
;e3enk$.fP6TJQ9 February 2004 DESCRIPTION COMPOSITE MAGNETIC BODY, AND
ELECTROMAGNETIC INTERFERENCE SUPPRESSING BODY USING THE SAME TECHNICAL
FIELD The present invention relates to a composite magnetic body used to
suppress electromagnetic interference brought about by interference from
unwanted electromagnetic waves in a high-frequency band, and to an
electromagnetic interference suppressing body obtained by the use thereof;
and more particularly to a fireproofing technique for a composite magnetic
body. BACKGROUND ART Cellular phones, personal computers, and other types
of electronic equipment operated at high frequencies such as
quasi-microwave band have become more widespread in recent years. In
particular, smaller and lighter devices are urgently needed, with
electromagnetic noise/interference posing a serious problem. In view of
this, composite magnetic bodies and electromagnetic interference
suppressing bodies are being commercialized as a means of countering such
high-frequency electromagnetic interference Conventional composite magnetic
bodies and electromagnetic interference suppressing bodies are
disadvantageous, however, in that when a soft magnetic powder (particularly
a soft magnetic alloy powder) and a binding agent are mixed together,
flammability is promoted beyond the level possessed by the binding agent as
such due to increased thermal conductivity or the catalytic action of the
soft magnetic powder, making it extremely difficult to achieve
self-extinguishing, which is the main element of fire resistance.   9
February 2004 2 In view of this, the grain size of soft magnetic powder is
normalized and , soft magnetic powder is controlled to have a uniform grain
size in conventional practice in order to achieve fire resistance
characteristics of the composite magnetic bodycontaining the soft magnetic
powder. However, the grain size of a powder merely indicates its dimensions
and fails to unambiguously define the surface state of the powder (which
determines aforementioned catalytic action or thermal conductivity), that
is, the surface area in contact with air and other media. In addition, fire
resistance changes 'rf the powder has a different grain site distribution.
In view of the above, it is an object of the present invention to provide a
composite magnetic body containing the soft magnetic powder having the
surface state defined in terms of specific surface area and thereby
possessing the desired level of self-extinguishihg, which is the main
element of fire resistance. It is another object of the present invention
to provide an electromagnetic interference suppressing body by making use
of the aforementioned composite magnetic body. DISCLOSURE OF THE INVENTION
The inventor conducted thoroughgoing research into the relation between
powder properties and fire resistance and discovered that the specific
surface area of a soft magnetic powder has a marked effect on fire
resistance. Specifically, the present invention, which is aimed attaining
the stated objects) entails using a soft magnetic powder normalized by the
specific surface area and adding a fire retardant to a binding agent while
taking into account the particle shape of the powder to fireproof the
composite magnetic body and electromagnetic interference suppressing body.
9 February 2004 3 According to an aspect of the present invention, there is
provided a . composite magnetic body comprising a soft magnetic powder and
a binding agent. In the aspect of the present invention, the soft magnetic
powder has a specfic surface area of 0.'I-3 m2lg: According to another
aspect of the present invention; there is provided an electromagnetic
interference suppressing body for suppressing electromagnetic interference
brought about by interference from unwanted electromagnetic waves by use of
a composite magnetic body comprising a soft magnetic powder and a binding
agent. In the aspect of the present invention the soft magnetic powder has
a specific surface area of 0.1=3 m2/g. BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a cross-sectional view depicting the structure of a composite
magnetic body according to an embodiment of the` present invention; and
Fig. 2 is a diagram depicting the results of Vertical Burning Test UL 94V
as a function of the specific surface area of the composite magnetic body
according to the embodiment of the present invention BEST MODE:FOR
EMBODYING THE INVENTION Embodiments of the present invention will now be
described with reference to drawings. Referring to Fig. 1, a composite
magnetic body l is obtained using a binding agent 3 to bond together a flat
