; e3ep0, 6bT2 COVPOSI TE MAGNETI C MATERI AL 5 TECHNI CAL FI ELD The present
I nvention relates to a magnetic body of netallic conposite material of: high

perforn?‘ﬂlmmu\“mmmMr use in choke coils and the |i ke devices; nore
speci fi osite magnetic body for use as a Sﬁ;t n%@@ﬁ‘ﬁ? Erat erial
of a magnet isxgu@pr €. 10 ' BACKGROUND ART In line with t G‘E&T i 8 trend
of down-sizing anong the recent electric and el ectroni c equi pnent) denmand

for a smaller but efficient nmagnetic body is increasing. For exanple, in
many of the choke coils at high frequency 15 circuit, a ferrite nmagnetic
core forned of a soft rragG@LMgGSEIH‘ENEA BLEGMATERIAL onpr essi on- f or ned
of soft magnetic netal powder are used. O them the ferrite nagnetic core
is noted fox its defect of a small saturation nmagnetic flux density. In

der t | i f the induct L I d th
girrg::t -%gfﬂ%mmgﬁasact erGi !stnl gc gnczzg ga\éao?esgcerglssﬁtrjﬁdreg
e et bb<BaT A AR £k 1 Beh S, PBRPSE buBRIL oribified
frequency hearidlbfIfkh! petférmahbeldvedifenasé !nghGEQ @bflk 8thd thd iRe ?%gi%ls}s’t

extrenely increase the copper, loss in the winding. By contrast)

core fabri eaded spycifiealliyna icbmpoaitecmagnatiabody forwdes hasa asofiethagnediy
| arge saturation magnetic flux density as conpared with the soft magnetic

ferrite, tmaaterialofia magneticaoorageous in reducing the size of a core down.
. Al'so,_generation of the beat sound and the copper |oss caused by | eakage
magnetm flux . are small) since it can be , used w thout providing the

gap. 30 Ho . the magnetic perneability and the electric
ﬁowe_r 2&*&@@@%%2 | oss, dust core is not superior to the _
ferrite core. \\qp fndugfitlt ¢he bfedﬁﬁﬁg'ﬁeﬁd%f’h_@wi%i&iﬂ% adlond IHE! Rlcent ¢

results in a greater tenperature rise corresponding to the greater core
| 0ss; so i telectrivaanl blectrderic bhaipraeat,sderranddbrt & wmdlierdiuicsfficieritmaguetit he

magnetic characteristics) the dust cores are 6 usually forned by applying a
conpr essi orbodyrisdnpregising.t hEor Exeawpde,dnemenyefshe ehoke coidm at big% froiqsency
for m 2 1Bus CLEsHe & {06 tR MHMROtin SO HB L S0 nakRpld foTrite Bt dusk
Core 11 o bR e hPe R B A RS OV &
: 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 densit& 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 b.y leakage magnetic flux are small, siﬁce it can be used witlout
providing the gap.

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

AUAR AR
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10 as conpared with the case of the ferrite cores. Down-sizing is not easy
with the dust cores. The core |loss with the dust cores normally consists of
hysteresis | oss and eddy current |oss. The eddy current |oss increases in

proportion to the square of .frequency and the square of f% |.ze of
eddy current. 16 Therefore, to suppresQS t he generation'oo&'é %ﬁ?@@ﬁt,

surface of the magnetic powder is covered with an electric insulating resin

or the |ikelss! dubfboreSk e suprid¥th the fefrifd fore?’ WHetW d Hust Bo@Nis used in
conpression force, the nagnetic perneability is deteriorated by the

distortion eawhelei toil her nmgniiductbndit, rebulth bii Aggrestuit tenlpeshfiesirdse

| oss. Zb avoid this to happen, a high 20 tenperature heat treatnent is

appl i ed on torrespomdiagstothé qgneatempcamebosspso-itrisl havd g foake the core size
distortion. In _such_a case, the use of an insulating binder is essential to

ensure a goStalleul dniosdentq improventhevapemetic ghanaeterjstics, dhedushicpres are

i sl oodl T NS TeuRed I RIS ORMBEREORB PrBIBEHST thARCT QAHER oF e¥atired
a1 oy ( per mindts, G T sice, SbRURE on O Kl 8¢ Ronfdarion Thblortte, S
Mo, 6. 34271 Sente, AL 26 FRA AR 1 LeAEbALS and ORI Eoftapid HE
an Fe- Al - Si exbhiple/ragesiei forpaVider pasfilleacBékes icbilcforeusednna ovmplited BOIDE i S

conpr essi on-nol ded and then annealed in 3 ~o SEPTEMBER 2002
non- oxi di zi egnuertesphelkus) thefdis a preqter linitaltion) in) tlva nbape bfithle dust cimBent

No. 8-45724 discloses a, nmagnetic dust core that is_.formed of a m xture of
an Fe- P%él | &P mp@teﬂcwwﬂﬁ& 9asea0§ﬁm é@ﬁée CEESSH dPewarsigingiy rot easshwith
whi ch m'xturtﬁ W_}Sﬁo ressi on-nol ded and then annealed in 700 - 1200C 5

at nosphere. ne PHferrite core havi ng a gap, the inductance L val ue

decl i nes suddenly FROER 1085 With the! diist! dbrbl ot AG bGHéi%Esf‘)E;f gyg%@%%ilﬁg% he

current. In the dust core, Ey contrast, It deé’% nes snoot t

di rect - cur r-enid eddpecnesntdossy r'The eddyt cirrent 06 dRRe8eE01Y projiditivn € e
‘current because of 10 'the high saturation magnetic flux density For

i npl enent i ngamanme gof feepvemcy padmébei squareniof ha t flowdngt sizer of dddyi surrent.
effecti t Q. Nncrease the packjing rate of all owder in,a cq pi ece agnd
to red ugg t ﬁ%h%ne&rﬁns%sw\%@é ﬁhﬁ [EensEHieR ,ogsﬂﬁya%sgenwm,ot{tﬁem@%c

t he packi ng cantradi €1 st curd . | | aki of t he
particl es; égo%%cf?reig&o Y?pq‘f&’ftsp g?%??cgﬁllcg g? w’é%qr’%%ﬁhfgﬁ}?%g%%f%m nts at
a same time;, the &ingh ¢RRCELEN cordlsCardX S6knhdtE willhUa HibANediRp¥&iRibd ForcBOtHE
particles. Furthernore) i1t 1s difficult for a dust core to take a

conpl i cat ed mhgpeticpeirmieabiitysistdesérivieted hiysthe disbottion cahsedaisi theahagneticn

the core shapes avai]lable. . 20 . DI SCLOSURE OF THE | NVENTI ON The present
i n{ent i on adendss sehichhring about achysferesie dossensleaveidethisrto happen, a high

A T MR R RO A ol
25 MU SRR iR S IR B ke o SORURRG il

pi ece whose shagential &f efdd £ 2O Ridulition between the magnetic powder particles

while keeping good mutua_l' 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 magnetic 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. J apanese Laid-open Patent No..6-342714 teaches a magnetic dust

core which is formed of a mixture of an Fe-Al-8i élloy magnetic powder and a

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



4 ~0O Septenber 2002 According to a first node of the present invention,
there is provided a conposite magnetic body of a conpressed conpact
conprising a mxture of a nmagnetic alloy powder containing iron and nickel
as mai n conponents, a silicone resin binder for bindi g

particles together, and a thermnal di f Pusi on inhibitor? ﬁ#gﬁgﬁﬁﬁgg%g%king
rate of the nagnetic alloy powder. tn the conpressed conpact falls within a

f 88+ 0 . . h d £ ]
{ emper ot ur o P adinife Finodiierel6f HOMP! 3000 RRAHG NEfhio lattiopen
conpr essi on-Patgh b, STAST724 19cl HRAGE nFHBtR dudiddrb Yhad @éi.g&i,ﬁg& bf aSmiAfure

mai n conponents exhibits a high magnetic flux density, and admts a -

subst anti al oflaas FlecP ddioyr meigreticipowder, e Bilicsn mpinuiid ahgorFane titanium,
attaining a high packing rate of the powder in the conpressed conpact; thus
it provi des whichgmintwreeis coppressiontmoldedBandotiemicameasied nmgi60i ¢ 12066Er
wth a silicone resin working as a binder, insulation between the all oy
powder phrtiadmosphprer the conpression noulding is secured, and the eddy

current loss isr ed: hence, a low core loss jis.realised._ AnqQther ..
conposi t e rragneti-gﬁﬁg’d&l%f eRr1ES, fpve hauing Sniakt the, induckoneack Valug deslines
present inventd,on, ceupri ses a.m xture Jmgnetic allo owder contai gi ng
" on and i GRGABHLY BFER a2 FRrtRi oot fa Phe ArRERRrene subRIRE pil” Tn
acrylic resi i 0 inRGh : bl GRTR- L

bei ng heate Bgfnggféé)ﬁé’epgﬁgggf%’ g%géﬁéﬁé&gg%ﬂﬁhlﬁ%bggl di mﬁ%ﬁsgﬁ:ﬁggp er e.t'
The m xt ur e gtipgrpesiagrauressnt, Buthd 6ad. cabheoBplpodti @ mPe%ﬁexhpﬁycdu‘setdfe
present node exhibits, |like the magnetic body in the earlier described
node, alf@i githeaduighi sapemtioabimiagpetian fiuxh alensityl at Foy impleomentings ar ddigh

