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‘BACKGROUND ART
In line with the prevailing trend of down-sizing among the recent
electric and electronic equipment, demand for a smaller but efficient magnetic
body is increasing. For example, in many of the choke cbils at high frequency
15 circuit, a ferrite magnetic core formed of a soft magnetic ferrite and a dust
core compression-formed of soft magnetic metal powder are used.
Of them, the ferrite magnetic core is noted for its defect of a small
saturation magnetic flux density. In order to suppress the decline of the
( inductance L value and assure the direct-current superposing characteristic, a
| 20 gap of several hundred microns is provided in a direction vertical to the
magnetic path. Such a wide gap, however, may be a source of beat sound, or
when used in a high frequency band, in particular, the leakage flux generated
in the gap may extremely increase the copper loss in the winding.
By contrast, the dust core fabricated by forming the magnetic metal
25 powder has an extremely large saturation magnetic flux density as compared
with the soft magnetic ferrite, therefore it is advantageous in reducing the
size of a core down. Also, generation of the beat sound and the copper loss
caused by leakage magnetic flux are small, since it can be used without
providing the gap.

30 However, in terms of the magnetic permeability and the electric power



.loss, dust core is not superior to the ferrite core. Wen a dust.-core is
~used in a choke coil or an inductor, it results in a greater tenperature
rise corresponding to the greater core loss; so it is hard to nake the

» core size smaller. In order to inprove,the nmagnetic characteristics, the
“dust cores are 5 usually forned by appl ying a conpression force higher than
5 tons/cn2 or even nore than 10 tons/cnR, depending on the kind of
application. Therefore, it is quite difficult to forma dust core in a
conpact angksC Bt tHdl8thdt YipettRRS theFerrifxddR. © WheA W @ubtoford is @vedninfil e
choke coil for use in a conputer DC-DC converter. Thus, there is a greater
limtatiom ichokbecsihape o indudost ittakeealtslinas goegteretempbintulle cidse of
the ferrite cores. Down-sizing is not easy wth the dust cores. The core
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current. In v
magnetic permeability is deteriorated by the distortion caused in the magnetic

{ ~ body, which brings about a hysteresis loss. To avoid this to happen, a high

V 20 - temperature heat treatment is applied on the compression-formed pieces for

- ey reiieving from the distortion. In such a case, the use of an insulating binder

* is essential to ensure a good insulation between the magnetic powder particles
while keeping good mutual adhesion. |

A conventional magnetic dust core is disclosed in Japanese Laid-open

25 Patent No.1-215902, which core is formed of a mixture of a maghetic alloy

powder, Fe-Al-Si alloy (sendust) or Fe-Ni alloy (permalloy), and an alumina

cement powder, which mixture is compression-molded after annealing at 700 -

1200°C. Japaneée Laid-open Patent No. 6-342714 teaches a magnetic dust

core which is formed of a mixture of an Fe-Al-Si alloy magnetic powder and a

30 silicone resin, which mixture is compression-molded and then annealed in



.the dust core, by contrast, it declines snoothly along with the
direct-current superposing current, but the core can conply with a |arge
current because of 10 the high saturation magnetic flux density. For

" inplenenting a high magnetic perneability with the dust core, it is
effective to increase the packing rate of alloy powder in a core piece and
to reduce the distance between the powder particles. However, increasing
the packing rate contradicts to securing the 15 insulation between the

particl espoRdxaliz®Uhtmokphése of fA00CUIT2000C! ealfzehé) el diRinese r Baid-sperent s
at a sanme tine, the high packing rate and the insulation between the
powder paPhteritaNo. FubTRérdisrleses 4 magmiitid dastl ¢coré dhat islfrmedbofa mixtueke a
conplicated shape, which neans that there is a substantial restriction in
the core ehandse-Rvallownmasnetic ppwdebguURHIcmeT gsIp pCpYEamac SHaBEHR,

i nvention addresses the above descri prgbl.ens existed. i he o
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magnetd c b dé theart satisfies both of the requirenments at the same tine, the
25 hién rrﬁﬁfﬂ ?I?}l: SErrreabi lity and the small core loss. Furthernore, the
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pi ece whose shape 1 s of conp e node of a conposite nmagnetic

body i n agg@détdpceom 4 Rettden JUiRs eMtthe iedttioudrést stipdrpobinghcurrehos nhe of a
m xture of a magnetic alloy 30 powder containing iron (Fe) and nickel (N)

as the naile dospomenty econdrastd it declineresmesthlytaloderwithrthe digeelgcutvenpowder
particles together, and the I xture i s conpressjion-nol ded. The all oy
powder coRVBFTRORINE PBFeRhdbUNFR& EPTe-an AYMRLY W1 88 CUTESN hfcause ofj gh

‘magnefjc fl ux, densij and admits & subst i al ast | i a_iduring
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in the co : i i i h Cirj6d haity.
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bi nder, i paskiig eAtDSFWARSY tpdvddlr! Y PRVEE piedAindC k6 Sredhicer tHdh@istance
conpression nolding is secured, and the eddy current loss is reduced;
hence, a betweeai ¢hé pswdes paetitlesed. 10 Anot her npde of a conposite nagnetic
body in accordance with the present invention is that _which is f,ormag of a
m xture of a madiesveveralingxeasprguibe paelkimenraly icoptradietsnie ecusng kBe mai n
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magneti c '%88%&&91&1@& & 858Rhe time, the high packing rate and the insulation
between the powder particles. Furthermore, it is difficult for a dust core to
take a complicated shape, which means that there is a substantial restriction
( in the core shapes available.
20
DISCLOSURE OF THE INVENTION
The present invention addresses the above described problems existed
in the conventional magnetic cores, and it is an objective to offer a composite
magnetic body that satisfies both of the requirements at the same time, the
25 high magnetic permeability and the small core loss. Furthermore, the
'_composite magnetic body of the present invention can be formed into a core
piece whose shape is of high complexity.
One mode of a composite magnetic body in accordance with the
present invention is that which is formed of a mixture of a magnetic alloy

30 powder containing iron (Fe) and nickel (Ni) as the main components and a



.15 node exhibits, |like the magnetic body in the earlier described node, a
- high magnetic perneability, and the insulating material assures good

i nsul ation, between the all oy powder particles after the conpression
*molding to a decreased eddy current |oss; hence, a |ow core |oss. The
~acrylic resin provided as a binder inpFoves the conpactibility, which
contributes to the 20 formation of a core having a high conplexity shape.
Still other node of a conposite magnetic body in accordance with the
present i O C (o] r p
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and an acrylic 25 resin binder for binding these together, and the m xture
i s conpr ensdked- agrﬂhdeﬂalnAbsmpbnentseephﬂnma }ugiue,mag'metrm@men dendityjyand
exhibits both a hi etic perneabili and a low core |.gss, and the
acrylic redmitsissy abawtlglmlﬁa@p diefqymantd @%EI%MWS@NRW digg process
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silicone resin, ﬁaw ng a renaln approximately 70 - 80 % by wei ght
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prepared as a binder. Also a silane nononer was prepared as a thernal

di f f usi onis néduietlpheneeych bve ey loss ecrahlizeda fat ty acid. These materials
were 10 used for mmking the sanpl es nunber tl!ﬁ B@au gh 13 o é Table 1. Those
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solvent to be mi xed again by a mxing agitator. ‘After the mxing is

fini shed, mixtuirsigéomprdssioremmlided.heTho compbsitd heaginétécbodk initlee psesentished,
and granul ated so that it flows smoothly into a_nold. Those sanpl es
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between the alloy powder particles after the compression molding to a

decreased eddy current loss; hence, a low core loss. The acrylic resin

(o provided as a binder improves the compactibility, which contributes to the
20 formation of a core having a high complexity shape. ‘

Still other mode of a composite magnetib body in accordance with the

present invention is that which is formed of a mixture of an iron powder, or a

magnetic alloy powder containing silicon of not more than 7. 5 % by weight

(not including 0 %) and iron for the rest, an insulating material and an acrylic

25 resin binder for binding these together, and the mixture is compression-

molded. Also in the present mode, the magﬁetié body exhibits both a high

magnetic permeability and a low core loss, and the acrylic resin used as a

| binder improves the compactibility, which contributes to the formation of a

core having a high complexity shape.