soft magnetic powder 2 having a specific surface area of 0.1-3 m2lg. - The
soft magnetic powder 2 is contained in the binding agent in a single planar
orientation: This composite magnetic body functions as an electromagnetic
interference suppressing body for suppressing electromagnetic interference
brought about by interference from unwanted electromagnetic waves when this
9 February 2004 4 composite magnetic body is used for the internal or
peripheral portions of electrical devices. Consequently) the composite
magnetic body of the present embodiment will be regarded as the
below-described composition obtained by the method 



described below, and will be referred to as an electromagnetic interference
suppressing body when the composite magnetic body thus obtained is 'used
for the internal or peripheral portions of electrical devices. Specifically
the composite magnetic body and electromagnetic interference suppressing
body will be referred o differently because thesebodies are identical in
terms of constituent components and manufacturing steps but are different
in terms of application. In the description that follows, this fact is
emphasized by employing different terms for the above-described reasons
whenever a composite magnetic body or an electromagnetic interference
suppressing body is mentioned. Example 1 The mixing composition of the
composite magnetic body according to the present invention is shown as
Inventive Example 1 in Table 1 below. According to this example, a soft
magnetic powder was obtained using an Fe-Si-AI alloy, which was a magnetic
alloy powder having a flat shape. A composition based on Fe-Si-A1-Ni or the
like could also be used as such a magnetic alloy powder The present Example
1 of the present invention used a composition comprising 6-11 wt% Si and
4-7 wt% Al with Fe constituting the balance. This soft magnetic alloy
powder had a specific surface area of 1:5 m2/g, a mean grain size of 32
Vim, and an aspect ratio of 3 or greater. 385 weight parts of the soft
magnetic powder and 4 weight parts of titanate-based coupling agent were
mixed together with the aid of a mixer or the like, and a preliminary   9
February 2004 5 surface treatment was performed. In the process, a surface
treatment agent could be diluted with a diluent or the like to achieve
uniform surface treatment. An aluminate or silane-based coupling agent
could also be used as the coupling agent. Isopropylated triaryl phosphate,
which is a phosphoric acid ester compound acting as a phosphorus-containing
fire retardant and doubling as a plasticizer, was further admixed and
dispersed in an amount of 20 weight parts together with the coupled soft
magnetic powder, by means of a mixer or the like. This operation could also
be performed simultaneously with the coupling treatment.. A phosphoric acid
ester compound such as tricresyl phosphate or cresyl Biphenyl phosphate
could also be used as the phosphorus-based fire retardant Table i ~ple
iConyentionafin Com siti MiExam leg po x onAmountAmountwei ht artswei ht
artsBinding Agent halogen-containing)~ chlorinated of eth lene~ ~100Soft
Magnetic PowderFe-Si-A1 alloy385S ecific Surface Area 1.5 m2/Speciftc
Surfece Area 3.5 (m2/g) -385Titanate-based Coupling Agent44Fire
Retardant-hos horic acid ester com ound2020Fire Retafdantma nesium h
droxide2020Fre Retardantbromine-based o mer18 -18Fire Retardant Aid antimon
trioxide181 g   9 February 2004 6 A kneaded magnetic material was
subsequently obtained using a kneader to knead 1OO weight parts of
chlorinated polyethylene (halogencontaining binding agent); a total of 409
weight parts of a-soft magnetic powder surface-treated with the coupling
agent and dispersion-treated with thephosphon.rs-based fire retardant) 20
weight parts of magriesium'hydroxide (fire retardant)) 18 weight parts of
bromine-based polymer fire retardant, and 19 weight parts of antimony
trioxide; which functioried as a fire retardant aid for the bromine-based
fire retardant: An intensive mixer or mixing rolls used for kneading
purposes could also be employed as the aforementioned kneader: Magnesium
hydroxide; a bromine-based polymer fire retardant, and antimony trioxide
(fire retardant aid) could also be mixed arid used fo perform a surface
treatment during the aforementioned coupling treatment in order to improve
the dispersibility of the kneaded magnetic material or to facilitate the
handling of mixed members. Magnesium hydroxide (ire retardant) could also
be replaced with aluminum hydroxide, and substantially the same effect can
be obtained with a mixture of magnesium hydroxide and aluminum hydroxide.