good insul ati on between the_all oy powder, particles . after the coppression
moul di ng t o THAgReYe Rexm txuw@]tt\ﬁgoésl?t [FeE®e 1t 48| effpctie: tpotierease: the

acrylic resi kovi ded bi nder, i nprqv the co tibili i C

contri butes ;‘:Faocﬁth% ‘}‘%?ré‘f iﬂglr?yopogd%?% ﬁagﬁ%eg pge(hel %ﬁcg eé&%?yag%a‘ﬁ@‘?mce
Still anot hﬂfef%@ﬁtﬁ%ﬁoﬁ&é’ﬂ{ﬁéfﬁéleﬁﬁgne“ c body of a conpressed conpact in
accordance with the priesent Tnvention conprises a mxture of a magnetic
iron powder, or a HegweebiCimdreayingowtier pacling pateg cohtiarlictsotto nedcuring thisan
7.5% by _weight (not including 0% and iron for,_ the rest, an insulating and

an acryllPc nasnlatinvmbetweeon therpantisles: asca regtdthitris diffienlsdaprealize dhe t
bei ng heated at .a tenperature of 500 tgo 9QQC i n non-oxidi zin t nospher.e.
The. i xt ur o TR ER PLsS] o Bt thoy ighi RRRe tate it Liftyation
magneti bo-%t%@hbtﬁesg Ur %)&gtﬂ:fedja%ﬁlthﬁnﬂﬁfgeﬁgbldﬁﬁf ctgﬂ‘%gﬁ al @USCAHS to
| oss, and .the — ~o0Septenper OZ-acrylic resin dse_ as a bi'nder 1nproves
the conpati Hialkets comiplicatedBhap6Uiwhich tdaie thertthietr@lis afsubst@ntiahfedthiztion
high conpl exity- shape. 6 10 EPTENBER 2002 BEST MODE FOR CARRYI NG QUT THE .
PRESENT .| NvENTthencarErdhagiesmvailbblei rst, Fe-Ni al'l oy powder of 46 % by
weight of NI and the renmai nder of Fe was prepared as the nagnetic powder by
at om zi nmet hod. Mean 5 particle dianeter of the powder is 60 um Next, a

silicone resj i<l esi n, -having a remainder of .
appr oxi mat ef?fgéidw E@ymmwmati ng), a PVB (polyvinyl butyl

. d 1 [ 1 r .
or opat ed as a ¢ her NP AT LSRR adindhesl PUE Rbof ABechild FRGuIBRI b

prepared as a therna stearic acid as a
aci d. These #p{lgd tahventioeallMaghetic redbdnd @t is'en Dhievtive (06H6F alconiyeuith
13 of Table 1. Those sanples containing the thernal diffusion inhibitor

wer e provi demisigmeticchddy that satisfiesdoth Bf theregaitemeontsiat ¢he saing bime, the
magnet i-c:powder, 0. 6 parts by weight of the thermal diffusion inhibitor
and 3 p&bt s bighwnagpoetic permasbility sodvéhe smellvicaxad lngs.usiFvgthermere;gthe
agitator. The 15 m xture is dried for 1 hour at 1S0C, and then mixed with 1
part by wei gPRMmpesite snegnelic hody elcths presentdnvenbioa aan berfogmedsiniara s0rg,
wei ght of xyl egne.gs sol.vent, to,be, m xed again by a m xing agitator. After
the mxi ng iBIECPAY hape J,ssoﬂpligbocqnapd}egg ve the solvent. The dried

m xture is crushed, and granulated so that it flows smoothly into a nold.
Those sanples containing 20 the fatty acid are nmade with the granul ated
powder by adding 0. 1 part by weight of fatty acid and m xing these
together by a cross rotary m xer. Those sanples wi thout, having the thernal
diffusion inhibitor were . . provided in the follow ng manner: To 100 parts
by wei ght of the nmagnetic powder, 1 part by weight of one of the respective
bi nders and 3 parts by weight 26 of .xylene as solvent axe added to be

m xed together by a mxing agitator. After. the mixing is finished, it is
drired to renove the solvent. The dried mixture is crushed, and granul ated .
so that it flows smobothly into a nold. Those sanples containing the fatty

o s S o,




powder by adding 0. 1 part by weight of fatty acid and m xi ng these

together 30 by a Cross rotary m xer. NOONWMWh~d WHOT
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magnetic body of a compressed compact comprising a mixture of a magnetic alloy
powder containing iron and nickel as main components, a silicone resin binder for
binding the powder particles together, and a thermal diffusion inhibitor, wherein a
packing rate of the magnetic alloy powder in the compressed compact falls within a
range of 88-95% by volume, and the compressed compact is heated at a temperature of
500 to 900°C in non-oxidizing atmosphere.

The mixture may be compression-moulded. The alloy powder containing iron and
nickel as the main components exhibits a high magnetic flux density, and admits a
substantial plastic deformation during compression-moulding process attaining a high
packing rate of the powder in the compressed compact; thus it provides a high magnetic
permeability. By combining the magnetic powder with a silicone resin working as a
binder, insulation between the alloy powder particles after the compression moulding is
secured, and the eddy current loss is reduced; hence, a low core loss is realised.

Another composite magnetic body of a compressed compact in accordance with
the present invention comprises a mixture of a magnetic alloy powder containing iron
and nickel as the main components, an insulating material and an acrylic resin binder for
binding these together, said compressed compact being heated at a temperature of 500
to 900°C in non-oxidizing atmosphere.

The mixture may be compression-moulded. The composite magnetic body in the
present mode exhibits, like the magnetic body in the earlier described mode, a high
magnetic permeability, and the insulating material assures good insulation between the
alloy powder particles after the compression moulding to a decreased eddy current loss;
hence, a low core loss. The acrylic resin provided as a binder improves the compatibility,
which contributes to the formation of a core having a high complexity shape.

Still another mode of a composite magnetic body of a compressed compact in
accordance with the present invention comprises a mixture of a magnetic 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 and an acrylic resin binder for binding
these together, said compressed compact being heated at a temperature of 500 to
900°C in non-oxidizing atmosphere.

The mixture may be compression-moulded. Also in the present mode, the
magnetic body exhibits both a high magnetic permeability and a low core loss, and the



The granul ated powder was put in a nold) and conpressed by a uniaxial press
at a pressure of 10 t/cnR for three seconds. As a result, a toroidal forned
pi ece of 25 mmin outside dianeter, 16 mmin inside diameter, and about 10
mmin thickness was obtained. 5 The obtained fornmed piece was put in a heat
treatnent oven, and heated in nitrogen®atmosphere at a heSPertphenion?
tenperature shown in Table 1. The holding tine at the heat treatnent
tenperature was 0. 5 hour. These sanples were neasured in the magnetic

per meabi |actWic resin ussdeas @k bindad improvesidhé regmpatilglityf whidhogoniibules to the cor e.
The resul own in Table 1. The magnetic
perneabiFé??ﬂﬁggpﬁgggﬁ%ggﬁgiHég?ﬁgb%ﬁﬂigﬁﬁ%bter at frequency of 10 kHz, and
the core loss by an alternating current B-H curve neasuring instrunent at
nmeasuring frequency of 50 kHz, and neasuring 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. Sanple nunbers 1 to 8 represent

enbodi ments of the present invention, and sanple nunbers 9 to 13 are
conparati ve exanples. The selection standard in the choke coil for
count er measur e agai nst harnonic distortion is core |oss of 1000 kWn® or

| ess, in the conditions of the current neasuring frequency of 50 kH- and
measuring magnetic flux density 20 of 0. 1 T. Magnetic perneability should
be 60 or nore. As clear fromthe results shown in Table 1) the sanples of
nunber 1 to 8 satisfy the above selection standard. Especially, the sanples
nunber 1 to 6, which being the conbination of Fe-N alloy powder and
silicone resin binder, ' show excellent characteristics; nanely) great
magneti c perneability and small 25 core |oss. The thermal diffusion
inhibitor is also seen to be effective; conpare the sanples nunber 7 and
10, a binder which' by itself can not clear the core | oss requirenent
satisfies the standard when it is conbined with thermal, diffusion
inhibitor. The fatty acid contributes to increase packing rate of all oy
powder in a core, and inproves the magnetic perneability The heat 30
treatnent of 540 - 900C applied on a conpression-fornmed piece inproves the
9 ~OSEPTEMBER 2002 magnetic perneability and the core | oss. The heat
treatment should preferably be made in a non-oxidizing at nosphere of 500 -
900C, nore preferably within a tenperature range 700 - 900C. The hi gher the
heat treatnment tenperature the nore effective for reducing the hysteresis
loss, in 5 so far as the alloy powder does not start getting sintered. In a
conpr essi on- nol ded pi ece having a packing rate exceeding 88 /) there exists
a | east pore (vacancy), and there is hardly any pore comng fromthe inside
| eading to the outside (open pore). Wien such a nol ded core piece



undergoes a heat treatnent, if a binder used in the piece had nuch 10
evaporating content in it the evaporation can not take place sufficiently
because of the small nunber of pores existing, as the result, the
evapor at ed substance renmains staying within the core. Thi éﬁﬁ%ﬁ
deteriorated .characteristics. Therefote, a silicone rggP%?+ EQ%Eps a
hi gh i nsul ating capability up to a high tenperature and contains only a

smal | evap | G ny i ' lage of high
acki ng. r At ST RR RO CARINING OFR AriE PRESENT INPERICTT %, e
magnetic all p&mﬂgf&t 12t Is effective to provide a thermal diffusion

