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MAGNETI C COVWPCOSI TE FOR AC APPLI CATI ONS AND A PROCESS
WO-SRINANLFACTURI NG THE SAME  FI ELD OF THE | NVBMIT/ChRoDv@00147

present invention relates generally to the field of

magnetic materials, nore 5 specifically to soft or

tenporary magnetic conposites for AC applications and

to the production of the sane. More particularly, it

PR BRI G ST PR Acdpplicamons

mechanjafid APROTESSFORMANUFRCTURINGITHESAME t he
invention is well suited for manufacturing power
appl i cation devices such as stator or rotor of
FIEDDOF THE NVERTPONt s of relays operating at
requencies up to 10 000 Hz; or chokes, inductors or
transfornmers for frequencies up to 10 000 Hz.
TheBASKEROANEN N Tolatd NYERE M) thiBaldld ot ainaticsmeedtidls, more
divided 1nto two maj Or cl aSses: pernmanent nmgnetic
spenificalhi tw soft ar $empefary medgneticacomapsitasipn ACG @pplications and to

mat erial s) .apd tenpor t 5 i.als I :
the parri 06 SEREErBipte PatEkEly, I oPRbehs” se st DRgneti
confRBRat ﬁ/itﬁfﬁacﬁﬁéﬂaﬁ?ﬁérm dnd @ddgr eerrestmiviseeeand overy good
that after renpval of a nagnetL2|n% force, a high |
meghanical gneperjies chiag FRRONEHE GeEPpREIEMAT thediyyrittiontisyiell suited for
' S j I :
marE B e T REBED RS oyt o 1 20F ol Ritof o hdnines or
parisnsfueldyeropratingrag fretjuendies espi tal 10000 Herathodkes eindattors or
magnetic field producing it, when this field is
transfRimssa fordreanpncies w8902  e. Per manent magnet s
are commonly physically hard substances and are,
therefore, called hard nagnets. The tenporary or soft
; ) QF THE INVENZIQN r emanence and snal
They are commonly physically softer

than the hard nagnets WO 2004/ 070745 PCT/ CA2004/000147
Magnetic materials can be divided into two major classes: permanent magnetic

materials (also referred to as hard magnetic materials) and temporary magnetic

materials (also referred to as soft magnetic materials).

The permanent magnets are characterized by a large remanence, so that after
removal of a magnetizing force, a high flux density remains. The permanent
magnets tend toward large hysteresis loops, which are the closed curves
showing the variation of the magnetic induction of a magnetic material with the
external magnetic field producing it, when this field is changed through a
complete cycle. Permanent magnets are commonly physically hard substances
and are, therefore, called hard magnets.

The temporary or soft magnets have low values of remanence and small

hysteresis loops. They are commonly physically softer than the hard magnets
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and are known as soft magnets. ldeally, the soft

magnets shoul d have |l arge values of perneability (p)
waipooto7E4$hi gh saturated flux density. The val urCD{ARGVE/000147

pernmeability (p) is the ratio B/H, where H represents

the applied magnetic field, or magnetic force,

expressed in anperes per neter (AAM and B is the

magnetic 5 flux density induced in the material, and

and ioakgi l&kogkl?? ra%?Sﬁg%Qgﬁ%t%Li@eél&W%%ﬁ'f@g@ﬁn’é@s sﬁBHﬂ hh%e large

valué@tcﬁrpeﬁtr&a@ﬂw ysyaplty 4 dmigrapatura?ldl fluns _clj_ﬁhat)e Theayalwvef the
to canalize a varyin tic flu e
permaeARIEN oINS Tl B/W oW bt I8PreReTiy the AhRLe magnstic field,

or Ma{é‘ﬁ#g? ?Gar‘;?g %8%%%%@“% %‘Phr]g%tréé g“eﬁ" i}nﬁtg méh& BSi'th8Magnetic

flux densitynimdaced irf thed thateraleand attlsr&xpres,sndhn deslasi(ore tesla being
etc. A soft magnetic materla% has to rapidly react to
equalite oneaveberperanptarsagaraVéREBr nal i nduci ng magnetic
field, and that, w thout heating and w thout affecting
t he frequency of the external field. Therefore, soft
Softrmggeetic maéem@aarewsu@ﬁw fou appligations utheng taey have 40 canalize

o P Dol UESYLFLT Lo BN eribobly ST LmeRutactunng

tran§fb@rﬂ@k§‘gln@h@fatrfcecfcfrl 8ledtrofideciedlfisgymb@setis scaferspretator and
| osses, as they are sonetines called, result in

rotor oh telise gEDraipess Bitemataks: §9lc @ﬂqe@ﬂ-r@mmeﬁmcéyoreﬁﬁé/er efc.

