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(57) ABSTRACT

A dust core includes a compact containing a soft magnetic
powder and also includes a cover coat for the compact. The
cover coat contains a polyamideimide-modified epoxy resin.
An electric/electronic component includes the dust core, a
coil, and a connection terminal connected to each end
portion of the coil. At least one portion of the dust core is
placed so as to be located in an induced magnetic field
generated by the current flowing in the coil through the
connection terminal. An electric/electronic device includes
the electric/electronic component.
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DUST CORE, METHOD FOR
MANUFACTURING DUST CORE,
ELECTRIC/ELECTRONIC COMPONENT
INCLUDING DUST CORE, AND
ELECTRIC/ELECTRONIC DEVICE
EQUIPPED WITH ELECTRIC/ELECTRONIC
COMPONENT

CLAIM OF PRIORITY

[0001] This application is a Continuation of International
Application No. PCT/JP2015/080505 filed on Oct. 29, 2015,
which claims benefit of Japanese Patent Application No.
2015-010578 filed on Jan. 22, 2015. The entire contents of
each application noted above are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a dust core, a
method for manufacturing the dust core, an electric/elec-
tronic component including the dust core, and an electric/
electronic device equipped with the electric/electronic com-
ponent.

2. Description of the Related Art

[0003] Electric/electronic components such as reactors,
transformers, and choke coils are used in electric/electronic
devices such as power supply circuits in servers for data
centers, boosting circuits for hybrid automobiles, generators,
and transforming stations. In the electric/electronic compo-
nents, a dust core is used as a magnetic member in some
cases. The dust core can be obtained in such a manner that
a large number of soft magnetic powders are compacted and
an obtained compact is heat-treated.

[0004] The dust core is the compact of the soft magnetic
powders as described above and therefore includes a cover
coat from the viewpoint of increasing the mechanical
strength in some cases. In this regard, Japanese Registered
Utility Model No. 3145832 discloses a composite magnetic
material, obtained by binding a soft magnetic metal powder
with a non-magnetic material, for inductors. The non-mag-
netic material contains a forming aid added to and mixed
with the soft magnetic metal powder and an impregnation
resin that is impregnated into a compact of the soft magnetic
metal powder and the forming aid in the form of a binder
after the soft magnetic metal powder-forming aid compact is
heat-treated. The impregnation resin has a thermosetting
temperature of 180° C. or higher at atmospheric pressure.
[0005] Since an electric/electronic device including an
electric/electronic component including the dust core is used
in various environments, the dust core is used in an envi-
ronment with a temperature of about 100° C. in some cases
because the outside temperature is high or the electric/
electronic device is located near a heat-generating compo-
nent. In the case where the dust core is used in such a
high-temperature environment, a material making up the
dust core may possibly be heat-denatured. If the denatur-
ation of the material varies magnetic properties of the dust
core, particularly the core loss thereof, then the amount of
heat generated from the dust core may possibly increase to
promote the thermal denaturation of the dust core. Changes
in magnetic properties of the dust core due to the use of the
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dust core in such a high-temperature environment may
possibly affect the operation stability of the electric/elec-
tronic component, which includes the dust core. Thus, the
following dust cores are demanded: dust cores that are
unlikely to suffer from changes in magnetic properties even
if the dust cores are used in the high-temperature environ-
ment. Furthermore, in the case where the dust cores are used
in the high-temperature environment, the mechanical
strength of the dust cores needs to be maintained in an
appropriate range.

SUMMARY OF THE INVENTION

[0006] The present invention provides a dust core which is
unlikely to suffer from changes in magnetic properties even
if the dust core is used in a high-temperature environment
and which has excellent mechanical properties, a method for
manufacturing the dust core, an electric/electronic compo-
nent including the dust core, and an electric/electronic
device equipped with the electric/electronic component.
[0007] An embodiment of the present invention provides
a dust core including a compact containing a soft magnetic
powder and a cover coat for the compact. The cover coat
contains a polyamideimide-modified epoxy resin (as used
herein, this resin is simply referred to as “PAI-Ep resin” in
some cases).

[0008] The dust core is more unlikely to suffer from
changes in magnetic properties, particularly a change in core
loss, as compared to dust cores including a cover coat
containing a silicone resin (particularly a methylphenyl
silicone resin) conventionally used even if the dust core is
left in a high-temperature environment (particularly a 250°
C. environment) for a long time (particularly 100 hours or
more). In addition, the dust core can maintain practical
mechanical strength even if the dust core is left in a
high-temperature environment for a long time.

[0009] In the dust core, the soft magnetic powder may
contain particles of at least one of iron-based materials and
nickel-based materials. The iron-based materials and the
nickel-based materials include relatively oxidizable materi-
als, of which the oxidation is significant in a high-tempera-
ture environment in some cases. Even when the soft mag-
netic powder contains particles of such a relatively
oxidizable material, the dust core is unlikely to suffer from
changes in magnetic properties because the dust core
according to the present invention includes the cover coat
contains a PAI-Ep resin.

[0010] In the dust core, the soft magnetic powder may
contain a powder of a crystalline magnetic material. The soft
magnetic powder may contain a powder of an amorphous
magnetic material. The soft magnetic powder may contain a
powder of a nano-crystalline magnetic material. Alterna-
tively, the soft magnetic powder may be a mixture of two or
more of the crystalline magnetic material, the amorphous
magnetic material, and the nano-crystalline magnetic mate-
rial.

[0011] Inthe dust core, the compact may contain a binding
component in addition to the soft magnetic powder and the
binding component may be made of a pyrolysis residue of a
binder component containing a resin material. When the
compact contains the pyrolysis residue, cavities are likely to
be caused in the compact. In the dust core, the PAI-Ep resin
is capable of being located so as to fill the cavities. There-
fore, changes in magnetic properties of the dust core due to
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the oxidation of a material making up the soft magnetic
powder are unlikely to be caused.