I nhi bitor on the surtace of the alloy powler. Preferred material for the
thermal diffusi onfiret)i Id-Niralicy gow @y 6PAR %Ibweih bf NiBhR] tld réadinderof

hi gh tenperature 20 insulating capability; practical exanple includes a

si | ane nonoFerwaki plepazedf as nthe shagnetic goydsr by abemizinipamesthbdal |IMgan
powder: During heat treatnent applied to the conpression-formed piece, such
| ayer clangeartide alifimetepaf the mowde ic ) whi ciNentow dBicoaeriegin (& nmathgl on
| ayer. The above thermal diffysion inhibitor |eaves a roomfox the use, in
a smal | quaSHstewy sHicons wesinnhaying gakemainder wf approximatelys 78n- 88p¥xpy a

PO DS el R GpeERE o Bl G405 08 i
o 2. Bt o AR BTGRP 850 PR h MoB8o638 0 el B3 e

net hod. . 3@iffusi®w ihBibivord@nd R|stysrie achl 8sQf fAtEPracidl | Phbsibhateridlp oS
t he nol d. 10 ~O SEPTEMBER 2002 separation, the plasticity of m xed

subst arlde ansed foarsaakime thaskimples aumbsr hthmwngholdief Tablal.
conpr essi on-nol ded_pi ece higher. Anpng the fatty acids, such netal fatty
acids as zinc stehbase semplessicontaimingathetbermali diffugion, inhibiter were

or operty of Pnaef I Atk Edlorecmamerng TholOf mhefi Brcesieht ok HRFiRsRathE,
eads 10 o BbGREE (A KhPE RNeickE6r Alo WSelEl MrlabinRRITL AT ot O

i nsure a hohogenéous SI 0 property makes It SuUi

manuf act ur ewelgleto sPathaabll agosplvet diepadxed a9 udiiig CONRILiIRG apitatdrdi Mhe
Such fatty acids as stearic acid and nyristic acid, 10 which evaporate at a

rel ati vel y miwturenisedried fer dhuvaatdl 50%E emdsthegri myxed twiith apart by weight of
conpression-formned piege after th t _treatnment, are especially suitable
‘to those pi ee%soTew&&pﬁ@tnép ﬁgﬁevaeﬁﬂﬂgfer At fugther| 3 partRycteieht ngAs
Fe-Ni alloy_of 45./,by weight of, N 1s_.used.in the esgnt . enhodi nent
other re- N Sdivesh o R misad it bl smEriRche i o ARl AR Rt et g
on the fielg g &ﬁeh' G@tfe%?vé Ah%‘-"sBFJen@,S t Nlrié&nhf&wﬁﬁqg &ish8dC &Rl

approxi mately 90 by wel so, Fe-N alloys added , Mo or the

| i ke el emengsanalatbé sostdrhtiit floseslsmpobtidgdinte # mdld.ToThose pahised rontrigivg of
the magnetic al | oy powder of enbodinent 1, 20 0. 5 parts by wei ght of

si | i con0r ethe fatty acidaanes maderetitihtheferapudatedapowder hint aéémg ddeppririy
m xed t oget her, Eg/ E{fﬁiﬁng. ag{n' xi.ng, agi tﬁt or . Affler the m xi ng was, fini shed,
it was driedeight endatty esid andyuixing thesejiqeegher by & erogg sotarysmixer. angd
granul ated so t haLI‘l{otsefslaPn\Q'f) e W1 tor{Jl.tyhéurr‘itn% ?hg‘%ilgrmﬁ%%ion inhibitor were

provided in the foll_owing 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 golvent 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 containiﬁg 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.



nunber 14 to 18 were prepared through the sane way as in enbodi ment 1, 2G
except that packing rate of the alloy powder in a conpression-fornmed piece
was varied by changing the conpression force of uniaxial press. The sanpl es
number 14 to 16 represent enbodi ments _of the present inventi g& e the
sanple 1'7 and the sanple 18, siliconé resin content i SH0SE ﬁgFF °§anp|e
has been changed to 0. 3 parts by weight, are exanples for conparison. 30
Tabl e 2 shoves packing rate) magnetic perneability and core | oss of 11 10
SEPTEMBER 2002 t hese sanples thhod of the nmeasurenent renmains the same as

i n_embodi nent 1 r~se—aeseri-piten—gt-rriehrrethefl is not repeated here. TABLE
2 5 10 Sanmpl e hh ack ng rate (vdl ¢ gnetic perneabilityCore |oss
(kW m~Enbodi - 1448 ~ssp9pwent 1692103~

' 450169612642000r§_%i -12BER8p1@0 ®l120Q Ap clear fromthe results in
Tabl e 2) the sarff pe| || neet tHe laove {described sel ecti on standards when
t he packing ratg 3zﬂl 5 Wi fhin a rlangg 88| ~95 Y% by vol une. Were) the
hi gher the packlnﬂfrﬂ the flogmancelin both the magnetic
perneability ang the e npl{e o$e 15 packing rate is | ower
than 87 / by vol n thhg dtandatd. A packing rate higher
than 96 / was ng §9§ @éo@ § ving 0. 5 parts by wei ght of
silicone resin g AN C eysiiop force; therefore) the
sanple 18 was pr M df sji I}i done |content. Although the sanple
18 attained incr rCK gt o insure 20 the insulation
between the allg a%d tlhe cgae | oss increased. For
provi di ng favor g t} ils {pneflerred that the packing rate
of alloy powder fi B P& GFlal |s within a range 88 - 96

t

(D

hi dher the packing rate the
3) .| Sanpl es nunber 19 to 24
He1sdnpl e nunber 4 of enbodi nment
Hi angt er] df |mggnetic all oy powder was
d inlthel .} |cHaracteristic itens. Sanples

better the char
were prepared t
1, except that t

In parti ¢l ¢
varied. The sanfp] \er e meagu
nunber 19 to 22 fefs ejend enbchL
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D

g 3§ts§f t §§ﬂ present invention,. while
. sanpl es ' nunbex ?Fﬁ 24 are conparip@n.| the 12 14 SEPTEMBER 2002
packi ng rate ﬁ aﬁlg)y powder ils{wmthip a range |88 - 95% with all of the
sanpl es. ﬁ
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Table 3 shows the results of neasurenent. TABLE 3 5 10 Sanpl e No. Mean

particle dianmeter (wm Magnetic perneabilityCore |oss

(kVVannbodl 19160680ment 2010632802160964602210012b880Conpari - 231101351350s

on24 ' 0.86614S0 As shown in Table 3, the above describ st andard

Is satisfied with the sanpl es whose mdan particle dlan@ﬁg&ﬁ%ﬁi%h%ﬁo

al l oy powder is not-smaller than 1 V'n) not greater than 100 ~, m The eddy

current |loss incr Wast ugr f he
Phe éze OQE 3{/ deil was ﬁ'\‘ﬁflﬂ &' fold, &gd E&ﬂg%ﬁ%d B'g &

square of a flowng s € 1 oss can be suppressed
covering thgnfixidRpLedyf atBOReEdsurBasf 16! tfekt fob BircenSatoaldsNg AR hefdslt, ﬂ' he
eddy current is dependent on particle dianeter of the magnetic powder; the
finer the parbiddldottnedpiedd ef 25 reamdddytsiderdinmdtossls mowen ¢nsidefiiameter,
particle dianmeter goes smaller the relative surface area of a 20 particle
normal | y i nandabeut 18cnm i thickpeshwasiabdaifededdy current increases and
eddy current | oss oes hi g @}i unl ess surface of fhe pagnetic powder is
cover ed 5enough Wi ’11‘ eaobtiained formgd piees ivads Pt In enbedhdreatmantsoven, and

Slﬁ‘éﬂf g pr of BPal 3%35‘1 68Tk BRgsThore eat o Rint Bhesth %Refe?sef:?ree%%ée o o

t
reasur i ng nﬁ’éhié"f b8 Foying H<CHY R edBASHELRH MABLENk yadD, € “éb*%
requirements and tgwes shhﬁplegwer@%esaheldoﬁﬁth@xﬁ diice sazblmsaom@ aher

than 50 kHz, the nean particle dianmeter should pr&@rab be not 'smal  er

than 1 um nlnssgaﬂdtme phdnh@omﬂen)f atiog povedear idlay cofe. ndl‘hs mekults dfhtleséO
um not greater than 50 um 13 t0 SEPTEMBER 2002 ( Enbodi nment 4) Fe-Ni
all oy . emegsurempny ek ghowat i Table r braiThrermagneticvperme dwas

the magnetic allo owder n t hod ticl I ze |ch
povder “bel nE1AsubdEINaspe 3 CRE e&ﬁgﬂfrﬁeﬂaemﬁ@ﬁgﬂfﬁ sin tBe,5gze Tone by
I nor gani c | 0 el o] hyl
systemsi | P%%ﬁ%ﬁ%% P Ak, B e B e IERRRIE CHE pghButtEE ™
vol une aft efrdiftid ?Qaf 561 Qeaﬁarm@aéuﬁag ﬁﬂa‘gh@ﬁ@%ﬁk'déﬁﬁit%r 8f 6P §d Thet he
I nsul ating materi a Acrylic resin (polynmethacrylate)) silicone resin (a