30



. Those sanples without. having the thermal diffusion inhibitor were

- provided in the follow ng manner: To 100 parts by wei ght of the magnetic
powder, 1 part by weight of one of the respective binders and 3 parts by
“ weight 25 of xylene as solvent are added to be m xed together by a m xing
“agitator. After. the mxing is finished, it is dried to renove the
solvent. The dried mxture is crushed, and granulated so that it flows
snoothly into a nold. Those sanples containing the fatty acid are nade

with the geyrMOPR FORECAPRWVING OURIHRPRESENRINVENTEOQt of fatty

acid and mxing these together 30 by a cross rotary mxer. 7 The

granul at ed(@yabdéimess1lput in a nold, and conpressed by a uniaxial press at
a pressure of 10 t/cnR for three seconds. As a result, a _toroidal fornmed
pi ece of 25 mm FirsbuFeiNicalityapewder of 45 Kby weight 66 Ndiandethe remainderiobut 10
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~core. Theresults o asurenents are shown in Table 1. The

magnet i ¢ wlgﬁataﬂértuemlagwmqpbwﬁymuaﬂ b&Rnyreinet waitef rgtagseneyeof 10
kHz, and the core loss by an alternating current B-H curve neasuring

i nst r unempraparmlaaswa binddr ecAlsncy stfansOmioHemexnwasrepared) asag ridermal| ux
density of 0. 1 T. The packing rate shown |nthe ab IS thev | ue, (core
density / du&usmaeménbgtoma%aaﬁ paYIC Rl @s)a fattpmci n{gﬁés%mﬁ?ﬁ@ 3 Wegeg

el Gl g;g;*ggggetsg%@ & Ertteroh EEe I8 8 1B R choke coi & for
count er measur e 3golaS ', BANIPNL Sl S’ (4N ¢hSrBQl CalfARioR! Bk VHoor

| ess, in the co I'ons current neasuring frequency of 50 kHz and

measuring I 0&0aid nardref 10 100 partdbpeiéighi esfrabebinaghngtighoul d
be 60 or r%%g{&tgs%:uég)rfofrom hearesul ts sho&ﬁrl n "i’abll(eg 1, the sar%ll es of

nunber 1 tgowderse! 5arts bg wadighie of che themmakbdidfidhon 1nEﬂmnr| and 3 parhe by
sanpl es nunber 1 to 6, which being the corrbl nati on of Fe-N alloy wder .
and sili cozmmghlbsofneﬂla‘m)éras selvent caee mizpd koh HSIRE <t iMIXIBE; agikRiory | gﬁeat

i bilbor Textareds deied 105 1w #ELE e anch i BiveR AR HUNEEELPland
L 2, L S O 8 AT 5 B A
I nhi bi tor. sow(ﬁ_ltf R b nfi%bd agAM by RHARRidLa fifaE0RAS A fRAIHeNG i kinkts dnished,
it is dried to remove the solvent. The dried mixture is crushed, and
granulated so that it flows smoothly into a mold. Those samples containing
20 the fatty acid are made with the granulated powder by adding 0. 1 part by
weight of fatty acid and mixing these together by a cross rotary mixer.

Those samples without having the thermal diffusion inhibitor were
provided in the following manner: To 100 parts by weight of the magnetic
powder, 1 part by weight of one of the respective binders and 3 parts by weight

25  of xylene as solvent are added to be mixed together by a mixing agitator.
After the mixing is finished, it is dried to remove the solvent. The dried
mixture is crushed, and granulated so that ‘it flows smoothly into a mold.
Those samples containihg the fatty acid are made with the above granulated

powder by adding 0. 1 part by weight of fatty acid and mixing these together

30 by a cross rotary mixer.



.all oy powder in a core, and inproves the magnetic perneability. The heat 30
- treatnment of 500 - 900C applied on a conpression-formed piece inproves the
8 magnetic.perneability and the core | gss. The heat treatnment should
*preferably be nade in a non-oxidizing @tnnsphere of 500 - 900C, nore

" preferably within a tenperature range 700 - 900C. The hi gher the heat
treatnent tenperature the nore effective for reducing the hysteresis |oss,
in 5 so far as the all oy powder does not start getting sintered. In a
conpr essi on-nol ded pi ece having a packing rate exceeding 88 % there
exists a least pore (vacancy) 0 are 15 hardly any pore com ng from

a h
the inside | ea ;u_gng tlo |t He lout si de| (ppen| pore)]. When such a nol ded core
pi ece undergo¢g a hegt |trleat ment flal binddr used in the piece had nmuch
&

10 evaporating %oﬁt | ai [ i T ot he kAt icon |can not take place

ai | oo
sufficiently thecgusie |8 tlhe smal®plpBer “df |pores existing, as the result,

t he evaporat ed| Ssubsft gnce |renai ns|s{ayihg witlhin the core. This leads to
deteriorated dftarackerilstiics. Therefork,. sli i cone resin, which keeps a
high insulating capghilfitly jup o a%h ah tenqerature and contains only a
smal | evapor at i{ifges 1 ent,| ijs|stitaple fof use in a core piece of high
packing rate. K& Efu QARG | B8 BidBlati ng capability with the
magnetic al | oy &awd T?&Pg’ﬁtm/ﬁxdﬁﬁovide a thermal diffusion
i nhibitor on th® ~su of| tthe &l ljo aowdkr Preferred material for the
t hermal diff usiter—+p H-hs-taH-ewrapleepHar wei ght material having a.
hi gh tenperaturde 20 tiing qapalpi lify|] prlctical exanple includes a
si | ane nononer |whgch form 4 gilloxape| | pypr on the surface of alloy
powder. During I%'@t PRSI N R IS Q| B8] conpressi on-formed pi ece,
such layer charldbg i n pgait |inte [s|l)ch, which provides a rigid
i nsul ation Iayeg 8Th e [t herjmal {dijf fusi pn} inhibitor | eaves a roomfor
the use, in a et p-H-p—ef—anterairpry—prgani ¢ 25 binder, such as an
epoxy, a polyvijnyle a and [tHe lilke. | Thus p broader range is provided
for the resin del gct . In tqis way, cores|of other pieces of conplex
shape can now b ﬁ‘rai@d t 2|8 a (@M EeRsRpn- nol di ng process. In the
past, conplicat é?fﬁcés wer BRI aval | aBl®|®hr ough t he conpression-
nmol di ng nethgﬂ.&% The fatty ijd plfaysja|rpl g of lubrication, which.
i nproves the F4™9 separatibnl It plagticlty of m xed substance and
rai ses the p ing rate of | all gy jpdwdery in al conpressi on-nol ded pi ece
hi gher. Among- tjhg faIb ofiCcids, [suicH steilal fajty acids as zinc stearate,
magnesi um st earj@ & a @ BaD¢i @n sé@ar%t%* de pignificantly effective to
increase the fl|@dty~afd {he
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.5 . transmtting property of the granul ated powder .during nol di ng process;
- which altogether |eads to a higher packing rate. Use of the netal fatty

acid contributes to insure a honobgeneous conpression, which property makes

"it suitable for the manufacture of con?act and conpl ex- shaped pi eces by
* conpression-nolding. Such fatty acids a

stearic acid and nyristic acid, 10
whi ch evaporate at a relatively | ow tenperature and hardly keep staying
within a conpression-forned piece after the heat treatnment, are especially
suitable to tho p .nggﬁ, [ 2K I ewe

Al t hough an Fe- sIilfi%ea %lgﬁlc#@gl A)%{i/ﬁv\vgbg% ?{1% h?ilaugeno(lplcgﬁ%bﬁg pre?gn%1
enbodi rrentum@:‘da@rprﬁgs Mt @lpreysurf ofli10f Femitfor ARPaS sbédits. MAs al $esule, Hsed
15 depending on the field of application, in so far as the N content does
not exceedorpgabformedepipc®of %bym/\m gltltmdeﬁﬂrameﬂée N mahlioyssaddbdnwitel Cr,
Mo or the |ike elenments may be used instead. (Enbodi nent 2) To 100 parts :
by wei ght agd & tr%bﬁ@élllé thilgkness Vafeobtginedhodi nent 1, 20 0. 5 parts by

added fnd i xeo HoBPREReR, OEEEAGDicR &%ﬁgmstgm 4 ilfa‘f/&?%‘%vﬁ‘?rmfi‘)%ﬁ«“%adwﬁéi
cr ushod, H%“%@Zﬁﬂﬂ‘%?@%ﬁ‘fﬁ BN Eele A SCANRE med ot Ko RIS Sl i

nunber 14 ;14§ Wi maa% gighd Bt %@he&h&e&@mn%ym@%ram@rmg DMBMoud, 25
except that packing rate the all oy povvd in a conpression-forned piece

was varied by cliingengmplescoeiy measared oi tke ehagmitéxpatmpabitty, fHeecaranpl es
nunber 14 to 16 represent enbodi nents of the present invention;, while the

sanpl e 17 lossd andetlm@pbkmm;ram of edley pewier dora eare.i nTheaesultscof thaspl e
has en changed to O. arts b h exanpl es for copnparison. 30
Tabl e g sHBRRS RIS fné% ’éi/ q\c{,ﬁﬂg ﬁnaaaf %tvagﬁa €oPRIIPEARLYY VESt hese

descr i pi Eﬁa&%é%ﬂ o A .@“ﬁ%%teﬁ BT o 03l 6T ARF by

Packi ng rahe Megibitie QirfehSB-FlOcaMR) %heRSUBAL! 1Aty idh®) at measuring
Enbodi - 148865590

frequency of 50 kHz, and measuring magnetic flux density of 0. 1 T. The

packing rate shown in the table is the value, (core density / real density of

15 alloy powder) x 100. Sample numbers 1 to 8 represent embodiments of the
present invention, and sample numbers 9 to 13 are comparative examples.

The selection standard in the choke coil for countermeasure against

harmonic distortion is core loss of 1000 kW/m® or less, in the conditions of the

() current measuring frequency of 50 kHz and measuring magnetic flux density

: 20 of0.1T. Magnetic permeability should be 60 or more.

