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depending upon the specific resistance for the soft magnetic material, and the degree of

integrity of the insulating film. From such viewpoints, the following techniques for
obtaining bodies formed from insulated soft magnetic metal powder have been
proposed.

[0003] The patent literature 1 discloses a method for manufacturing soft magnetic
members by a powder metallurgy technique. The iron particles are wrapped with an
insulating phosphate layer, and then compressed, which is followed by applying a heat
treatment to them at a heat treatment temperature with an upper limit of 600 deg C,
in an oxidizing atmosphere.

[0004] In the patent literature 2, a method for compression molding iron powder and
applying a heat treatment thereto in order to obtain magnetic core members having
improved soft magnetism is disclosed. The iron powder is made up of fine particles
which are insulated by a thin layer of low phosphor content. According to the patent

literature 2, the compression molded iron powder is subjected to a heat treatment at a
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may destroy the insulating film.

[0007] The invention according to the patent literature 5 provides a coated iron-based
powder with which the surface of the iron-base powder particles is coated with a
coating material, wherein the amount of the coating material for the coated iron-base
powder is 0.02 to 10% by mass, and the coating material is made up of glass of 20 to
90% by mass, and a binder of 10 to 70% by mass, or alternatively insulating and
heat-resistant substances, other than the glass and binder, of 70% or less. The binder is

preferably made up of one type or two or more types selected from silicone resin, a



heat treatnment, an oxidation insulating filmis
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treatment at a temperature of 700 deg C or above, however, with the conventional
methods represented by the above-mentioned patent literature I to patent literature 6,
the thin insulating film is destroyed by the high temperature heat treatment, resulting

in the eddy-current loss being increased.

Means to Solve the Problem
[0011] The purpose of the present invention is to provide a method for manufacturing
bodies formed from insulated soft magnetic metal powder which are low in iron loss,
high in magnetic permeability, and high in mechanical strength.

In other words, the present invention solves the above-mentioned problem by

providing a method for manufacturing bodies formed from insulated soft magnetic
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aluminum oxide, magnesium oxide, silicon oxide, zirconium oxide, and the like.

<4> The aspect 4 provides the method for manufacturing bodies formed from
insulated soft magnetic metal powder of any one of the aspect 1 to the aspect 3,
wherein the soft magnetic metal powder has an average particle diameter D50 of 10
m to 150 u m.

<5> The aspect 5 provides the method for manufacturing bodies formed from
insulated soft magnetic metal powder of any one of the aspect 1 to the aspect 4,
wherein the thickness of the insulating film by the inorganic substance is 0.01 um to 1
Lm.

<6> The aspect 6 provides the method for manufacturing bodies formed from
insulated soft magnetic metal powder of any one of the aspect 1 to the aspect 5,

wherein the compacting and molding is carried out at a pressure of 5 to 20 t/cm? using
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and the magnetic permeability can be increased.

[0015] The soft magnetic metal powder preferably has an average particle diameter
D50 of 10 m to 150 u m. If the average particle diameter D50 for the soft magnetic
metal powder is under 10 z m, the hysteresis loss may be difficult to reduce, and if the
value of D50 exceeds 150 1 m, it is relatively large compared to the skin depth for the
high-frequency current induced, thus eddy-current loss may be increased-

[0016] In the present invention, on the surface of the particles of the above-mentioned
soft magnetic metal powder, an insulating film by an inorganic substance is formed.
The inorganic substance is preferably a substance which, before the heat treatment, is
mainly made up of iron phosphate, and after the heat treatment, has been changed
mainly into iron oxide, containing at least one type of metal oxide selected from the
metal oxides, such as aluminum oxide, magnesium oxide, silicon oxide, zirconium oxide,
and the like.
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[002R] Ble amount of a metal oxide for the soft magnetic metal powder with which an

iron phosphate film has been formed is preferably 0.1 to 4% by mass, and more
preferably 0.5 to 3% by mass relative to the total mass of soft magnetic metal powder.
If the amount of a metal oxide for the soft magnetic metal powder with which an iron
phosphate film has been formed is under 0.1 % by mass, dielectric breakdown may be
caused below the Curie temperature, and if it exceeds 4% by mass, the magnetic
permeability may be lowered.