A sc(@ﬁ@eﬂ%?n%%é%t@%s ﬁ%@?@iﬁgﬁﬂoﬁ% %Fr} a\‘?%;tlbﬁ% 9 an external

|ndlmm$nnégmmem@w , (&md Haat, z)vithdine heating arw!) without | aﬁéctlng the
ani sms 20 which energy or core | osses occur.
frequpBekohine W@E"@I t8lds | osses and eddy current | osses.

Soft nmagnetic materials have to have a snal

“hysteresis loop (a small coercive field Hc) and a
Theréfgre.f soft megpetsy are)usually ausahwith aliggnaiing cexents, nded for

ma%ﬁgﬁgﬁi’cﬁq‘@yoéi% gggéﬁtfe[l E(Z 'rr\?\ig{n‘ﬁ?% grﬁ%%hs ﬁl%ség? taggc()jmated with

the tdiengdice e%cﬁﬂ@rﬁeldnmhet entiyy |%sebr emuemeylos‘ébey aar they are
i nfluenced by the chem cal conposjtion and
somatimes galledbresylhin fANGTSIAN Ofvﬂegtﬁmf?@f@ﬂ@ therma' energy. The

losde&4 m%%}e@sed in terms of watts/kg (W/kg) for a given flux density
(in teslas) at a given frequency (in Hertz). There are two principal mechanisms by
which energy or core losses occur. These are hysteresis losses and eddy current
losses. Soft magnetic materials have to have a small hysteresis loop (a small
coercive field Hg) and a high flux density (B) at saturation.

As well explained in US 6,548,012, hysteresis losses are due to the energy
dissipated by the wall domain movement and they are proportional to the
frequency. They are influenced by the chemical composition and the structure of
the material.
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3 Eddy currents are induced when a magnetic field is

exposed to an alternating magnetic field. These
w@oosemni7gs whi ch travel normal to the directi onP@f/CAR®4/000147

magnetic flux lead to an erergy |oss through Joul e

(resistance) heating. Eddy current |osses are

expected to vary with the square of the frequency, and

5 inversely with the resistivity. The relative

g e e

magiﬁétic ﬁ%lﬂl Ifdlme_ tc'flmrenw t\mic‘:lmrtr?lfdl enomalve% dher directidn of the

ow and nedi um frequenc plication tween 50. Hz

magagHC StixoleadHie) anamerevéé@gspﬂ@aue@dfOUE%?G%wZa@? aln¢8findad=ddy
] t i s, ; LN [

currEhGUE5S) e CAPBLRA B Ry WM ACTBGUAIE) Of BRUIROGRARY. and

invetdedy evitth thfe tdwistivyhThentlatiye impostasce affthe atdyi ayrentridsses

stacki ng steel, | am pations. i s | | -known process
thus data B hiteerpa ep btk oL et il o1 a1 U1 <

generated from notches and edges of the | am nations

when stanping. This material loss could be very costly..
In RHOF hedo 6 s BRignelle BRTteor altergie w@&fsof jagg, and” médium

| ; toryg [ iRO8

ool SIS LA dnybe g bl ot S5L00 oo, Beek fCucos
usingr bdsicalty tWbediffenéntateicbnslogiese adol haviag thpdoadvantages and
i .ta .subdi vi sion of the final geonetry of the parts and
imitglidiN$e coated with an organic and/ or inorganic

insulating material. Every inperfection on the

Thefiek 810 408N SEn SRR SRAETI0 L Ruscad N AR Of punching
and' ﬁg&lﬁh{;%eeﬂaﬁﬂnaﬂ&ﬁi T8 WAk kWA Tprbaddd VoS material loss
P S W 1 I'p copper

reven desi gn rounded edges to help
sinoei serapi maiterinl iDugenearatddefrpimanatchest am@d edgiest dfethe laminations

* whe Sapieg s roenatipSe APl oot oy g et sl aovs.

Thiép??&%},s 4188 r%h@lrés IS dbfamltt ek el bf @Nﬁbrif@ﬂ?z girﬂerﬁéléns greater

&
ane of the l'am nations. 25 The cost of the _
than & dimensiens ©f ithe arastita betieducedhi Txatansinatigns ihave the final

oooRRSHER bFRERus PR BhehebBeBtor b 2t be costed
with an organic and/or inorganic insulating material. Every imperfection on the
laminations like edges burr decreases the stacking factor of the final part and
thus its maximum induction. Also, mass production of laminations prevents
design with rounded edges to help copper wire winding. Due to the planar nature
of the laminations, their use limits the design of devices with 2 dimensions
distribution of the magnetié: field. Indeed, the field is limited to travel only in the
plane of the laminations.

