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METHOD OF MANUFACTURING MAGNETIC 
PARTICLE, MAGNETIC PARTICLE AND 
MAGNETIC RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a magnetic particle, a magnetic particle manufac 
tured by the method and a magnetic recording medium 
containing this magnetic particle in a magnetic layer. 

[0003] 2. Description of the Related Art 

[0004] Reducing the particle siZe of a magnetic particle 
contained in a magnetic layer is important for increasing the 
magnetic recording density. For example, in magnetic 
recording media Widely used as video tapes, computer tapes, 
disks, etc., noise decreases When the particle siZe is reduced 
in a case Where the mass of a hard magnetic material is the 
same. 

[0005] A CuAu type or Cu3Au type hard magnetic ordered 
alloy is attracting attention as a material for a magnetic 
particle Which is promising for improving the magnetic 
recording density (described, for example, in Japanese 
Patent Application Publication No. 2003-6830 and Japanese 
Patent Application Publication No. 2001-256631). Because 
this hard magnetic ordered alloy has large crystal magnetic 
anisotropy because of strains generated during ordering and 
it is known that this alloy shows hard magnetism even When 
the particle siZe of a magnetic particle is reduced. 

[0006] Although a magnetic particle shoWing hard mag 
netism is prepared by a liquid phase process, a gaseous 
phase process, etc., a magnetic particle immediately after the 
preparation of a practical liquid phase process excellent in 
mass producibility, in particular, has a structure of an 
unordered face-centered cubic crystal. A face-centered cubic 
crystal usually shoWs soft magnetism or paramagnetism and 
is unsuitable for a magnetic recording medium. In a mag 
netic recording medium, therefore, it is necessary to obtain 
a hard magnetic ordered alloy having a coercive force of not 
less than 95.5 kA/m (1200 Oe). In order to obtain such a hard 
magnetic ordered alloy, it is necessary to cause an unordered 
phase to transform to an ordered phase. For this reason, the 
manufacturing of a magnetic particle comprises the alloy 
particle preparation step of preparing an alloy particle 
capable of forming a CuAu type or Cu3Au type hard 
magnetic ordered alloy phase and the magnetic particle 
formation step of forming a CuAu type or Cu3Au type 
magnetic particle from the alloy particle formed in this alloy 
particle preparation step, and in the magnetic particle for 
mation step, usually annealing treatment (heat treatment) is 
performed. 
[0007] HoWever, Whether the performance of a magnetic 
particle used in a magnetic recording medium is good is not 
determined by the magnetic particle formation step alone, 
and the key point is hoW to prepare, in the alloy particle 
preparation step, an alloy particle Which has a micro siZe, is 
excellent in monodispersibility and provides an excellent 
transformation facilitativeness Which facilitates the transfor 
mation of an unordered phase to an ordered phase. Usually, 
the preparation of an alloy particle is performed by mixing 
a plurality of kinds of solutions for alloy particle preparation 
by the above-described liquid phase process, and a device in 

Nov. 25, 2004 

Which a stirring vane is provided in a tank as shoWn in FIG. 
9 has been proposed as a mixing and reaction device 
(Japanese Patent Application Publication No. 5-173267). 

[0008] In this mixing and reaction device 1, in order to stir 
solutions ?lled in the interior of a tank 2, a stirring vane 5 
is rotated and driven via transmission device 4 Which 
transmits the rotational driving force of a motor 3 in a 
noncontact manner by use of magnetic force. On the outer 
circumferential surface of the tank 1 is provided temperature 
control device 6, Which heats or cools the solutions in order 
to control the temperature control of the solutions ?lled in 
the interior. A sealing lid 7 of this tank 2 is provided With an 
introduction pipe 8 Which introduces the solutions and the 
loWer part of the tank 2 is provided With a discharge pipe 9 
Which discharges mixed reaction solutions Which are mixed 
and caused to react Within the tank 2. 

[0009] HoWever, in the preparation of an alloy particle by 
mixing by stirring, a dead space is present Within the tank 2, 
making the stirring of the solution nonuniform, and particle 
groWth occurs due to the partial circulation of a formed alloy 
particle Within the tank 2. Therefore, the conventional prepa 
ration of an alloy particle has the draWback that it is 
impossible to produce an alloy particle Which has a micro 
siZe, is excellent in monodispersibility and provides an 
excellent transformation facilitativeness. 

[0010] Furthermore, magnetic recording media Which 
have recently been Widely used as video tapes, computer 
tapes, disks, etc., are required to meet the requirement for a 
further noise reduction. 

SUMMARY OF THE INVENTION 

[0011] The present invention Was made in vieW of such a 
situation and has as its object the provision of a method of 
manufacturing a magnetic particle, Which is capable of 
manufacturing a magnetic particle having good performance 
for achieving a suf?ciently loW noise level of a magnetic 
recording medium because an alloy particle Which meets all 
of the requirements for a micro siZe, monodispersibility and 
transformation facilitativeness can be prepared in the alloy 
particle preparation step, a magnetic particle manufactured 
by this method and a magnetic recording medium containing 
this magnetic particle in a magnetic layer. 

[0012] The inventors of the present invention has obtained 
the knoWledge that an alloy particle Which has a micro siZe, 
is excellent in monodispersibility and provides an excellent 
self-assembling property can be obtained by mixing together 
a plurality of kinds of solutions for preparing an alloy 
particle capable of forming a CuAu type or Cu3Au type hard 
magnetic ordered alloy phase and causing the solutions to 
react With each other by an ultrahigh-speed stirring method 
in Which the peripheral speed at a leading end of a stirring 
vane is not less than 5 m/second, or an in-tank mixer method 
in Which mixing and reaction are caused to occur in a mixer 
provided Within a reaction vessel ?lled With a bulk liquid 
and a mixed reaction solution is discharged to the bulk liquid 
Within the reaction vessel, or a microgap mixing method in 
Which mixing and reaction are caused to occur in a microgap 
formed betWeen an inner Wall of a mixer and a stirring 
member rotating at a high speed. 

[0013] First, the loWering of the noise level of a magnetic 
recording medium Will be described in order to facilitate the 
understanding of the present invention. 
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[0014] The sputtering method Which is known as a method 
of preparing a magnetic recording medium for a hard disk 
forms a magnetic ?lm in a polycrystal state. A monocrystal 
Which forms the magnetic ?lm in question has a particle siZe 
of about 20 nm and is in the shape of a cylinder Which has 
a height of about 100 nm. The coefficient of variation in the 
particle siZe (particle diameter) of a monocrystal is as large 
as not less than 20%. In the sputtering method, monocrystals 
Which form the magnetic ?lm in question adjoin each other 
and, therefore, the monocrystal in question, along With the 
adjoining monocrystals, is magnetiZed. For this reason, an 
actual magnetiZation unit becomes larger than that of the 
monocrystal in question. From this, although attempts have 
been made to make the magnetiZation unit small by causing 
the segregation of chromium etc. in a crystal grain ?eld, 
these attempts have been insuf?cient as measures to loWer 
the magnetiZation unit. HoWever, in order to loWer the noise 
level of a recording medium, it is necessary to reduce the 
particle diameter and loWer the coef?cient of variation for 
further loWering the magnetiZation unit. 

[0015] In a general manufacturing method of a magnetic 
recording medium for magnetic tapes and ?exible disks, 
magnetic particles formed from iron, an alloy of iron and 
cobalt, iron oxide or barium ferrite are ?rst subjected to 
annealing treatment, kneaded With a binder and then applied 
after dispersion. In this method, hoWever, annealing treat 
ment is performed in the state of the magnetic particle and 
hence the particles tend to fuse or coalesce. Therefore, the 
coef?cient of variation in the particle siZe is about 20% at the 
best and a suf?ciently loW level noise is not achieved. 
Furthermore, the magnetic anisotropy constant of these 
magnetic materials is small. Therefore, When the siZe is not 
more than 20 nm, a superparamagnetic state occurs under 
the in?uence of thermal ?uctuations and these magnetic 
materials cannot be used as a magnetic recording medium. 