[0012] Another embodiment of the present invention pro-
vides a method for manufacturing the dust core. The method
includes a molding step of obtaining a molded product by a
molding treatment including compacting a mixture contain-
ing the soft magnetic powder and the binder component; a
heat treatment step of obtaining the compact by heating the
molded product obtained through the molding step such that
the compact contains the soft magnetic powder and the
binding component made of the pyrolysis residue of the
binder component; and a cover coat-forming step of forming
the cover coat, which contains the polyamideimide-modified
epoxy resin, in such a manner that the compact is contacted
with a liquid composition containing at least one of a
polyamideimide resin and a precursor thereof and an epoxy
compound, a layer based on the liquid composition is
thereby formed over regions including surfaces of the com-
pact, and the reaction of an epoxy group contained in the
epoxy compound contained in the layer based on the liquid
composition is allowed to proceed. According to the method,
the dust core can be efficiently manufactured so as to contain
the binding component made of the pyrolysis residue of the
binder component.

[0013] Another embodiment of the present invention pro-
vides an electric/electronic component including the dust
core according to the present invention, a coil, and a
connection terminal connected to each end portion of the
coil. At least one portion of the dust core is placed so as to
be located in an induced magnetic field generated by the
current flowing in the coil through the connection terminal.
[0014] Another embodiment of the present invention pro-
vides an electric/electronic device including the electric/
electronic component according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is a perspective view schematically showing
the shape of a dust core according to an embodiment of the
present invention;

[0016] FIG. 2 is an illustration schematically showing a
spray dryer system used in an example of a method for
producing a granulated powder and the operation thereof;
[0017] FIG. 3 is a perspective view schematically showing
the shape of a toroidal coil which includes a dust core
according to an embodiment of the present invention and
which is an electronic component;

[0018] FIG. 4 is a graph showing the heating time depen-
dence of the rate (%) of change in relative magnetic per-
meability in examples;

[0019] FIG. 5 is a graph showing the heating time depen-
dence of the rate (%) of change in core loss in examples; and
[0020] FIG. 6 is a graph showing measurement results of
the radial crushing strength before and after heating in
examples.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0021] Embodiments of the present invention are
described below in detail.
1. Dust Core
[0022] FIG. 1 shows a dust core 1 according to an embodi-

ment of the present invention. The dust core 1 includes a
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compact which has a ring-shaped appearance and which
contains a soft magnetic powder and also includes a cover
coat for the compact. In the dust core 1, the cover coat
contains a PAI-Ep resin. In a non-limited example, the
compact contains a binding component binding the soft
magnetic powder to other materials (the same type of
materials in some cases or different types of materials in
some cases) contained in the dust core 1.

(1) Compact

[0023] (1-1) Soft Magnetic Powder

[0024] The soft magnetic powder may contain particles of
at least one of iron-based materials containing iron and
nickel-based materials containing nickel. The iron-based
materials and the nickel-based materials include an oxidiz-
able material. Even when the soft magnetic powder contains
such an oxidizable material, the soft magnetic powder is
unlikely to be oxidized because the dust core 1 includes the
cover coat, which contains the PAI-Ep resin. Therefore,
changes in magnetic properties of the dust core 1 due to the
oxidation of the soft magnetic powder are unlikely to be
caused. The inhibition of oxidation of the soft magnetic
powder may possibly be one of reasons why the dust core 1
is obtained such that magnetic properties of the dust core are
unlikely to be varied even if the dust core is used in a
high-temperature environment, because the dust core
includes the cover coat, which contains the PAI-Ep resin.

[0025] The soft magnetic powder may contain particles of
a crystalline magnetic material. As used herein, the term
“crystalline magnetic material” refers to a material that is a
ferromagnetic material, particularly a soft magnetic material
having a crystalline microstructure. The soft magnetic pow-
der may be composed of the crystalline magnetic material
particles. Examples of the crystalline magnetic material
include an Fe—Si—Cr alloy, an Fe—Ni alloy, a Ni—Fe
alloy, an Fe—Co alloy, an Fe—V alloy, an Fe—Al alloy, an
Fe—S8i alloy, an Fe—Si—Al alloy, carbonyl iron, and pure
iron.

[0026] The soft magnetic powder may contain particles of
an amorphous magnetic material. As used herein, the term
“amorphous magnetic material” refers to a material that is a
ferromagnetic material, particularly a soft magnetic material
having a microstructure in which the volume of an amor-
phous portion is more than 50% of that of the microstruc-
ture. The soft magnetic powder may be composed of the
amorphous magnetic material particles. Examples of the
amorphous magnetic material include an Fe—Si—B alloy,
an Fe—P—C alloy, and a Co—Fe—Si—B alloy. The amor-
phous magnetic material may be composed of a single type
or multiple types of materials. A magnetic material making
up the amorphous magnetic material particles is preferably
one or more selected from the group consisting of the
above-mentioned alloys. In particular, the magnetic material
preferably contains the Fe—P—C alloy and is more pref-
erably composed of Fe—P—C alloy.

[0027] An example of the Fe—P—C alloy is an Fe-based
amorphous alloy represented by the composition formula
Fel00 atomic %-a-b-c-x-y-z-tNiaSnbCrcPxCyBzSit, where
0 atomic %=a<10 atomic %, 0<b<3 atomic %, 0 atomic
%=c<6 atomic %, 6.8 atomic %=x=<13.0 atomic %, 2.2
atomic %=y=13.0 atomic %, 0 atomic %=z<9 atomic %, and
0 atomic %=t<7 atomic %. In the above composition for-
mula, Ni, Sn, Cr, B, and Si are arbitrary additive elements.
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[0028] The content a of Ni is preferably 0 atomic % to 7
atomic % and more preferably 4 atomic % to 6.5 atomic %.
The content b of Sn is preferably 0 atomic % to 2 atomic %
and more preferably 0 atomic % to 1 atomic %. The content
¢ of Cr is preferably 0 atomic % to 2.5 atomic % and more
preferably 1.5 atomic % to 2.5 atomic %. The content x of
P is preferably 8.8 atomic % or more in some cases. The
content y of C is preferably 2.2 atomic % to 9.8 atomic %
in some cases. The content z of B is preferably 0 atomic %
to 8.0 atomic % and more preferably 0 atomic % to 2 atomic
%. The content t of Si is preferably 0 atomic % to 6 atomic
% and more preferably 0 atomic % to 2 atomic %.