The cost of the laminations is related to their thickness. To limit energy losses
generated by eddy currents, as the magnetic field frequency of the application

increases, laminations thickness must be decreased. This increases the rolling
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i ncreases, |am nations thickness nust be decreased.
This increases the rolling WO 2004/ 070745
weEROMALAZE@04/ 000147 4 cost of the material andPCT/CA2004/000147
decreases the stacking factor of the final part due to
i nperfect surface finish of the |lamnations and burrs
and the relative inportance of the insulating
coating. Lam nations are thus well suited but limted

t u [ 0
costf@‘r \Iq{é" érrg% %}fﬂe@ge%ls'e%]ﬁbb nﬁﬁﬁ@ﬁg%@@f@f% fﬂi\%‘:ﬁé’? due to
|mpa§5€§drtlls@lﬁ’eberfﬁush oktHe Iammatlmsfwaﬁc:] lbherstmgi i rgjatbie irhportance
century, is a variant of the mas
of thipirutias Portingy Larmeaiasuats Bl suled i lifled to tow
i solated from each other by a coat
freq?%@'c‘)Pa‘?@%agxﬂil 067: 1,660 640 1,789 477 1. 85|O,n%81;

1, 859, 067; 1,878,589; 2,330,590; 2,783, 208; 4, 543, 208;

o S35 53o R By P BB T Soor,

welltkmasvrt sincedthee begimnatp pf doe r20th demdsrys is teheapanidef the mass

prodtGHaRGPPRERT (RPN ETRo5H WhelRr BRI s 2t (oleciically

|soIrﬁBSn%h? &é’éﬁ’oéthbﬁs?ypg Shatind QU Ushientd a3 QB‘PCgﬁ%Q 649;

he advantage o imnating material |oss
1,788, 477;50860p1&1; ah 859 063 ; df, 8%& 58932@3&5% | 24733a308; 4,543,208;

S oS3 0538 S A LML BB g Sven
the RoQestdpticles, hRYNABS t@d@aﬁcé\ﬂthé St enfre e RWsseewthey powder

metal | urgy pressing techniques. As nentioned above
partidiessare boinsistered fesAGeanpliapiiens gPers isguss: fror this process are

conf 3B ol PAFBSHLGYEY SHES, OBByp I ocess

has'tﬁé%qdk/éﬁtlalg@tdfcdmmﬁaﬂ‘ﬁ@ﬁfa‘t@ﬂeﬂ,Ioss reduction in the
| ength of the conductors due to the rounded edges of
the soft magnetic part is a great advantage, since it

sme! ér@W‘éoErB icea HusObfiSOMREposkAISINtyt oF @@s@mmrgrmﬁsow@ts which
well as t ecoP(f@Ioss (1 oss duetotheeectrlcal

aIIOWemesmagneyc die glayet inj thel thres dioensipnsapMir alowso the
pro&lfétlro%ntof | r%unggd eggééé Wi nceotﬁvgnffgﬁ(élc SZ)wder metallurgy pressing

techniques. As mentioned above, those rounded edges help winding the electric
conductors. Due to the higher curvature radius of the rounded edges, the
electrical conductors require less insulation. Furthermore, a reduction in the
length of the conductors due to the rounded edges of the soft magnetic part is a
great advantage, since it allows the amount of copper used to be minimized as
well as the copper loss (loss due to the electrical resistivity of the electrical

conductor carrying the current in the electromagnetic device).

With rounded edges, the overall dimension of the electrical component could be
reduced, since electrical winding could be partially inlaid within the volume

normally occupied by the soft magnetic part. In addition, due to the isotropy of
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25 Wth rounded edges, the overall dinmension of the
el ectrical conponent could be reduced, since
we@bk@anrizeml wi ndi ng could be partially inlaid MT/OAR04/000147
the volunme normally occupi®ed by the soft magnetic
part. In addition, due to the isotropy of WO
2004/ 070745 PCT/ CA2004/ 000147 5 the material and the

gain of freedom of the pressing process, new designs

the ﬁm'llé?%rml ia?@: ﬁ%ﬁ@anh%f%‘eé’do% &f tHe r@é’é‘hﬁg gf‘(gcéé%' WeRy BEsibRS that

sane power ~output o tric machines
incredse nﬂalsvtellda, decrreaeeathleet/d)lamej|ostthebwe|gd51m for thevsaraetpower

field h h [ ' '
outpib b PeEIC Bahierer e iiagunee & At SaiacPUiab rppygment
of th%rrﬁggﬁétld fiell e t1ed tHTbQ@‘iméﬁs@ﬁs idSosgiblanpi ng mean

nee to secure |am nations together in the final
part Wth |amnations, clanping is sonetines