[0016] Thus, Whether a magnetic recording medium for 
hard disk or a magnetic recording medium for magnetic tape 
or ?exible disk, it is important to loWer the coef?cient of 
variation in the particle siZe to not more than 20% for 
loWering the noise level suf?ciently. 

[0017] The present inventors paid attention to the folloW 
ing knoWledge as measures to loWer this coef?cient of 
variation to not more than 20%: 

[0018] (1) Unlike the sputtering method, in the 
reversed micelle process, it is possible to prepare 
Within a micelle a magnetic particle having a siZe of 
not more than 20 nm in a condition separated from 
other magnetic particles. 

[0019] (2) If an alloy particle capable of forming a 
CuAu type or Cu3Au type hard magnetic ordered 
alloy phase is used as a precursor for manufacturing 
a magnetic particle, even in a case Where the siZe is 
not more than 20 nm, the magnetic material shoWs 
hard magnetism suitable for a magnetic recording 
medium and, at the same time, the particle siZe of an 
alloy particle to be prepared is Within the range of 1 
to 100 nm and the coefficient of variation in the 
particle siZe of the alloy particle is not more than 
15%. This is advantageous. 

[0020] (3) Even When an alloy particle capable of 
forming a CuAu type or Cu3Au type hard magnetic 
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ordered alloy phase is manufactured by using the 
reversed micelle process, in the case of use of a 
mixing and reaction device in Which a stirring vane 
is provided Within a tank, as described in the prior 
art, the coefficient of variation in the particle siZe 
does not become 20% or less and it is dif?cult to 
control the particle diameter even When an alloy 
particle having a particle siZe of not more than 20 nm 
may be prepared. HoWever, an alloy particle Which 
has a micro siZe, is excellent in monodispersibility 
and provides an excellent self-assembling property 
can be obtained by mixing a plurality of kinds of 
solutions for preparing an alloy particle capable of 
forming a CuAu type or Cu3Au type hard magnetic 
ordered alloy phase by an ultrahigh-speed stirring 
method, a microgap mixing method or an in-tank 
mixer method, and it is easy to cause an alloy phase 
to undergo transformation for an unordered phase to 
an ordered phase in the magnetic particle formation 
step of forming an alloy particle to a CuAu type or 
Cu3Au type hard magnetic particle (for example, 
annealing treatment). 

[0021] (4) By appropriately controlling the mixing 
and reaction temperature in the ultrahigh-speed stir 
ring method, the microgap mixing method or the 
in-tank mixer method, the siZe control of the alloy 
particle to be prepared can be performed With good 
accuracy. 

0022 5 B erformin annealin treatment, With y P g g 
alloy particles applied to a backing and ?xed, it is 
possible to prevent particles from fusing or coalesc 
ing. 

[0023] The particle siZe (particle diameter) in the present 
invention is indicated by the diameter of a circle having an 
area equal to the projected area of the parallel outer surfaces 
of a particle. That is, the projected area of a particle is 
obtained by measuring the area on an electron micrograph 
and correcting the projection magni?cation. By supposing a 
circle having an area equal to the projected area of a particle, 
the diameter of this circle is regarded as the circle-equivalent 
diameter of an alloy particle (or a magnetic particle in some 
cases). Furthermore, the coef?cient of variation in the par 
ticle siZe device a value obtained by dividing the standard 
deviation of the circle-equivalent diameter in all particles by 
the average particle diameter. 

[0024] On the basis of this knoWledge, the present inven 
tion Was concretely constituted as a method of manufactur 
ing a magnetic particle, a magnetic particle and a magnetic 
recording medium. 

[0025] In order to achieve the above object, in the ?rst 
aspect of the present invention, there is provided a method 
of manufacturing a magnetic particle, Which comprises: the 
alloy particle preparation step of preparing an alloy particle 
capable of forming a CuAu type or Cu3Au type hard 
magnetic ordered alloy phase and the magnetic particle 
formation step; Wherein in the alloy preparation formation 
step, by using a mixing and reaction device Which has a 
stirring vane rotating at a high speed in the interior of a 
mixer, a plurality of kinds of solutions for preparing the 
alloy particle are supplied to the interior of the mixer, Where 
the plurality of kinds of solutions are mixed together and 
caused to react With each other by a liquid phase process, 
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and at the same time the plurality of kinds of solutions are 
mixed together and caused to react With each other so that 
the peripheral speed in a leading end portion of the stirring 
vane is not less than 5 m/second. 

[0026] According to the ?rst aspect of the present inven 
tion, in the alloy preparation formation step, a plurality of 
kinds of solutions for preparing the alloy particle are mixed 
together and caused to react With each other by an ultrahigh 
speed stirring method at a peripheral speed of not less than 
5 n/second at a leading end of the stirring vane. Incidentally, 
the peripheral speed at a leading end of the stirring vane is 
preferably not less than 10 n/second. 

[0027] As a result of this, it is possible to instantaneously 
and ef?ciently mix, Within the mixer, a plurality of kinds of 
solutions together and cause these solutions to react and, 
therefore, it is possible to form an alloy particle Which has 
a micro siZe and is excellent in monodispersibility. There 
fore, it is possible ensure that the particle siZe of an alloy 
particle prepared by the mixing and reaction by this ultra 
high-speed stirring method is 1 to 100 nm and that the 
coef?cient of variation in the particle siZe is not more than 
15%. This is because an alloy particle having a particle siZe 
of less than 1 nm tends to shoW superparamagnetism and 
hence is unsuitable for an alloy particle for manufacturing a 
magnetic particle used in a magnetic recording medium and 
because a sufficiently loW noise level cannot be achieved if 
the particle siZe exceeds 100 nm. The particle siZe of an 
alloy particle is more preferably in the range of 3 to 20 nm 
and especially preferably in the range is 3 to 10 nm. 

[0028] Furthermore, this is because a suf?ciently loW 
noise level cannot be achieved if the coef?cient of variation 
in the particle siZe of an alloy particle exceeds 15%. Amore 
preferable coef?cient of variation is not more than 10%. 

[0029] In addition, because an alloy particle prepared by 
this ultrahigh-speed stirring method is excellent in the 
self-assembling property, it is possible to cause the alloy 
particle to undergo transformation to a CuAu type or Cu3Au 
type magnetic particle in the magnetic particle forming step. 

[0030] The second aspect of the present invention is that 
in the ?rst aspect, the particle siZe of the alloy particle 
prepared by the mixing and reaction is 1 to 100 nm and the 
coef?cient of variation in the particle siZe is not more than 
15%. 

[0031] The second aspect of the present invention speci 
?es the siZe and coef?cient of variation of the alloy particle 
prepared by the mixing and reaction in the method of 
manufacturing a magnetic particle in the ?rst aspect. 

[0032] In order to achieve the above object, in the third 
aspect of the present invention, there is provided a method 
of manufacturing a magnetic particle, Which comprises: the 
alloy particle preparation step of preparing an alloy particle 
capable of forming a CuAu type or Cu3Au type hard 
magnetic ordered alloy phase and the magnetic particle 
formation step; Wherein in the alloy preparation formation 
step, by using a mixing and reaction device in Which there 
is provided a reaction vessel Which is ?lled With a bulk 
liquid and provided therein With a mixer Which has a stirring 
vane rotating at a high speed and is provided With an 
opening through Which the bulk liquid is circulated to and 
from the interior of the reaction vessel, a plurality of kinds 
of solutions for preparing the alloy particle are supplied to 
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the interior of the mixer, Where the plurality of kinds of 
solutions are mixed together and caused to react With each 
other by a liquid phase process, and at the same time the 
plurality of kinds of solutions are mixed together and caused 
to react With each other so that a mixed reaction solution is 
discharged from the mixer to the reaction vessel by a 
circulating stream of the bulk liquid. 