The resulting kneaded magnetic material was subsequently rolled between
rolls arranged in parallel, yielding a composite magnetic body in the form
of a sheet. An extruder could be used in addition to such rolls in order to
obtain a sheeted composite. Press molding or injection molding could also
be used. The composite magnetic body manufactured by the above-described
method can be made to function as an electromagnetic interference
suppressing body for suppressing electromagnetic lnterference brought about
by interference from unwanted electromagnetic waves by being used for the
internal and peripheral portions of electrical devices. Results of Burning
Tests involving Example 1 and a conventional example will now be described
with reference to Table 2 below. The  



9 February 2004 7 conventional example involved using a soft magnetic
powder having a flat . shape; a specific surface area of 3:5 m2/g, and the
same Fe-Si-A1 alloy` composition as in Example l . Because composite
magnetic bodies are often used for electronic components, the burning tests
involved performing the below-described Vertical Burning Test UL 94V in
accordance with the UL safety standards for the combustibility testing of
plastic materials for equipment parts. The samples had a length of 127 mm,
a width of 12.7 mm, and a thickness of 0.5 mm: The vertical burning tests
were conducted using sample Nos. 1-5 (a total of five test pieces): The
column titled 'First Lingering Flame" shows the combustion-time din
seconds) elapsed following 'a first flarrie contact, the column
titled>"Second Lingering flame' shoves the combustion dine elapsed
following a second flame contact, and the column titled 'Second Lingering
Flame + Smoldering Material' shows the combined smoldering time and
combustion time elapsed following the second flame contact. `Smoldering
time refers to the time elapsed after flame burning has stopped; or the
time during which a material bums without flame in the absence of flame
burning. Table 2 SecondThicknessFirstSecondLingeringExample
1No.(mm)LingeringLingeringFlame +ClassFlameFlameSmolderingMaterial0.5021,
5Specific20.5012SurfaceV-0Area of30:51214satisfiedPowder1.5
(m2/g)40.5021350.5012   9 February 2004 8 SecondConven-
ThicknessFirstSecondLingeringtionalNo. imm)LingeringLingering '- flame
+ClassExampleFlameFlameSmolderingMaterial'!D.5020101
sSpeck20.5113NG-SurfaceArea of30.50NG--failedPowder '3.5
(m2/g)40.5011N~-S0.5093038 The conventional example failed to satisfy
Combustion Standard UL 94. The samples caught fire when brought into
contact with a flames and the entire test pieces were incinerated in the
case of sample Nos. 2, 3, and 4: These results indicate that the
conventional example is devoid of self-extinguishing properties and fails
to meet the standard. By contrast, self-extinguishing properties were
obtained in Example 1, and :each test piece burned for 10 seconds or less
following a first or second flame contact. In addition) the total time
during which the flame lingered following all ten flame contacts was 15.
seconds. This value is well below the standard value of no more than 50
seconds specified by this standard for Class V-0 materials. In addition,
the total smoldering time and combustion time following second flame
contact was 30 seconds or less for each of the test pieces. This result
satisfies the Class V-0 requirement of the same standard and differs from
the conventional example by providing self-extinguishing properties.