As cléar from the results shown in Table 1, the samples of number 1 to

8 satisfy the above selection standard. Especially, the samples number 1 to 6,

which being the combination of Fe-Ni alloy powder and silicone resin binder,

show excellent characteristics; namely, great magnetic permeability and small

25 coreloss. The thermal diffusion inhibitor is also seen to be effective; compare

fhe samples number 7 and 10, a binder which by itself can not clear the core

loss requirementAsatisﬁes the standard when it is combined with thermal

diffusion inhibitor. The fatty acid contributes to increase packing rate of

alloy powder in a core, and improves the magnetic permeability. The heat

30 = treatment of 500 - 900°C applied on a compression-formed piece improves the



.ment 1592103450 169512420 Conpari-178758 sonl18961301 As clear fromthe
“results in Table 2, the sanples well neet the above described selection
st andards when the packing rate falls within a range 88 - 95 % by vol une.
" Where, .the higher the packing rate the getter performance in both the
magnetic perneability and the core | oss.” The sanple whose 15 packing rate
Is | ower than 87 % by volunme can not satisfy the standard. A packing rate
hi gher than 96 % was not available with the sanples having 0. 5 parts by

wei ght of nsd e JeaidabiBGPi 416 athe Ner@akRE. COTRE eRsatréMeent SHrilgf ore,
the sanple 18 was prepared with a reduced silicone content. Although the
sanpl e 18patfeaablyd banmater 6@ sehqmexidigingattmosphdm b£H000 -i MBAACE 2Mrehe
i nsul ati on between the alloy powder particles, and the core |oss increased.
For provi prefgrablyowathiia aHemnmpeeraties range 100 s H03Cer e highen tlee heatki ng
rate of alloy powder in a conpression-fornmed piece falls wthin range 88
- 95 % i ntredtRredleparREuUref e ML (PAlachiygor trh uﬁi“@h’ihe hYFéeﬁ%“éﬁiﬁ’ng: IRate
t he be{.)ter t-he chgra teri std;acsd 25 &Ertrb di r{ﬁlglt 3 Sar(’ipl es nunber 19 to 24
vere p?epiPdAT AR FBE GHOY POVIRTARS PA ST eSS IREdnunber 4 of enbodi ment

1, except that fxped %ﬂ?r@&ﬁéﬂ-ﬁl&g% %T&?e%avi&grd;?tﬁgﬁd;gﬁa&b!e%e&&i g v@s

varied. The sanples were neasure the ¢ c itens. Sanplés

nunber 19 there?éxictPh 4686t p&EbEdcaRA)safll theee 39 hardlyessy botdveming fronhi | e
sanpl es nunber 23 and 24 are for conparison. The 11 packing rate of all oy

powder i s thetihsidedeadimgetoSihe owSidesfopbngiorepf Whenssunhl #moldddisbre Bieshows
the results of neasurenent. TABLE 3 5 10 Sanple Mean particle Magnetic Core
1 oss No. divnifersees gy hesdr feaatmenty (i npirdleso sised o1 0880 Digsst eangh

21 . .. . .
509?650 evaporating content in it the evaporation can not take place sufficiently

because of the small number of pores existing, as the result, the evaporated

substance remains staying within the core. This leads to deteriorated

characteristics. Therefore, a silicone resin, which keeps a high insulating

capability up to a high temperature and contains only a small evaporating
15  content, is suitable for use in a core piece of high packing rate.

For further enhancing the insulating capability with the magnetic
alloy powder, it is effective to provide a thermal diffusion inhibitor on the
surface of the alloy powder. Preferred material for the thermal diffusion

(1 inhibitor is a low molecular weight material having a high temperature
\ 20 insulating capability; practical example includes a silane monomer which can
form a siloxane layer on the surface of alloy powder. During heat treatment
applied to the compression-formed piece, such layer changes itself in part into
sﬂica, which provides a rigid insulation Iaye_l'. The above thermal diffusion
inhibitor leaves a room for the use, in a small quantity, of an ordinary organic
25  binder, such as an epoxy, a polyvinyl acetal and the like. Thus a broader
range is provided for the resin selection. In this way, cores or other pieces of
complex shape can now be provided through a compression-molding process.
In the past, complicated pieces v‘}ere not available through the compression-
molding method. |
30 The fatty acid plays a role of lubrication, which improves the mold



-22100125880 Conpari-231101351350 son240. 8561430 As shown in Table 3, the
. above described selection standard is satisfied with the sanpl es whose
mean particle diameter of nmagnetic alloy powder is not smaller than 1 m
“not greater than 100 gm The eddy curregt | oss increases in proportion to
- the square of 15 frequency and the square of a flow ng size of eddy
current. The | oss can be suppressed by covering the surface of nmagnetic
particle with an insulating naterial. The eddy current is dependent on

particle depamitein, dfhet PRstiRINGE Iix&PWBStancBedd R&isek %eﬁﬁ%&ﬂiﬁé%a&@%t‘

smal ler the eddy current | oss. However, when particle di ter “goes

snal | er t héloygiawdeteirs ardoatpressiom-molde RPideariighes nAntild thd ficttye asits,
Accordingly, the size of eddy current increases and eddy current |oss goes
hi gh, unl esshsmetalcfatsy adids megaitd steawatter magnesiower stéarateughd wialeivam
insulating material. Wth_the cho coils fqr counterneasure agai nst
~harnoni ¢ dFRAY8¢ | gre stgmfigantly) etiech¥ecdpe lnerpasehdbied twidityr samg Bhe 1000

the cubr et onsalbig, o¥r 8GRt st e uiP CRe Vs Biing' molfesd Srores

JonSt i, Otrtich hifogob o0 Its ol @ MEARISRACRE 1aPEY SULE B HhE TR A, d BT

the eddy current loss I e I gher he  Trean

particl e dbatEbetessttoiishre i Slogicinkoti® cofipresEbh e wHibBR Hropsityoinakesat er
thanl 00 m nore preferably 30 not smaller than 10 p. mnot gréater than 50

p.m 12 { sgitmibbeli fornthel)minufictaré oof pemgact afindicomplexvehiagetl piechs byd
remai nder of Fe was prepared as the nmagnetic alloy powder by atom zing
net hod, meampsassippimoldinge Suchnfagty seidse asbiteayic2acid andxmyristienaoi,

oo A8kl B SR SR o ™
i nd | - .0 , fi i j .
0t QU ot e R R, A

resin (polsyifibéaes vhetediecsd havigra h%i ﬁa&k’ing'ﬁg@gf anuf bewdal.! i cone resin,

havi ng a remai nder of approxi mately - 80 %1 y vol une after heating),
epoxy resin and Altheuglybhade-Naradloyrefptl Wobyaweidles ofNDiletisedSireehd predehd was
prepared as the fatty acid. These materials were wused for making the
sanpl es nempeedipenthotheih FadNballpuslof diffefant] compaesitionsymagi aliso bef usednet i ¢
all Oylgom%eerp’engin;oga{}{es ﬁ%i/d \g?ia%%ication, in so far as the Ni content does not
exceed approximately 90 % by weight. Also, Fe-Ni alloys added with Cr, Mo
or the like elements may be used instead.
(Embodiment 2)
- To 100 parts by weight of the magnetic alloy powder of embodiment 1,
20 0.5 parts by weight of silicone resin and 3 parts by weight of xylene as solvent
were added and mixed together by gsing a mixing agitator. After the mixing
was finished, it was dried to remove the solvent. The dried mixture was
crushed, and granulated so that it flowed smoothljr into a mold. Samples
number 14 to 18 were prepared through the same way as in embodiment 1,
25  except that packing rate of the alloy powder in a compression-fdrmed piecé
was varied by changing the compression force of uniaxial press. The samples
number 14 to 16 represent embodiments of the present invention; while the
sample 17 and the sample 18, silicone resin cohtent_; in the latter sample has

been changed to 0. 3 parts by weight, are examples for comparison.

30 Table 2 shows packing rate, magnetic permeability and core loss of




.of the insulating material and 3 parts by wei ght of xylene as solvent were
- 15 m xed together by using a mxing agitator. The m xture was dried; and
then mxed with 1 part by weight of one of the respective binders of Table
4, and, further 3 parts by weight of xymene as solvent to be m xed again by
~a mxing agitator. After the mxing was finished, it was dried to renove
the solvent. The dried m xture was crushed, and granul ated so that it
flows sno [ 0 taining the fatty aci.d were
made wi t ROV PaFa: MEBaGHTt 5 BRMRYFGER0 Raluih BB RARY ot

acl d, andefidifhent 4985 A8LcHY1iSn G Hch TheMho Al ot re BB WY, Al d pouder
was put in a nold, and conpressed by a uniaxial preSs at a pressure of 10
t/cnm2 for three seconds. As a result, a 25 toroidal formed piece of 25 nm
in outside dianmeter, 15 mmin inside diameter, and about 10 mmin

t hi ckness was obtai ned. The obt ai Ta®BIiloRred pi ece was put in a heat
treatnent oven_to be treated under the conditions as shown in Table 4. The
heat t9eatmeht in okiSHmileg Haskingiretee Wdssmasitduct|e@oretlosreat { up speed
1C/ min., hol fing tinme 300. 5 holwel%)That | nenmeebiliti|di @Wigpdat mpspher e was
conduct ed at | Radodiip| spaed 13 i 5@m n.,| hol dgsng tijme G9o5 hopr. The

toroi dal forpe@dnsanpl| esipere [t hus g2prepar ed.1gsor the puspose pf
ascertai ni ngjwhet her | Thegpl ecles ofgshi ghey cpgpl exijty @ap be fjorned, nanely
for the purp @gmg}m_e/al qaUIng The g75 conpact Iy I Ty, CohpS SN ped in a
letter "E WeL§, o SO[TEmgfact T et gl UTTHE" SIS gf e 4| using a

uni axi al pr e esSur-e—of—36—t+en—for—three——seeonrgds—Ihe E- shaped
core has a square contour whose side is 12 mmlong, and the thickness is 5
'"m th@ middle foot is shaped-in a colum of 4 mMmmin the diameter, 'the
outer feet have a 1. mmw dth, the_back has a 1 mmw dth. 10 The toroi dal