[0033] According to the third aspect, in the alloy particle 
preparation step, a plurality of kinds of solutions for pre 
paring the alloy particle are mixed together and caused to 
react With each other by an in-tank mixer method Which 
involves performing mixing and reaction in a mixer pro 
vided Within a reaction vessel ?lled With a bulk liquid and 
discharging a mixed reaction solution to the bulk liquid 
Within the reaction vessel. As a result of this, because the 
plurality of kinds of solutions can be instantaneously and 
ef?ciently mixed together and caused to react With each 
other, it is possible to prepare an alloy particle Which has a 
micro siZe and an excellent monodispersibility. Therefore, it 
is possible ensure that the particle siZe of an alloy particle 
prepared by the mixing and reaction by this in-tank mixer 
method is 1 to 100 nm and that the coef?cient of variation 
in the particle siZe is not more than 15%. The particle siZe 
of an alloy particle is more preferably in the range of 3 to 20 
nm and especially preferably in the range is 3 to 10 nm. 
Furthermore, the coefficient of variation in an alloy particle 
is preferably not more than 10%. In addition, because the 
alloy particle prepared by this in-tank mixer method is 
excellent in the self-assembling property, in the magnetic 
particle formation step, it is easy to cause the alloy particle 
to undergo transformation to a CuAu type or Cu3Au type 
hard magnetic particle. 

[0034] In this case, as speci?ed in the ?fth aspect, it is 
desirable to ensure that the peripheral speed in a leading end 
portion of the stirring vane is not less than 5 n/second. In this 
manner, by combining the in-tank mixer method and the 
ultrahigh-speed stirring method, it is possible to prepare an 
alloy particle excellent in a micro siZe, monodispersibility 
and the self-assembling property. 

[0035] The fourth aspect is that in the third aspect, the siZe 
of an alloy particle prepared by the mixing and reaction is 1 
to 100 nm and the coefficient of variation in the particle siZe 
is not more than 15%. 

[0036] The fourth aspect of the present invention speci?es 
the siZe and coef?cient of variation of an alloy particle 
prepared in the mixing and reaction in the method of 
manufacturing a magnetic particle of the third aspect. 

[0037] In order to achieve the above object, in the sixth 
aspect of the present invention, there is provided a method 
of manufacturing a magnetic particle, Which comprises: the 
alloy particle preparation step of preparing an alloy particle 
capable of forming a CuAu type or Cu3Au type hard 
magnetic ordered alloy phase and the magnetic particle 
formation step; Wherein in the alloy preparation formation 
step, by using a mixing and reaction device Which is 
provided With a mixer in the interior of a reaction vessel and 
has a microgap formed betWeen an inner Wall of the mixer 
and a stirring member rotating at a high speed and in Which 
in order to form this microgap, When the distance from the 
center of rotation of the stirring member to a leading end 
thereof is put as 1, the distance to the inner Wall having the 
shortest distance from the center of rotation of the stirring 
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member is set in the range of 1.001 to 1.200, a plurality of 
kinds of solutions for preparing the alloy particle are sup 
plied to the microgap, Where the plurality of kinds of 
solutions are mixed together and caused to react With each 
other by a liquid phase process, and at the same time the 
plurality of kinds of solutions are mixed together and caused 
to react With each other so that the mixed reaction solution 
is discharged from the microgap. 

[0038] According to the sixth aspect of the present inven 
tion, in the alloy particle preparation step, a plurality of 
kinds of solutions for preparing the alloy particle are mixed 
together and caused to react With each other by a microgap 
mixing method Which involves performing mixing and 
reaction in a microgap formed betWeen an inner Wall of the 
mixer and a stirring member rotating at a high speed. 

[0039] When the distance from the center of rotation of the 
stirring member to a leading end thereof is put as 1, the 
microgap refers to a gap formed by setting the distance to the 
inner Wall having the shortest distance from the center of 
rotation of the stirring member in the range of 1.001 to 
1.200. The stirring member may have the shape of a cylin 
drical drum or may be constituted by disk-shaped stirring 
members Which are provided in multiple stages on a rotary 
shaft. 

[0040] As a result of this, because due to the shearing 
force in the microgap the plurality of kinds of solutions can 
be instantaneously and efficiently mixed together and caused 
to react With each other, it is possible to prepare an alloy 
particle Which has a micro siZe and an excellent monodis 
persibility. Therefore, it is possible ensure that the particle 
siZe of an alloy particle prepared by the mixing and reaction 
by this microgap mixing method is 1 to 100 nm and that the 
coefficient of variation in the particle siZe is not more than 
15%. The particle siZe of an alloy particle is more preferably 
in the range of 3 to 20 nm and especially preferably in the 
range is 3 to 10 nm. Furthermore, this is because a suffi 
ciently loW noise level cannot be achieved if the coefficient 
of variation in the particle siZe of an alloy particle exceeds 
15%, and this coefficient of variation is preferably not more 
than 10%. In addition, because the alloy particle prepared by 
this microgap mixing method is excellent in the self-assem 
bling property, in the magnetic particle formation step, it is 
easy to cause the alloy particle to undergo transformation to 
a CuAu type or Cu3Au type hard magnetic particle. 

[0041] In this case, as described in the eighth aspect, it is 
preferred that the peripheral speed in a leading end portion 
of the stirring member be not less than 5 m/second. In this 
manner, by combining the microgap mixing method and the 
ultrahigh-speed stirring method, it is possible to prepare an 
alloy particle excellent in a micro siZe, monodispersibility 
and the self-assembling property. Incidentally, the mixing 
method of the sixth aspect is referred to as the microgap 
mixing method. 

[0042] The ninth aspect of the present invention is that in 
the ?rst aspect, the liquid phase process is the reversed 
micelle process and that as the plurality of kinds of solu 
tions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solutions L2), Which is obtained 
by mixing a nonaqueous organic solvent containing a sur 
factant and an aqueous metallic slat solution containing a 
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plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, and the solution L1 and solutions L2 
are supplied to the mixer. 

[0043] According to the ninth aspect of the present inven 
tion, by performing the liquid phase process by the reversed 
micelle method, it becomes easy to control the particle 
diameter of a prepared alloy particle. Furthermore, it is 
possible to prepare, as the plurality of kinds of solutions, 
Solution L1 Which is constituted by a nonaqueous organic 
solvent containing a surfactant and an aqueous reductant 
solution and Solution L2 Which is constituted by a nonaque 
ous organic solvent containing a surfactant and an aqueous 
metallic slat solution containing a plurality of kinds of 
metallic atoms constituting the alloy particle. That is, it is 
possible to cause all the plurality of kinds of metallic atoms 
constituting the alloy particle to be contained in the solution 
L2 Which is mixed With the solution L1 and caused to react. 

[0044] The tenth aspect of the present invention is that in 
the third aspect, the liquid phase process is the reversed 
micelle process and that as the plurality of kinds of solu 
tions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solutions L2), Which is obtained 
by mixing a nonaqueous organic solvent containing a sur 
factant and an aqueous metallic slat solution containing a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, and the solution L1 and solutions L2 
are supplied to the mixer. 

[0045] The tenth aspect speci?es that in the in-tank mixer 
method, the liquid phase process be performed by the 
reversed micelle method. 

[0046] The eleventh aspect of the present invention is that 
in the sixth aspect, the liquid phase process is the reversed 
micelle process and that as the plurality of kinds of solu 
tions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solutions L2), Which is obtained 
by mixing a nonaqueous organic solvent containing a sur 
factant and an aqueous metallic slat solution containing a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, and the solution L1 and solutions L2 
are supplied to the mixer. 