Ano[lﬁa? é’di%ﬁ\tgt?/ b B URE d“v@dé?f mtet‘eﬁlu?é&g?‘io@ss isafRenafiinfition of the

ater approach, the &d currents are
clanqmnglrdeaatrhe;ededwm sasurt laminatioes ttegaﬂheylleltdmeoﬂnalh@art With

ce or its frequen ran licatio
amigatpES s BAMPIRG 1P, STEISS BIPeGe Shes LARIRg of g, edges of
Iamﬁ%ﬁéﬁ% es Lﬁ,ld%’iﬁésla{"é‘rdabﬁwtd@ﬂf Rabéddy Yurepnd adred cbmsiderably
steel lamnations. Since particles nust be insul ated

increasad, canchthet tesal vield of fiet dexder ok itsrfesauencydigageapplication is
there is a distributed air gap in the material that
decae@gggases significantly the nmagnetic perneability and
i ncreases the coercive 15 field. Additionally, to

TheEjipieliin o0dhg PR, B o §YahSh Rirs8P o, 8 dihoabitty

confRied & §téeﬂ§9frﬁ§1¥aﬂbh$ S@lhb@'ba\"tﬁdléb‘ st Be inadatRNro®. edoheother
tenmperatures reported for annealing SMC w thout

to limdlosdidyycuirestsl induetiprmrtberhisua dstiigited air gap-n doe enaigrial that

oo BRP LB e e sh Ll Pl ld g
field}, A@M{&ﬁﬂg o evehlBe d3as_1’|514:t|866f tHfe SllalidA;or@o3ding 230C can
131; PCT/ SE96/ 00397 Al t hough the anneal i

very bafdly beufully cmasied oiashigve ﬁ&o@mﬁ'ﬁ chgy,stta& igation with grain
coaf a@t $hg ?&ﬂ@%%t?r%%' ‘fjé’]%rté& "Bt adiediRg BME! GitRSuNoosing

se recr Ssation or
insulation are about 600 C in a non-reducing atmosphere and with the use of

partially or totally inorganic coating (US Patents 2,230,228; 4,601,765;
4,602,957; 5,595,609; 5,754,936; 6,251,514; 6,331,270 B1; PCT/SE96/00397).
Although the annealing temperature commonly used is not sufficient to
completely remove residual strain in the particles or to cause recrystallisation or
grain growth, a substantial amelioration of the hysteresis losses is cbserved.

Ultimately, for all the soft magnetic composites with irregular or spherical
particles developed for AC applications until now, even if residual strain would
have been removed and grain growth would have been possible at temperatures

used for the annealing cycle of finished parts, metallic grain dimension is limited
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grain growth, a substantial anelioration of the
hysteresis |l osses is observed. Utimtely, for all the

wa ofo/omEghet i c conposites with irregular or spPEr/Cai04/000147
25 particles devel oped for AC applications until now,
even if residual strain would have been removed and
grain grow h woul d have been possi bl e at tenperatures
used for the annealing cycle of finished parts,

tall . L0 .
o B S RSN 4 52 Ve IR Ui
the pEhn@abilig), [degreasing tImcbemv@sfﬁlﬁermplybrthe hys’f@fess losses in
o A A Al S o 6
of gl‘%ﬁ ec?}d@{c}ianleed » Mdte éﬁ@ﬂdgefs roQuiFRS dbf 'n@o@ﬁ@lﬂh%dﬁfa@netlc

er |s e nunber grai n boundari es
domaiar wa&sueargy insreasing theel lndmctmlolﬁgthﬁhma’iﬁ@@ietﬁ @ng direction.

TherSA78: e OuAIEEFBE A 15 B EASER. O abf o ot o

fre é?\'\v/:vi)l BIRRY AOOHRS S8 ré@ferQﬁéﬁ thea8es Jered H&S@Srblstaa‘bd with
qu ?requenc;t&?belsgow 400Hz) is greaterg"tshan t he total
lamiratiengy Thasdew pbrmpakititywvelies AUl abses Maiee copRer wire to

achi \@]{%6,1{6' e tél)(%v | u?(f{&é?@%' |hq%$eeg:rtfqguﬁﬁe§qrfa@%wé’é f%h bRtimized

thre€ URRERSIBAI R UK ORINdINY Q@gesﬂdee@nlﬁ mbrm’t made with the
di mensi ons and rounded w ndi ng g desi

SMGpuith ImagulaiartsphesCalcpaTtigiesrCan PRI or 50 SRiety ggmpensate
thosBYbbe} FIRETCHS P & el Touf FERELE|Y, FaeRTERRuntored with

W per rrea [Tty
SMO flaigsalendoniteeuedcyi th  SMC material at |ow

frequency. Some attenpts have been made to devel op
nore performing inorganic coatings 15 and processes