" shape sanpl es weheclegadram thesesultsig Takle adhetsamples welhmeatithe abavecor e
| oss and the packi ng rate of .nmagnetic al | oy.powder i t he core; while the
e shaped <EApHBed et RcsiBndBads miet, the RAY tate s WENDCR SaREF EBons o
the core p su r I ek . '
e 2oL, Ry RGeSl ens it bk ol e MOBS bty .,
a direct-GUrpstl tHeORRlgnetit! $41nO4biNeP Grfl Fheddttel IRs. CTHR LOSP1¢EFhose
measured by an alternating current B-H curve measuring instrunent at
measullbng gackingraye if 130ér idm 8Te¥shby volnmagaat not satisfyddrsstandafird). Al T.
‘The packing rate shown in the table is the val ue, .u(*gore density/ real
densi ty ofpackingyapohigher thanif %weh noé eyedableowithethe/sampldsdmaving 0. 5
conpactibiliy, those, . . . . .
parts by weight of silicone resin despite an increased compression force;
therefore, the sample 18 was prepared with a reduced silicone content.
Although the sample 18 attained an increased packing rate, it failed to insure
20 the insulation between the alloy powder particles, and the core loss increased.
For providing favorable characteristics, it is preferred that the
‘packing rate of alloy powder in a compression-formed piece falls within a
range 88 - 95 % in terms of volume. Within the range, the higher the packing
‘rate the better the characteristics. |
25 (Embodiment 3)
Samples number 19 to 24 were prepared through the same way as in
the sample number 4 of embodiment 1, except that the mean particle diameter
of magnetic alloy powder was varied. The samples were measured in the

characteristic items. Samples number 19 to 22 represent embodiments of the

30 present invention, while samples'number 23 and 24 are for comparison. The
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do not bear any defect in the appearance are marked-with "O',

-~ while those bearing crack or other defect are marked with "x Sanpl es
nunber 25 .to 33 represent enbodi nents _of the present invention, while

".sanpl es nunber

34 to 43 are conpar ativé exanpl es. The sel ection standard

-in the choke coil for counterneasure against 25 harnonic distortion is the
core |l oss of 4500 kWnB or less, in the conditions of the current
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Sample | Mean particle | Magnetic Core loss

No. diameter (um) | permeability KkW/m®)
Embodi- 19 1 60 680
ment 20 10 63 280
21 50 95 450
22 100 1256 880
Compari- 23 110 135 1350
son 24 ' 0.8 : 56 1430

As shown in Table 3, the above described selection standard is
satisfied with the samples whose mean particle diameter of magnetic alloy
powder is not smaller than 1 pm, not greater than 100 pm.

The eddy current loss increases in proportion to the square of
frequency and the square of a flowing size of eddy current. The loss can be
suppressed by covering the surface of magnetic particle with an insulating
material. The eddy current is dependent on particle diameter of the
magnetic powder; the finer the particle the smaller the eddy current loss.
However, when particle diameter goes smaller the relative surface area of a
particle normally increases. Accordingly, the size of eddy current increases
and eddy current loss goes high, unless surface of the magnetic powder‘is
covered enough with an insulating material. | v

With the choke coils for countermeasure against harmonic distortion,
for example, the core loss should preferably be 1000 kW/m? or less, more
preferably 500 kW/m? or léss, in the conditions of the current measuring

frequency of 50 kHz and measuring magnetic flux density of 0. 1 T. In order

to satisfy the above requirements and lower the eddy current loss in the

frequency band higher than 50 kHz, the mean particle diameter should

- preferably be not smaller than 1 pm not greater than100 pm, more preferably

30

not smaller than 10 um not greater than 50 pm,
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(Embodiment 4)

Fe-Ni alloy powder of 45 % by weight of Ni and remainder of Fe was
prepared as the magnetic alloy powder by atomizing method, mean particle
size of which powder being 20 pm. Next, alumina (particle diameter 0. 3um),
or an inorganic bpowder, silicone resin, or an organic silicon compound, (a
methyl system silicone resin, having a remainder of approximately 70 - 80 %
by volume after heating), silane monomer and silicone oil were prepared as
the insulating material. Acrylic resin (polymethacrylate), silicone resin (a
methyl system silicone resin, having a remainder of approximately 70 - 80 %
by volume after heating), epoxy resin and water glass were prepared as the
binder. Stearic acid was prepai'ed as the fatty acid. These materials were
used for making the samples number 25 through 43 of Table 4.

. To 100 parts by weight of magnetic alloy powder, 0. 5 parts by weight
of the insulating material and 3 parts by weight of xylene as solvent were
mixed together by using a mixing agitator. The mixture was dried; and then
mixed with 1 part by weight of one of the respective binders of Table 4, and
further 3 parts by weight of xylene as solvent to be mixed again by a mixing
agitator. After the mixing was finished, it was dried to remove the solvent.
The dried mixture was crushed, and granulated so that it flows smoothly into
a mold. Those samples containing the fatty acid were made with the
granulated powder by adding 0. 1 part by weight of fatty acid, and mixing
together by a cross rotary mixer. ,

The granulated powder was put in a mold, and compressed by a
uniaxial press at a pressure of 10 t/cm?for three seconds. As a result, a
toroidal formed piece of 25 mm in outside diameter, 15 mm in inside diameter,
and about 10 mm in thickness was obtained.

The obtained formed piece was put in a heat treatment oven to be

treated under the conditions as shown in Table 4. The heat 'treatment in

oxidizing atmosphere was conducted at heat-up speed 1°C/min., holding time -

0.5 hour. That in non-oxidizing atmosphere was conducted at heat-up speed

uo
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4-3~ "' is 15 As clear fromthe results in Table 4, the sanpl es of nunbers
- 25'to 33 satisfy the selection standard in both the magnetic perneability
. and the core 1loss. Those containing ac1r3yl ic resin as the binder show an
excellent conpactibility in formng a core piece of conplex shape. Use of
an insulating 5 material proved to be effective for inproving the core

of T oct 1 ved ORI o PYER Vim CT B, i e eBlel AL Solb Rl ubider v Al BT

al | oy povx?&r dr@da core piece, and inproves the nmagnetic perneability. The
hi gh pl as |(P|ty' of acrylic resin contributes to keeping the shape of 10 a

conpressi on-forFefl fheeCcguisoset oESasaargai@lﬁ@%ewhettheﬁ s tpilkés t6f thigher
formati on of a shape of high conplexity. Acrylic resinis further

advant agecamplaxityt scarhilgh folhrrednl ndamdypfiai tthen purppse tof iavaibstingi thei ng
and in the non-oxidizing atnospheres; it hardly |eaves any ash behind. The
heat t eatompectibilisyi dprasnshanatbimiselattes "B weresglsc menulactured for the

The' hoat BRI ThPLSoriREch SFaL RESBHeT & BICoBF of JBGICTRHF GBEES t he
ti bi I | i @0~ ' .
This: heat “TeRRenentCRanrenraFepe S Rutle it ISR i PATER Rk O°

700 - 9006nqTine tHidhRSss!iBs BRAL thd BARARMoot SYBRAPEANA o SAuiH 6f 8fhatid ve 20
It is in reducing the hysteresis loss, in so far as the alloy powler does

not st art thg@didmetprsthy etre.feéthhavsa i evidtlddre back has e widthi n a

lcore after heat treatnent

10 The toroidal shape samples were used for measuring the magnetic
permeability, the core loss and the packing rate of magnetic alloy powder in
the core; while the E-shaped samples were inspected with respect to the
finished conditions of the core piece. The results are shown in Table 4. The
magnetic permeability was measured by using an LCR meter at frequency of

15 100 kHz, a direct-current magnetic field of 5000 A/m, and the core loss was
measured by an alternating current B-H curve measuring instrument at
measuring frequency of 300 kHz, measuring magnetic flux density of 0. 1 T.
The packing rate shown in the table is the value, (core density / real density of
alloy powder) x 100. With respect to the evaluation of compactibiliy, those

20 which do not bear any defect in the appearance are marked with "O", while
those bearing crack or other defect are marked with "x". Samples number 25
to 33 represent embodiments of the present invention, while samples number
34 to 43 are compaiative examples. .

The selection standard in the choke coil for countermeasure against

25  harmonic distortion is the core loss of 4500 kW/m? or less, in the conditions of
the current measuring frequency of 300 kHz and measuring magnetic flux
density of 0. 1 T; the magnetic permeability of 50 or more, in the conditions of
the me‘asuvring frequency of 100 kHz and direct-current magnetic field of 5000
A/m. |

30



~as residual carbon, it deteriorates the nmagnetic characteristics.