[0047] The eleventh aspect speci?es that in the microgap 
mixing method, the liquid phase process be performed by 
the reversed micelle method. 

[0048] The tWelfth aspect of the present invention is that 
in the ?rst aspect, the liquid phase process is the reversed 
micelle process and that as the plurality of kinds of solu 
tions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solution L3), Which is obtained by 
mixing a nonaqueous organic solvent containing a surfactant 
and an aqueous metallic slat solution containing one of a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, the number of prepared Solutions L3 
being equal to the number of the plurality of kinds of 
metallic atoms, and the solution L1 and the plurality of 
solutions L3 are supplied to the mixer. 
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[0049] In the twelfth aspect of the present invention, a 
plurality of the solutions L3 are prepared, each of Which 
contains one kind selected from the plurality of kinds of 
metallic atoms constituting the alloy particle, and the solu 
tion L1 and the plurality of solutions L3 are supplied to the 
mixer. 

[0050] The thirteenth aspect of the present invention is 
that in the third aspect, the liquid phase process is the 
reversed micelle process and as the plurality of kinds of 
solutions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solution L3), Which is obtained by 
mixing a nonaqueous organic solvent containing a surfactant 
and an aqueous metallic slat solution containing one of a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, the number of prepared Solutions L3 
being equal to the number of the plurality of kinds of 
metallic atoms, and the solution L1 and the plurality of 
solutions L3 are supplied to the mixer. 

[0051] According to the thirteenth aspect of the present 
invention, in the in-tank mixer method a plurality of the 
solutions L3 are prepared, each of Which contains one kind 
selected from the plurality of kinds of metallic atoms 
constituting the alloy particle, and the solution L1 and the 
plurality of solutions L3 are supplied to the mixer. 

[0052] The fourteenth aspect of the present invention is 
that in the sixth aspect, the liquid phase process is the 
reversed micelle process and as the plurality of kinds of 
solutions, a reversed micelle solution (solution L1), Which is 
obtained by mixing a nonaqueous organic solvent containing 
a surfactant and an aqueous reductant solution, and a 
reversed micelle solution (solution L3), Which is obtained by 
mixing a nonaqueous organic solvent containing a surfactant 
and an aqueous metallic slat solution containing one of a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared, the number of prepared Solutions L3 
being equal to the number of the plurality of kinds of 
metallic atoms, and the solution L1 and the plurality of 
solutions L3 are supplied to the mixer. 

[0053] According to the thirteenth aspect of the present 
invention, in the microgap mixing method a plurality of the 
solutions L3 are prepared, each of Which contains one kind 
selected from the plurality of kinds of metallic atoms 
constituting the alloy particle, and the solution L1 and the 
plurality of solutions L3 are supplied to the mixer. 

[0054] The ?fteenth aspect of the present invention is that 
in the tenth aspect, at least tWo kinds of metallic atoms 
constituting the alloy particle capable of forming the CuAu 
type or Cu3Au type hard magnetic ordered alloy phase are 
selected from the Groups 6, 8, 9 and 10 of the long periodic 
table and at least further one kind of metallic atom is 
selected from the Groups 11, 12, 13, 14 and 15, the content 
of the one kind of metal atom being 10 to 30 atom % of the 
Whole alloy. 

[0055] According to the ?fteenth aspect of the present 
invention, by adding at least one kind of metallic atom 
selected from the Groups 11, 12, 13, 14 and 15 to at least tWo 
kinds of metallic atoms selected from the Groups 6, 8, 9 and 
10 of the long periodic table, it is possible to loWer the 
transformation temperature in causing the transformation of 
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the alloy phase prepared in the alloy particle preparation 
phase to occur from an unordered phase to an ordered phase 
in the magnetic particle formation step. 

[0056] The sixteenth aspect of the present invention is that 
in the third aspect, at least tWo kinds of metallic atoms 
constituting the alloy particle capable of forming the CuAu 
type or Cu3Au type hard magnetic ordered alloy phase are 
selected from the Groups 6, 8, 9 and 10 of the long periodic 
table and at least further one kind of metallic atom is 
selected from the Groups 11, 12, 13, 14 and 15, the content 
of the one kind of metal atom being 10 to 30 atom % of the 
Whole alloy. 

[0057] According to the sixteenth aspect of the present 
invention, in the in-tank mixer method, at least one kind of 
metallic atom selected from the Groups 11, 12, 13, 14 and 
15 is added to at least tWo kinds of metallic atoms selected 
from the Groups 6, 8, 9 and 10 of the long periodic table, 
With the result that it is possible to loWer the transformation 
temperature in causing the transformation of the alloy phase 
prepared in the alloy particle preparation phase to occur 
from an unordered phase to an ordered phase in the magnetic 
particle formation step. 

[0058] The seventeenth aspect of the present invention is 
that in the sixth aspect, at least tWo kinds of metallic atoms 
constituting the alloy particle capable of forming the CuAu 
type or Cu3Au type hard magnetic ordered alloy phase are 
selected from the Groups 6, 8, 9 and 10 of the long periodic 
table and at least further one kind of metallic atom is 
selected from the Groups 11, 12, 13, 14 and 15, the content 
of the one kind of metal atom being 10 to 30 atom % of the 
Whole alloy. 

[0059] According to the seventeenth aspect of the present 
invention, in the microgap mixing method, at least one kind 
of metallic atom selected from the Groups 11, 12, 13, 14 and 
15 is added to at least tWo kinds of metallic atoms selected 
from the Groups 6, 8, 9 and 10 of the long periodic table, 
With the result that it is possible to loWer the transformation 
temperature in causing the transformation of the alloy phase 
prepared in the alloy particle preparation phase to occur 
from an unordered phase to an ordered phase in the magnetic 
particle formation step. 

[0060] The eighteenth aspect of the present invention is 
that in the ?rst aspect, the mixing and reaction temperature 
in the alloy particle preparation step is controlled to the 
range of —5° C. to 30° C. 

[0061] According to the eighteenth aspect of the present 
invention, the mixing and reaction temperature in the alloy 
particle preparation step is controlled to the range of —5° C. 
to 30° C. If the mixing and reaction temperature is less than 
—5° C., this poses the problem that a Water phase condenses, 
making a reduction reaction nonuniform. If the mixing and 
reaction temperature exceeds 30° C., coalescence and pre 
cipitation tend to occur and the system may sometimes 
become unstable. The mixing and reaction temperature is 
preferably in the range of 0° C. to 25° C. and especially 
preferably in the range of 5° C. to 25° C. 

[0062] The nineteenth aspect of the present invention is 
that in the third aspect, the mixing and reaction temperature 
in the alloy particle preparation step is controlled to the 
range of —5° C. to 30° C. 
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[0063] The nineteenth aspect of the present invention 
speci?es that in the in-tank mixer method, the mixing and 
reaction temperature in the alloy particle preparation step be 
controlled to the range of —5° C. to 30° C. 

[0064] The tWentieth aspect of the present invention is that 
in the sixth aspect, the mixing and reaction temperature in 
the alloy particle preparation step is controlled to the range 
of —5° C. to 30° C. 

[0065] The tWentieth aspect of the present invention speci 
?es that in the microgap mixing method, the mixing and 
reaction temperature in the alloy particle preparation step be 
controlled to the range of —5° C. to 30° C. 

[0066] The tWenty-?rst aspect of the present invention is 
that in the ?rst aspect, in the magnetic particle formation 
step annealing treatment is performed after the application 
of an alloy-particle-containing solution, Which contains the 
alloy particle prepared in the alloy particle preparation step, 
to a backing. 

[0067] Although the alloy particle prepared in the alloy 
particle preparation step has Weak magnetism, it is necessary 
to cause the alloy phase of the alloy particle to undergo 
transformation from an unordered phase to an ordered phase 
in order to obtain a CuAu type or Cu3Au type hard magnetic 
ordered alloy having a coercive force of not less than 1200 
Oe, Which is required in a magnetic recording medium. 
HoWever, if this annealing treatment is performed in the 
state of a particle, alloy particles are apt to coalesce together. 