[0021] In addition, to the soft magnetic metal powder with which an iron phosphate
film has been formed, a lubricant maybe added besides the metal oxide. By adding the
lubricant, possible damage to the soft magnetic metal powder in the compacting and

molding process later described can be prevented. Examples of the lubricant include



and the |ike.[0017] As an exanple of ingredient of the

subst ance which, before the heat treatnent, is mainly
wore@e/oo2pf i ron phosphate, and after the beatPCT/JP2006/313628

treatnment, has been changed nmainly into iron oxide,

phosphoric acid can be nentioned; phosphoric acid

reacts with the iron ingredient in iron powder, a

ferrous all oy powder, or a ferrous anorphous powder,

meMl”sﬁQrét%s %a?t&’fﬁhs NBANELids. T‘ﬁé anogﬁi’vgpfubrﬁzﬁmtbﬁr ¢hange glagnetm

hate and is_iron te i1s
meJ@E aﬂ?j@ lﬁf av%ﬂ% B aéowhaﬁer%ms%d@ea iwgaeﬁemy be 0.1 to 1% by

makd @abrent process In addition, as an alternative to

h h such as esi um
[Oogaosp bt %héﬁe]iﬁ%@ Os‘géﬁ PgF T s cpieRac %‘gf"ﬂemﬁ’%@é As the
confrEtiag aﬂ'ch moaimg miethdd, adgliof tlenmethofih @&ﬁﬂiﬂﬁﬂc@;eﬁ@ﬂaﬂy @fsedlin the

h f
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ckness the i nsul ati ng
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nﬁ@gﬂ?gt gﬂ@tﬁl}ﬂﬁbﬁgo Ea%ﬁlc;do tﬁpt gfénm&%?etﬁeﬁsg’ag Sﬂo¥vdn?qg ormed to a

| ux densi ty el n% | ncreas
geomgtY diy dgeordange pithrthe PP@@iﬂg}forﬁﬁiﬁ@Pleph@;B}ngﬁﬂSbaml d, or

[0023)eNdxit kehe QRAPIGteadElBIded BodBhipflel SRHNQE 1€ fRL s'ﬂbjected to the
d to forman iron phosphate fil

wd and
orofgsy &y Mg %@G%‘P@f Urabel tagREat s ee S ‘Puﬁaaﬁmqréture for
the reeftahagpmid enetad phwidy £4d Below rune tpf@ﬁplhaﬁempérdtm&aﬁwhmh the
east .one t
ino 1260 RBG TERettBel I8 o i B ol G S€ s S smen
gaSaPuﬁhhdlfheoindéﬂS eSS |funﬂm(wdfemn5|aitmo$phemutdie oxygen partial
Ple@sh&&%rﬂrgmo‘gc?ﬁ’ gﬁ]us@ﬁ@otlbe phitkQok P éxp ALY qnex@‘%ﬁ? Qhere is no

se netal oxi es, alumnumoxide I s partlcu
ParB?‘ﬁ?leIfeafmCéwM%aWég% RO oSSR epmatmespheys is preferable.
[o02fhdn abé rdsshi ﬁw(eﬁﬂ&ﬁi; |b§7|cﬁrﬂ37ﬁ1%| csitaanﬁﬁ)a haht HJegd?nent (the magnetlc

t I ease
B3 A B P o oL ke e o
temp@@ﬂ@]e fihéheasmtunagretic anatelt miwdex hdé belowv thhehfehdéld temperature

Wﬁh IlﬁSlg% #g‘%rﬂrw'etdh %J[V% (E)rlc%_cl)nlo%i% oﬁpan% tHe i éron loss

is refhgedriyith the en%kl@tmrybe@ng nlaultm@y'l‘hﬁah@t rteéaamlendealtoae thee Curie
temp&a@lre TRSSn & 080 ing RS Hefe FRIFRLLRCHESEduction in coercive force,

however, the Curie temperature for a magnetically-soft metal varies depending upon
the metal, and the Curie temperature for iron and iron-silicon alloys, for example,
which are typical as the soft magnetic metal powder, are from 690 deg C to 770 deg C.
Therefore, when iron or iron-silicon alloy is used as the soft magnetic metal, it is
required that the heat treatment be carried out at a temperature more than the range
0f 690 deg C to 770 deg C.