[0029] The soft magnetic powder may contain particles of
a nano-crystalline magnetic material. As used herein, the
term “nano-crystalline magnetic material” refers to a mate-
rial that is a ferromagnetic material, particularly a soft
magnetic material having a nano-crystalline microstructure
containing grains, precipitated in a portion exceeding at least
50% of the microstructure, having an average grain size of
several nanometers to several tens of nanometers. The
nano-crystalline magnetic material may have an amorphous
microstructure in addition to a nano-crystalline microstruc-
ture or may have the nano-crystalline microstructure only.
The soft magnetic powder may be composed of the nano-
crystalline magnetic material particles. Examples of the
nano-crystalline magnetic material include an Fe—Cu-M-
Si—B alloy, an Fe-M-B alloy, and an Fe—Cu-M-B alloy,
where, M is one or more metal elements selected from Nb,
Zr, Ti, V, Mo, Hf, Ta, and W.

[0030] The soft magnetic powder may be composed of a
single type of powder or may be a mixture of multiple types
of powders. An example of the mixture is a mixture of two
or more of the crystalline magnetic material, the amorphous
magnetic material, and the nano-crystalline magnetic mate-
rial. Furthermore, in particular, the soft magnetic powder
may be, for example, a mixture of the crystalline magnetic
material particles and the amorphous magnetic material
particles or may be a mixture pf the amorphous magnetic
material particles and the nano-crystalline magnetic material
particles.

[0031] The shape of particles contained in the soft mag-
netic powder is not particularly limited. The shape of the
particles contained in the soft magnetic powder may be
spherical or non-spherical. When the shape thereof is non-
spherical, the shape thereof may be an anisotropic shape
such as a scaly shape, an elliptical shape, a teardrop shape,
or an acicular shape or may be an amorphous shape with no
shape anisotropy. An example of an amorphous soft mag-
netic powder is the case where multiple spherical soft
magnetic powders are bonded in contact with each other or
are bonded so as to be partly embedded in another soft
magnetic powder. Such an amorphous soft magnetic powder
is likely to be observed when the soft magnetic powder is a
carbonyl iron powder.

[0032] The shape of the particles contained in the soft
magnetic powder may be a shape obtained at the stage of
producing the soft magnetic powder or a shape obtained by
secondarily processing the produced soft magnetic powder.
A spherical shape, an elliptical shape, a teardrop shape, an
acicular shape, and the like are exemplified as the shape of
the former and a scaly shape is exemplified as the shape of
the latter.

[0033] The particle diameter of the soft magnetic powder
is not particularly limited. Supposing that the particle diam-
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eter thereof is defined by the median diameter D50 (the
particle diameter where the cumulative volume is 50% in the
particle size-volume distribution of the soft magnetic pow-
der as determined by a laser diffraction/scattering method),
the particle diameter thereof usually ranges from 1 um to 45
um. From the viewpoint of enhancing the handleability and
the viewpoint of increasing the packing density of the soft
magnetic powder in the compact of the dust core 1, the
average particle diameter D50 of the soft magnetic powder
is preferably 2 pm to 30 um, more preferably 3 um to 15 pm,
and particularly preferably 4 um to 13 pm.

[0034] (1-2) Binding Component

[0035] The composition of the binding component is not
particularly limited insofar as the binding component is a
material that contributes to fixing the soft magnetic powder.
Examples of a material making up the binding component
include organic materials such as a resin material and a
pyrolysis residue of the resin material (as used herein, these
are collectively referred to as the “resin material-based
components) and inorganic materials. Examples of the resin
material include an acrylic resin, a silicone resin, an epoxy
resin, a phenol resin, a urea resin, and a melamine resin.
Examples of the inorganic materials include glass materials
such as water glass. The binding component may be com-
posed of a single type of material or multiple materials. The
binding component may be a mixture of an organic material
and an inorganic material.

[0036] The binding component usually used is an insulat-
ing material. This enables insulation properties of the dust
core 1 to be enhanced.

[0037] The compact is, for example, one manufactured by
a method including a molding treatment including compact-
ing a mixture containing the soft magnetic powder and a
binder component. As used herein, the term “binder com-
ponent” refers to a component providing the binding com-
ponent. The binder component is made of the binding
component in some cases or is a material different from the
binding component.

[0038] An example of the case where the binder compo-
nent is different from the binding component is the case
where the binding component is made of the pyrolysis
residue of the binder component containing a resin material.
When the pyrolysis residue is produced, the binder compo-
nent is partly decomposed and is volatilized. Therefore,
when the compact contains the pyrolysis residue, cavities
are caused in the compact, particularly between the particles
contained in the soft magnetic powder that located closest to
each other in some cases. In these cases, in the dust core 1,
the cover coat is capable of being located so as to fill at least
one of the cavities. Therefore, changes in magnetic proper-
ties of the dust core 1 due to the oxidation of a material
making up the soft magnetic powder are unlikely to be
caused.

(2) Cover Coat

[0039] The dust core 1 includes the cover coat. The cover
coat is a layer that is placed so as to cover at least one portion
of the compact for the purpose of increasing the mechanical
strength of the compact. The compact is formed by com-
pacting a mixture containing the soft magnetic powder and
therefore has a surface having irregularities derived from the
soft magnetic powder in some cases. When this mixture
contains the binder component and the compact contains the
pyrolysis residue of the binder component, the compact may
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possibly have the cavities as described above. In this case,
a material making up the cover coat may be present not only
on a surface of the compact but also in a region extending
to an inner portion from the surface thereof to a certain
extent. That is, the cover coat may have an impregnation
structure with respect to the compact.