[0068] According to the tWenty-?rst aspect of the present 
invention, annealing treatment is performed after the appli 
cation of an alloy-particle-containing solution, Which con 
tains the alloy particle prepared in the alloy particle prepa 
ration step, to a backing. Therefore, it is possible to prevent 
the coalescence of alloy particles and it is possible to form 
an alloy particle having a micro siZe. In this case, also the 
particle siZe of the magnetic particle formed by annealing 
treatment is preferably in the range of 1 to 100 nm, more 
preferably in the range of 3 to 20 nm and especially 
preferably in the range of 3 to 10 nm. Furthermore, the 
coef?cient of variation in the particle siZe of the magnetic 
particle formed by annealing treatment is also preferably not 
more than 15% and more preferably not more than 10%. 

[0069] The tWenty-second aspect of the present invention 
is that in the third aspect, in the magnetic particle formation 
step annealing treatment is performed after the application 
of an alloy-particle-containing solution, Which contains the 
alloy particle prepared in the alloy particle preparation step, 
to a backing. 

[0070] The tWenty-second aspect of the present invention 
speci?es that in the in-tank mixer method, annealing treat 
ment be performed after the application of an alloy-particle 
containing solution, Which contains the alloy particle pre 
pared in the alloy particle preparation step, to a backing. 

[0071] The tWenty-third aspect of the present invention is 
that in the sixth aspect, in the magnetic particle formation 
step annealing treatment is performed after the application 
of an alloy-particle-containing solution, Which contains the 
alloy particle prepared in the alloy particle preparation step, 
to a backing. 

[0072] The tWenty-third aspect of the present invention 
speci?es that in the microgap mixing method, annealing 
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treatment is performed after the application of an alloy 
particle-containing solution, Which contains the alloy par 
ticle prepared in the alloy particle preparation step, to a 
backing. 

[0073] The tWenty-fourth aspect of the present invention is 
that in the tWenty-?rst aspect, the annealing treatment tem 
perature in the annealing treatment is controlled to the range 
of 100° C. to 500° C. 

[0074] The tWenty-fourth aspect speci?es an appropriate 
range of the annealing treatment temperature in the ultra 
high-speed stirring method. 

[0075] The tWenty-?fth aspect of the present invention is 
that in the tWenty-second aspect, the annealing treatment 
temperature in the annealing treatment is controlled to the 
range of 100° C. to 500° C. 

[0076] The tWenty-?fth aspect speci?es an appropriate 
range of the annealing treatment temperature in the in-tank 
mixing method. 

[0077] The tWenty-sixth aspect of the present invention is 
that in the tWenty-third aspect, the annealing treatment 
temperature in the annealing treatment is controlled to the 
range of 100° C. to 500° C. 

[0078] The tWenty-sixth aspect speci?es an appropriate 
range of the annealing treatment temperature in the micro 
gap mixing method. 

[0079] In order to achieve the above object, in the tWenty 
seventh aspect of the present invention, there is provided a 
magnetic particle manufactured by the method of manufac 
turing a magnetic particle according to any one of the ?rst 
to tWenty-sixth aspects, and in the tWenty-eighth aspect of 
the present invention, there is provided a magnetic recording 
medium containing the magnetic particle according to the 
tWenty-seventh aspect in a magnetic layer. 

[0080] As described above, according to the method of 
manufacturing a magnetic particle of the present invention, 
it is possible to prepare an alloy particle Which satis?es all 
the requirements for a micro siZe, monodispersibility and 
transformation facilitativeness in the alloy particle prepara 
tion step and, therefore, it is possible to manufacture a 
magnetic particle of good performance. 

[0081] Furthermore, a magnetic recording medium of the 
present invention, Which contains the magnetic particle 
manufactured by the invention in a magnetic layer, has loWer 
noise level and high-quality performance of high recording 
density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0082] FIG. 1 is a desirable conceptual diagram shoWing 
the construction of a mixing and reaction device for carrying 
out the ultrahigh-speed stirring method in the alloy particle 
preparation step in a method of manufacturing a magnetic 
particle of the present invention; 

[0083] FIG. 2 is a desirable conceptual diagram shoWing 
the construction of a mixing and reaction device for carrying 
out the microgap mixing method in the alloy particle prepa 
ration step in a method of manufacturing a magnetic particle 
of the present invention; 
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[0084] FIG. 3 is a sectional vieW of the mixing and 
reaction device of FIG. 2 Which is laterally cut; 

[0085] FIG. 4 is a sectional vieW to explain an example of 
a modi?cation of the mixing and reaction device for carrying 
out the microgap mixing method; 

[0086] FIG. 5 is a sectional vieW to explain another 
example of a modi?cation of the mixing and reaction device 
for carrying out the microgap mixing method; 

[0087] FIG. 6 is a desirable conceptual diagram shoWing 
the construction of a mixing and reaction device for carrying 
out the in-tank mixing method in the alloy particle prepa 
ration step in a method of manufacturing a magnetic particle 
of the present invention; 

[0088] FIG. 7 is an enlarged vieW of a mixer in the mixing 
and reaction device of FIG. 6; and 

[0089] FIG. 8 is an explanatory draWing to explain a How 
regulating valve in the mixer of FIG. 7. 

[0090] FIG. 9 is an explanatory diagram to explain a 
conventional mixing and reaction device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0091] Preferred embodiments of a method of manufac 
turing a magnetic particle, a magnetic particle and a mag 
netic recording medium related to the present invention Will 
be described beloW With reference to the attached draWings. 

[0092] A method of manufacturing a magnetic particle of 
the present invention comprises the alloy particle prepara 
tion step of preparing by a liquid phase process an alloy 
particle capable of forming a hard magnetic ordered alloy 
phase and the magnetic particle formation step of forming a 
CuAu type or Cu3Au type magnetic particle from the 
prepared alloy particle. 

[0093] Amethod of manufacturing a magnetic particle and 
a magnetic particle of the present invention Will be described 
beloW While describing each of the above steps. Incidentally, 
the magnetic particle formation step is an example of 
annealing treatment, Which Will be described beloW. HoW 
ever, the invention is not limited to this annealing treatment. 

[0094] [Alloy Particle Preparing Step] 

[0095] Although an alloy particle Which becomes a mag 
netic particle after annealing treatment can be prepared by 
the gaseous phase process other than the liquid phase 
process, the liquid phase process is desirable in consider 
ation of the excellent mass producibility. Although conven 
tionally knoWn various processes can be applied as the 
liquid phase process, it is preferred to adopt reduction 
processes developed by improving the conventional liquid 
phase processes, and among the reduction processes, the 
reversed micelle process by Which it is easy to control the 
particle siZe of an alloy particle is especially preferable. 

[0096] The reversed micelle process comprises the reduc 
tion step in Which a reduction reaction is caused to occur by 
mixing at least tWo kinds of reversed micelle solutions and 
the aging step of aging at a treatment temperature after the 
reduction reaction. 
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[0097] (Reduction Step) 
[0098] In the reduction step, a reversed micelle solution 
(Solution L1), Which is obtained by mixing a nonaqueous 
organic solvent containing a surfactant and a reducing 
aqueous solution, is prepared. The reversed micelle solution 
(Solution L1) is hereinafter referred to simply as the solution 
L1. 

[0099] An oil soluble surfactant is used as the surfactant. 
Concretely, the sulfonic acid type (for example, erosol OT 
(made by Wako Pure Chemical Industries, Ltd.), the class 4 
ammonium salt type (for example, cetyl trimethylammo 
nium bromide), the ether type (for example, pentaethylene 
glycol dodecyl ether), etc. can be enumerated. 