[0025] In order to lower the coercive force and reduce the iron loss while maintaining
the insulation with certainty, the heat treatment temperature is preferably the Curie

temperature + 80 deg C for the soft magnetic metal powder; is further preferably the



If the ambunt of a nmetal oxide for the soft magnetic

nmetal powder with which an iron phosphate film has
whewnoéoered i s under 0.1 %y mass, diel ectri cPCT/JP2006/313628

breakdown may be caused bel ow the Curie tenperature,

and if it exceeds 4% by mass, the magnetic

perneability may be | owered. [0021] In addition, to

the soft magnetic netal povvder with which an iron

Cuﬁa&e%p%%agllx%;;ni(ﬁaﬁ?ﬁe { a or tgr %ﬂ lgggneg Jln%ga?#o%&b and is more
prdfubblmthﬁﬁuqsdsmpbwaéun&ah%@edqg& fdlreths eqift: mmgetet etappowder. The

he‘ﬁqm%ﬁeh{‘tﬂn'a s %ﬁﬁl&' %o apg nHRl :ﬂidnlg nﬁfr@??&@rah)grt & to 180 min.
descri bed can be prevented. Exanples of ubri cant

If thghegt dipatmentshimg igrader Jhrans thesvorkntirepa teay, notrke sufficiently
relai@munt of lubricant for the soft rmgnetl c netal powder
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al C ene use
surffaoeb of a@navzﬁmt asft tnmnebt daet&tlrp@rhdes a@otmﬁbglr@,f@é tstiuicigrally, and the

hech[z%§1§1!aﬂg {$h1Fxidd B tHeSRALIR AR GIR! B3 HAY o Jﬂbﬁﬁmgaﬂrﬂntt ffove the

. can be used for easy form ng_the powder
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beiRE aa‘oﬁfaatwywitﬁ dachCothér td élé&rlca'll'y $om(§1cbezﬂﬂalm$ﬁleyl dretf6ved and

ol AP TRY 56 1 udlFa oo of Fopt Y it fRied

[00BZh ekt g ftoe ithe fidstf idat dhdatmenrtdpmeess hehenindad i tregteat @smuisefurther
su %&FH)S &QJCEEJS Q:ygeco}ni" fe ecpesaltﬁl)énmgye%g)%ig%\rf ahﬁ 1@9%ettreated at a

ere no I nCrease can (fqei re

teraperatase phfom d99ideg (G toypelow Tede (S an prigizing atmpanhege, such as
aird6StHeONRL - 1%1 aﬁetﬁforlﬁomagﬁéaﬂﬂe@ﬂrom(g d%}f&mﬁﬁt ﬁl@i@% -aB18 8xidizing
magne a owgde rne egnetr

atné‘?,s@g?r&alﬁ e¥ ’%‘\?DP Eﬁ‘f K™ Bamh BE%MC‘F‘%?S USSR Sldg Frifrg %ﬁtﬁ’gen gas
atidtppere HaOhg3n MNgxén conbet odNPIac @mayededd body obt ai ned

[OO@%‘AI %‘IEF Vs%cc;n% £ez{tsgre%lﬂ}%§0trgce SL ?se% & rt?eC %%ntoof\jvhln%g su%Jec%s the
insubrtipgr ﬁlnm r%rlictnratlh elnmmtedragn‘émf 61“&!?&11@1’6 previniemt grydeess to an
ox1ﬁ§i!1<9¥v 1%5@105'1 rf'(ﬁ's '3947 (fte %rfag dpl @atﬁ;?acmkzc thshif3@ion resistance and

I nsul atlng Imis I-n- a non- OXIdIZIng
meghafiead h%re@gﬂs utherey m&e&@ﬁﬁurﬁw beflsr forgped | frgm pmanpylpied soft

malgﬂeﬁchin%taﬂ! rp%asls whichl istl6@ iM afonUBkL 410D hipheemabiticPey@eibility.
OENC SRR G HE IR DR AT
oxidesdrr raabmmnto Buotowmhlyapgaresg asthertemiperadgenraggs of from 400 deg C
to @etlgw %8(51 ﬁgge C,i ﬁleq{egt %Me%t time is preferably at least 30 to 300 min, and is
more preferably 60 to 180 min.
[0029] When the first heat treatment process is carried out with a high temperature
heat treatment furnace, the second heat treatment process may be adapted such that,
after completion of the first heat treatment process, the atmosphere in the high
temperature heat treatment furnace of the annealing process is replaced with air, and
the conditions for the second heat treatment process are satisfied, and in this case

there is an advantage that the manufacturing process is simplified.