Following are results of Vertical Burning Test UL 94V involving composite
magnetic bodies that differ from each other by the specfic surface area of
the soft magnetic powder. The composite magnetic bodies were manufactured
in the same manner as in Example 1. Fig. 2 shows the results of Vertical
Burning Test UL 94V concerning the specific surface area of a soft magnetic
powder. The time in seconds indicates   9 February 2004 9 he combined
lingering flame time (seconds} following a first flame contact and
lingering flame time following a second flame contacts (that is; the
lingering flame time following ail ten flame contacts) for each of the five
test pieces'Nos. 1-5. When the specific surface area is 0.1 mzlg of less,
the lingering flame time following all ten flame contacts is about 10
seconds:' The~time is 17 seconds, 20 seconds; or 37 seconds when the
surface area is 0.6 m2/g, 1.4 m2/g, or 2.8 m2/g, respectively. r The time
is 48 seconds when the surface area exceeds 3 m2/g (when it.is 3.2 m2/g);
and reaches Q15 seconds when the surface area is 4.1 m2/g. The results
concerning the specific surface' area of the soft magnetic powders and the
fire resistance characteristics of the composite magnetic bodies indicate
that the specific surface area thereof should tie 3 m2/g or less^'
(including the margin} in order to satisfy Class V-0 requirements of
burning tests. Whereas using materials with a specific surface area of 0.1
mz/g or less can still satisfy Class'V-O requirements of burning tests and
yield the desired selfexiinguishing properties, a narrower specific surface
area has an adverse effect on magnetic characteristics and makes it
impossible to obtain adequate electromagnetic interference suppression
effects. The same applies to a case in which the material used has the same
Fe-Si-AI alloy composition as in Inventive Example a and possesses a
specific surface area of less than 0.1 m2/g. This material fias the
necessary selfextinguishing properties, but the aspect ratio falls below 3
with the reduction in powder flatness, magnetic characteristics deteriorate
due to the shape/magnetic anisotropy of the powder, and the product cannot
provide adequate electromagnetic interference suppression effects as a
composite magnetic body. The mixing composition according to Example 2 is
shown in Table 3. In this example, the same binding agent, soft magnetic
powder, fire retardants (phosphoric acid ester compound and magnesium
hydroxide), brominated   9 February 2004 10 polymer fire retardant and fire
retardant aid {antimony trioxide) as in Example 1 were mixed together o
obtain a composite magnetic body. The aforementioned soft magnetic, powder
(385 weight parts) and a primer (4 weight parts) whose SP value was less
than the SP value of the soft magnetic powder but greater than the SP value
of chlorinated polyethylene (binding agent) were first mixed together with
the aid of a mixer or the like to perform a preliminary priming treatment
on this soft magnetic powder. In the process, a primer could be diluted
with a diluent or the tike to achieve uniform surface treatment. The primer
recommended by a coupling agent manufacturer was used in Inventive Example
2;-but a dilute solution of) for example; polyvinyl chloride or
polyvinylidene chloride could also be used. Table 3 . Example
2ComparativeMixin Com ositionExam le 1g 



p-AmountAmountwet ht artswet ht artsBinding Agent (hafogen-containing]
chlorinated of eth lene100100Soft Magnetic PowderFe-Si-Ad alloy
,"g85Specific Surface Area 1.5 m2/S ec'rfic Surface Area 3.5 (mZJ385Primes
having SP Value between SPValues of chlorinated polyethylene44and Soft Ma
neiic PowderFire Retardant hos horic acid ester co ound20 ,20Fire
F~etardant ma nesium h droxide20 ,2p~:~re Retardant . `_~omine-based of
mer~ 818Fire Retardant Aid antimon trioxide1 g18 To facilitate comparison,
the manufacturing method was performed under the same conditions as in
Example 1. A mixture according to   9 February 2004 11 Comparative Example
1 is also shown in Table 3 as a comparison with Inventive Example 2: The
powder used in Comparative Example 1 had a specific surface area of 3;5
m2/g, which was 2 m2/g greater than the specific surface area (1.5 mz/g) of
the soft-magnetic powder (Fe-Si-A1 alloy powder) of Example 2: To
facilitate comparison, the manufacturing method was performed under the
same conditions as in Example 1. The results of burning tests according to
Example 2 and Comparative Example:l are shown in Table 4 below: Table 4
SecondF~SecondLingeringExample 2No:.Thickness .LingeringLingering_ Flame
+Class~mm)FlameFlameSmoldering' Material10.502')3 -Specific .20.50- .21~S