[0100] It is preferred that the amount of the surfactant in 
the nonaqueous organic solvent be 20 to 200 g/l. 

[0101] Alkanes, ethers, alcohols, etc. are enumerated as 
those Which are desirable as the nonaqueous organic solvent 
Which dissolves the surfactant. Alkanes With carbon num 
bers 7 to 12 are desirable as alkanes. Concretely, heptane, 
octane, isooctane, noane, decane, undecane, dodecane, etc. 
are desirable. Diethyl ether, dipropyl ether, dibutyl ether, etc. 
are desirable as ethers. Ethoxyethanol, ethoxypropanal, etc. 
are desirable as alcohols. 

[0102] Although, compound containing alcohols, polyal 
cohols, H2, HCHO, S2062‘, H2PO2_, BH4_,'N2H5+, 
'H2PO3_, etc. as the reductant in the aqueous reductant 
solution may be use singly, it is desirable to use tWo kinds 
or more in combination. It is preferred that the amount of the 
reductant in the aqueous solution be 3 to 50 moles to 1 mole 
of metal salt. 

[0103] It is preferred that the mass ratio of the Water to the 
surfactant in the solution L1 (Water/surfactant) be not more 
than 20. If the mass ratio exceeds 20, this poses the problem 
that precipitation is apt to occur and that particles are also 
apt to become irregular. The mass ratio is more preferably 
not more than 15 and especially preferably 0.5 to 10. 

[0104] Next, apart from the above-described solution L1, 
a reversed micelle solution (Solutions L2), Which is obtained 
by mixing a nonaqueous organic solvent containing a sur 
factant and an aqueous metallic salt solution containing a 
plurality of kinds of metallic atoms constituting the alloy 
particle, are prepared. The reversed micelle solution (Solu 
tion L2) is hereinafter referred to simply as the solution L2. 

[0105] In this case, the solution L1, Which is obtained by 
mixing a nonaqueous organic solvent containing a surfactant 
and an aqueous reductant solution, and a reversed micelle 
solution (Solution L3), Which is obtained by mixing a 
nonaqueous organic solvent containing a surfactant and an 
aqueous metallic salt solution containing one of a plurality 
of kinds of metallic atoms constituting the alloy particle, are 
prepared, the number of prepared Solutions L3 being equal 
to the number of the plurality of kinds of metallic atoms. The 
reversed micelle solution (Solution L3) is hereinafter 
referred to simply as the solution L3. 

[0106] The conditions (substances to be used, concentra 
tions, etc.) for the surfactant and the nonaqueous organic 
solvent are the same as the solution L1. Incidentally, the 
same solution as the solution L1 or dissimilar solutions may 
be used. Furthermore, the mass ratio of the Water to the 
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surfactant in the solution L2 are also the same as the solution 
L1, and the mass ratio may be the same as With the solution 
L1 or may be different. 

[0107] It is desirable to appropriately select the metallic 
salt contained in the aqueous metallic salt solution so that the 
magnetic particle to be prepared can form a CuAu type or 
Cu3Au type hard magnetic ordered alloy. 

[0108] FeNi, FePd, FePt, CoPt, CoAu, etc. can be enu 
merated as CuAu type hard magnetic ordered alloys, and 
among others, FePd, FePt and CoPt are desirable. Ni3Fe, 
FePd3, Fe3Pd, Fe3Pt, Co3Pt, FePt3, CoPt3, Ni3Pt, CrPt3 and 
Ni3Mn can be enumerated as Cu3Au type hard magnetic 
ordered alloys and, among others, FePd3, FePt3, CoPt3, 
Fe3Pd, Fe3Pt and Co3Pt are desirable. 

[0109] As concrete examples of metallic salts, it is pos 
sible to enumerate H2PtCl6, K2PtCl4, 
Pt(CH3COCHCOCH3)2, Na2PdCl4, Pd(OCOCH3)2, PdCl2, 
Pd(CH3 COCHCOCH3)2, HAuCl4, Fe2(SO4)3, Fe(NO3)3, 
(NH4)3Fe (C204)3 COCHCOCH3)3, NiSO4, CoCl2, Co(O 
COCH3)2, etc. 

[0110] The concentration of the aqueous metallic salt 
solution (as the metallic salt concentration) is preferably 0.1 
to 1000 pmol/ml and more preferably 1 to 100 pmol/ml. 

[0111] It is necessary to cause an alloy particle to undergo 
the transformation of the alloy phase from an unordered 
phase to an ordered phase by the annealing treatment Which 
Will be described later. It is preferred that at least tWo kinds 
of metallic atoms constituting the alloy particle capable of 
forming the CuAu type or Cu3Au type hard magnetic 
ordered alloy phase be selected from the Groups 6, 8, 9 and 
10 of the long periodic table and that at least further one kind 
of metallic atom be selected from the Groups 11, 12, 13, 14 
and 15, the content of the one kind of metallic atom being 
1 to 30 atom % of the Whole alloy. For example, by adding 
one kind of metallic atom (hereinafter referred to as “a third 
element”) selected from the Groups 11, 12, 13, 14 and 15, 
such as Sb, Pb, Bi, Cu, Ag, Zn and In, to a binary alloy 
constituted by tWo kinds of metallic atoms selected from the 
Groups 6, 8, 9 and 10 of the long periodic table, it is possible 
to loWer the transformation temperature in causing the 
transformation of the alloy phase of the alloy particle from 
an unordered phase to an ordered phase. 

[0112] The solutions L1 and L2 prepared as described 
above are mixed together. In the present invention, an alloy 
particle Which has a micro siZe, is excellent in monodis 
persibility and provides an excellent self-assembling prop 
erty can be obtained by mixing together, as the plurality of 
solutions L1 and L2, a plurality of kinds of solutions for 
preparing an alloy particle capable of forming a CuAu type 
or Cu3Au type hard magnetic ordered alloy phase and 
causing the solutions to react With each other by an ultra 
high-speed stirring method in Which the peripheral speed in 
an leading end portion of a stirring vane is not less than 5 
m/second, or an in-tank mixer method in Which mixing and 
reaction are caused to occur in a mixer provided Within a 
reaction vessel ?lled With a bulk liquid and a mixed reaction 
solution is discharged to the bulk liquid Within the reaction 
vessel, or a microgap mixing method in Which mixing and 
reaction are caused to occur in a microgap formed betWeen 
an inner Wall of a mixer and a stirring member rotating at a 
high speed. 
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[0113] The construction of each mixing and reaction 
device suitable for carrying out [1] the ultrahigh-speed 
stirring method, [2] the microgap mixing method and [3] the 
in-tank mixer method Will be described beloW. 

[0114] [1] Ultrahigh-Speed Stirring Method 
[0115] FIG. 1 is a sectional vieW of a mixing and reaction 
device 10 suitable for carrying out the ultrahigh-speed 
stirring method. 

[0116] As shoWn in FIG. 1, the mixing and reaction 
device 10 is constructed in such a manner that a high-speed 
stirrer 14 is provided in a vertical type mixer 12 Which is 
formed in the shape of a cylindrical vessel. The high-speed 
stirrer 14 is constructed in such a manner that the upper 
portion of a vertical rotational shaft 16 is rotatably supported 
by a cover plate 18 of the mixer 12 via bearings 20 and that 
a motor 22, Which is ?xed to a seat not shoWn in the draWing, 
is connected to the top end of the rotational shaft 16. Also, 
tWo-tired upper and loWer edge turbi type stirring vanes 24, 
24 are installed in the bottom end portion of the rotational 
shaft 16 in such a manner that they are immersed in the 
Water. It is preferred that When the diameter of the stirring 
vane 24 is denoted by d, the clearance betWeen the stirring 
vanes 24 be in the range of 1.0 d to 0.5 d. Furthermore, it is 
preferred that the inside diameter D of the mixer 12 With 
respect to the diameter d of the stirring vane 24 be in the 
range of D=1.7 d to 3.7 d. Furthermore, it is preferred that 
the static liquid depth is in the range of 2 d to 3 d. 
Incidentally, although in FIG. 1, the type of the stirring vane 
24 is shoWn as the edge turbi type, it is also possible to use 
the dissolver type, the paddle type, the propeller type, the ?at 
disk type, etc. and furthermore, the turbine type, the disk 
turbine type, etc. can be used. Even When the stirring vane 
24 of any type is used, the high-speed stirrer 14 is con 
structed in such a manner that the peripheral speed at the 
leading end of the stirring vane 24 is preferably not less than 
5 m/second and more preferably not less than 10 m/second. 