[EXAMPLES]



[0024] In the present invention, by carrying out a
first heat treatnent (the nagnetic annealing, i.e.,

W0 b@70et7kT ng stress relieving) at a high tenpePEL/in2006/313628
above the Curie tenperature for the soft magnetic
net al powder and bel ow the threshold tenperature at
which the insulating filmis destroyed, the coercive
force is lowered and the iron loss is reduced with the

[OO%EFﬁ%%MbgBVJJ ﬁ{e a%@'t ﬂk%hﬁ&ngﬂTgeedégggﬁedt f(l?‘ﬁ%ter m &ehalp by glvmg

re 1n a nNnon-ox
EXAM S, \hQWﬁY?ﬁf hhe@m@ﬂenbmvemthmé met Nmitpd t@@esmEmLES

[ExeeUE B tenperature for a magnetically- soft met al
varies d%%endl ng upon the netal, and the Curie

Tq esrpeflay BBcbased Tav gpntenia Ramgar §pving greagfislgize digpibution of 10

to E50al, @, phokhicaicRl dohpionads (aEL7TehBy a0kt rélﬁﬁ‘ﬁﬁid 1%1e Fe¥vahaterial
Therefore,

wder, are f Ode C t.o, 770 de

oo R e PAIRE A, PR R APRBY e B 86 Mol tepprature fo
fornmtjme toif anebmlphosthaits filmqefi T eth tohatndehdnbe dhist alatinemt oxide
po@cgeé%g@réf‘ye g¥ %Jat.7§ 3&8%‘7& %"‘H)[%Ox%%\p?lgfegﬂg ?}8%7?&{] %ggsewgsa & ofI‘o the
inspladgdosoficmpenatic ragiel P@m@e ebiained; ripn stegsate whiallubricant was added
at U@%nlsyahlﬁéﬁgnd BExddn Uil dwridr Wak ti)lafc@& tn@'tﬁu-' bhe étn%oﬁ%@ﬁlperature

reatment tenpperature i s p[efera
and %"Eﬁ dr Briacgpregayeci A Homp o depin %ré@”ﬁ%@ﬁl iterptmphe shape of
arm@\I\der is further preferably theCurie t enper ature +

Q. pr_the. s ti and is
Thiso ]éeSer e’%er Fabity Wg&él tﬁg%}get g'rns‘ﬁé‘regf %ﬁ’a%tngen\g%gr AP of 60
min h@9@o¢dg Grmgmeon exidigtreg atmosydere, afifléhdre@mtthe s@andrbedt treatment
forta'tﬁﬁe béjcﬂr(ﬁfG@ LaR1aY 589 dégoC %Q? H%l@lzhr?gngnloga' HORE €

preferably 60 to 180 mmn. €at treatnent time
is under 30 mn, the work stress nay not be

[C(SMPARATWEEKAH\@EEVFOL [0026] In the present

vention .Ls.conjectured that nthelnsulatln
00p S THtR i DSt bt MR e S ghee a8 in
EXANH??[QEEG! Tis (ouebdetlyiteny’ Wiesubjecttd toeahedt rteatment fof b hfme period
of éHi tajc 80?@.9? %l lnnagi 1d§infﬁ atF‘x%quRE% Iﬂ'ﬂ?:ﬁ %etaprgse ts the co%lventlonal

V|n i S U e’surfaces
gerauqlamefhp dorf manﬁgﬁ@rmg arﬂmdalfmpmdt fromgssdatedi seftegagitedd metal
powdezuctural Iy, and the heat-resistant nmetal oxide in
the insulating film that has a nelting point above
the first heat treatnent tenperature, prevents the
[COMPARMDIVEE EXANEA 2]particl es from bei ng cont act ed

h.qth | | | d th .
oo R R P ai Rl feotam i Rneh cu g hiaar as in
EXWMRIHE iLsThisr'podseedaltbm” was egbjatted .to pOMDRT hedetebatnaht dor a time
peﬁcﬁeoF ) %ﬁlﬁ??ﬁg?d H@é‘td“?{‘ta R&P&S&iﬁingt Qt%aog%e,t Qg@taegecond heat

temis fur
treatment was omitted.