.met hyl syst pecking eateeshewnnin tla itableaisr dravahiey, (céreadensity tateal Wen6ity ¢f0 /
10 by volume_after heati nag epoxy. reS| n and water glass were prepared as
s

the bi nler . alloyapowed @ana daumbers d %ﬁtrypa%se@t emb@@men tarq an@
wer e used for ‘@fmg’ﬁ es nber 26 ét% h 43 of bI e f?
parts by wePjfite B SI plerabers: %(1% OO R b‘fﬁe’Eﬂ‘mP 8
i nsul ating rrat eri af‘h@QQleﬁhBﬁrét%nﬁXr&‘Qh%te éﬁH] E&T‘Tof"%oﬁﬂ{:e‘fgﬁ@asgﬁé eaf%@n%

m xed .t oget.-her by tator e m xture was

m xed Wit fha&n&ﬂ:ﬁb dhytowﬁbﬁ*lrs c@fe a8 0?1000k Wemb @etless; ikithd baditionHéf thet,
and further 3 parts by weight of xylene as solvent to he m xed again by a

n xi ng agi t auwrentAneasuting fregquemcynof50 kiHz hnd, measuring dnagnetio fluandensityhe
sol'vent, The dried m xture was cruyshed, end granulated so that it flows

smoot hl $0i ntof 023 B nMagneticarmenhility shomldbafR9rmpera.at ty acid were made
with the granul at S‘%B’O@%?é bgpgdm% pownpianr'&‘al?l)é ]\.’\%hghst Olgleg% t¥1mab and

m xi ng together b
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 requirement satisfies 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

80 - treatment of 500 - 900°C applied on a compressmn-formed piece 1mproves the



The granul ated powder was put in a nold, and conpressed by a uniaxial press
at a pressure of 10 t/cne for three seconds. As a result) a 26 toroidal
formed piece of 26 nmin outside dianmeter, 16 mmin inside dianmeter) and
about 10 mmin thickness was obtained. The obtained forned piece was put in
a heat treatnent oven to be treated urfder the conditioH%s%Eﬁﬁﬁﬂﬁﬁ?qo Tabl e
4. The heat treatnent in oxidizing atnosphere was conducted at heat-up

speed 1C m dj | %, 30 0. our.. That i gwhon-oxidizin t nps re
was conduct@agggﬁ%eg%%#@gd a%dlghwcé@Plﬁ?BER%gmfél gferﬂt% %?WS‘T i me
0. 5 hour. hdal d.s [ For, purpose
of ascertaip-r?iagegrta mt ermégéer% gcglgﬂ O@&%ﬁ%ﬁé#%}??%@@gg bequgfel’re%,ogg
namely for draferablpPeeiRhil £Yepatatifel fifhge 700P2GD0RC! | Ei¥ifet in
a letter Ig wer e 3gl so nmanuf ac?ﬁr ed For tq:ée sanpl es of %gl e 4, u%?%g%gt
uni axi al prizestméntitgmpssaturecthelifioid effectivs fohredusdagahdshystoredis drspea
core has a square contour whose side is 12 mmlong, and the thickness is 5
mm t hebni dwl farfasdihei alleghppwdei doas vot evart gettingmmieredhe di aneter, the

outer feet have 1 mmw dth, the back hag a,1 mmw_dth. 10 The toroi dal
shape sanpl es wer ﬁ%@ﬁ@ﬁsma@@ld%’gm@ﬁéi%héﬁ paglapgaabe exespdingS8& % e

000 20 GBS e STt b BRS ol 1S SoE ol B
the core Pldanellield:aek 1EARESERANGLA TARS AynINSRA Bl RELIHE! 1Y

was measured by using _ meter at ¢
direct - cur renderpenchi heht StidabinenOqf A Mindad 1B&d HP'thel ?‘ie‘ce"‘@fadr%ﬁ%ed
by an alternating current B-H curve nmeasuring instrunment af neasuring
frequedfy oéveidRakivg) comtesitr imdt nhgnevapordtion camsinby tatkeOpldeeTsufffistently
packing rate shown in the table_is the value, (core density./ real density
of alloy pdgfauseithe smallnpmhesaf nayes pxisting.uas the resuliothe evaperated
t hose 20 ~ i ch_do not bear ,any def.ect in the appgatance.are rked with
“0) whi | & THSEERES FEIMEE SEAVIOE SUHRR dBPeEorenr o A Hoads, (on deteriontag os
nunber 25 t 93%5 nt ' : the: rgﬁﬁﬁ | ng i ' .
sanpl es nuhgglar 5&{?%&% a?%%g%ﬁ%%égﬁgx%%plﬁbs. ! ekéség\élge%tllﬁl H Ys@éﬂ%%? I n
the choke C@dﬂaﬂiﬁ% 3&# 06 @ BREs tempReatie! an® ddAtaRY énly &hATl Wvdporatiag
core | oss of 4600 ms or less) in the conditions of the current measuring
frequeddy ofortentkiszmuwtabladas use iy amage pidce dfl highdemckingrate.0. 1 T; the
. magnetic perneabi|ity of 50 or nore, _in the conditions of the measuring
frequency of 100 Keg fawthen esbancing the ngylating cepabilityr witlpdha magngtic

o RS A 2 PRAP £y SRR ok on ehe
kW k 0 i . . h y
(< m-Pack e S ol EAaGer PIHER ROAARHA RO RIS

300089080 ~iehidPtd3 507 R 0mblailar 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-forimed piece, such layer changes itself in part into

sﬂica, which provides a rigid insulation layer. 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 \&ere not available through the compression-
molding method. | |

30 . The fatty acid plays a role of lubrication, which improves the mold



nmonomer none59420091C32 -Silicone

oi | 68420090033Ai um na50440086C0Coi n- 34none30 ~900089(0pay. - 35Acrylic

resi nnone45042720089Cs on -3g, Silicone950. ~bh81030089

~0_g7r e~40040950089088Si | i cone resi n~§§350087x38~0~, ~%0 pat er

gl assnone?00451250085X41 VPat er gl ass "391310084X42AIti m naSi |1 cone

resi n50380085X43none ~Acrylic resin3520000880 O mm3 WmNOON 16 ~o
SEPTENBER 20férdfiof #RE plAQRLF A BRI Subdtah@0land rafslE f s
26 to 33 satisfy tﬁ’e selﬂgct&lﬂgn?s_tan ar dé‘il_n got _t‘ihe m%ﬁ@?%ﬁ%@gg‘l@?ﬁy
and the corgllépppewdéfdfion eofiprensing-melddd picts Highes tAmdNgElRY fatbp Wead,
excel l ent conpactibility in formng a core piece of conplex shape. Use of
an i nsul at i surhb methériasty peidedst pinbesteht i@l imaghesiummstearale ahdéd edeimim

| oss; an organic silicon conpound, among others, proved to be especially
effective. ateardtst tareacsignificantlpuefioctivei tier dnereashe thacKivigityat andf thel oy
powder in a core piece, and inproves the magnetic, perneability The high

pl astici%ty @ﬁnamlgqme propesty ot thmm@smlate%e@ﬁwrt #@r%geoléanacpr&cess;

o O OB bt i g e, U o 3R Spbf 8y i

advant ageoug.l«:y | r Ik :one ' L dhzi

and in the cruildsge ToMALAEd RonitRRABRAT opi e BPA] Silich BrBEHE bt .
heat treat ngwitable ¥ Ahel MHaRLFRERREGT 8dmPabt -antb MorRPRAUSHARILQiRs by
conpressi on-fornmed pi eces does not deteriorate the cure characteristics.
The heat treanpesssiormuldingi dSach fastyasplene steabii0acidend mypistiecacide
magnetic perpeability and the core | oss of the conpression-fornmed pieces.
This hedt t whiehnavaperete at i aelativaly lowr tempenntunenandt bapHyskear: staying
700 - 900C. _TRe higher the, he&t t reat ment teq‘gerﬁé\a&r? t he Ear;r]gre ef f ect.i ye 20
it isinreld 8 {ompRespionstormed, pisce; after the, Tegtmenty ape, RIBPClaHEs

ot Start OB 6 Uk Hacd s PG B SRR 1 1 2

core after heat eatment as re eterio the magnetic
character| stics. MMt an I-Ny#IS bS5 9067 dRdighef Nili6 ubediA thaprasent
superior thermal deconposition 25 property, and leaves hardly any resi dual
carbon aft eembedimenéadthet FierNi ladlogs rofodiffdrent gompositpdres may lalmo) be used
favorab) e characteristics can be realized. Wile in the oxidizi ng

at nosph? e) dape pasthe Selded arplication, ia, s dax @sethe 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. b 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 fhat it flowed smoothly into a mold. Samples
| number 14 to 18 were prepared through the same way as in embodiment 1,
256  except that packing rate of the alloy powder in a compression-formed piece
was varied by changing the compression force of uniaxial press. The samples
number 14 to 16 répresent embodiments of the present invention; while the
sample 17 and the sample 18, silicone resin cohten’p 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