- Therefore, it should be avoided. Acrylic resin has a superior thernal
deconposition 25 property, and | eaves hardly any residual carbon after heat
“treatnment in the non-oxidizing atnosphegg; thus, favorable characteristics
-can be realized. Wile in the oxidizing atnDsphere acrylic resin
deconposes in a tenperature range not higher than 350C, therefore, the

bi nder resin ca he rlngr asod wi-thaout. subst antiall \VQ Ldizi ng'the al | oy
powder. . By degreasijng| ifn t he [30 OX|di21ng at qogpherje |off 250 - 350C pri or
to the heat treg ' { di} Zi atrmmsnpherie,| gogd res of conpl ex
shape can be rrar@f g?i%) SE Héi@i ngcr&‘&rﬁaﬁ 6‘F><C|Xg3 ck during the
heat treatnment e.| An |nsJIat| tleni al |f ar |enhdndi nlg t he
i nsul ati on bet we V- | powWadelr parii ¢T ¢S [Sfour g Qe [SyUct tn can
wi thstand the tqgr el of heat| 5(treatrnent lapplli ad (wWth an ai m of
| owering the hyg BB @w% @g@ﬁgg%%g@tmgmmﬂm
i ncl udes oxi de- gaf 5 (al umn nesia, qi 1{i qa,| tji aAi , etc.) and
inorganic hi gh ot —G ganf T i gll pUI y1ret frsTahSa—Stt bIE to the
i nsul ati ng mat eri D _far it |L$ lleast| {rgadtijvg tjo the all oy powder
during heat trea3 é%é@%% iﬁsgl%%é @%%%%@ the heat -
treat ment tenper 0| OrgERice| si || ¢ S g1ieR | |mees [ @ hers, that
covers the surfag | py| ppwdey in tthg florjm|off gi I[{oqane | | pyer is
preferred. Prefg Japc BT T comcymgoyng gt gadgs—jsti-jcone resin, _
si |l ane nononer & cope| of I} Preflenr dd |prioper|tileg tlhe or ghnic silicon
fonpound shoul d | ¢ 518 Halb| e, B3| 3|8 | EBR/YT R |QBIB|Bhe surface of
he 15 all oy pow@?ﬁ apdithat |t e%hltlt a jsraljl |hgat|ing || oss} The | ayer

thus fornmed ch pp-—thAto—stHicataugtHhrg—the—Reat—t+eaf nent appli ed
on conpressi on- Di ecps, making itdelff jajrigid insulatipn |ayer. The
fatty acid plays o] ubri cati on, Jh ilch ijnproves the no|d
separation, the dYopf t heom xed q§&iaﬂce andst he packing rate of
alloy 20 powder|: BfEpng the fatty [ERYSK| such Fetal lic|fatty acids
as zinc stearate esi ym st earate and Iciunlstearate, fof exanple, are
significantly ef elto Increase the fIU|ditv of granul atep powder and
the transm ssigngof ¢onpregsion force dyring conpressi on progess, which
i nprovenent fact|dgs |ead tofajhlgher packing rate of alloy pojder in a 25
conpressi on-f af i gce, Met atclD ic fatty jacid qor trlbutes to | nsure the .
honbgeneous c ressopn gnd )genqpus W %ﬁthﬂ & conprepsion- forned
piece; therefépel st +¢ eSpecially s tablle fFor [the fopmatlon bf a snal |
pi ece of conp x:ﬁﬁbp¢. Such fatty acids jas stearfic acid and pyristic acid
evaporate at & rtatiyetry tow tenperaturgand Tarery -stay wthin a.
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. 30 conpression-fornmed piece after the heat treatnent; therefore, these are
17 especially suitable to those pieces of high alloy powder packing rate.
(Enmbodi nent 5) Sanpl es nunber 44 to 48 were prepared through the sanme way
"as in .the sanple 25 of enbodi nent 4, eprcept t hat the packing rate of the

“ magnetic 5 alloy powder in a conpression-forned piece was varied by
changi ng the conpression force of uniaxial press. The sanples nunber 44 to
46 represent enbodi ments of the present invention; while the sanple nunber

47 and the sanplseléds frohe thé &eﬁg&elﬁ Tablb Qoﬂﬁé‘gém'pmeé benhatlees WB@ has
been changed to 0. 3 parts by weight, are exanples for conparison. 10

TABLE 5 15atafypthe sdedtioy staﬁhrﬁ&gri@dthm}@omgn@m permeability and the core
No. (vol 9 meabi | ity(kWmnm Enbodi - 4485513300 nent 4589582900 4695623300
Conpari - 45@%493 Those ierdanBRg7acrylithiresim stovidet hindeic lshngr ran egxceblent

magnheti c pernea d the core.loss, of these sanp Met hod, of the
negsureneﬁ?mpéﬁgbﬂgtyyl ogmg acorepigc of commnlaz shage. s Sﬂé)é'@ﬁ wsulaing

Uhe. el Abiteral BbvE@ R Boae g fof S pRind HREROMCIoSEs i dheatlicom teoi noke
coi | descihRpduhl %%’&i% e s erec%’% I’bé)fe#gl G suflfebfeft?fsam& he

magneti c periteabi ity and the cCore |oss netl c pernea

i nproves abrtighwiek ot ideréawer thrs })zﬁkﬂnﬁgcﬂaltélg)fraﬁlkﬁr powaer ﬁi'a%’oxﬂoptll@@é ax'ui the

packing rate is lower than 84 % it can not satisfy the selection standard
i n magnet nmppevemmlag;netlﬂpermaabﬂﬁzy48 having a packing rate 96 % which
has been prepared with a reduced silicone resin content because the

(addi tion of 1 pa luﬁhv@agmﬂtﬁp A6¥¥HG ¥esir spatmbries totkeepimg she shape of

EARERL T SRRSO UG R N S
of a shape of hlgh complex1ty. Acrylic resin is further advantageous in its
high thermal decomposition property in the oxidizing and in the non-oxidizing
atmospheres; it hardly leaves any ash behind.

The heat treatment in oxidizing atmosphere of 250 - 350°C conducted

15 on compression-formed pieces does not deteriorate the core characteristics.
The heat treatment in non-oxidizing atmosphere of 500 - 900°C improves the
magnetic permeability and the core loss of the compression-formed pieces.
This heat treatment should preferably be made within a temperature range
‘) 700 - 900°C. The higher the heat treatment temperature the more effective
| 20 it isin reducing the hysteresis loss, in so far as the alloy powder does not start
getting sintered.

In case where binder resin remains within a core after heat treatment
as residual carbon, it deteriorates the magnetic characteristics. Therefore, it
should be avoided. Acrylic resin has a superior thermal decomposition

25 property, and leaves hardly any residual carbon after heat treatment in the
non-oxidizing atmosphere; thus, favorable characteristics can be realized.
While in the oxidizing atmosphere, aérylic resin decomposés in a temperature
range not higher than 350°C; therefore, the binder resin can be degreased
without substantially oxidizing the alloy powder. . By degreasing in the

30 oxidizing atmosphere of 250 - 350°C prior to the heat treatment in non-



.caused by the failure in securing rigid insulation between the alloy powder
. particles. As described in the above, the packing rate of alloy powder

should preferably be falling within a range 85 95 % in terns of volune for

range, :
6) Sanples nunber 49 to 54 were prepared through the sane way as in 1

l e 25 ; | atet ti.clendi
et i o S APRg B hohe, U bolgdabe <BEER MIBGS Lfh°pE! BSRNMAcel
enbodi nentdtlefuttineiti@ defirm Ay bi @fﬁck’@tﬁﬁﬁg%h@ ARkt iSFocedu s d

are exanpl es for conparison. The packing ra

th

“a 5 conpression-forned piece of corrpos]:qte magnetic material to exhi bi
- superior characteristics. In so far as 1

stays within the above-descr
e higher the packing rate the higher the performance. (Enbod

e of alloy powder fell wt
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reactive to the alloy powder during heat treatment and maintains insulating

10  property at the heat treatment temperature. An organic silicon compound,
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among others, that covers the surface of alloy powder in the form of siloxane
layer is preferred. Preferred organic silicon compound includes silicone resin,
silane monomer and silicone oil. Preferred properties the organic silicon
compound should preferably have are; that it readily covers the surface of the
alloy ‘powder and that it; exhibits a small heating loss. The layer thus formed
changes in part into silica during the heat treatment applied on compression-
formed pieces, making itself a rigid insulation layer.

The fatty acid plays a role of lubrication, which improves the mold
separation, the plasticity of the mixed substance and the packing rate of alloy
powder higher. Among the fatty acids, such metallic fatty acids as zinc
stearate, magnesium stearate and calcium stearate, for example, are
significantly effective to increase the fluidity of granulated powder and the
transmission of compression force during compression process, which
improvement factors lead to a higher packing rate of alloy powder in a
compression-formed piece. Metallic fatty acid contributes to insure the
homogeneous compression and homogeneous formation of a compression-

formed piece; therefore it is especially suitable for the formation of a small

piece of complex shape. Such fatty acids as stearic acid and myristic acid

evaporate at a relétively low temperature and rarely stay within a

compression-formed piece after the heat treatment; therefore, these are
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. However, when the particle dianeter goes snaller the relative surface 5
area of a particle normally increases.éﬁfcordingly, the size of eddy
“current increases and eddy current |o goes high unless surface of the

- magnetic powder is covered enough with an insulating material. Wth the
choke coils for counterneasure agai nst harnonic distortion, for exanple,

the core ; { I Hu(olg referably
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of 300 kHzyFaAbodimeastH) Ng magnetic flux density of 0. 1 T. In order to
reduce the eddy current |loss at a frequency higher than 300 kHz, it is
preferred that Samplesmnunpbert 44lte 48 weet prepdredhehmoaghethiecszahk ayapawdar is
not smaller than 1 mnot _greater than 50 m nore preferably not smaller
than 10 ntheosampiaéroftarahodimsemtod nexcephitbat ﬁbe.mawﬁmgjr@teim thepmagmetias
well as Fe;Si all powders of 3. 5 %n%qweight of Si,.6. 8.% by weight of
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system silicone resin, having a remai nder of approximately 70 - 80 % by 25
vol ume af 0ed paetd byngyeigbhoe exesnpleardfdr vamparigbass were prepared as the
pinder, and stearic acid was prepared as the fatty acid. These materials
wer e 1q.1$ed for making the sanples nunber 55 to 86 of Table 7. To 100 parts
by wei ght of magnetic powder, 0. 45 pﬂ&?i ¥ wei ght of the insulating
materi al was added and 4 parts by weight 0f xyl ene was added 30 as

sol vent: these jJere m xgdShpls! NBacking ¥dt80 |MAdmatier - [[NGorNgdsUT § was 20
dried; and then]|further |proygsded|w fgpigne of pgf@earme:t i(]ywhgi)nders for O.
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t hese together using a cross rotary ni xer. The granul at ed powder was put
in a nold, and conpressed by a

Table 5 shows the packing rate, the magnetic permeability and the

core loss of these samples. Method of the measurement remains the same as
20 in embodiment 4, so description of which method is not repeated here.