Sonfé’étt@rﬂﬁ#ﬁéV@b@bn&ﬁé@e nageetiop rmorgppsiforminghiabrgemict doatings
low a full annealing of conpacts an

and rpém@@ealfpr sanvetional ﬁ@ﬁtmﬁ@%@tl?gc‘?rﬁeoﬂgﬁ?nﬁ‘aél‘%{kﬁ aligy a full

ok, 2, A BELAE SRR S R T i iR oo

elechida®’ irsllatidpc Ustweent @actities hii Paterds mQ;ﬂS?a%!b;r dudaR2,522;
1000C or |ess to consoli d_ghee particl

EP GORBOSRON20 VO3 ABRRGRY | LIPS PG AteiRCHTAgS aash & heat
treafthe 8250 aRAUHd $b60°C Brabls tHeRRsERRAS pdrii@es WY the diffusion or

interaction of the insulating material of each particle. In all these cases, the goal
is to produce a soft magnetic composite with discontinuous, separated soft
magnetic particles joined by a continuous electrical insulating medium. The DC
magnetic properties (coercive field and maximum permeability) of the produced
composite are far inferior to those of the main wrought soft magnetic constituting
material in the form of lamination, and thus, hysieresis losses in an AC magnetic
field are higher and the electrical current or the number of turns of copper wire
required to reach the same torque must be higher. Properties of those
composites are well suited for applications frequency above 10 KHz to 1 MHz. If
power frequencies are targeted (US Patents EPO 088 992 A2 and
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is to produce a soft magnetic conposite with
di scontinuous, separated soft magnetic particles
WO oone 7y a conti nuous el ectrical insulating PEHCAR04/000147
The DC nmgnetic properties’ (coercive field and
maxi mum per neabi lity) of the produced conposite are
far inferior to those of the main wought soft
magneti c constituting 25 material in the form of

o GERBRBAF o ST 7 BT 5E SRR B e over

current
permablifeand HigHerdlystaresis lodsesapfithe mdtedal. r equired to
reach the sanme torque nust be higher. Properties of

those conposites are well suited for applications

Finally, 2anes propleowRo HavEhiistaveted/tie behefitpoiesing lamebarcpasticles
dare targete US Patents EP O 088

for oz:mw/awﬂomna&m cPpoRgSohave dpv P /ég%ﬁ&vg"% fig sustain

e TR < O dons o s

remdmst lthlél r?la}ofr fpaniad thle renvainipg sirain intbeparts @IS E’at&ﬂtéé 295:092;
fit of usin

AR 50 B! ot Lg% Lot R T roveres

and %Hé i Ioéséasnl%eé’ﬁﬁ maBRBAE Ab & frédirinciés Lifd&r&d00Hz are not
eratures which are”hi gh enough renove the major

thospalfe‘achédt\lvdzh rgomd tamipasion astael nrtsﬂe:ogs\aste@l (uasdpa@@m%’ma"y,

sincg @@@ll@g(%j‘fus glgegtg/%%%n Afhé}%%@%?% p&?’%%é? tlss %@/mded to keep high

elecfrfb%'i He?sﬁétﬁntg%%‘?écbm agitAC magnetic field at
requencl es under 4 OHz are not those reached with

good | am nat| on steel or silicon steel used

SinceCHIRAE Rk &f’n?eldh%ﬁc ddite Qt*ef Hiéébﬁrhlitﬂls)lvﬁ@nalﬁ@fmedla

rmgnetlc partl es 1s avoided to el ectri cal
the meshahical siyengthtdfeheanplesiat is. llrﬂiteﬂbtp ﬁm sﬁrﬁ@tacqfdae insulating

coam,\/gﬂagﬂﬁélﬁggﬁg Or?gF(s, |fl Sl ﬁﬁ%#]&{'n ﬁi&‘ﬁ;’c& IR BH\Né‘en metallic

. eri a

partw1 tlﬁ%boor‘g%ﬂlosbf ‘i’rﬂﬁban@f vtthﬁxsllmdhﬁd)l Ctgatlr@éﬁhmmechamcal
the material breaks, |t i's de-cohesion t

behev,lou |0£ th SMG ris ey fragite wssthpm ppssiblity phpiastic &e&qm%lon and

the Bﬁﬁggq?udgam C}/{ﬁ&'\ Lo fﬁ'naﬁ‘hﬁgl ?’r o @ dr%@?hg_ BEngBG RAMLRA. It is

an iR lilitatioh oPtRsSMTC.def or mati on and

Also known in the prior art are the sintered iron non coated powder components
currently used to make parts for DC magnetic applications. These sintered parts
have low resistivity and are generally not used in AC applications. In the literature
or patents, when sintering treatments (metal to metal) or metallic diffusion are
involved, soft magnetic parts produced are for DC applications where eddy
currents are not a concern (US Patents 4,158,581; 5,594,188; 5,925,836;

6,117,205 for example) or for non-magnetic applications like structural parts.