[0117] Also, a jacket 13 through Which a heating medium 
having a relatively large heat capacity such as Water and oil 
?oWs is Wound around the outer circumference of the mixer 
12, and a heating medium inlet port 13A and a heating 
medium outlet port 13B are connected to a heating medium 
supply device, Which is not shoWn in the draWing. A heating 
medium at a temperature Which can control the mixing and 
reaction temperature of the solutions L1, L2 Within the 
mixer 12 to the range of —5° C. to 30° C. is supplied from 
the heating medium supply device to the jacket 13 and 
circulated again to the heating medium supply device. It is 
preferred that the mixing and reaction temperature be appro 
priately set Within the range of —5° C. to 30° C. depending 
on the kinds of the solutions L1, L2 etc. The more preferred 
temperature range of the mixing and reaction temperature is 
0° C. to 25° C. and the especially preferred temperature 
range thereof is 5° C. to 25° C. 

[0118] Above the mixing and reaction device 10, there are 
provided a ?rst preparation tank 26 Which prepares the 
solution L1 and a second preparation tank 28 Which prepares 
the solution L2. The ?rst preparation tank 26 prepares the 
reversed micelle solution of the solution L1 by mixing a 
nonaqueous organic solvent containing a surfactant and an 
aqueous reductant solution by use of a stirrer 30. The second 
preparation tank 28 prepares the reversed micelle solution of 
the solution L2 by mixing a nonaqueous organic solvent 
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containing a surfactant and an aqueous metallic slat solution 
containing a plurality of kinds of metallic atoms constituting 
the alloy particle by use of a stirrer 32. Jackets 27, 29 are 
provided along the outer circumferences of the ?rst prepa 
ration tank 26 and the second preparation tank 28, respec 
tively. When it is difficult to raise the temperature to a set 
mixing and reaction temperature by use of the jacket 13 of 
the mixer 12 alone, though this depends on the relationship 
betWeen the volumes of the solutions L1, L2 Which are 
mixed together and caused to react With each other Within 
the mixer 12, it is possible to heat the solutions L1, L2 
beforehand by use of the jackets 27, 29 of the ?rst and 
second preparation tanks 26, 28. 

[0119] Addition pipes 38, 40 Which have valves 34, 36, 
respectively, are provided in an extended condition from the 
bottoms of the ?rst and second preparation tanks 26, 28 and 
the leading ends of the respective addition pipes 38, 40 
pierce through the cover plate 18 of the mixer 12 and are 
caused to extend along the rotary shaft 16 of the high-speed 
stirrer 16 to near the solution level. In this case, although the 
leading ends of the addition pipes 38, 40 may be immersed 
in the solution, it is desirable that the leading ends of the 
addition pipes 38, 40 be not brought into contact With the 
solution surface, because it is feared that alloy particles 
formed by the reaction of the solutions L1, L2 Within the 
mixer 12 may adhere to these leading ends of the addition 
pipes. A discharge pipe 42 of a mixed solution LM contain 
ing the alloy particles formed by a mixing reaction (an 
alloy-particle-containing solution) is connected to a bottom 
plate 12A of the mixer 12 and a valve 44 is provided in the 
discharge pipe 44. 

[0120] According to the mixing and reaction device 10 
con?gured as described above, the solution L1 prepared in 
the ?rst preparation tank 26 is supplied in a prescribed 
amount to the mixer 12 via the addition pipe 38 and the 
stirring vane 24 of the ultrahigh-speed stirrer 14 is caused to 
perform ultrahigh-speed stirring at an ultrahigh speed so that 
the peripheral speed at the leading end of the stirring vane 
24 becomes not less than 5 m/second. Subsequently, the 
solution L2 from the second preparation tank 28 is added to 
the solution L1 Within the mixer 12 via the addition pipe 40. 
In this case, the temperature of the solutions L1, L2 and the 
temperature Within the mixer 12 are set at a prescribed 
temperature in the range of —5° C. to 30° C. As a result of 
this, under appropriate mixing and reaction temperature 
conditions, in the solution L1 Within the mixer 12 a very 
strong V-shaped spiral stream Which engulfs the solution 
from the solution level into the interior of the solution is 
formed around the rotary shaft 16. Therefore, the solution L2 
added to the vicinity of the rotary shaft 16 is instantaneously 
engulfed by this V-shaped spiral stream into the solution L1 
and uniformly distributed to the Whole solution L1 Within 
the mixer 12. The mixed reaction solution LM formed by the 
mixing and reaction in the mixer 12 is discharged from the 
discharge pipe 42. The stirring time in the mixer 12, Which 
is to be appropriately set according to the volumes of the 
solutions L1, L2, is preferably in the range of 1 to 30 minutes 
and more preferably in the range of 5 to 20 minutes. As a 
result of this, it is possible to prepare an alloy particle Which 
has a particle siZe range of 1 to 100 nm, Whose coef?cient 
of variation in the particle siZe is not more than 15%, and 
Which is excellent in the self-assembling property. 
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[0121] In this case, although it is also possible to collect 
and store the solution L2 in the mixer 12 and to add the 
solution L1, in consideration of the uniformity of reduction, 
it is desirable to add the solution L2 to the solution L1. 
Although in FIG. 1 the description Was made by the 
example in Which the solutions L1, L2 are mixed together 
and caused to react With each other; in the case Where the 
solution L1 and the plurality of the solutions L3 are mixed 
together, this method can be achieved by providing the 
preparation tanks and addition pipes in numbers equal to the 
number of the solutions. 

[0122] Incidentally, the mixing and reaction device 10 for 
carrying out the ultrahigh-speed stirring method is not 
limited to the mixing and reaction device of FIG. 1, and any 
mixing and reaction device can be used so long as the 
mixing and reaction device is constructed in such a manner 
that it can supply a plurality of kinds of solutions for 
preparing an alloy particle to the interior of the mixer 12 and 
cause the mixing and reaction to occur by the liquid phase 
process and at the same time it can ensure that the peripheral 
speed at the leading end of the stirring vane 24 is not less 
than 5 m/sec. 

[0123] [2] Microgap Mixing Method 

[0124] FIG. 2 is a sectional vieW of a mixing and reaction 
device 50 suitable for carrying out the microgap mixing 
method. 

[0125] As shoWn in FIG. 2, the mixing and reaction 
device 50 is constructed in such a manner that in a vertical 
type mixer 52 Which is formed in the shape of a cylindrical 
vessel Whose top and bottom are hermetically closed, there 
is provided a column-shaped rotary drum 54 having a 
diameter a little smaller than the inside diameter of this 
mixer 52. A rotary shaft 56 Which is perpendicular along the 
center of rotation S is provided in the rotary drum 54, and 
the upper and loWer portions of the rotary shaft 56 are 
rotatably supported by the top plate 52A and bottom plate 
52B of the mixer 52 via bearings 58, 58. A motor 60, Which 
is ?xed to a seat not shoWn, is connected the top end of the 
rotary shaft 56. 