As clear from the results in Table 5, the samples of number 44 to 46
satisfy the selection standard for a choke coil described in embodiment 4 in
both of the charactéristic items, the magnetic permeability and the core loss.
The magnetic permeability improves along with the increasing packing rate of

25 alloy powder. If the packing rate is lower than 84 %, it can not satisfy the
selection standard in magnetic permeability. The sample 48 having a
packing rate 96 %, which has been prepared with a reduced silicone resin
content because the addition of 1 part by weight of acrylic resin makes it
impossible to attain the targeted packing rate 96 % despite a high

30 compression force, can not satisfy the standard due to increased core loss
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10 the sample 25 of embodiment 4, except that the mean particle diameter of the
magnetic alloy powder was varied. The samples number 49 to 52 represent

| embodiments of the present invention; while the samples number 53 and 54
are examples for comparison. The packing rate of alloy powder fell within

the range 85 - 95 % with all of the samples.

15 Table 6 shows the results of measurement.
TABLE 6
Sample | Mean particle. | Magnetic Core loss
No. diameter (um) | permeability (kW/m?)
. Embodi- 49 1 50 3800
* 20 ment 50 10 55 2600
51 20 95 2900
52 50 125 4300
Compari- 53 60 135 5000
son 54 0.7 43 6500
25 As clear from the results shown in Table 6, those samples whose mean

particle diameter of the magnetic alloy powder is not smaller than 1 um not

greater than 50 um satisfy the standard for the choke coil described earlier in

embodiment 4. |
Since the e_ddy current loss increases in proportion to the square of

30 frequency and the square of a flowing size of eddy cwrrent, it can be
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sﬁppressed by covering the surface of the magnetic pérticle with an insulating
material. The eddy current is dependent on particle diameter of the
magnetic powder; the finer the particle the smaller the eddy current loss.
However, when the particle diameter goes smaller the relative surface
5 area of a particle normally increases. Accordingly, the size of eddy current
increases and eddy current loss goes high unless surface of the magnetic
powder is covered enough with an insulating material. With the choke coils
_ for countermeasure against harmonic distortion, for example, the core loss
‘ should preferably be 4500 kW/m? or less, more preferably 3500 kW/m® or less,
- 10 in the conditions of the current measuring frequency of 300 kHz and
measuring magnetic flux density of 0. 1 T. In order to reduce the eddy
current loss at a ﬁequency higher than 300 kHz, it is preferred that the mean
particle diameter of the magnetic alloy powder is not smaller than 1 pm not
| greater than 50 um, more preferably not smaller than 10 um not greater than
15 20 pm.
(Embodiment 7)
1 Pure iron powder as well as Fe-Si alloy powders of 3. 5 % by weight of
| Si, 6. 8 % by weight of Si, 7. 5 % by weight of Si, 7. 7 % by weight of Si,
respectively, and remainder of Fe were prepared as the magnetic powders by
20 atomizing method. Mean particle diameter of the powder is 30 um. Next,
silicone resin (a methyl system silicone resin, having a remainder of
approximately 70 - 80 % by volume after heating) was prepared as the
insulating material, acrylic resin (polymethacrylate), silicone resin (a methyl
system silicone resin, having a remainder of approximately 70 - 80 % by
25 volume after heating), epoxy resin and water glass were prepared as the
binder, and stearic acid was prepared as the fatty acid. These materials were
used for making the samples number 55 to 86 of Table 7.
To 100 parts by weight of magnetic powder, 0. 45 parts by weight of
the insulating material was added and 4 parts by weight of xylene was added

30 as solvent: these were mixed by using a mixing agitator. The mixture was
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15

20

25

30

20

dried; and then further provided with one of the respective binders for 0. 9
parts by weight as shown in Table 7, further 4 parts by weight of xylene was
added as solvent. These were mixed again by a mixing agitator. After the
mixing was finished, it was dried to remove the solvent. The dried mixture
was crushed, and granuiated so that it flowed smoothly into a mold. Those
samples containing the fatty acid were made with the above granulated
powder by adding 0. 15 part by weight of fatty acid and mixing these together
using a cross rotary mixer. |

The granulated powder was put in a mold, and compressed by a
uniaxial press at a pressure of 12 t/cm® for three seconds. As a result, a
toroidal formed piece of 25 mm in outside diameter, 15 mm in inside diameter,
and about 10 mm in thickness was obtained.

The obtained formed piece was put in a heat treatment oven to be
treated under the respective conditions as shown in Table 7. The heat
treatment in oxidizing atmosphere was conducted at the heat-up speed
1°C/min., holding time 0. 5 hour. That in non-oxidizing atmosphere was
conducted at the heat-up speed 5°C/min., holding time 0. 5 hour. In this way,
the toroidal sample pieces were prepared.

For the purpose of ascertaining whether pieces of more complicated
shapes can be formed, namely for evaluating the compactibility, cores shaped
in a letter "E" were also manufactured for the samples of Table 7, using a
uniaxial press at a pressure of 12 t/cm? for three seconds. The E-shaped core
has a square contour having a side of 12 mm long and'thicknes_s of 5 mm; the
middle foot is shaped in a column of 4 mm diameter, the outer feet have a
width of 1 mm, the back has a width of 1 mm.

The toroidal shape samples were used for measuring the magnetic
permeability, the core loss and the packing rate of magnetic powder in the_coré

piece, while the E-shaped samples were inspected with respect to the finished

conditions of the core piece. The results are shown in Table 7. The.

magnetic permeability was measured by using an LCR meter at frequency

4
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of 10 kHz, a direct-currenﬁ magnetic field of 5000 A/m, and the core loss was
measured by an alternating current B-H curve measuring instrument at
measuring frequency of 50 kHz, measuring magnetic flux density of 0. 1 T.
The packing rate shown in the table is the value, (core density / real density of
5 powder) x 100. With respect to the compactibiliy evaluation, those which do
not bear any defect in the appearance are marked with "O", while those
having crack or other defect are marked with "x". Samples number 55 to 68
represent embodiments of the present invention, and samples number 69 to

86 are comparative examples. |
L 10 | The sélection standard in the choke coil for countermeasure against
harmonic distortion is the core loss of 1000 kW/m? or less, in the conditions of
current measuring frequency of 50 kHz and measuring magnetic flux density

of 0. 1T, and the magnetic permeability needs to be 60 or more.

. As clear from the results in Table 7, the samples number 55 to 68

15  satisfy the selection standard in both of the characteristic items, the magnetic
permeability and the core loss. Those samples in which acrylic resin was
used as the binder show an excellent compactibility in forming a core of
complex shape. Use of an organic silicon compound proved to be effective for
improving the core loss. The fatty acid contributes to increase the packing

() ! 20 rateof powder in a core piece, and improves the magnetic permeability.

It is observed that the heat treatment in oxidizing atmosphere of 250 -
350°C does not déteriorate the core characteristics of til‘.ekcompression-formed ‘
pieces, and that the heat treatment in non—oxidizing atmosphere of 500 -
900°C improves the magnetic permeability and the core loss.

25 Further, it is observed that the pure iron or Fe-Si alloy powder
containing Si for =< 7.5 % by weight (0% not included) and remainder of Fe
exhibits excellent characteristics with a high magnetic permeability and a low
core loss.

‘The high plasticity of acrylic resin contributes to maintain the shape

30 of a compression-formed piece as it is. Therefore, it is suitable to the
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* flux density of 0. 1 T. The packing rate shown in the table is the val ue,
(core density / real density of 5 powder) x 100. Wth respect to the
conpact i bidrnyattembfihiglocomphosty plecedr dbcryhietrebinis Anyheehdedntagedbhiein
appearance are marked with "O', while those having crack or other defect

are mar kettswhigh thermghdecempaeiticsy psepersyc® thepadinimg enbdnnthe f00f t he

present inveptijon, and,sanpl.es n er 69 to re. conparative exanpl es.
10 The sePE7RS atmpspheges; it ?‘ﬁé&é’ RECTBRY aﬁgﬁ"@’éﬁﬂt ermeasur e agai nst

harnoni ¢ distorthon i s the core |loss of,10 kW n83 .or S, o he
condi tions of E[Eﬂer ?e% stﬁpf%eﬁa??]éeqﬁéR&?ngeastalmlsahgér're%gq}ﬁ HYy MBgneti c
flux NS ki Y35, n i rl bhi t egp (o) or
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satisfy tpeeattlc@fttetiperhomdofib orb@iffeceivetibes eiaflact&dictionof hﬁéﬁreéi@_e
magnetic perneability and the core | oss. Those sanples in which acrylic
resi n waslosssed ssfathasbihederagrietio powder eloes motc staracgdthing siyntered. orlfi ng a

core of ﬁ)ﬁl ex shape. Use of an organi c silicon conpound &roved to be
ef f ect i ve biRfer rapinodeanss: paycseadpakcarbpp mia ycoze piegenattenthes hegt

imgg[]:? ;sg %&%ﬁ&af% II ?t?ggtzeg'ic{r%%ees 91f1e %’g\gneerticj Chéracteris 1<i:s_e.ceAcrayqﬂ: li'es n \Q%Sat he
{ 10 superior thermal decomposition property, and leaves hardly any residual
| carbon after the heat treatment in non-oxidizing atmosphere. Thus,
favorable characteristics can be realized. While in the oxidizing atmosphere,
acrylic resin decomposes in a temperature range not higher than 350°C;
therefore, the binder resin can be degreased without much oxidizing the
15 magnetic powder. Therefore, also in forming a core piece of complex shape, it
is preferred that it is d.egreased in oxidizing atmosphere of 250 - 350°C prior to
heat treatment in non-oxidizing atmosphere. By so doing, good core pieces
can be provided without inviting deformation or crack during the heat
treatment. |
LoF 20 An insulating material for enhancing the insulation between the
powder particles should be such that can withstand the temperature of the
earlier described heat treatment process applied for lowering the hysteresis
loss. Inorganic example for the insulating material includes oxide particles
(alumina, magnesia, silica, titam'a, etc.) and inorganic high polymer. Organic
25 | silicon compound can also be used for the purpose. Other insulating
materials can also be used, in so far as it is least reactive to the powder during
heat treatment, and maintains the insulating property at the temperature
during heat treatment procedure. More preference is on an organic silicon
compound, which covers the surface of powder particle in the form of a'. :