[0040] The cover coat contains the PAI-Ep resin. An
example of a non-limited method for preparing the cover
coat is as described below. First, the compact is contacted
with a liquid composition containing at least one of a
polyamideimide resin and a precursor thereof and an epoxy
compound, whereby a layer based on the liquid composition
is formed over regions including surfaces of the compact.
The layer based on the liquid composition is heated such that
the reaction of an epoxy group contained in the epoxy
compound proceeds, whereby the cover coat is formed so as
to include a layer containing the PAI-Ep resin, which is a
product of the reaction of the polyamideimide resin with the
epoxy compound.

[0041] Since the liquid composition is in a state before the
reaction of the epoxy group proceeds, the liquid composition
has relatively low viscosity and is likely to permeate the
compact. Thus, the cover coat, which is prepared by the
above method and contains the PAI-Ep resin, is likely to
have the impregnation structure with respect to the compact.
A portion of the cover coat that is impregnated into the
compact has an anchoring effect to increase the adhesion of
the cover coat to the compact. Since the liquid composition
permeates the compact, many of the particles contained in
the soft magnetic powder, which is contained in the com-
pact, are directly or indirectly covered with the liquid
composition. Therefore, the particles contained in the soft
magnetic powder are directly or indirectly covered by the
material making up the cover coat. Thus, even if the dust
core 1 is left in a high-temperature environment, the dust
core 1 is unlikely to suffer from changes in magnetic
properties due to oxidation.

[0042] A material, such as a polyimide resin, having a
function equivalent to or higher than that of the PAI-Ep resin
is present in terms of suppressing oxidation only. However,
such a material, as well as the polyimide resin, often has a
glass transition point higher than that of the PAI-Ep resin.
Therefore, in the case of using such a material to form the
cover coat by a method including a step of solidifying the
liquid composition, the heating temperature necessary for
solidification is high. The fact that the heating temperature
is high means that the cooling temperature range to room
temperature is wide. Therefore, forming the cover coat using
the polyimide resin is likely to increase the degree of
shrinkage of the material making up the cover coat to strain
the particles contained in the soft magnetic powder. When
the residual strain in the particles contained in the soft
magnetic powder is large, it is difficult to enhance magnetic
properties of the dust core 1.

[0043] When the PAI-Ep resin is made of at least one of
the polyamideimide resin and the precursor thereof and the
liquid composition, which contains the epoxy compound,
the detailed structure (the molecular weight, the structure of
a side chain, or the like) of the polyamideimide resin is not
particularly limited insofar as the PAI-Ep resin contains a
carboxy group capable of reacting an epoxy group. The
PAI-Ep resin preferably has solubility in a solvent in some
cases.
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[0044] The type of the epoxy compound, which is con-
tained in the liquid composition, is not particularly limited.
The epoxy compound may contain two or more epoxy
groups. Examples of the epoxy compound include bisphe-
nol-A epoxy compounds; bisphenol-F epoxy compounds;
compounds, such as biphenyl epoxy compounds, containing
terminal epoxy groups; naphthalene epoxy compounds;
ortho-cresol novolac epoxy compounds; and oligomer com-
pounds, such as epoxy compounds having constitutional
units based on dicyclopentadiene, containing many epoxy
groups. In particular, the epoxy compound is preferably one
or more selected from the group consisting of the bisphe-
nol-A epoxy compounds and dicyclopentadiene epoxy com-
pounds in some cases.

[0045] In the liquid composition, the relationship between
the content of at least one of the polyamideimide resin and
the precursor thereof and the content of the epoxy compound
is not limited. The relationship therebetween may be set in
consideration of the carboxylic acid equivalent of the poly-
amideimide resin and the epoxy equivalent of the epoxy
compound. In usual, the polyamideimide resin and the
epoxy compound are blended together such that all carboxy
groups of the polyamideimide resin react with all epoxy
groups of the epoxy compound.

[0046] Since the cover coat contains the PAI-Ep resin or is
made of the PAI-Ep resin in a preferable embodiment,
changes in magnetic properties of the dust core 1 are
unlikely to be caused even when the dust core 1 is left in a
250° C. environment. In particular, in the case where the
dust core 1 is left in the above environment for 200 hours,
the rate of increase in core loss thereof can be set to 30% or
less. Furthermore, in the case where the dust core 1 is left in
the above environment for 200 hours, the rate of reduction
in relative magnetic permeability thereof can be set to 14%
or less (the rate of change thereof can be set to —14% or
more).

[0047] Since the cover coat contains the PAI-Ep resin or is
made of the PAI-Ep resin in a preferable embodiment, the
reduction in mechanical strength of the dust core 1 is
unlikely to be caused even when the dust core 1 is left in a
250° C. environment. In particular, in the case where the
dust core 1 is left in the above environment for 200 hours,
the radial crushing strength thereof can be set to about 20
MPa or more.

(3) Method for Manufacturing Dust Core

[0048] A method for manufacturing the dust core 1 is not
particularly limited. Using a manufacturing method below
allows the dust core 1 to be more efficiently manufactured.
[0049] The method for manufacturing the dust core 1
includes a molding step and a cover coat-forming step and
may further include a heat treatment step as described below.
[0050] (3-1) Molding Step

[0051] First, a mixture containing the soft magnetic pow-
der and the binder component is prepared. A molded product
can be obtained by the molding treatment including com-
pacting the mixture. Pressing conditions are not particularly
limited and are appropriately determined on the basis of the
composition of the binder component. When the binder
component is made of, for example, a thermosetting resin,
the curing reaction of the thermosetting resin is preferably
allowed to proceed in such a manner that the resin is pressed
and heated in a die. On the other hand, in the case of
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compacting, though the pressing force is high, heating is not
necessary and pressing is performed in a short time.
[0052] The case where the mixture is a granulated powder
and is compacted is described below in detail. The granu-
lated powder is excellent in handleability and therefore can
enhance the workability of a compacting step in which the
molding time is short and which is excellent in productivity.
[0053] (3-1-1) Granulated Powder