[COMPARATIVE EXAMPLE 8]

[0033] A "pressed item" in the shape of a ring was obtained in the same manner as in
EXAMPLE 1. This "pressed item" was subjected to the "second" heat treatment for a
time period of 60 min at 500 deg C in an oxidizing atmosphere. Next, it was subjected
to the "first" heat treatment for a time period of 60 min at 950 deg C in a non-oxidizing
atmosphere. In other words, the order of the heat treatments in EXAMPLE 1 was

reversed.



subjected to a process (a second heat treatnent

process) in which it is heat treated at a tenperature
w@Roof70otmeZ200 deg C to bel ow 700 deg C i n an oxpdi/m0ep/313628

at nosphere, such as air, or the like. In the second

heat treatnment process, the nost preferable oxidizing

at nosphere is air fromthe viewoint of practical use,

and besides this, a nitrogen gas atnosphere having an

oxygen content of 10% or so maybe used. [0028] The

second heat treatnent process is a beat treatnent

[CQ.MP%RAQDH]: BE&AMRIe 4} nsul ating filmstructurally
[ooB4Ite Phratsedith A" %rhﬁlefs%lﬁﬁet cafr&exﬁlig WEEHHEBE ilpf}f%(‘stgﬁz%flﬁﬁ%@? as in
i reactiqn for developing a nore satisfactory
EXW&’E%%?E‘HS r%@??ﬁdﬁ@% L %’érﬁ"@a]lleaé' treafigen, for pdimpgperiod
of GUaninfAG00des § ihad\wxiddsinesinidspharan | nsul at ed soft
magneti c netal powder which is lowin iron |oss and
high in magnetic perneability. Although it varies
[CQMPARATIVE BEAMRIFR5k enperature conditions, in order to
(A0 L OX b i eaGt i ' I r .
0038]1 0% &3 Hitokh ol %
e e A o) SR SO e B8 o in
EXAYFLEl This trvesyed dtem'rvean swbictedi tre. heat preatmenitfby a dime period
of 608@igtat ¥00 U6 8GR aHloRidiANSatniospRere. Preferably 60 to 180
mn. [0029] Wien the first heat treatnent process is
carried out with a high tenperature heat treatnent
(Evhluatiag eethdd® second heat treatnment process may be

.h I ' j
e B4RELE Y Stn RS RCTRL B SRRk Gy wSherE8t o s
thet wapeatict pewndabdity.t theainenloss tamdatlee ohdibherwhiveakirageth were

medPSE TSl S i@g%@g@gsﬁm.h air, and the conditions for
the second heat treatnent process are satisfied, and

: in this case there is an advantage that the
<Magtiic pefisdbigtypr ocess is sinplified. [ EXAMPLES] [ 0030]
Her ei.nhe t je .present inpventi i 11 be descri bed
1t 155 Frianaed Hpat Ry eﬁkﬁ%ﬂ%ﬁ,ﬂ* Kanaerreq fath an LCR
HiT#S388nt 353v@ht manufastured by mEIOKIt E.EMGRRP GXANVRNES. and  the
din%ﬁgg@ﬁﬁlvgl@ f&%h?‘éﬁxﬁ&leh% B based raw naterial powder

aving a partic size distribution of 10 to 150 m a

phosphoric acid solution of 0.017% by mass relative to
<IrédRss>awW mat eri al powder nass was added, and then the

m Xt ure was dri_efg ais roomtenperature for formation of
Tharvaiteott HBEpeis Bt fensitgof 1‘%}3&1&6.& fiornepcy ¢k bHe Ryag measured
with b BHAu A ey the SYRA38 meaafufaitvidd by IWASSUIELST INSTR UMENTS
COﬁ?WR@‘i@ﬂﬂ al powder nmass was mi xed. To the