[0126] As shoWn in FIG. 2 and FIG. 3 (a cross-sectional 
vieW of the mixer 52), an annular microgap 62 (a microgap) 
is formed betWeen the circumferential surface of the inner 
Wall of the mixer 52 and the outer circumferential surface of 
the rotary drum 54. When the distance D1 from the center of 
rotation S of the rotary drum 54 to the leading end thereof 
is put as 1, this microgap 62 is formed by setting the distance 
D2 to the inner Wall of the mixer 52 having the shortest 
distance from the center of rotation S of the rotary drum 54 
in the range of 1.001 to 1.200. 

[0127] Near the mixing and reaction device 50, there are 
provided a ?rst preparation tank 64 Which prepares the 
solution L1 and a second preparation tank 66 Which prepares 
the solution L2. The ?rst preparation tank 64 prepares the 
reversed micelle solution of the solution L1 by mixing a 
nonaqueous organic solvent containing a surfactant and an 
aqueous reductant solution by use of a stirrer 68. The second 
preparation tank 66 prepares the reversed micelle solution of 
the solution L2 by mixing a nonaqueous organic solvent 
containing a surfactant and an aqueous metallic slat solution 
containing a plurality of kinds of metallic atoms constituting 
the alloy particle by use of a stirrer 70. 
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[0128] Supply pipes 80, 82 Which have valves 72, 74, and 
supply pumps 76, 78, respectively, are provided in an 
extended condition from the bottoms of the ?rst and second 
preparation tanks 64, 66 and the leading ends of the respec 
tive solution supply pipes 80, 82 are connected to supply 
ports 84, 86 Which are formed in opposed positions of the 
side surface of the bottom end portion of the mixer 52. On 
the side surface of the top end portion of the mixer 52 is 
formed a discharge port 88 of the mixed reaction solution 
LM and the discharge tube 90 is connected to the discharge 
port 88. 

[0129] Jackets 51, 69, 71, 81, 83 through Which a heating 
medium having a relatively large heat capacity such as Water 
and oil ?oWs are Wound around the respective outer circum 
ferences of the mixer 52, ?rst and second preparation tanks 
64, 66, and supply pipes 80, 82, and the jackets 51, 69, 71, 
81, 83 are connected to a heating medium supply device, 
Which is not shoWn in the draWing. A heating medium at a 
temperature Which can control the mixing and reaction 
temperature of the solutions L1, L2 Within the mixer 52 to 
the range of —5° C. to 30° C. is supplied from the heating 
medium supply device to the jacket 51, 69, 71, 81, 83 and 
circulated again to the heating medium supply device. It is 
preferred that the mixing and reaction temperature be appro 
priately set Within the range of —5° C. to 30° C. depending 
on the kinds of the solutions L1, L2 etc. The more preferred 
temperature range of the mixing and reaction temperature is 
0° C. to 25° C. and the especially preferred temperature 
range thereof is 5° C. to 25° C. 

[0130] According to the mixing and reaction device 50 
con?gured as described above, the solution L1 and the 
solution L2, Which have been prepared in the ?rst prepara 
tion tank 64 and the second preparation tank 66, respec 
tively, under appropriate mixing and reaction temperature 
conditions, With the rotary drum 54 kept rotated at an 
ultrahigh speed so that the peripheral speed at the leading 
end of the rotary drum 54 (in a position of the circumfer 
ential surface at the leading end), are supplied by the 
solution supply pumps 76, 78 to the inside of the microgap 
62 of the mixer 52. While being subjected to a uniform 
shearing force by the circumferential surface of the inner 
Wall of the ?xed mixer 52 and the outer circumferential 
surface of the rotary drum Which is rotating, the solutions 
L1, 12 fed into the microgap 62 move in a spiral form Within 
the microgap 62 from the bottom end to the top end of the 
mixer 52 and reaches the discharge port 88 and discharged 
from the discharge tube 90. As a result of this, it is possible 
to ensure that the solutions L1, L2 are instantaneously and 
ef?ciently mixed together and caused to react With each 
other in the microgap 62, an alloy particle Which has a micro 
siZe and is excellent in monodispersibility is formed. As a 
result of this, it is possible to prepare an alloy particle Which 
has a particle siZe range of 1 to 100 nm, Whose coef?cient 
of variation in the particle siZe is not more than 15%, and 
Which is excellent in the self-assembling property. In this 
case, if the above-described distance D2 is less than 1.001 
and too short, the shearing force becomes nonuniform due to 
the effect of the surface roughness of the circumferential 
surface of the inner Wall of the mixer 52 and the outer 
circumferential surface of the rotary drum 54, With the result 
that the monodispersibility of a prepared alloy particle 
becomes apt to Worsen. If the distance D2 exceeds 1.200 and 
is too large, the shearing force contributing to the solutions 
L1, L2 decreases, With the result that the siZe of a prepared 
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alloy particle becomes large and that at the same time the 
monodispersibility also become apt to Worsen. 

[0131] FIG. 4 is an example of a modi?cation of a mixing 
and reaction device 100 for carrying out the microgap 
mixing method. Descriptions are given by assigning like 
reference numerals to the same members as in the mixing 
and reaction device 50 of FIG. 2. 

[0132] As shoWn in FIG. 4, the mixing and reaction 
device 100 is constructed in such a manner that the diameter 
of an inner Wall of a mixer 52 With respect to the outside 
diameter of a rotary drum 54 decreases from the bottom end 
to the top end of the mixer 52 and a microgap 62 becomes 
narroW from the bottom end to the top end of the mixer 52. 
According to this mixing and reaction device 100, the How 
velocity of the solutions L1, L2 supplied into the microgap 
62 becomes high as solutions L1, L2 move from the bottom 
end to the top end of the mixer 52, With the result that it is 
possible to gradually increase the shearing force given to the 
solutions L1, L2. As a result of this, it is possible to obtain 
an alloy particle Which has a micro siZe, is excellent in 
monodispersibility and provides an especially excellent self 
assembling property. In this case, the distance D1 from the 
center of rotation S of the rotary drum 54 to the leading end 
thereof and the distance D2 to the inner Wall of the mixer 52 
having the shortest distance from the center of rotation S of 
the rotary drum 54 are the siZes in the top end position of the 
mixer 52, as shoWn in FIG. 4. 

[0133] FIG. 5 is another example of a modi?cation of a 
mixing and reaction device 110 for carrying out the micro 
gap mixing method. Descriptions are given by assigning like 
reference numerals to the same members as in the mixing 
and reaction device 50 of FIG. 2. 

[0134] As shoWn in FIG. 5, in the mixing and reaction 
device 110, in place of the rotary drum 54 a plurality of ?at 
disks 92, 92 . . . are radially arranged in prescribed locations 

at a prescribed gap from the rotary shaft 56. In this case, it 
is preferred that the distance betWeen the ?at disks 92 be 
equal to the microgap 62 formed betWeen the outer circum 
ferential surface of the ?at disk 92 and the circumferential 
surface of the inner Wall of the mixer 52. Also in the mixing 
and reaction device 110 of FIG. 5, it is possible to obtain an 
alloy particle Which has a micro siZe, is excellent in mono 
dispersibility and provides an especially excellent self 
assembling property. 

[0135] Incidentally, the mixing and reaction device for 
carrying out the microgap mixing method is not limited to 
those of FIG. 2, FIG. 4 and FIG. 5. It is possible to use any 
mixing and reaction device Which has the microgap 62 
formed betWeen the inner Wall of the mixer 52 and the 
stirring member 54, 92 Which rotates at a high speed, and in 
Which by using a device in Which When the distance from the 
center of rotation S of the stirring member 54, 92 to the 
leading end thereof is put as 1, the distance to the inner Wall 
having the shortest distance from the center of rotation S of 
the stirring member 54, 92 is set in the range of 1.001 to 
1.200, the solutions L1, L2 are supplied to the microgap 62 
and mixed together and caused to react With each other and 
at the same time the mixed reaction solution LM is dis 
charged from the microgap 62. 






















