 4, wherein the organic amine is at least one of an alkylamine, a cy-
cloalkylamine, an alkanolamine, and a derivative thereof .

6. The granulated powder according to claim 4 or 5, wherein the addition amount of the organic amine is from 0.001
to 5 parts by weight based on 100 parts by weight of the metal particles.

7. The granulated powder according to any one of claims 1 to 6, wherein a content of the organic binder in the granulated
powder is from 0.1 to 20% by weight.

8. A method for producing a granulated powder according to any one of claims 1 to 7, comprising:

providing a metal powder while tumbling or flowing the metal powder, simultaneously supplying a solution of
an organic binder to the metal powder, wherein the organic binder contains: polyvinyl alcohol or a derivative
thereof, and a polyol, to granulate the metal powder.

9. The method for producing a granulated powder according to claim 8, wherein the solution of the organic binder is
supplied by spraying.
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