<Radial crushing strength>
It was measured by the method as defined in JIS Z 2507 "Sintered metal
bearing--Determination of radial crushing strength".
[0036] Table 1gives the evaluation results
[0037] [Table 1]
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i nsul ated soft nmagnetic netal
stearate as a | ubricant was added at 0.5% by mass and

woreoogdo47Thi s powder was placed in the die at
tenperature, and pressed at a surface pressure of 15
t/cn2 to obtain a "pressed itent

ring. This "pressed item was subjected to the first

powder obt ai ned,

in the s

zi nc

hape of a

I POTIP2006/313628

heat treatnment for a tinme period of 60 mn at 950 deg

C in a non-oxidizing atnosphere,

and t hen

to the

second heat treatnent for a time period of 60 mn at
500 deg Cin an oxidi zi ng at rmsphere

the order of the heat treat rrents i n EXAMPLE 1

IOO%SFrP@\/%B thofglpripgmovetsARPI o beoR4] A " pressed

[ COMNPARATILA/EENVAML I nd! I T Y
| A AN A VEC7UNIVE I LU LA
shape of R ring was obt ai %EWL%I}P“FH@"S‘% %%ﬁm as i|Radial
EXAVPLE 1 M‘gghgﬁc pressed higemdqueRsy stibkested to a heat
treatnment|for a ting_period of 60 mn at 500 deg C i rt:rushing
an oxidi z p@;mabthgpwHyﬁele's'ihl s| Eégy-oweent s |fitem loss
conventio %] nera met hod fpy manufactyring a body Strength
formed frpliHel at B9Soft mabi®8tic netal] powder. (MPa)
[ COVPARAT| VEEXAMPLE| 2] (tW@{%?Z] A "(wrgped i t eply/kigh t he
shape_of ri ng was ained |.n the Same imanner as jln
EXEXNWRLEEL 1] Thils3 " pr =sse315.®t em' was3.8ubj eqted I®B3 a 51
i r-st—heat—t-reatrent—tor—a—tire-—peri-od—-of—60—mn—at
COME. BXg1d i n d0non- pxi d02il ng At rrgs%ﬁere and 22deconld 3
heat i sar men S omt [TCOVPARATI VEEXAVPLE 3]
C?%E?(Z 'pregsed item |n t he shagg of ari n%%vvas 25
CObIPaENed [ n th&s sank nemier as i n1EXAVPLE 1. 196ids 51
"pressed {temd was subjlected o -the “secgnd"_heat
C@K@aﬁ_ﬁeﬂt for 64 tim p@r7?’6d of 60 #Pn at [500 2&@(3 Cijp 138
ezt g moSp GIEXt 11 SUJeCI oro tjhe
Cd&[llj‘f)g%i?'sh;éat ?Iroeat mant o'r)fea i me_period gggm n_at o7
950 deg C in a non-oxidizing atnosphere. In ot her

(1) IttRMroh Nodshidy, BRADEPIH 181l :hsﬂQ)vW\@§ a@pf@mmmm n/5t Hie s affehat in

colREnEE LRARRCY Trriat e e PoR &5 ihe TR 1 Siespetisg offec
promided &y Ao irdegitChe firsinheak tpinag abbono siph€nge temperature in the

non-oxidizing atmosphere is remarkable. In addition, it can be understood that,

regardless of the heat treatment at a temperature as high as 950 deg C, practically no

increase in eddy-current loss was caused, and thus the insulation could be well

maintained.

(2) It can be seen that the radial crushing strength in COMPARATIVE EXAMPLE 2, in

which the second heat treatment carried out at a temperature below 700 deg C in an

oxidizing atmosphere was omitted, was lowered to approximately 1/2 of that in

EXAMPLE 1, but there was no significant difference in iron lass and magnetic

permeability.

(3) In COMPARATIVE EXAMPLE 3, in which the order of the heat treatments in
EXAMPLE 1 was reversed, the insulation was rendered insufficient, and thus the

eddy-current loss was increased to a value as high as approximately 36 times that in

EXAMPLE 1, resulting in the iron loss being increased to approximately 5 times. From

this, it can be recognized that, in the present invention, the order of the first heat

treatment process and the second heat treatment process is important.
(4) Comparing the values of eddy-current loss in COMPARATIVE EXAMPLE 1,
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[ COMPARATI VEEXAMPLE 5] [0035] A "pressed itent in the

shape of a ring was obtained in the sane nmanner as in
WEXWPLE21. This "pressed itent was subj ected POT/aPloewtl13628

treatnment for a tinme period of 60 mn at 700 deg Cin

an oxidi zi ng atnosphere. (Evaluation nmethod) For the

sanpl es obtained in EXAMPLE 1 and COVPARATI VE EXAMPLES

1 TO5 the nagnetic perneability, the iron loss, and

Cog\m‘gﬂ@e r esu?‘?ﬂp a2 %/ab?ég%l C per ngglﬁ/#ﬁ_{%jg) . %I?HC% t:he heat

treatziant [temperafyroim tthe aimefpberned wad b0 deg @ ﬁ%demat 7Q0adeg C,
ﬂ@%@%e Qha%st {fha@ Dhé Q%W&E&Iﬁ&ﬁﬁﬁ SOMPARAMREC EML@ 5 was