30 siloxane layer. Among the organic silicon compounds, silicone resin, silane
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core pieces can be provided without inviting deformation or crack during
the heat imguzgt thet hopoganedws wompregsiont amidal hdmogendvarsciforgnationi nfud at i on
bet ween the owder particles should be such that ¢an w thstand the
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mai ntains the insulating property at the tenperature
: those pieces of high packing rate.
(Embodiment 8)
- 20 | Samples number 87 to 91 were prepared through the same way as in
the sample 55 of embodiment 7, except that the packing rate of the powder in
a compression-formed piece was varied by changing the compression force of
uniaxial press. The samples number 87 to 89 represent embodiments of the
present invention; whﬂe the sample 90 and the sample 91, the silicone resin
25 content in the latter sample has been changed to 0. 3 parts by weight, are
examples for comparison.
Table 8 shows the packing rate, the magnetic permeability and the
core loss of these samples. Method of the measurement remains the same as

in embodiment 7, so the description of which method is not repeated here.

30 As clear from the results in Table 8, the samples number 87 to 89
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. siloxane layer. Among the organic silic conmpounds, silicone resin, silane
25 nononer, silicone oil, etc. are suitable to the purpose. These which

-~ have a property readily covering the powder surface and exhibit a small

heating | sstisfyatle psletsionatandhed f&y 8rcHdkéScdiP H@E&iﬁ@@qgfﬁgbﬁ@ggﬁ%zm °

silica during the heat treatnent applied on conpression ey,

meki ng i tbetlf obthe chakacberisticd, theanabnetie pefheabaityyai@ itHe RbAY fos@ r ?th% of

|l ubrication, which inproves the nold separation, the plastici of e
m'xed subBiegmesicaprrmenbilisy kinpgoves alook with thedndesasihghrickidyeae dftpef atty
aci ds, such F{Et ali’;ig fatty acids as zinc stearate, nagnesium stearate and
cal ci um sPe¥Ast-e Hiaepaghing E%thlsao‘éfﬁ? tlean ¥4 %oittaan motr estsefy tthe sélegtight y of

ranulgat e r..and transm ssion..of farce durin conpr essi on process,
\?mi cﬁ 5gr p%t(aa?},cq,égg ]Inegﬁﬂbe%f% pgr{ﬁelaﬁgﬁypa 'en.%arth%t f Eﬁ?ﬁlg {ao;kﬂfe]szi?l‘gnratfh
conpr essi gg-9,0 C cqntributes to insure e
hoggeneogg‘ cb%ggg%nﬁz%ﬁg%%%n%}%&gﬁ@ F’gH:OG‘P ’é?s"%&ﬁBF%%tsnﬁW%Pece;
{her ef or cthd hdiliciof 0D pelres byRAERE LRSI I BREs B 1l Br TRl e

shape. Such fatty acids as stearic acid and I'C acl &Borate
at a rel aatbaéhytheovatgatpd rpddking arte 96 dbydsdpive 1BhNEbMbtdsib® can not
conpression-formed piece after heat treatnent, are espectally éw%abnfe to
those pi eddldsiyt the gapderd ndue atoe the Hnbretisedntok) 186 Sausédhydailafe HF t O
91 £ precpared fhrou t he ggm way as in the sanple 55 of enbodinent 7,
(except” t hERCHHRE PR 100 bgtwaea dexypartiddespr essi on- f or ned pi ece
was varied by changing the conpression force of uniaxial press. The

sanpl es nunber 87 to 89 represent enbodi ments of the present invention;
whil e the sanple 90 and t he sanpl eé[%%ngg silicone resin 25 content in the
| atter sanpl e has been changed to ts by weight, are exanples for

conpari son] Table KLOg [T METEL T Cpemeabt+ty and
the core joss of Ih%%&%arﬁé@.%&bg?hcﬁ%ﬁfggﬁmasﬁ Iéer%c. e *tHe sane
as in_embumEnt—r—Sg-thedescriptignof ?ﬁﬁh-n%qf%ﬁ P pot tled
here.,L 30 A$ élfé) i 1+e-%—t—heres,ults in J&b#%—@,—t—hﬁmélpc nunh8p087 It o 89
26 st sty |8 sel detidBa—standard for la—chBBe coil ded® ihed in888hodi ment
7in both-e-f-—t—he.—z:-ha.égc.t-enist'@s, t he ' iljity an@7@he |core

| oss. The ﬁﬁ@i?é%'li' ¢ pPreability inprd th td8e i ndreadég gacki ng
rate of thgson 91 96 | es8 1400

As described in the above, the packing rate of the powder should |
( v 20 preferably be falling within a range 85 - 95 % in terms of volume, in order to
provide a compression-formed piece with superior characteristics as the
composite magnetic material. In so far as it stays within the range, the
higher the packing rate thé higher the performance.
Further, in a case where a Fe-Si alloy powder containing Sifor<7.5%
25 Dby weight and remainder of Fe is used, it exhibits excellent.characteristics
with a high magnetic permeability and a low core loss, in so far as the packing
rate of the alloy powder in a compression-formed piece falls within the range -
85 - 95 % in terms of volume.
(Embodiment 9)

30 Samples number 92 to 97 were prepared through the same way as in‘



.powder. |If the packing rate is lower than 84 % it can not satisfy the

. ".selection 5 standard in magnetic perneapylity. The sanple 91 having a

-~ packing rate 96, % which has been prepared with reduced silicone resin

- content because the addition of 0. 9 parts by weight of the acrylic resin
" makes it inpossible to attain the targeted packing rate 96 % despite high
conpr essi tie sample 6t of eathafisndnte], sindnskanpleduss (910 %véf’ééfz%@%‘f-gd ¢R1 ‘i}g'hoss
caused by failure of 10 securing rigid.insulation between e powcf)e
particl esthersgme gaysasdnpthe campdsiali ofeRAwdin@ntal ce eflist R nd 8?5
No. (vol 9 gerrr%g%l i ty(kwW Enmbodi - 878551850 ment 888866800 89Fe95688f"
Conpar i - 988EB8§Hamytionnetl Femuvder anddeesSiiadloy powdaewarowari¢he Phsd Ny
rate of t er._shoul O preferably be_falling within a range 85 - 95
%in ter NEE%‘E’?%%I t?rv{qp({ortégr %B%%\rsmea’é &fcg]i#‘iﬁ?é’g%m@h%.or rfEbe psamples t h
super igr k. Stal=C S ot netic materjal. In so far as
TiPot s SRR 60 ot RIS nSRRREYR 6 TR R nicsent e hadimenier of the
per f or manggeseny ihh&htiod ; | gl ont ai ni ng Si
ors 7 e htoh LIRS s ool o8 O TR AT TOS R Prdmiles
excel | ent faxheosmpheisont | The phéking Pét@hofmﬁ@%ia?nﬁﬁ@%@ﬂéf tnaRekan Y core
-loss, in so far_as the packi ng rate of the all oy powder 1n a

conpr essi 5dgoBRe@5ptocrhfall bEthe sminplesie range 85 - 95 %in terns of

vol une. ( Enbodi gpgi i) 30 Sgrrpl es. nunber 92 to 97 were prepared through the
same way as in 3¢ble2 shawsteedesylts ofmraswrament. and sanpl es 98 to 103 vere
prepa,E(ﬁd through the sane way as in the sanple 61 of enbodi nent 7, -except
(that e nmean particle dianeters of Fe powder and Fe-Si all oy powder were

vari ed. These sanples underwent. the neasurenent of characteristics. The
sanpl es

TABLE 9

Sample | Composition | Mean particle | Magnetic Core loss

No. diameter permeability | (kW/m?)
Embodi- 92 1 61 880
15. ment 93 10 63 790
94 Fe 30 66 820
95 50 69 980
Compari- 96 0.9 58 1300
son 97 65 70 2000
Embodi- 98 1 ' 60 850
ment 99 10 61 : 740
100 Fe-3.5Si .30 - 64 770
20 101 50 - 67 930
Compari- 102 0.8 67 1150
son 103 60 58 1700

25 As clear from the results shown in Table 9, those samples whose mean

particle diameter of the magnetic powder is not smaller than 1 pm not greater

than 50 pm satisfy the standard for a choke coil described earlier in

embodiment 7.