range not higher than 360C, therefore) the binder resin can be degreased

w t hout substantially oxidizing the alloy powder. . By degreasing in the 30
oxi di zi ng atnosphere of 260 - 360C prior to the heat treatnent in non ..
17 SEPTEMBER 2002 oxi di zi ng at nospherge, good cores of c#mj E%r% can be
manuf actured w thout inviting def ormat! on or crack dur!® tﬁ@iﬁnea 2
treatnment procedure. An insulating material for enhancing the insulation

bet veen al Rysp oYtAplaaaT { Mdidibds BOUl RRcANMRmAN Yoifaillsl 1baBEMENGs in

tenperature of- heat 5 treatnent applied wth an aimo ower 1 ng

hyst eresi s dnobedinhéxey Has des¥iptidieof whidhethedlis b $epBd R Jére, Nl udes

oxi de particles (alumna, nmagnesia, silica, titania) etc.) and inorganic

hi gh pol yner. Organic high polyner is also suitable to the insulating
material, in so far as it is |east reactive to the alloy powder during heat
treatment and mai ntains insul ati ng TABREbRerty at the heat treatnent
tenperature. A ni sl con-corpound, a-mng—..g.t-h.e.rs.,p_wa.t._mmrs t he
surfacebof alljoy powder Semplene | Porkingratsi ||Magmeticayel Ceoredesst erfed.
Preferred orgdnic_sililcoMNeompoundvilif| ud spesmﬁiih}b%’e r &Wim’si | hne nmononer
and silicone qiBmbddieflerrsyd propertg®es thgq orgabic sijl i cgpoconppund shoul d
pref erabl y. haanédte; tlhatigt ré¢adi |l g2cover|s th@3surfdqce apothe L5 all oy
powder and thgt it extibije a snmalTgheating Taos. The Tayeg thu$ fornmed
changes in par[Cd%SB,i_ ITTEA JUiiTNg ghe negat tr gat Neny apghped O
conpression fdr P! greS g TEKITy ThFer T A T Oigs TTTSYTatiggy Tavyr . The
fatty acid pl a&ys—a—rote—ot—tuprrecatrom—whrcirrproves—tire—motd separati on,
the plasticity of the m xed substance and the packing rate of alloy 20
powder I8 gher. Among the fatty acids, such netallic fatty acids as zinc

SLearal e e U SRS (B LeE S RIS B el ptat R sebes e
he LS 3k ol <AREHS RS ARLAL FRf L SAURSHS 1R TR ol ..

conpr essi ongh @, RAvAIEES: N otb! tie hisHer ﬂféirrﬁﬂ’atélﬂﬂkrff.l?é”tﬁé b%@téré}?%iﬁ(?r(#ﬁﬁ%e

honmbgeneous: conpression a onbgeneous f or ion-of a conpres

pi ece; therpi disthi thé snegnekic Pdrmeubilitpland thet duref iseRt Mhe 8hnibls Ehbse
pi ece of conplex shape. Such fatty acids as stearic acid and nyristic acid

evapor atfe apagking nafevisl loweavthagnBdr%thyr volume canehgt satisfyvthestandssd. A
conpression-foyped piece, after the heat treat . therefore, .these, ar
o iy hREk bt digber Shnp ShLYA HaP 2ok GVAGRS Fith b srmiplenbaring. b

powder pack'bggtsr %tye 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, tﬁe higher the packing
‘rate the better the characteristics. '
26 (Embodiment 3)
Samples number 19 to 24 were prepared through the same Qay 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 s_ampies number 23 and 24 aie for comparison. The



(Enmbodi nent 5) Sanpl es nunber 44 to 48 were prepared through the sanme way
as in the sanple 25 of enbodi nent 4, except that the packing rate of the
magnetic 5 all oy powder in a conpression-forned piece was varied by

changi ng the conpression force of uniaxial press. The sampl 44 to
46 represent enbodi nents of the preseﬂ? I nvention; whi ?%%ﬁ%?@%unber
47 and the sanple 48, the silicone resin content in the latter sanple has
been changpackingaatgopalloy poydeaiig mtithinr & rangerfBe 95% with ailoof thersanxpleSABLE
6 Sanpl e No. Packi ng rate (vol % Magneti c perneabilityCore |oss

(kW m-Enbol i - 4485ahksdehewssbeamsntio @fswsnsweeB0018Conpar i - 4784493400s0n~
48~ 96~ 62 [ 4700 Table b shows the packing rate, the magnetic
perneability and the core | oss of these sanples. Method of the nmeasurenent
remai ns the sanme as 20 in enbodi nentTABILAH3description of which nethod is
not repeated here _As clear framthe results in ‘E'apr h__the saopl es of
nunber 44 to 44 satisfy Shapkel ¢dleapmpastice Megmetie a ¢hOkwe lossi | Hescri bed
in enbodi nent 4 in . bdth N6 thedismaterun)i|serseshibitys | 1B mdgnef i c
permeabi l ity and@&hbRicqre 190ss. | The nmagneti|lc pesoeabi l|i t yegopr oves al ong
with the incre?sjmg pagkingp rat¢ of ¥ allqy poeder. T thgopacking rate is

lower than 84 % it carf nogysati sty kfe sellecti @p stamdar dgpn nmagnetic
perneability. The Asanpi 6-2‘@ tray Ty lﬁopdbki g TRIEE 96 7 Lxg'gbt,hjj s been
prepared.with ovuuu oré cot I ,16 COTTt UIILJ causg—t Dvu tion of 1
part by wei ght MRAY | -e—Fbsinrakes it %Ifsa E,<: +g—atrah—the¢ targeted
packi ng rate 9d.8Rdespilte 2% ni gH 30 QBar il c34800 sdtisfy the

standa.L due to increased core |oss 19 ~o SEPTEMBER 2002 caused by the
failure’in securing rigid insulation between the all oy powder

As shown in Tablg 3, the above described selection standard is

satisfied with the samples whose mean particle diameter of magnetic alloy
powder is not smaller than 1 ym, not greater than 100 pm.
The eddy current loss increases in proportion to the square of
16 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
20 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 countermeéasure against harmonic distortion,
for example, the core loss should preferably be 1000 kW/m® or less, miore
25 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 650 kHz, the mean particle diameteér should
| _ preferably be not smaller than 1 ym not greater than100 ym, more preferably
30 not smaller than 10 pm not 'greater than 50 pm. )



particles. As described in the above, the packing rate of alloy powder
shoul d preferably be falling within a range 85 - 95 %in terns of vol une
for a 5 conpression-forned piece of conmposite magnetic material to exhibit
superior characteristics. In so far as it stays within the above-descri bed
range, the higher the packing rate thé3hi gher the perf & HEREMB di ment
6) Sanpl es nunber 49 to 64 were prepared through the sane way as in 10 the

sanpl e' 25 of ﬁfﬁ% ' tn4, except that the nean particle dianmeter of the .
magneti c al I(%}y p(;ﬁqv\f(]ilg?ﬂv@s vari ed. The sanpl es nunber 49 to 52 represent

nbodi t f the, . ] ' e op VN s 4
:r eoe;(gerrgl Zsof or ﬁ%opn%mﬁ§®¥%g%g%?k(n bgﬁléﬂg?Pmrsfﬁ%mv@%?&%éﬁ Fgﬁ‘% n
the range §hrepafil hsWhehndignetic Alley Bg%db?%y afomiBihe MHetHySmbAR Ja%idld S

of neasurenent. TABLE 6 Sannple No. Mean particle dianeter (~. m Magnet i c

per meabi | i tgigofwhiecls poéw\dbmbleiiy 30148, Next, alumina (particle diameter 0. BEm),
~150380020went 6010552600512095290052, 501254300Conpari - 53601855000so0n54~ .
0. 748 ~8b0®r28nAmorgenic powderheilicosel tesighowan wrFamicesibicon homepsang,| &5
whose nean particle diangter of the magnetic all Oéé?gowder s not smaller

than 1 um ri8etlyrleystemy siligone resins having amemaindpn of appsexiopetely e 80 %
~described garlier,inenbodi pent 4, Since the, eddy,.current | oss _iIncreases
' br opor  15h veirn B BRRRGR).land it Al MK, SlwsrS Brepgiatgs
size of ed C ‘ol e 1= P ﬁg&g p

covering t%esﬁéfiggéemgf ﬁﬂaﬁgﬂr}‘ggnéc?@l%g?%ﬁc@&%ﬁﬁ an }arltgﬁl %ﬁéﬁgg%g er |(%1| :
The eddy cumeehyl dysteRPSNEBAE reBim) Heviks @ ©indaRider offappPeximatsdy 70 PeuEeT ;
the finer the particle the snmaller the eddy current | 0Ss. However, when the
particll@® dilywbhimgadbers hehtiag),t dyoryetasin \wadswater gldssawere plepanedr 44 ¢the
normal Iy increases. Accordingly) the size of eddy current increases and

“eddy curr erhinld%-; §tﬁ~?é’l¢1 agid Wﬂseﬁléﬁwmd Q@éh@f fattFDé agithnel hesepmaterials were
covered enouglh Mot BRULRLA, TRLSIA g sl e RIS £ 5, LT
Shoul € el 1 51 mpSoBERRE Voot 33 RGE Ay 0%BsH BD flghe>
T L0, YRS et sRUAISng s s b PS: o otedan Mo
mean pdbt i cindxeld sogatber by wsingreamisinigagithtoy. pThdaniiture wasdeibtipand then 1
CTenter ot hoired 3ty hpart by wefzhi of one of the respactive bindars of Table 4, and
further 3 parts by weight of xylene as solvent to be mixed again by a mlxmg
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
20 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
25  toroidal formed piece of 26 mm in outside diameter, 156 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