rfu aceV-0Area of3 ,0:501 .2 :5satisfiedPowder1.5 (m2/g)40.5112550.5021B
SecondCompara-FirstSecondLingering tive ~ No.Thickness Lingering Lingering
Flame + ClassExample
1(mm)FlameFlameSmolderingMaterial1a.51NG--Specific20.5114NG-S rface uArea
of30.501810 ~20failedPowder3.5 (m2/g)40.5011293950:5014NG   9 February 2004
12 1t can be seen in Table 4 that Comparative Example 1 fails to meet Fire
Resistance Standard UL 94. There is no self-extinguishing. By contrast,
Inventive Example 2 has self-extinguishing properties; and the combustion
time elapsed following first and second flame contacts is 10 seconds or
less for each test piece. In addition, the total lingering flame time
elapsed following all ten flame contacts is 15 seconds, which meets the
standard requirement of 50 seconds or less: The combined smoldering time
and combustion time elapsed following the second flame contact is 30
seconds or less for each test piece. This meets the standard of 50 seconds
or less for Class V-0 and provides the self-exitinguishing properties
absent in Comparative Example 1: _ Self-extinguishing can be achieved with
a material whose specific surface area is less than-0.1 m2Jg and whose
Fe-Si-AI alloy composition is the same as in Inventive Example 2, but
because this value is low, magnetic characteristics deteriorate in the same
manner due to the powder shape; and the product cannot provide adequate
electromagnetic interference suppression effects as a composite magnetic
body. The mixing composition according to Example 3 is shown in Table 5. In
this example, the same binding agent, coupling agent, fire retardants
(phosphoric acid ester compound and magnesium hydroxide), brominated:
polymer fire retardant, and antimony trioxide as in Inventive Example 1
were mixed together to obtain a composite magnetic body. An Ni-Fe alloy
(magnetic alloy powder) having a flat shape was used as the soft magnetic
powder The magnetic alloy powder was an Nl- and Fe-containing alloy powder.
Cu, Mo. Cr, Mn) or the like could also be added in order to improve
machinability or to obtain the desired electromagnetic interference
suppression effect.   9 February 2004 13 Table 5 



.,  Example 3ComparativeExam le 2Mixing CompositionAmountAmountwei ht
artswei ht artsBinding Agent (halogen-containing)100100chlorinated eth
leneSoft Magnetic PowderNi-Fe alloy385S ecific Surtace Area 1.5 mz/Specific
Surface Area 3.5 (m2/g)385Titanate-based Coupling Agent44Fire Retardant ~
:20 ~20hos horic acid ester com andFire Retafdant2020ma
nesium'hydroxideFire Retardant "1 g18 ,., bromine-based of erFire
~Retardant Aid18 .1 gantimony tirioxide To facilitate comparison; the
manufacturing method was performed under the same conditions as in Example
1: The powder used in Comparative Example 2 had a specific surface area of
3.5 m2/g, which was 2 m2/g greater than the specific surface area (1.5
m2Jg) of the soft magnetic powder (Ni-Fe alloy powder) of Example 3. To
facilitate comparison, the manufacturing method was performed under the
same conditions as in Example 1. The results of burning tests according to
Example 3 and Comparative Example 2 are shown In Table 6 below   9 February
2004 14 Table 6 -SecondThicknessFirstSecondLingeringExample
3No.(mm)LingeringLingeringFlame
+ClassFlameFlameSmolderingMaterial10.501,5Specifiic20.50115SurfaceArea
of30.50214V-0P wdsatisfiedo er1.5 (m2/g)40:512145p.50~1
g~ondCompara-rn~knessF~SecondLlngerlngfive  -No. ~mm)LingeringLingeringFume
+ClassExample 2FlameFlameSmolderingMaterial10.50~
10NGSpeck20.50NG--SurfaceArea of30.50192033failedP dow er3.5
(rn2lg)40.5020253650.51NG- !t can be seen from Table 6 that the comparative
example fails to meet Fire Resistance Standard UL 94. There is no
self-extinguishing. By contrast, Example 3 has self-extinguishing
properties, and the combustion time elapsed following first and second
flame contacts is 10 seconds or less for each test piece. In addition) the
total lingering flame time elapsed following all ten flame contacts is 12
seconds, which meets the standard requirement of 50 seconds or less. The
combined smoldering time and combustion time elapsed following the second
flame contact is 30 seconds or less for each test piece. This meets the
standard for Class V-0 and provides the self-extinguishing properties
absent   9 February 2004 15 in Comparative Example 1. Self-extinguishing
can be achieved with a material whose specific surface area is less than
0.1 m2/g and whose Ni-Fe alloy composition is the same as in Example 3, but
because this value is low, magnetic characteristics deteriorate in the same