10

15

20

25

the strength is always far | ower than that of
nmetal lurgically bonded materials. It is an inportant

wo pesspA7#ON of the SMC. Al so known in the pri oOPCHCA20@4/000147
the sintered iron non coated powder conponents 20
currently used to nake parts for DC magnetic
applications. These sintered parts have |ow
resistivity and are generally not used in AC

SUMMR j GHﬂ-riE'INIV'EN pNiterature or patents, when
—m—rrbximg—h-ea'rrrenﬁs—rj%rretal to nmetal) or netallic
di ffusion are involved, soft magnetic parts produced
o f , ,
An it teCeRBRL te AR B RLroiY o, R ScBfifd @t AC
appl@atién 1Aavidg Improveekmaghelic progesties (ire. lawaehysteresis and eddy
applications |ike structural parts. WO 2004/ 070745

currgitt1p¥5€5004/ 000147 8 SUMVARY OF THE | NVENTI ON An
obj ect of the present invention is to provide a

B TR LEU U L —
confIBLEY, AT g R, E°ESHRE RN O ezl
met@tﬁ@m@xfc@rgan@eﬂmo?atﬁele‘so:e_aﬁﬁ laapilngcibmr:» lcmmd bmttmrl sUwﬁ?ceas and
consol i dation o netizahle netalljc m.crola ar__..
oppEEIR Fedealea kP AU RO SURRPDONG O i i BTl ic Coating
for iRPRESIHCHRNESistilte df WRe %%é&ﬁtb_oéﬁds kécf@ﬂgf teﬁgﬁ cef@hefbsses.

wth a-dielectric coating for increasin
Ther eainpbsité tiy ciarabterizedpinsthad thed coeting i ingmedey ot @ refisectory

mate gL Feeniel OF TieUer BRtEry AeaPeEfLAY Pildd feach
othe?fto 8@ d AR tb ASsiPRISEES bEthedédmpBéird. | ur gi cal |y bonded
to each other to reduce hysteresis | osses of the

conposite. By netallurgically bonded, it is neant a .
By metadlurgicallydrandadaitds vneanta mstallie jointdnyelywiom mejalligeifsion

betti RG GEUERs. SBERRER A o e, 2nfRofter Bboess
allowkighvaemettdlic pRfiisioh asstweenatheopaldioles. Wt dcardame with a first
fpreferred enbodi ment, the, mcft %I | yr ic%l Ig/ bqbr][ded et?d}s‘I .
pre@rr@do@pgpﬁ@aﬁrﬁyth@mtﬂ@rglcaly onded ends are obtained by heating
the consolidation of particles to a temperature of at least 800°C, more preferably,
above 1000°C. In accordance with a second preferred embodiment, the

metallurgically bonded ends are obtained by forging the consolidation.

By refractory material, it is meant a material capable of withstanding the effects
of high temperature. Preferably, the coating is made of a material stable at a
temperature of at least 1000°C.

The magnetic composite is preferably a soft magnetic composite having a
coercive force of less than 500 A/m.

In order to increase the resistivity of the composite, and thus reduce its eddy

current losses when it is under the effect of an alternating magnetic field, the
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the consolidation of particles to a tenperature of at

| east 800C, nore preferably, above 1000C 1In
waewendarte Wi th a second preferred enbodi nent PCT/82004/000147

nmetal lurgically bonded ends? are obtai ned by forging

the consolidation. 20 By refractory material, it is

meant a material capable of w thstanding the effects

of hi gh terrperature Preferably, the coating is made

coatiﬁfgd%@m&rﬁfgil%é c?] é?l L& AL o"’feleg:ﬁi'cm’ﬁ'é?érr}eé;] s ereﬁtac{cﬁ‘?sﬁ prevents

I C conposi erably
formagem et hfetélﬂﬁm@ﬁtdcﬁs l(lm\etmlgxrgac bmelsic betvéean eecbftop @@gl bottom

surfagpo @i PHARBI RS Tsotiaimel fiealbe 260 ARy & sy elh leCuoal

. e | |
ol P ! N 8 4 s s

eachStopaartd hottorm alrfewediodfiparticles. T pinéeringonmataliiyrgical bonding
mat er.i al a refractory, it prevents formation of

is thyg,prgferent '@Ent acts (metallurgi c bonds) between each top
and bottom surfaces of partl cles duri ng the t her mal