[0054] The granulated powder contains the soft magnetic
powder and the binder component. The content of the binder
component in the granulated powder is not particularly
limited. When the content thereof is excessively low, the
binder component is unlikely to hold the soft magnetic
powder. When the content of the binder component is
excessively low, the binding component, which is made of
the pyrolysis residue of the binder component, is unlikely to
insulate the particles contained in the soft magnetic powder
from each other in the dust core 1 obtained through the heat
treatment step. However, when the content of the binder
component is excessively high, the content of the binding
component in the dust core 1 obtained through the heat
treatment step is likely to be high. When the content of the
binding component in the dust core 1 is high, magnetic
properties of the dust core 1 are likely to be reduced by the
influence of the stress received by the soft magnetic powder
from the binding component. Therefore, the content of the
binder component in the granulated powder is preferably
0.5% by mass to 5.0% by mass with. From the viewpoint of
stably reducing the possibility that magnetic properties of
the dust core 1 are reduced, the content of the binder
component in the granulated powder is preferably 1.0% by
mass to 3.5% by mass and more preferably 1.2% by mass to
3.0% by mass.

[0055] The granulated powder may contain a material
other than the soft magnetic powder and the binder compo-
nent. Examples of such a material include a lubricant, a
silane coupling agent, and an insulating filler. When the
lubricant is contained therein, the type of the lubricant is not
particularly limited. The lubricant may be an organic lubri-
cant or an inorganic lubricant. Examples of the organic
Iubricant include metal soaps such as zinc stearate and
aluminium stearate. It is conceivable that the organic lubri-
cant is evaporated in the heat treatment step and scarcely
remains in the dust core 1.

[0056] A method for producing the granulated powder is
not particularly limited. The granulated powder may be
obtained in such a manner that a component providing the
granulated powder is directly kneaded and an obtained
kneaded product is crushed by a known method. Alterna-
tively, the granulated powder may be obtained in such a
manner that slurry is prepared by adding a solvent (an
example thereof is a solvent medium, a dispersion medium,
or water) to the above component, followed by drying the
slurry and crushing. The particle size distribution of the
granulated powder may be controlled in such a manner that
sieving or classification is performed after crushing.
[0057] An example of a method for obtaining the granu-
lated powder from the above slurry is a method using a spray
dryer. As shown in FIG. 2, a rotor 201 is placed in a spray
dryer system 200 and slurry S is supplied to the rotor 201
from an upper portion of the spray dryer system 200. The
rotor 201 rotates at a predetermined number of revolutions
and sprays the slurry S in a chamber inside the spray dryer
system 200 by means of centrifugal force in the form of

Sep. 28,2017

small droplets. Furthermore, hot air is introduced into the
chamber inside the spray dryer system 200, whereby a
dispersion medium (water) contained in small droplets of the
slurry S is evaporated with the shape of the small droplets
maintained. As a result, a granulated powder P is formed
from the slurry S. The granulated powder P is collected from
a lower portion of the spray dryer system 200.

[0058] Parameters such as the number of revolutions of
the rotor 201, the temperature of the hot air introduced into
the spray dryer system 200, and the temperature of a lower
portion of the chamber may be appropriately set. Examples
of the preset ranges of these parameters are as follows: the
number of revolutions of the rotor 201 is 4,000 rpm to 6,000
rpm, the temperature of the hot air introduced into the spray
dryer system 200 is 130° C. to 170° C., and the temperature
of the lower portion of the chamber is 80° C. to 90° C. The
atmosphere and pressure in the chamber may also be appro-
priately set. For example, the atmosphere in the chamber is
air and the difference between the pressure in the chamber
and atmospheric pressure is 2 mm H2O (about 0.02 kPa).
The particle size distribution of the obtained granulated
powder P may be controlled by sieving or the like.

[0059] (3-1-2) Pressing Conditions

[0060] Pressing conditions in compacting are not particu-
larly limited. The pressing conditions may be appropriately
set in consideration of the composition of the granulated
powder, the shape of the molded product, or the like. When
the pressing force to compact the granulated powder is
excessively low, the molded product has reduced mechani-
cal strength. Therefore, the following problems are likely to
occur: problems such as the reduction in handleability of the
molded product and the reduction in mechanical strength of
the dust core 1, which is obtained from the molded product.
Furthermore, the dust core 1 has reduced magnetic proper-
ties or reduced insulating properties in some cases. How-
ever, when the pressing force to compact the granulated
powder is excessively high, it is difficult to prepare a
molding die resistant to the pressing force.

[0061] From the viewpoint of stably reducing the possi-
bility that the molding step negatively affects mechanical
properties or magnetic properties of the dust core 1 and the
viewpoint of readily performing industrial mass-production,
the pressing force to compact the granulated powder is
preferably 0.3 GPa to 2 GPa in some cases, more preferably
0.5 GPa to 2 GPa in some cases, and particularly preferably
0.5 GPa to 1.8 GPa in some cases.

[0062] In compacting, pressing may be performed during
heating or may be performed at room temperature.

[0063] (3-2) Heat Treatment Step

[0064] The molded product, which is obtained through the
molding step, may be the compact. The compact may be
obtained by heat-treating the molded product as described
below.

[0065] In the heat treatment step, the molded product,
which is obtained through the molding step, is heated such
that magnetic properties are adjusted by modifying the
distance between the particles contained in the soft magnetic
powder and by relieving the strain applied to the particles
contained in the soft magnetic powder in the molding step,
whereby the compact is obtained.

[0066] The heat treatment step aims to adjust magnetic
properties of the compact as described above and therefore
heat treatment conditions such as the heat treatment tem-
perature are set such that magnetic properties of the compact
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are optimized. An example of a method for setting the heat
treatment conditions is such that the heating temperature of
the molded product is varied and other conditions such as the
heating rate and the holding time at the heating temperature
thereof are kept constant.