manner due to the powder shape, and the product cannot provide adequate
electromagnetic interference suppression effects as a composite magnetic
body. As described above; using a powder with a specific surface area of
0.1-3 m2/g as the soft magnetic powder foua composite magnetic body in
accordance with the present invention makes it possible to provide a
composite magnetic body and an electromagnetic interference suppressing
body having self-extinguishing properties; which is the main element of
fire resistance In addition, a composite magnetic sheet based on the
present invention corresponds to Class V-0 of Fire Resistance Standard"UL
94. INDUSTRIAL APPLICABILITY The composite magnetic body and
electromagnetic interference suppressing body according to the present
invention possess fire resistance and are therefore suitable for
suppressing electromagnetic interference in cellular phones) personal
computers, and other types of electronic equipment operated at high
frequencies.   9 February 2004 16 CLAIMS A composite magnetic body
containing a soft magnetic powder and a binding agent, wherein the soft
magnetic powder is a soft magnetic alloy powder and has a specific surface
area of 0.1-3 mZlg, said binding agent being a chlorine-containing binding
agent and contains a halogen fire retardant. 2. A composite magnetic body
as recited in claim 1, wherein said soft magnetic powder has a flat shape
and an aspect ratio of 3 or more. 3. A composite magnetic body as recited
in claim 1, further containing a fire phosphorous retardant. 



4. A composite magnetic body as recited in claim 1, further containing at
least one compound selected from magnesium hydroxide and aluminum
hydroxide. 5. A composite magnetic body as recited in claim 3 or 4, further
comprising a fire retardant aid composed of an antimony-containing oxide.
6. A composite magnetic body as recited in claim 1, wherein said soft
magnetic powder is surface-treated with at least one coupling agent
selected from titanate, aluminate, and silane. 7. A composite magnetic body
as recited in claim 1, wherein said soft magnetic powder is surface-treated
with a primer having a SP value less than that of the soft magnetic powder
but greater than that of the binding agent.   9 February 2004 17 8. A
composite magnetic body as rested in claim 1, wherein said soft magnetic
powder is composed of an alloy powder containing at least Fe, Si, and AI.
9. A composite magnetic body as rested in claim 1) wherein said soft
magnetic powder is composed of an alloy powder containing at least Ni and
Fe. 10. An electromagnetic interference suppressing body using a composite
magnetic body containing a soft magnetic powder and a binding agent, and
designed to suppress electromagnetic interference brought about by the
interference of unwanted electromagnetic waves, wherein the soft magnetic
powder is a soft magnetic alloy powder and has a specific surface area of
0.1-3 m'/g, said binding agent being a halogen-containing binding agent and
containing a halogen fire retardant. 11. An electromagnetic interfetence
suppressing body as recited in claim 11, wherein said soft magnetic powder
has a flat shape and an aspect ratio of 3 or more. 12. An electromagnetic
interference suppressing body as recited in claim 10, wherein said
composite magnetic body further contains a phosphorus fire retardant. 13.
An electromagnetic interference suppressing body as recited in claim 10,
wherein said composite magnetic body further contains at least one compound
of magnesium hydroxide and aluminum hydroxide. 14. An electromagnetic
interference suppressing body as recited in claim 12 or 13, wherein said
composite magnetic body further contains a fire retardant aid composed of
an antimony-containing oxide.   9 February 2004 18 15. An electromagnetic
interference suppressing body as recited in claim 10, wherein said soft
magnetic powder is surface-treated with at least one coupling agent
selected from titanate, aluminate, and silane. 16. An electromagnetic
interference suppressing body as recited in claim 10, wherein said soft
magnetic powder is surface-treated with a primer having a SP value less
than that of the soft magnetic powder but greater than that of the binding
agent. 17. An electromagnetic interference suppressing body as recited in
claim 10, wherein said soft magnetic powder is composed of an alloy powder
containing at least Fe, Si, and AI. 18. An electromagnetic interference
suppressing body as recited in claim 10, wherein said soft magnetic powder
is composed of an alloy powder containing at least Ni and Fe.
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