80 0.5hour. That in non-oxidizing atmosphere was conducted at heat-up speed



- letter "E' were al

(Enmbodi nent 7) Pure iron powder as well as Fe-Si alloy powders of 3. 6 % by
weight of Si, 6 8/ by wight of Si, 7. 5/ by weight of Si, 7. 7 1| by

wei ght of Si, respectively, and remai nder of Fe were prepared as the
magneti ¢ powders by 20 atom zing nethod. Mean particle dianeter of the
powder is 30 um Next, silicone resin M methyl system $iSEPTENBER2002

havi ng a remai nder of approximately 70 - 80 % by vol une after heating) was

prepared ago i n i.N I achy.li j
G T eone 1 Boc it Bll b 8ol 18 Horl T Sorb AL BT BEEREA Yt e
appr oxi mat 9ngfgd¢ 80 / by 25 volune after heating), epoxy resin and water

gl ass were prepared as the binder, and stearic acid was prepared as the

fatty acid. ThesForathéi pugpves ol seteftMinitaki whether Siaplpiscdaurdiehiflert 0
86 of Table 7. 1b 100 parts by wei ght of magnetic powder, 0. 46 parts by

wei ght of tomplewity atamgbeaf@med, wesmaljdefdr abhle 4ppepdse myf eeabtutingd thd ene
was added 30 as solvent: these were m xed by using a mxing agitator. The
m xt ur & wagompaetibiligErrEapERaped Ansadetisa; "Finwerealse manefac fhadthe t h

Fur ther 4 gaRIonp bl Geing PonBiveal BERREba THBRUIR of 6601 ABF dhres.cq
" amove + no oBsin e B-Shandd hite hag o Rl clfiott BRRSERidd bl hned toRR ©
were mhde e iRt D i RO Re i AT M Y

of fatty aghe daghetérithe oulles fedtduntd @l mai Rddeh, thedsackdidd ¥ 1nmxekwidiie
granul at ed powder was put in a nold, and conpressed by a 10 uni axi al press

at a pl@ssure of Tie toxmidat shaphrsmmplesowdse wedaforemdaspring theoimagndtic ned
pi ece of 26 mmin, Qutsjde di aIrret er, t6 mm_i.n i nside dianmeter, and about 10

mmin thi cleEBeahilityheiceee loss andethenpacking yate aiomperetic mloyRawder 1o
heat treatngnt oven be 15 tyeated under the r. ectiyve.condi tions
Shown | - Ta8Pecore trhiln o B-RhERRE satRPE, 188k ESERARY il Wt f e B e
at the heaipigh3@esaditidyy of thdiehidl fided] "Ph roRullo'dire BB i THER-£X PRSI NG
at nosphere was conducted at the heat-up speed SCmn., holding time 0. 5
hour. I'n thhagnetic pebmdabilityldlassmepberdl by esingaa DCRRcts: af-Glequbfcy of
pur pose _of ascertaining whether pieces of nore conplicated 20 26 shapes can
be for#d, H¥hiHg, feodirectcurtantgmagmetionfield: ¢HH000 W/m; amek thégprailass was

s% manuf actured for the éﬁpl es of Table 7), usi‘%(lg a
uni axi al priBeasyukeds by, avsalterngting, cuyrens SRS MRASTING 1RRl BN}, Bk J

core has a I tour havj i d f . t hi e o}

mm the m a%g g&%ﬂgoﬁgqgﬁﬁﬁ%ﬂt ?%ng%l& %%53%81 %ﬁ%ﬁa@g’r{ ,&tn%g&ou %‘rifrlget
have a W dtPh@padkifp rdtBBHREK in 'TRE tabM idithe Yalde NBoreldéndity. Cicdd deBERPDOL
sanpl es were used for measuring the nagnetic 30 perneability) the core | oss
and t he packlioy poatderpk b@@NeWithpeegect torthdevebuatign of €pmpuctibiliyethose
E--shaped san‘ggces were inspected with respect to the finished conditions of
the cold piwbich #henatcbenn anyrdefesioim the appersance wne magkedewith "0", while

ol o No. 1A heRr i Pk ofn e et retnar koL MItk oty SERYlas FRbSE 2.
| O~di 2ing 4,33 represent embodiments of the present invention, while samples number
34 to 43 are comparative examples. '
The selection standard in the choke coil for countermeasure against
26  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.asu'ring frequency of 100 kHz and direct-current magnetic field of 5000
A/m,
30
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. hone 83054 561 ?b0 85084 83X (g.| S~i cone resi n5394083 .

- Xg5Fe- ?. 6Si SBi oone resi nEpoxy resi nOnone830b0130080X8GNAt er

gl ass. 4?170081X NWo" mm3 ma NO O N 24 |Ip SEPTEMBER 2002 6 10 of 10
kHz, a direct-current nmagnetic field of 5000 . A/m and“;gg -Fé]\ﬁﬁsﬁﬂéﬁz was
measured by an alternating current B- HScurve neasuri ng 1 nStrunment at
nmeasuri ng frequency of 50 kHz, neasuring magnetic flux density of 0. 1 T.
The packing rate shown in the table is the value)-(core density / real
density of powder Ascleap fromithemespliainiTahled, sbasamples |o|‘fy1méema26 dn,33

t hose whi ch do, pot, bear any defect.in, the pearance are ,nprked wth "O',
whi | e thoseSﬁﬁéﬁth%ﬁéleﬁtleﬁ SRRGRTdT Beth 5h0 THAILF RTREA ility il core
nunber 56 tg 68 rgpresent enbodi nents of the gr@}ser‘%. i,nvention, and Sﬁgﬂ es
number 69 t 5°B5 ard fOnfAAE ACKRIE Jtesinyas e Ringer (PhON AR iecR

choke coil f LAt LASt. ' | | Ory1l . S
of 1000 kw Ry E RERIRGRAR LN nidEE BPOLEp AR, UL of 3 1EB0RRE
60 kHz apd FR&IEIH tyi ' inf -t . i

per moai 11 ¢\ e 1P TANG e oltbbity I Cirhiinding thé chre W, ot oFREIE cificon,
t he sanpl es couifRindg Garhong8othbes,2prodedsed bsfespleblbekfotiits. SThBARILE, iadid
both of the characteristic itens, the magnetic perneability and the core

| 0oss. Those coatyibutes to wnirehsathy Inackings ratenaf alley poaadarhia bicodte pistsvarh
excel l ent cqnpactibi]Jity in formng g .core of conplex shape. Use of an
organi ¢ si | ilEHFovesthe magnaticperBedlulity.f ective for inproving the core

| 6ss. The f jnd i b ' h Ki '
2 core piece and THbRLRIRAR M ROP R TR R AR or O KeSp e ERRRRG oF "
the heaggtr %E&Eﬁgireds'i‘oﬁ’-féxg*xéétl ﬂ,gec%ta[@ﬁﬂg.ef ThQ%ei%?@ &@ ROGuflgbh fboﬁl%tﬂgc{rﬁﬁ]tg&?t €

the core characteéristics conpr éssi on-forned pi eces, and

heat treat mefta ishaia@rbfomfﬁ Ebmp iR s h@fydicofesiWGs AP Her mmgebﬁe in its
magnetic perneability and the core loss. Further) it is observed that the

pure iron orhigh-therslal decompositioptapientynin the dridizing énd i yhevabghixidizingot
I ncl uded) and remai nder, .ofggfej exhi bits excel |l ent characteristics with a

hi gh magnet |%t . o%: it har I%VPQW ‘P§§§. -The high plasticity of
acrylic resin cont,ﬁ]g %te%% t%gat@énrgﬁ Qxihilzeingsa %:Poesp%gre of 260 - 350°C conducted

16 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 temperafure the more effective