[0067] Upon setting the heat treatment conditions, stan-
dards for evaluating magnetic properties of the compact are
not particularly limited. The core loss of the compact can be
cited as an example of an evaluation item. In this case, the
heating temperature of the molded product may be set such
that the core loss of the compact is minimized. Conditions
for measuring the core loss are appropriately set. For
example, conditions including a frequency of 100 kHz and
a maximum magnetic flux density of 100 mT are cited.

[0068] An atmosphere for heat treatment is not particu-
larly limited. In the case of an oxidizing atmosphere, the
possibility that the pyrolysis of the binder component pro-
ceeds excessively or the possibility that the oxidation of the
soft magnetic powder proceeds is high. Therefore, heat
treatment is preferably performed in an inert atmosphere
such as a nitrogen atmosphere or an argon atmosphere or a
reducing atmosphere such as a hydrogen atmosphere.

[0069]

[0070] The cover coat, which contains the PAI-Ep resin, is
applied to the compact including the molded product
obtained through the molding step or the compact obtained
by treating the molded product in the heat treatment step.

[0071] In particular, the compact is contacted with the
liquid composition, which contains at least one of the
polyamideimide resin and the precursor thereof and the
epoxy compound, whereby the layer based on the liquid
composition is formed over regions including surfaces of the
compact. The layer based on the liquid composition is
heated such that the reaction of the epoxy group contained
in the epoxy compound proceeds, whereby the cover coat is
formed so as to include the layer containing the PAI-Ep
resin, which is the product of the reaction of the polyami-
deimide resin with the epoxy compound.

[0072] At least one of the polyamideimide resin and the
precursor thereof and the epoxy compound, which are
contained in the liquid composition, are as described above
and therefore will not be described in detail. The liquid
composition may contain a solvent. The type of the solvent
is not particularly limited and the solvent may appropriately
dissolve at least one component contained in the liquid
composition and may be capable of volatilizing appropri-
ately in use. Examples of the solvent include esters such as
butyl acetate and ketones such as methyl ethyl ketone. The
content of the solvent in the liquid composition is set in
consideration of the viscosity of the liquid composition.

[0073] Conditions for forming the cover coat from the
layer based on the liquid composition are appropriately set
depending on the composition of the liquid composition. In
a non-limited example, the cover coat, which contains the
PAI-Ep resin, can be obtained in such a manner that the
solvent is volatilized by holding the liquid composition at a
temperature of about 80° C. to 120° C. for 10 minutes to 30
minutes and the reaction of the epoxy group is allowed to
proceeds by further holding the liquid composition at a
temperature of about 150° C. to 250° C. for 20 minutes to
2 hours.

(3-3) Cover Coat-Forming Step
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2. Electric/Electronic Component

[0074] An electric/electronic component according to an
embodiment of the present invention includes the dust core
1. In particular, the electric/electronic component includes
the dust core 1, a coil, and a connection terminal connected
to each end portion of the coil. Herein, at least one portion
of the dust core is placed so as to be located in an induced
magnetic field generated by the current flowing in the coil
through the connection terminal.

[0075] An example of the electric/electronic component is
a toroidal coil 10 shown in FIG. 3. The toroidal coil 10
includes the dust core 1, which is ring-shaped, and a coil 2a
formed by winding a coated conductive wire 2 around the
dust core 1. End portions 24 and 2e of the coil 2a can be
defined in sections of the coated conductive wire 2 that are
located between the coil 2a, around which the coated
conductive wire 2 is wound, and end portions 26 and 2¢ of
the coated conductive wire 2. As described above, in the
electric/electronic component, a member making up a coil
and a member making up connection terminals may be the
same.

[0076] Since the electric/electronic component includes
the dust core 1, properties of the electric/electronic compo-
nent are unlikely to be deteriorated due to changes in
magnetic properties of the dust core 1 even if the electric/
electronic component is left in a high-temperature environ-
ment (particularly a 250° C. environment) for a long time
(particularly 100 hours or more). Even if the electric/
electronic component is left in the above environment for a
long time, the dust core 1 can maintain practical mechanical
strength. Therefore, in the course of manufacturing the
electric/electronic component using the dust core 1, in the
course of mounting or installing the electric/electronic com-
ponent as a part of an electric/electronic device, or in the use
of the obtained electric/electronic device, failures due to the
breakage of the electric/electronic component are unlikely to
be caused even if a mechanical load is applied to the
electric/electronic component from outside because of a
collision with another component or the like or thermal
stress is applied to the electric/electronic component because
of a rapid change in temperature.

[0077] Examples of the electric/electronic component
include reactors, transformers, and choke coils in addition to
the toroidal coil 10.

3. Electric/Electronic Device

[0078] An electric/electronic device according to an
embodiment of the present invention includes the electric/
electronic component, which includes the dust core 1. In
particular, those having the electric/electronic component
mounted therein and those having the electric/electronic
component installed therein are exemplified. Examples of
the electric/electronic device include switching power sup-
plies equipped with a voltage step-up/down circuit, a
smoothing circuit, a DC-AC converter, an AC-DC converter,
or the like and power control units used for solar power
generation.

[0079] Since the electric/electronic device includes the
electric/electronic component, which includes the dust core
1, operation failures due to the reduction of magnetic
properties of the dust core 1 or the breakage of the dust core
1 are unlikely to be caused even if the electric/electronic
device is left in a high-temperature environment (particu-
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larly a 250° C. environment) for a long time (particularly
100 hours or more). Thus, the electric/electronic device is
excellent in reliability.

[0080] The aforementioned embodiments have been
described for the purpose of facilitating the understanding of
the present invention and are not intended to limit the
present invention. Accordingly, elements disclosed in the
embodiments are intended to include all design modifica-
tions and equivalents belonging to the technical scope of the
present invention.