Since the eddy current loss increases in proportion to the square of

30 frequency and the square of a flowing size of eddy current, it can be



.5 nunmber 92 to 95, and those nunber 98 to 101 represent enbodi ments of the .

s« present invention; while the sanples nunber 96, 97,102 and 103 are exanples

. for conparison. The packing rate of thegragnetic powder fell within the

“range 85 - 95 %with all of the sanples. Table 9 shows the 'results of

" measurenent. 10 TABLE 9 15 20 Sanpl e ConpositionMean particle Magnetic Core
| oss No. di aneter perneability(kWm Enbodi-92161880 neat 931063790

94Fe3066820pPEEe6d 350 c@arpag ithe GAir 130 th a6 pANAE1e OwHib adi 138140850
ment 991061740 100Fe-3.5Sj 3064770 1015067930 Conpari-1020. 8671150

son10360591ateviads ABhe | eddy fougranthas r depandendhonn pantitiebldiametehafe thanpl es
whose nean article . diapeter of .the magnetic powder .is t smaller than 1
m not gredt et{%&ﬂWéer?nﬁg%ﬁn&rytheheagft@ﬁd%hed Smﬁﬁa %ﬁagquqrrﬂ’é’éé‘Pﬁsbed
earlier i gy; di L:1.SENC rren | NGreasges.in

proporti O;IW tlo? ecgggétrcé) 11cs)’f foq’Sgoéélgaﬁl%%)éi}%an lﬁ%ﬂ iléig}oéllﬁf(ﬁﬁgqrﬂ?ﬁ nfarsi ze

of eddy cuksample, the @28 168 RDHrRIPELTS DY m)_ding%jnﬁ 155@, iHAGRM BRions

magnetic particle with an insulating material e eddy current Ts
dependent o bh@@uttentemensiEhg frefuddty of /8017 andoridakurinierddgietict figx

particle the smaller the eddy current loss. Wth the choke coils for

count er medsnsigy afdd.nbtT. halnronder th sedutd the eddy Gumentylbss at ke firequentpss is

preferr edhtig eti'ethla?rg '%Okl\ﬁirf it? ris lpgesi%rreidn tflgt? tﬁg r}.‘g:a;rll opnas,:fticle diameter of thé
magnetic powder is not smaller than 1 pm not greater than 50 pm.

( 10 - Further, in a case where a Fe-Si alloy powder containing Si for < 7.5 %
by weight and remainder of Fe is used, it exhibits excellent characteristics
with a high magnetic permeability and a low core loss, in so far as the mean
particle diameter of the alloy powder falls within a range not smaller than 1
um not greater than 50 pm.

15
INDUSTRIAL APPLICABILITY ‘
The present invention offers a composite magnetic body that exhibits a
small core loss and a high magnetic permeability even when it is used in a

high frequency band region. The composite magnetic body may be formed in .

" 20 various compression-formed core pieces of complex shapes.



wof the current neasuring frequency of 50 kHz and neasuri ng magnetic fl ux

~density of 0. 1 T. In order to reduce the eddy current | oss at a frequency

< higher than 50 kHz, it is preferred th the nean particle dianeter of the

" magneti.c powder is not smaller than 1 t%™m not greater than 50 m 10 .

" Further, in a case where a Fe-Si alloy powder containing Si fors 7. 5 % by
wei ght and remai nder of Fe is used, it exhibits excellent characteristics
with a high nmagnetic perneability andiahpy core loss, in so far as the
mean particle dianeter of the alloy powder falls within a range not
smaller than 1 mnot greater than 50 m 15 | NDUSTRI AL APPLI CABI LI TY The
present invention offers a conposite nagnetic body that exhibits a small
core | oss andla Wi ghmpegitetmagpetiodmdyl off 8 conepresbed compiast wsatpriging a hi gh

f requency hand regl on. The conposite nmagnetic¢ body may be fornmed in 20
vari ous cBHBYEEsPhR fBRERLIE FioshPewser oeontgiping: 1egmapasl mickedl As NBain A

conposite 1.c body of coppressed conpact conprising a mxture of a
magnetséf c %@ggﬁﬁ%@g&?ﬁ%ﬁ?‘?ﬁ ﬂggi ?1%0%%385?%@ ngﬁﬁﬁl W%%&%gﬁ@’ and a
bi nder of bt { esin for binding the nmagnetic alloy powder together.
2. The coﬁp@vgsf)tteéﬁg%%ti c body of claim1, wherein the mxture further
contains a ther melheli donusesite iAERtiObody: of "AafRMPOShSrTRINE! infii of
claiml, wherein the conpressed gﬂiéo conpdgct contai ns a ?ratty acilgl.JR%jJThe
conposi t efunthertintaimsg thbrmabidiffdsiontinhihitora packi ng rate of the magnetic
al l oy powder in the conpressed conpact falls within a range of 88 - 95 %
by vol une. 5. 3Thd'heosgmoppsite mageretic bodsyofhelaginail rwheretethe compmased

‘partigle 15 dianeter of .the magnetic alloy powder falls within a range of
1- 1 gﬁ?mggcﬁ??é‘temﬁp%g?{%@ "Wﬁgneti c body of claim1, wherein the

conpressed cgnp ] - . 1 r I f_500 - 900C,i.n

non- oxi di zi ngq' a?%s%ﬂgpg.ak‘%%%%egﬁngwgﬁ%ﬁglﬁle?i 8‘5}?689‘ Sfpaackéggrﬁﬁges%d
conpact CEN@ i spinddiclalldP pbiwdeif tAE BnPAe8sdd ng\dzg{ holpp iron
and ni ckel as main coefr:sg%))nents,1 an insul ati nge?r’%{plgre?lgafl an halﬁ(l;?%%%gé g? an
acrylic r88i-95f%rby woladierg t hese together. 8. The conposite magnetic body

of claim?7, wherein the insulating.
5. The composite magnetic body of claim 1, wherein a mean particle

.,

15  diameter of the magnetic alloy powder falls within a range of 1 - 100 pm.

6. The composite magnetic body of claim 1, wherein the compressed
compact is heated at a temperature of 500 - 900°C in non-oxidizing
atmosphere.

7. A composite magnetic body of a compresséd compact comprising a

L7 90 mixture of a magnetic alloy powder containing iron and nickel as main
c'omponentrs, an insulating material and a binder of an acrylic resin for
binding thése together.

8. The composite magnetic body of claim 7, wherein the insulating
material is an organic silicon compound. |

25 9. The composite magnetic body of claim 7, wherein the compress‘ed
compact contains a fatty acid.
10. The composite magnetic body of claim 7, wherein a packing rate of
the magnetic alloy powder in the c_ompre.ssed compac'tvfalls within a range of |
-85 -95% by vdlume. |

30 - 11. The composite magnetic body of claim 7, wherein a mean particle



“material is an organic silicon conpound. 25 9. The conposite magnetic body
~of claim7, wherein the conpressed conpact contains a fatty acid. 10. The

. conposite nagnetic body of claim7, wheyein a packing rate of the magnetic

al l oy powder in the conpressed conpact Talls within a range of 85 - 95 %

" by volunme. 30 11. The conposite nagnetic body of claim?7, wherein a nean

particle 30 dianeter of the nagnetic alloy powder falls within a range of 1

- 50 m 1&ianTéter of thesid@endtRoAREy poRady falls GHiekim o radbebei N Hohgmeonpr essed
conpact is heated at a tenperature of 500 - 900C i n non-oxidi ZI ng

at mosphere. 3213 Theheompoypits ihagneigondiody dbclpimf 7¢hdiorein thbedodiprebbed

conpressed conpact_is heated at a tenperature of 250 - 350C i n oxidizing
at nospher €@mpagtd 18 hhpatag tatera i tomperaturetofa 500npeOQOLCe inf nBAGRIZNRE i n
non- oxi di zj n at nosphere. 14. A conposite magnetic body of a conpressed
conpact c%#fﬁg?pg}eﬁﬁ' a 10 mxture of a magnetic iron powder or a nmagnetic

|1 wd .S) . . el ght l % i t included) of
170 ana M nsaroiapSsips dnditeid Dol ot Hauod ohibarelinda asiemeroast an

| i i b g S8t 5. j tii ¢ _bod
of U i m L T e, b R AARTEN 200 2 0000 B ERALLE: ERABe "

conpound. anid thén fabtheroisplosdted drgnemperinde of 500 aignoke, inish Wxidiziify

conpressed conpact contai.ns a fatty acid. 17. The conposite nmagneti C body
of cl ai matnosgherei n a packing rate of the magnetic powder in the
conpressed c r%pact falls, wthin a range of 85 - 95 % by vol une. 20 18. The
conposite mag et A:C‘EJ‘BH?S’GP apgnekle hodyie aicempressed pempiact sompirimieg er  of

‘th I falls.wthi f1-5 19, Th '
gnatc Bk R8I mameic ke TR sRpraeliallopaepter samRRRR a; o
t t ' 200-0X1 {4l . . 0. ~Th
composi t & neoherne b on o (@ A7 RopALALBRor SRR RN Fan e of ki on ¢

o o o gt 810 BB Bt
at nosphere. 15. The composite magnetic body of claim 14, wherein the insulating
material is an organic silicon compound.
15 16. The composite magnetic body of claim 14, wherein the compressed
compact contains a fatty acid.

17. The composite magnetic body of claim 14, wherein a packing rate of

the magnetic powder in the compressed compact falls within a range of 85 -
95 % by volume. |
20 18. The composite magnetic body of claim 14, wherein a mean particle
diameter of the‘magnetic powder falls within a range of 1 - 50 pum.

19. The composite magnetic body of claim 14, wherein the compressed
compact is heated at a temperature of 500 - 900°C in non-oxidizing
atmosphere.

25 20. The composite magnetic body of claim 14, wherein the compressed
compact is heated at a temperature of 250 - 350°C in oxidizing atmosphere,
and then further is heated at a temperature of 500 - 900°C in non-oxidizing

atmosphere.