20 itisin 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

26  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, a;:rylic resin decomposés in a temperature

range not higher than 350°C; therefore, the binder resin can be degreased

without sub'stanﬁally oxidizing the alloy powder. . By degreasing in the

80 oxidizing atmosphere of 260 - 360°C prior to the heat treatment i;1 non-



of a conpression-formed piece as it is. Therefore, it is suitable .to the
25 ~~ SEPTEMBER 2002 formation of high conplexity pieces. Acrylic resinis
further advantageous in its high thernmal deconposition property in the
oxi di zing and in the nonoxidizing atmspheres; it hard sh
behi nd. The preferred tenperature of Hzat t reat ment isk%ﬁésfeﬁﬁﬁﬁﬁyﬁ?nonS
oxi di zi ng at nosphere) nore preferably 700 - 900C. The hi gher the heat
treat ment tenpEeAAERY r sVEf icbmlek dygt
SHARUAGNbEThATR! e%(ﬁ)? €6tdsV 6f cbmme?éhdééiebg chh’HE m%'i'nﬂﬁcturecgl

hysteresis loss, I'n so far as nmagnetic p s not start gettin
sintered. |{witHowddhvitess defRavstiobY cf £kl @urihgtheuatithe@riOhepiicedaraf t er
the heat treatnent, it deteriorates the magnetic characteristics. Acrylic
resin has a 10 super imsulatiagnadatdeiadfpp sirttiaorcipg dher ingulation | estwaenhaildly
any residual carbon after the heat treatnment in non-oxidizing atnosphere.
Thus, favor ppwdet particlesrshauld becamclbthateasn reithstamd the temperatyireiofihept

at nosphere, acrylic resin deconposes in . a tepperature range _not hi gher than
360C; t retr&aémemﬁeanﬁ%rwutgsm & eloa@g%%ﬁea stRRASES dojt dRPBEgRIGg

t he. 15 magnet.i c _powder .., Ther ef.ore, alsp in form,ng a re piece of, conpl ex
shape, it | SXBERE forq thatsylabine, dyrtenal s IRIGRR Prids; Dahisles, dnbigiiang o
- 360C prio t greatment. | NS B i
good core pli%&céls&ggns%%gb &%rhg%’d B\%lQ f E%l 3‘? h?éllﬁa%?cn ghggf @?ﬁahﬁrb n@)%%gggplﬁgh
during the ‘ESP}méf ¢8tallB guitable taotlfénixtdiﬁuﬁﬁF' A tEERE! irtko ffak SNIQRES T84kt he
i nsul ati on between the powder particles shoul'd be such that can w thstand

t he tenper areactivd td tlee allolipowdmsduringdhdataireatmantrant manctains ipnilatigel or
| ower i ggot he hysteresis |oss. Inorganic exanple for the insulating nmateri al

i ncl ude0 ox Pgepertytatcthes heat traatmentaigmperaturg.| i 4n onganitsdicont compoiad,

e, pur pose SRYHEPLRTE, R e (e irbice 1 ANSOPRRRE 46 e foip ipleien,

is least re po i 22 adk; i [¥:a

| nsul ati ng. SEbBrBLELL OPREterfu ol Bticoh EOh{Hnd SR AliBodE i,
More prefer gflafel fopdmeN afddailicens! éil.C OPréfFRA Relopdticeh the \d¥eanid 8ilicon
surface of powder particle in the formof a 30 sil oxane |ayer. Anbong the

or gani ¢ si | icomporaripshoudd, preférabiyhave sire; thdtataeadily covershbibmviEsec26Dthe
mononer, silicone oil, etc. are suitable tg the purpose._ These which have a
pr oper t ¥5 r eadloyypaseder and thakitexhabits a smallheatinglassyi The layer thustor

| oss are preterred. The, lLayer..th f orned,changes in part.ijnto silica.

dur ng ¢ ho. FHARER? imBAEh ESthrmHeR e B hEat PR R ied e oSk Ao
itself a rig i at.i I fs i ays a rol e of

| ubri cati on%%iggrﬁiléér%f %@gﬁéﬁ%ﬁ}@gd%%%tgﬁ%g plasticity of the

mi xed substance anfhd Hettpagktnglayete refe bheubsisaiton ek imirones the thald y

acids, such netallic fatty acids as zinc stearate, nagnesium stearate and

cal ci um st ezepaeation, thegpldisticityt ¢fithefmixad substance anddhegweking ratevfoaliey of
granul ated powder and transm ssion of forcg during conpression pr.ocess,

whi ch pbgperﬁqvﬁ‘g‘*q i‘é&i“ﬁ’g tgmé’nlgl %%rgaﬁa'c Rekds, sue g;etg.ﬂ.g: S%%e?-&ﬂﬁ gp znc
conpr essi on- d piece. Mtallic fatty.acid.contrihbutes o insure.th
hormogeneous J&%%thss%nﬁﬁwmo%%&? orci’?i(flluﬁ é@%ﬁa eom% resegf%&&’ eglée,‘

therefore. idighficutichABlECliol tm%@geum@g@nﬁ@f: %ﬂggflgifefaf | péwdep BHEthe

shape. Such ty acrds as stearic acid an I ch evaporate

at a rel ati iganshI¥sibR MRE" dbipteddionhFoflley didigbebhipFesdibAi Hracess, which
conpression-fornmed piece after heat treatnent, are especially suitable to

t hose pi ecesimmprdviegierntaditors rlead. to Enhiglhere packing? @aamfl eloyypdveder8in to
91 were prepared through the sane way as in the sanple 65 of enbodi ment 7,
except 2Bat cuvepressiamiprmed piece.t hdetalde rfatty acidngangribudes flor imenngi she
was vari ed gg/ changi ng the conpressiqn force of ug‘jﬁaxi ] press. The s | es
number 87 t cReOBRRPQI SOIYHEEHOR ALY BPMORENEPWs AT ©F oh; CORMTeEsiO
sanpl e 90 ang the sanple 91). the silicone resi.n.25.content in thedatter
sanpl & has. R BB CREreore; Tl ARG RHAEIE £6F ERe Thrmo@tiogof &'shidl
conparison. Jall &Religs Sispd 2 Eha ARl acill % BRAT HciChAR ARV kY R4

t he

evaporate at a relatively low temperature and rarely stay within a

30 compression-formed piece after the heat treatment; therefore, these are



core |l oss of these sanples. Method of the nmeasurenment renmains the sane as

I n enbodi nent 7, so the description.of which nethod is not repeated here.
30 As clear fromthe results in Table 8, the sanples nunber 87 to 89 to
SEPTEMBER 2002 satisfy the selection standard fox a choke coil gfﬁ%l%%i bed in
enbodi ment 7 in both of the characteri$tics) the magnetI TEFJEMRE ty and
the core loss. The magnetic -perneability inproves along with the increasing
packi ng r aspecibllyuibhldeso. tHoke piecarasfiiiigh dlidyepowdbPpabkinpynt84 % it can
not 'satisfy the selection 5 standard in magnetic perneability. The sanple
91 havi ng Epshddingentai)}e 96, % which has been prepared with reduced
silicone resin content because the addition of 0. 9 parts by weight of the
acrylic resin nékemples nuwpdseyi #4 dot48 weraipmepaeed thupeghdthensiinegvagptas i96 /
despite high conpyressiaon, can not satisfy the standard due to the increased
core | oss thawsaaply 2p oflambodimant dcexeapidhet $he nacking ratmobthevsmaegnatic

powder pa:?éicl es. JABLE 8 15 Sanpl.e I}Jo Coﬁrﬂ:_)é)ﬁaicgiv%nPacki,ng ]gateh ) h
(\Igr;l ?%)S?%?qucfg?orreag glfit %ﬁgpﬁo 86%:%‘ ?1I§W [ iaf3 9‘:;31‘166 yOcs aanFgG%:MOO
roescr | ORI COT TAEE ol AR Ry A8 SR e S PR Nl ALdA AN TPrsgesn:

pr ef er abl Béxﬂﬁo&ﬁhhhf@o%ﬁ%ir}ﬁgedﬁﬁ%rﬁﬁoﬁ; while tH3 éfrﬁﬁger ﬁhpiél%ﬁfg‘? ’aﬂdntﬁ)e{ der

to provide a conpression- plece wth superior c ac stics as the
conposi t e gmAPRS 48, thy Silicehe reBirs Gortentdf the latRysampleiiud béor ahakged &8

hi gher the packing rate the higher the performance. Further, in a case
where a F&.S3 partoohy moight, aenexdamples for compagisors / 25 by wei ght and

remai nder of Fe is used, it exhibits excellent characteristics with a high
magnetlﬁc perneability and a low core loss) in so far as the packing rate of

the alloy powder in a conpression-for ggg' g falls within the range 85 -
95 / in terns of volune. (Enbodi nent g? anpl es nunber 92 to 9'|l were

prepared throughfthe sang $awp@ds ||Packidg rhéd hEndtieR 200 8ore loss
No. (vol%) permeability &kW/m?
Embodi- 44 86 b1 3300
ment 45 89 1] 2900 -
46 96 82 3300
15 Compari- 47 84 49 8400
son 48 96 62 4700

Table 6 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
sat_isfy the selection standard for a choke coil described in embodiment 4 in
. both of the cha'racteristic items, the magnetic permeability and the core loss.
The magnetic permeability improves along with the increasing packing rate of
26 alloy powder. If the packing rate is lower than 84 %, it can not satisfy the
_selection stﬁndard in magnetic permeability. The -sample 48 haﬁng a
packing lrate 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



the sanple 55 of enbodiment 7 and sanples 98 to 103 were prepared through
the sanme way as in the sanple 61 of enbodi nent 7 except that the nean

particle dianeters of Fe powder and Fe-Si alloy powder were varied, These
sanpl es underwent the neasurenent of characteristics. ;I;hg s%mqe@z nunber
92 to 96, and those nunmber 98 to 101 rlgpr esent enbodi nEnte ‘%Fesent

i nvention; while the sanples nunber 96, 97,102 and 103 are exanples for

conpari son cking.: e of { ] rvfell wiihinsthe r e
85 05 o6 SRLTet B S Bl ebiVinlRRRL WieBRUNE botrenihe ghoy boniet
nMeasur enentyqEALABLE 9 20 Sanpl e Conposition Mean particle No.