EXAMPLES

[0081] The present invention is further described below in
detail with reference to examples and the like. The scope of
the present invention is not limited to the examples or the
like.

Example 1
[0082] (1) Preparation of Soft Magnetic Powder
[0083] By a water atomization method, a soft magnetic

powder was prepared from powders of amorphous magnetic
materials that were weighed so as to give the composition
Fe74.3 atomic % Crl.56 atomic % P8.78 atomic % C2.62
atomic % B7.57 atomic % Si4.19 atomic %. The particle size
distribution of the obtained soft magnetic powder was
measured with “Microtrac Particle Size Distribution Ana-
lyzer MT 3300EX” manufactured by Nikkiso Co., Ltd. in
terms of a volume distribution. As a result, the median
diameter D50, which is the diameter corresponding to 50%
in the volume distribution, was 11 pm.

[0084] (2) Preparation of Granulated Powder

[0085] Slurry was prepared so as to contain 98.3 parts by
mass of the soft magnetic powder, 1.4 parts by mass of an
insulating binding material made of an acrylic resin, 0.3
parts by mass of a lubricant made of zinc stearate, and water
acting as a solvent.

[0086] The obtained slurry was dried and was then
crushed, followed by removing fine particles with a size of
300 um or less and coarse particles with a size of 850 pm or
more using a sieve with 300 um openings and a sieve with
850 um openings, respectively, whereby a granulated pow-
der was obtained.

[0087] (3) Compacting

[0088] The obtained granulated powder was filled into a
die and was compacted with a surface pressure of 0.5 GPa
to 2 GPa, whereby a molded product having a ring shape and
a size of 20 mm in outside diameterx12.8 mm in inside
diameterx6.8 mm in thickness was obtained.

[0089] (4) Heat Treatment

[0090] The obtained molded product was placed in a
furnace with a nitrogen flow atmosphere and was heat-
treated in such a manner that the temperature in the furnace
was increased from room temperature (23° C.) to a tem-
perature of 300° C. to 500° C., which is the optimum core
heat treatment temperature, at a heating rate of 10° C./min
and the molded product was held at this temperature for 1
hour and was then cooled to room temperature in the
furnace, whereby a compact was obtained.

[0091] (5) Cover Coat

[0092] A liquid composition (a viscosity of 1 mPa-s to 10
mPa-s) was prepared by dissolving a polyamideimide resin
(a carboxylic acid equivalent of 1,255 g/eq) and a bisphe-
nol-A epoxy resin (an epoxy equivalent of 189 g/eq) in a
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solvent. The content of the polyamideimide resin and the
content of the bisphenol-A epoxy resin were set such that the
number of carboxy groups in the polyamideimide resin and
the number of epoxy groups in the bisphenol-A epoxy resin
were equal to each other.

[0093] The compact was immersed in the obtained liquid
composition for 15 minutes. Thereafter, the compact was
taken out of the liquid composition, was dried at 70° C. for
30 minutes, and was further dried at 100° C. for 30 minutes,
whereby a coating of the liquid composition was formed on
the compact. The compact provided with the coating was
heated at 170° C. for 1 hour, whereby a dust core including
the compact and a cover coat thereon was obtained.

Example 2

[0094] A dust core was obtained in substantially the same
manner as that used in Example 1 except that an epoxy
compound (an epoxy equivalent of 265 g/eq) having con-
stitutional units based on dicyclopentadiene was used to
obtain a liquid composition with a viscosity of 1 mPa-s to 10
mPa-s instead of the bisphenol-A epoxy resin when a liquid
composition was prepared.

Example 3

[0095] A dust core was obtained in substantially the same
manner as that used in Example 1 except that an ortho-cresol
novolac epoxy compound (an epoxy equivalent of 210 g/eq)
was used to obtain a liquid composition with a viscosity of
1 mPas to 10 mPa-s instead of the bisphenol-A epoxy resin
when a liquid composition was prepared.

Comparative Example 1

[0096] A compact was obtained in the same manner as that
used in Example 1. A liquid composition with a viscosity of
1 mPa's to 10 mPa-s was prepared by dissolving a methyl-
phenyl silicone resin in a solvent. The compact was
immersed in the obtained liquid composition for 15 minutes.
Thereafter, the compact was taken out of the liquid compo-
sition and was dried at room temperature for 60 minutes,
whereby a coating of the liquid composition was formed on
a surface of the compact. The compact provided with the
coating was heated at 250° C. for 1 hour, whereby a dust
core including the compact and a cover coat thereon was
obtained.

Comparative Example 2

[0097] A compact was obtained in the same manner as that
used in Example 1. A liquid composition with a viscosity of
1 mPa-s to 10 mPa-s was prepared by dissolving an epoxy-
modified silicone resin in a solvent. The compact was
immersed in the obtained liquid composition for 15 minutes.
Thereafter, the compact was taken out of the liquid compo-
sition and was dried at 70° C. for 30 minutes, whereby a
coating of the liquid composition was formed on a surface
of the compact. The compact provided with the coating was
heated at 170° C. for 1 hour, whereby a dust core including
the compact and a cover coat thereon was obtained.

Experiment Example 1

[0098] Measurement of rate change in relative magnetic
permeability
[0099] A toroidal coil was obtained by winding a copper

wire around the dust core prepared in each of the examples
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and the comparative examples. The toroidal coil was mea-
sured for relative magnetic permeability at a frequency of
100 kHz using an impedance analyzer (“4192 A manufac-
tured by HP Inc.). The relative magnetic permeability is
referred to as “initial relative magnetic permeability 10"
[0100] The toroidal coil was left in a 250° C. environment
for a predetermined time. After being left therein, the
toroidal coil was measured for relative magnetic permeabil-
ity in the above manner. The relative magnetic permeability
is referred to as “post-heating relative magnetic permeability
[T

[0101] The rate Ry (%) of change in relative magnetic
permeability was determined by the following equation:

1. Rp=(n1-p0)/n0x100

[0102] Results obtained by measuring the rate Ry, of
change in relative magnetic permeability for different heat-
ing times are shown in Table 1 and FIG. 4.