The et DasfRreor ot Sov ot o rapaiia utdf & Bt [iffted to, a

metaq (;)IldJélllRQ dfion %aerGFn %I@ﬁ%rﬁ Oﬁwa@‘h@sh@ﬁtﬁmmmamﬁomlum

particles. The sintering or metallurgical bonding
boronsoxudimannrtefaa,srommblaatuonmen iallfatbpoaxiogs rstable gt %tﬂ‘ﬂp%@ture

s b S bt o SR s Ribohire, 1 B Bden 801

10 TRIRRPE WikferhbIo BHtHEEN ANOSHMUSMd 2D, 0The® X dﬁblaméllam anrticl
mngﬁhaﬁw%ns ag al | gt hermc?m desmst abl e a| paricies

are pmfprabat madel1of atoetallicovetsrishgeptainipg Aldeast one of Fe, Ni and

SRR 5250] R HERROBE A bBSE cH 8 orur

conﬂ%ﬂ?bﬂ'@% aonp@ohi gllds, pare ﬂm‘l@\ emabélyallmyée iroh-rdckel alloys,

lic mater t
purearabalcosolt ey EMRBPhA Hleys el rapdIgre-soRat dlbyp. Also

prefgfa]biyg tﬁgd'h H@é@aﬁbgﬁfb&s‘:ﬁé‘\% ?tthﬂﬂn?%% i Cﬂ&\%%ngbrd?r% to

150§dnh 0atfd have pussgthdabahicknesdhedtio @‘ebtgrstham Bandiowsrthan 200.
al l oys and iron-nickel -cobalt alloys. Also

The magnetic composite according to the invention preferably has an energy loss
when tested according to the ASTM standard A-773, A-927 for a toroid of at least
4 mm thickness in an AC electromagnetic field of 1 Tesla and a frequency of 60
Hz of less than 2W/kg.

Also preferably, the magnetic composite shows the following magnetic and

mechanical properties:

— a coercive force of less than 100 A/m, preferably less than 50 A/m, and more
preferably less than 25 A/m;
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preferably, the mcrolanellar particles have a
thickness (e) in the range of 15 to 150 pm and have
w@200e07t7s t 0-t hi ckness rati o greater than 3 anPCT/OA2104/000147
than 200. The nagnetic conposite according to the
i nvention preferably has an energy | oss when tested
according to the ASTM standard A-773, A-927 for a
torold of at least 20 4 nmthickness in an AC
net i i lodoa e 0
- 2 B BAGRE Bhirfeanifiyc k) gSEriopg; Hippretip et pbobRand
more prafesiblyeatsleass500@® f ol | owi ng magnetic and mechani cal

properties: - a coercive force of less than 100 A/ m
preferably less than 50 A/Am and nore 25 preferablg
- a trasvetdraruplore’éinenglio of @0 81 0 28 VIPETpEieGhl a0ieaa7s50Q MPa;
- a DC magnetic perneability of at |east 1000,
andpreferably at |east 2500, and nore preferably at
| east 5000; - a transverse rupture strength of at
| east 125 MPa, preferabply at |east 500 a,. and 5 - a
- a plaghs deferaaiien i zame, dike ﬂPﬂ@gdmCHS"Wémﬁﬁﬁ'% @ o *siow

i 19% sl ow del anmi nation of particles). The
delagﬁ@éﬁen Oii( nveﬁltglgg’n is also directed to a process of

manuf acturing a magnetic conposite conprising the
: oMLgid | £1P° ' it Sn&dnetic
The PrEgandbye RiarEsralbd diRgBe s BB e oPFRhl R A anae
combavitd gomprisiigt theastelss ehd a top and bottom surfaces,
the top and bottom surfaces being coated with a

dielectric and refractor ating;, b),.conpacti.n e .
m 81 GraHeNGMseTel e RATges BdaePErdr MadNEHaRS rpptalic
apu b ARl hehdThabp! sHEEbbRSM surfaces, the
mat%gérlt FHCBT ggﬁﬁgﬁﬁéﬁhﬁeﬁoﬁg?g@gl |y bo.ngi ng the ends of
top ahe bottomos urfaddsareingcoatedesith e digleptriciandokerigctory coating,
b) compacting the microlameliar particles into a predetermined shape for

obtaining a consolidation of the microlamellar particles; and

c) metallurgically bonding the ends of the microlamellar particles to each
other.

Preferably, step c) of metallurgically bonding comprises the step of: heating the
consolidation at a temperature sufficient to sinter the ends of the microlamellar
particles.

The temperature sufficient to sinter is preferably at least 800°C; more preferably
it is at least 1000°C.