di anet er I\/agnetl c permeabilityCore |oss (kW m-Enboli-g2 161 ' 880went 9S

106879094 Fe 806 5P I8 OERTEB6Y i % ! {1488
160850ment 59 1064 -236100 Fer 6 00 " S3- 64590 101 T 00" CAsaBe A g

" 0. 8671160s préfeaabBodHL7a1ling Adtldnear rdngem8Ghe 9596! irs tehawnocf Frolakleefd a
those sanpl es whose nean-particle dianeter of the ,nmagnetic powder is not
snal | er 5t haontpressiootfogmedt piece loficofposite magnstie miateribhboaxtibitrsuperivake
coil described ear|ier in enbodinent 7 Singe 'the eddy current |oss
i ncreases ichagaekevisticsn 1w sontarsamab stays sothinethe abpvardesctibedqange, dthea
flowi ng size of dy current, .it'..can he ~0 SEPTEMBER 2002 .
suppressedayﬁﬁEBgﬂ? \éﬁéﬁltqgeraéﬁrtk‘ﬁclélggﬁr E}&%HE%?’EWE cle with an insul ating
material . T 9&9%5 current i s dependent on particle dianeter of the
nmagnet i c poager; _ﬁ]‘ae%ftieﬁer the particle the smaller the eddy current |oss.
Wth the choke cqidmpiqy nifibtred9es 54 WetOptdpredaHBN Bt‘HeSéé}h’é'v?Ey ds%n °
exanple, the core loSs is preferred to be 1000 kWng or less, in the
condi t 16ns thie dampleu2’ efitmbodimenb o, bxesptethay the meakrartivle déaseténef the
magnetic flux density of 0. 1 T. In order to reduce the eddy current |oss
-at a frequanegnetigradloy pewden wadvariedi sTheafeanples numberdd hedH2 represente
di aneter of tg owder is, not small.e , mnot _greater than

e,magnetig..p an 1
60 um 10 ~ 98 Pﬁ@?nt%ofgt%ggemﬂ@vsnbensw § ﬁ@ﬂuﬁpsemmbpﬁi%asd §br
s 7. 5 by i ned_ remai nder of Feni i xhd bi,t s excel | s
characteri \gﬁeggattw%.pgesa? i 6??%5%8?? c%%rﬁé%%‘l)ngi ]Ev%aﬁr’?dggo}' aﬁ%‘iﬁre??%&ﬁ%
so far as t{}p PR 9L 95% Sy HLWAUEbLEhOiakpses.al | Oy powder falls within a
range not snaller tﬁ!’f’o:n’gl5 _&ij ?ISE)IF gr eataér Bt hsan 60 wn ,-1s | NDUSTRI AL
APPL| CABl LI TY TheTables@shows\whstresaltefof eiensnrenrgntsi t € magneti ¢ body t hat
exhibits a small core | oss and a high magnetic perneability even when it is
used in a high frequency band region. The conposite magnetic body nay be

formed in 20 various conpression-for nm@kﬁgpi eces of conpl ex shapes. ,
30 ~s Septenber 2002 CLAIMS 1. A conp gnetic body of a conpressed

conpact conprisi g a X USEmple 2| MAEH particle | MagddtWwoc! | CObteAby N0 iron and
ni ckel as main c¢nponent g, 6NBI nd Pl et&(ﬁhﬁi (bgp@p&lﬁﬁbp f Vﬂh{i)di ny the
rmgnetic al |Oy ] ¥ thSt .”‘i‘g.“_', atre—a—trer-rmet—er+ U’Slun t |||‘.thur, wher ei n
a -packing rate o Gretre—atov prdC% HA—thRe—corpt es”‘8 eorpqct falls
wi t hi n 20 range of| @8%to504 —anil the ferrprﬁﬁsed GOHE 00 ;o heated at
a tenperature of |500 to 900®% n nfn- ax®%i zi nd_at mI8pher & 2900
52, 50 126 4300
Compari- b3 60 185 5000
gon 54 . 0.7 43 6500
26 As clear from the results shown'in Table 6, those samples whose mean

particle diametér of the magnetic alloy powder is not smaller than 1 pum not

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

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

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



2. The conposite magnetic body of claim 1, wherein a nean particle dianeter
of the magnetic alloy powder falls within a range of 1-100 um 3. A
conposite magnetic body of a conpressed conmpact conprising a mxture of a

magneti c all oy powder containing iron_and nickel as main an
insul atilng material and a bi nder of aﬁgacryl ic resin f'@rs%ﬁw‘%@&e

t oget her, said conpressed conpact being heated at a tenperature of 500 to
900C i n norsupprdisidigy sbvaring ¢he suffacé of the afd drivotitgaeidle wieh\anoinsailating
conpressed conpact conprising a mxture of a magnetic iron powder or a
magnet i ¢ alinagemalivde Theorddiys icngreat5% biepesidet on pastickeOdiametet of the
i ncluded) of silicon and remainder of iron, an insulating material and a
bi nder of amagoeticipowdest the finepitheipagticlectdhe sogdenthe ed&y durrendrlessed
conpact being heated at a tenperature of, 500 to 900C i.n ngn-oxi di zi ng

at mosphere. 5. ThAOWgNpbSYhen thgpartiglendjameier gpes the xpieires guFfee

moneti 8 otracet Binadicld ngrgty jarea SR ARGy SheiB7e AT bRrmants 4
fatt id.. 7 i i i , | .
backi ng. r af eEplstR SRERARY BufRGCdS SRR/ il SWlb® Sudlnch of ORE Shdefietic |
a range of ﬁ@w&éﬁ/‘iabé’q@é‘i‘gﬂ?r?log.ghv\?ﬁit‘hna@iﬁéﬂ@ﬁfg Aférdl. TWatk QHQ%Pkt%hceoils

magneti c body of claim . ereln a nmean particle dianeter o
nmagneti ¢ pofutecorfitetmentttd againanarmbnic iktdftion, OforTeraraplqosid eorp it i C
body of claim3 or 4, wherein the conpressed conpact is heated at a

t enper at ur esheuldgoefaadly he G0 kWin sriosy meore, prafarably 3500 kWem®icar lesst ed
LR T e Bl BN o508 O

.Au. ACACA . . : f FAY A ,
' ﬁijx'sqn'rb]\c’\Yj care %@Mé{%‘% g‘i{éﬁ% 8§] aﬁ?ng]Alez]?lE ';‘]I(%]o'g‘%% %céﬁ%%gé#egﬁdgg] ca
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b was crushed, and granulated 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
10  uniaxial press at a'pressure of 12 t/cm?® for three seconds. As a result, a
toroidal formed piece of 26 mm in outside diameter, 156 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
16 {;reatment in oxjdizing 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. § hour. In this way,
the toroidal sample pieces were prepared.
For the purpose of ascertaining whether pieces of more complicated
20 shapes caﬁ 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 fhicknee_xs of 5 mm: the
middle foot is shaped in a column of 4 mm diameter, the outer feet have a

26  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 logs and the packing rate of magnetic powder in the core
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.

30 magnétic permeability was measured by using an LCR meter at frequency
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of 10 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 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
powder) x 100. With respect to the compactibiliy évaluation, 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.

10

16

20

.26

30"

The selection 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. 1 T, and the magnetic permeability needs to be 60 or more.

1 As cledar from the results in Table 7, the samples number 56 to 68
satisfy the selection standard in both of the characteristic items, the magnaetic
pérmeabi.]ity 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
rate of powder in a core piece, and improves the magnetic permeability.

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

Further, it is observed that the pure iron or Fe-Si alloy powder
containing Si for = 7.6 % by weight (0% not included) and remainder -of Fe
gxhibits excellent charaéteristics with a high magnetic permeability and a low
core loss.

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

of a compression-formed piece as it is. Therefore, it is suitable.to the
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formation of high complexity pieces. 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 preferred temperature of heat treatment is 500 - 900°C in non-

5 oxidizing atmosphere, more preferably 700 - 900°C. The higher the heat

treatment temperature the more effective it is for the reduction of hysteresis

loss, in so far as the magnetic powder does not start getting sintered. If

binder resin leaves any residual carbon in a core piece after the heat

treatment, it deteriorates the magnetic characteristics. Acrylic resin has a

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,
ticrylic resin decomposes in a temperature range not higher than 3560°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 Qlegreased in oxidizing atmqsphere of 2560 - 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. -

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, ﬁtaﬁa, etc.) and inorganic high polymer. Organic

26 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 fhe form of a

30 siloxane layer. Among the organic silicon compounds, silicone resin; silane
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As described in the abeve, the packing rate of the powder should
20 preferably be falling within a range 85 - 95 % in terms of volume, in order to
provide & 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 tﬁe perfbrmanég.
Further, in a case where a Fe-Si alloy powder containing Si for < 7.5 %
26 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 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
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insulating material and a binder of an acrylic resin for binding these together, said
compressed compact being heated at a temperature of 500 to 900°C in non-oxidizing
atmosphere.

4, A composite magnetic body of a compressed compact comprising a
mixture of a magnetic iron powder or a magnetic alloy powder comprising 7.5% by
weight or less (0% is not included) of silicon and remainder of iron, an insulating material
and a binder of an acrylic resin for binding these together, said compressed compact
being heated at a temperature of 500 to 900°C in non-oxidizing atmosphere.

5. The composite magnetic body of claim 3 or 4, wherein the insulating
material is an organic silicon compound.

6. The composite magnetic body of claim 1, 3 or 4, wherein the compressed
compact contains a fatty acid.

7. The composite magnetic body of claim 3 or 4, wherein a packing rate of
the magnetic powder in the compressed compact falls within a range of 85-95% by
volume.
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