TABLE 1
Heating time
24 hours 100 hours 200 hours

Example 1 -3.5% -7.6% -12.8%
Example 2 -3.6% -6.6% -11.2%
Example 3 -4.2% -6.5% -11.0%
Comparative -5.4% -10.5% -14.7%
Example 1

Comparative -2.8% -8.4% -12.8%
Example 2

Experiment Example 2

Measurement of Rate Change in Core Loss

[0103] A toroidal coil was obtained by winding a copper
wire around the dust core prepared in each of the examples
and the comparative examples. The toroidal coil was mea-
sured for core loss under conditions including a frequency of
100 kHz and a maximum magnetic flux density of 100 mT
using a BH analyzer (“SY-8218” manufactured by Iwatsu
Electric Co., Ltd.). The core loss is referred to as “initial core
loss W0”.

[0104] The toroidal coil was left in a 250° C. environment
for a predetermined time. After being left therein, the
toroidal coil was measured for core loss in the above
manner. The core loss is referred to as “post-heating core
loss W1”.

[0105] The rate RW (%) of change in core loss was
determined by the following equation:

1. RW=(W1-W0)/W0x100

[0106] Results obtained by measuring the rate RW of
change in core loss for different heating times are shown in
Table 2 and FIG. 5.

TABLE 2
Heating time
1 hour 10 hours 24 hours 100 hours 200 hours
Example 1 16.5% 20.5% 17.4% 15.8% 26.2%
Example 2 13.8% 29.3% 24.7% 15.5% 25.2%
Example 3 10.3% 28.7% 31.3% 19.7% 26.1%
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TABLE 2-continued

Heating time
1 hour 10 hours 24 hours 100 hours 200 hours
Comparative 8.3% 27.4% 39.2% 55.8% 63.4%
Example 1
Comparative 13.1% 1.8% 0.0% 16.7% 34.7%
Example 2

Experiment Example 3

Measurement of Radial Crushing Strength

[0107] The dust core prepared in each of the examples and
the comparative examples was measured by a test method
according to JIS Z 2507:2000, whereby the pre-heating
radial crushing strength (MPa) was determined.

[0108] The dust core prepared in each of the examples and
the comparative examples was left in a 250° C. environment
for 200 hours. After being left therein, the dust core was
measured by the test method according to JIS Z 2507:2000,
whereby the post-heating radial crushing strength (MPa)
was determined.

[0109] Measurement results of pre-heating radial crushing
strength and post-heating radial crushing strength are shown
in Table 3 and FIG. 6.

TABLE 3
Radial
crushing strength (MPa
Before heating After heating
Example 1 29.6 22.8
Example 2 29.6 20.9
Example 3 34.2 23.3
Comparative Example 1 21.2 31.3
Comparative Example 2 347 15.0

[0110] As shown in Tables 1 to 3 and FIGS. 4 to 6, in the
dust cores, according to the examples, left in the 250° C.
environment for 200 hours, the rate of reduction in relative
magnetic permeability is 13% or less, the rate of increase in
core loss is 30% or less, and the radial crushing strength is
20 MPa or more. However, in the dust cores, according to
the comparative examples, the rate of reduction in relative
magnetic permeability is more than 13%, the rate of increase
in core loss is more than 30%, and the radial crushing
strength is less than 20 MPa; hence, both excellent magnetic
properties and mechanical strength cannot be maintained.
[0111] An electronic component including a dust core
according to the present invention can be preferably used in
boosting circuits for hybrid automobiles, reactors used in
generators or transforming stations, transformers, choke
coils, and the like.

What is claimed is:

1. A dust core comprising:

a compact containing a soft magnetic powder; and

a cover coat for the compact,

wherein the cover coat contains a polyamideimide-modi-

fied epoxy resin.

2. The dust core according to claim 1, wherein the soft
magnetic powder contains a powder of at least one of
iron-based materials and nickel-based materials.
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3. The dust core according to claim 1, wherein the soft
magnetic powder contains particles of a crystalline magnetic
material.

4. The dust core according to claim 1, wherein the soft
magnetic powder contains particles of an amorphous mag-
netic material.

5. The dust core according to claim 1, wherein the soft
magnetic powder contains particles of a nano-crystalline
magnetic material.

6. The dust core according to claim 1, wherein the soft
magnetic powder is a mixture of two or more of a crystalline
magnetic material, an amorphous magnetic material, and a
nano-crystalline magnetic material.

7. The dust core according to claim 1, wherein the
compact contains a binding component in addition to the
soft magnetic powder and the binding component is made of
a pyrolysis residue of a binder component containing a resin
material.

8. A method for manufacturing the dust core according to
claim 7, comprising:

a molding step of obtaining a molded product by a
molding treatment including compacting a mixture
containing the soft magnetic powder and the binder
component;

a heat treatment step of obtaining the compact by heating
the molded product obtained through the molding step
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such that the compact contains the soft magnetic pow-
der and the binding component made of the pyrolysis
residue of the binder component; and

a cover coat-forming step of forming the cover coat,
which contains the polyamideimide-modified epoxy
resin, in such a manner that the compact is contacted
with a liquid composition containing at least one of a
polyamideimide resin and a precursor thereof and an
epoxy compound, a layer based on the liquid compo-
sition is thereby formed over regions including surfaces
of the compact, and the reaction of an epoxy group
contained in the epoxy compound contained in the
layer based on the liquid composition is allowed to
proceed.

9. An electric/electronic component comprising the dust

core according to claim 1;

a coil; and

a connection terminal connected to each end portion of
the coil,

wherein at least one portion of the dust core is placed so
as to be located in an induced magnetic field generated
by the current flowing in the coil through the connec-
tion terminal.

10. An electric/electronic device comprising the electric/

electronic component according to claim 9.
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