di nensi onal val ues

grepile mﬁﬁeé@e@uq fie rﬂle dslqchite (baerddonenty 40 dem C. cand that, in the

omaﬁg@eattm%sﬁﬂew demgé bi¥ @fthd like, tABUedk oD b athrkitst be
% dwith a B-H Analyzer S 8258 nmanuf act ured
belgv P%

EST | NSTRUMVENTS CORPORATI ON. <Radi al
crushing strength> It was measured by the nethod as
In &%H%g %18 Z 2507 "Sintered netal bearing-
et ﬁP H of radial crushing strength". [0036]
OO!Fa]bﬂ‘he ngqasms invientiow &4 watli souited efoxy intogor| @@®7]t01[01ﬂalblcereb, and the
hk%)LsOQl%&lm}éie%po&%%ﬁpanenw thtoéle%%ﬁge@%nﬁé 161 Al ik BsE Migh in
he 1ron loss I.n I's as | ow as
maab‘iﬁccﬁ@ir%f‘ iy, andhigh ig meghaniepd strppgtbOVPARATI VE EXAMPLE
1 Thus, it can be said that the iron | oss reduction
effect provided by carrying out the first heat
treatnment above the Curie tenperature in the
non- oxi di zi ng at nosphere is remarkable. In addition,
it can be understood that, regardl ess of the heat
treatnment at a tenperature as high as 950 deg C
practically no increase in eddycurrent | oss was
caused, and thus the insulation could be well
mai nt ai ned.
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(2) It can be seen that the radial crushing strength
i n COVPARATI VEEXAMPLE 2, in which the second heat

wWo e@anoat carried out at a tenperature bel ow FODIJRDOCH/3T3628
in an oxidizing atnosphere was omitted, was |lowered to
approximately 1/2 of that in EXAMPLE 1, but there was
no significant difference in iron |ass and nagnetic
pernmeability. (3) In COWARATI VE EXAMPLE 3, in which
the order of the heat treatnments in EXAMPLE 1 was
reversed, the insulation was rendered insufficient,
and thus the eddy-currentCIA¥E was increased to a
val ue as high as approximately 36 tinmes that in
EXAMPLE 1, resulting in the iron Ioss bei ng i ncreased

1t & mptbed iommeapipcrmgnkadiestogned oz inspl 36%(% s¢ff magnetic metal

povsfd%i; nfof—rﬁglgt &@tmsdlzihﬁéq ﬁhﬁ rcﬁ' SANIndrEMEN uBAande Néh @Kéj Béirface of

of st heat tre rocess an
perfigat Of p SaTRHEBE ALELD ML BORREREE S PbURDIPT G iffothen
carit&althetSt Dhesdidytitene id prtovile 4 hodyWRARATHoYEinkXlAMdl doft magnetic
CO\{FAEATI VEEXAMPLE 4, and COVPARATI VEEXAMPLE 5, in
nwV%W%%'ﬁhe heat treatment tenperature in the
the atatbepiverirsing'r was 500 deg C, 600 deg C, 700 deg C,

" eSBEEILNE KA SRS cld\ahydeBapegldy-cur Tent | oss in

was greatlﬁ}lncreased due to the
diredenectieally preastiagwiheapodsy ghafegrepafire jaRotenghe Curie

tenﬁ%i‘aﬂhl?é 38 tid ﬂﬂﬁﬂlﬁ@ﬁe&m rﬁé&ﬁhp@bﬁde&ld'nd BMOVI b thrdeBoldtthmperature

t t t be b w 7
a6 VRh<tr APIAG FEANE It oa0R0 SR T ate AR et ash 2 2
vach@mwilekt gid) ctre;ﬂeﬂlke, andttben cor es, toroidal cores, and
t hgal,lrl}r%ﬁg o%i? a%&ﬁ&r l&e%‘é %!egé"hg nIQ r;]:llt G tgﬁggﬁ%@@t@t& froiuhéﬂb (ﬁ:rgeb to 700

ow Iniron n magnetic
deg[férmmlﬂlzmﬁ atmaebHerg lfu¢haseis wahhq:lake strengt h. CLAI MB
1. A nethod for manufacturing bodies forned from
i nsul ated soft magnetic netal powder by form ng an
insulating filmof an inorganic substance on the
2. SIlHefﬁ@iﬂio@ffoxﬂﬁéﬁﬁi@htﬁ@m@fboalesdﬁmad&@mtlhmlmﬂ &bﬁpﬂ@ﬁtig metal

nmpactin md
ponEABF (R P Py o P P e PRTReaFotsha ek fibsds one
or Bofd tymmgné trbwernedledted bnadhé niyong tﬁszrrm Hbsors,coreprassirergnickel alloy,
iroft- 9@%@101&151%@%% Qi‘l)(lyfjfrm nicR8- AH Siloy, 5R8&ilicon alloy,

iron-silicon-aluminum alloy, and the like; and ferrous amorphous alloys, such as

iron-silicon-boron, or the like.

3. The method for manufacturing bodies formed from insulated soft magnetic metal
powder of claim 1 or claim 2, wherein the insulating film substantially comprises iron
phosphate before the heat treatments, and has been substantially changed to iron
oxide after the heat treatments, and the powder comprises at least one type of metal
oxide selected from metal oxides such as aluminum oxide, magnesium oxide, silicon

oxide, zirconium oxide, and the like.
4. The method for manufacturing bodies formed from insulated soft magnetic metal

powder of any one of claim 1 to claim 8, wherein the soft magnetic metal powder has an

average particle diameter D50 of 10 u m to 150 u m.
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magneti cal ly anneal i ng the powder at a high

tenperature above the Curie tenperature for the soft
woragneb47e7 met al powder and bel ow t he t hr eshol dPCT/JP2006/313628

tenperature at which the insulating filmis destroyed

In a non-oxidizing atnosphere, such as a vacuum inert

gas, or the like, and then carrying out a further heat

treatment at a tenperature of fron1400 deg Cto 700

5. 'fh(% et}ﬁ)ﬁ %E n?g(ﬂ q%c%lam?%gsﬁsﬁ 8 o%r&l 91"?%1?%@@ sgi,:t 18%%%38 metal
rovfdeo of ams eteatfethinglf to q’tpagln‘!emlmrmtthﬁk tlpdmw ofghe énsylaking film by
the¥HGEhT shPgasRfit 0 BRIRLLI €, Rt @l powder substantial l'y
conprises one or nore types of power selected from
iron! ferrous alloys, such as iron-nickel alloy,

|’I'}@nm5|ﬂh65 &or ﬁﬁhﬂﬁ%@iﬂl@ kiee }fornhddoﬂtlnﬁl 1ﬁ&ﬁhi|:e&| doftclﬁﬁgnetm metal
ran 111 con-.al u

|ron l.i co
povaieffa o ST W R eF S R B Pydne is carried
outsa,bcdn pa&ssiife06f 5 itd i20 Arent3oushiy any ohder Inidee .of 3oldThet, rellhisebtatic
f el urin d frominsul ated soft
pressngl% atnﬁ%og Ogﬁahc gmgg%gfoé 3£an 1 or claim2, wherein
the insul ating f|In1substant|aIIy conprises iron
phosphate before the heat treatnents, and has been
substantially changed to iron oxide after the heat
treatnments, and the powder conprises at |east one type
of nmetal oxide selected fromnetal oxides such as
al um num oxi de, magnesi um oxi de, silicon oxide,
zi rconium oxi de, and the |like. 4. The nethod for
" manuf acturing bodies forned frominsul ated soft
magneti c netal powder of any one of claiml1l to claim
3, wherein the soft magnetic netal powder has an
average particle dianeter D50 of 10 mMmmto 150 nm 5.
The nethod for manufacturing bodies forned from
i nsul ated soft magnetic nmetal powder of any one of
claiml1 to claim4, wherein the thickness of the
insulating filmby the inorganic substance is 0.01 m
to 1nm 6. The nethod for manufacturing bodies forned
frominsulated soft magnetic netal powder of any one
of claiml to claim5, wherein the conpacting and
molding is carried out at a pressure of 5to 20 t/cnR
usi ng any one or nore of cold, hot, cold isostatic
pressing, and hot isostatic pressing processes.

14