Alternatively, step c) of metallurgically bonding comprises the step of: forging the
consolidation.
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Preferably, step c) of netallurgically bonding
conprises the step of: heating the consolidation at a
wo eovperEsiire sufficient to sinter the ends of PEECA2004/000147
mcrolanel lar particles. The tenperature sufficient
to sinter is preferably at |east 800C, nore preferably
20 it is at least 1000C. Alternatively, step c) of
nﬁtallurgifally_bonding conprises the step of: forging
’ [ . / CA2004/ 000147
The 'tﬂcer?lﬁi‘%r'n%g glg@érlrée?oﬁgi} B@efl%%%/l g@%@ @r?erf erably obtai ned
by: al) providing a foil of the magnetizable nateri al
hai)nproaidig ekiok of thef mMagsstizatilamaisdak hadop e thickeeswpf less

havi ng, a top,and bottom suyface co | t :
than gt R aHE Tol PaG 5 Toaanngoottam e’ Biaten with the
dielegﬁ% SAFFA R ¥atiRg! gl es fromthe foil. The

I ffusion barfier or coating material on the top and

bottom surfaces of the microlanellar particles is
oiondingipeaminsalensllap patictes Bemphedolo produce a
coati ng having a thickness of |ess than 10pm
P Ly d L] : ot [
Tho SYLRSEBaYieor (3o s R0 154 o0, SN At of o
microepesiial ipzmtidlEy gbtained shy pl esatingepiogrss didaptedto pveduce a

oepesiar . .
coatindy hgkinop PoRueiase ohdesshdnaihl TR EERErahen ol mde by 2
depc%gg')i(cﬁg at%&rgﬁr"]i’ﬂﬂ%g{?s a?l‘u tfé"af pof sRIBAP(PYBYSor chemical vapor

( ation, salt bath ‘reaction) or a
depasitidri (@YD) rprotesmt plagutioppnmenacdeof obf, o bpalippioded spraying

usin DTSR B IR PR P e a o i e g g Emdgen of an
oxid%ﬁli’rgf;lﬁ‘r%o? 8 surfakereadlion? rprééé?’s%xlﬂéﬁﬁh%hoépmbﬁ@ﬂt sdlbbath

n
_ ze the coating formed during an additional o
reactibep)or BRIGERDIDEBOR GTbatk (Hipring thRAWINGS RTHElesoifi@ @ diquid

alunﬁggwagrvr%gtgﬁggamogaﬁ#?he' &Wt#\?ﬁ I\’XialgheRSﬁ %%tt@ﬁﬁg?‘b?cﬂ;ess of a
pure metal coating and a chemical or thermo-chemical treatment to oxidize the
coating formed during an additional step).

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon
reading the following general and detailed description and upon referring to the
drawings in which:

Figure 1a is a SEM analysis of a transverse cut (plane by where the lines of any
field are normally crossing through to obtain optimal magnetic properties) of a
sintered flaky (or microlamellar) soft magnetic composite according to a first
preferred embodiment of the invention, showing typical microstructure of the flaky

(microlamellar) material.
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reading the foll ow ng general and detail ed description

and upon referring to the 20 draw ngs in which:
woe@un®7i5a is a SEM anal ysis of a transverse BCI/CA2004/000147

(pl ane by where the lines a2 any field are normally

crossing through to obtain optiml magnetic

properties) of a sintered flaky (or mcrol anel |l ar)

soft magnetic conposite according to a first

, referr f [ ' i MM i
Figuffl T3 pr e FRaR TR TP rphRfersG £EF bf Affordeedlidfactit Rofifbosite
acco?@fgg rodd -sggﬁl@ Qﬁléféﬁw é?\bB@iFﬁé?ﬂZ@tOktVeomenﬁon J1shawnyat digher

bis a analysis of a transverse .cut of. a f.orged
magnitedeta see BaRE matallic itk BeMEeD Ratisles diodainieno.
enbodi nent of the invention, shown at higher
magni tude to see partial netallic diffusipon b tvveﬁn .
%fre%so magnetic

Figupes 2 iasded atrierariics phvingdhemagnelc proRryies

t. ' i f .
com b SRT pFeora bR to e e MRATEN Y BaRLORRR PHEF o8 meoRots materials
andconpared with prior art magnetic materials; and

Figure 4 is a schematic representation of the
mcrostructure of a soft magnetic conposite according
Figugéé é]t CE?EF" %cggpaggafﬁgemamm of thenmicfostrhietureafra soft. magnetic
. | | | ON 10 Referring.to f.iqures

compogite aceording to tharfstprgiereed "‘aefﬂtﬁfi’fg%'”\éec”é‘Pgr (2)
for an AC application that could be nmade with the

site of the invention, a magnetic conposite (10)
dORGOFo THEAMMEM QN consi sts of a consolidation
of magnetizable nmetallic mcrolamellar particles (12)
each having a tgg and bottom surfaces and oppos;|

Y

Refermiﬂg tg_figpresrn_e, SefiaLB WhiAI SIS BdvEIcal SBRTAd) 91 AC
I el ect coat i 0 Li i I ’ .
apofeatver el EBUEL Be B2 Mt AL b BE P B, g precneti
confpdsit8 {1 d)oseesrdirdetoC anpofivieatiéd Oponsistshaf aat eongdidiaition of

that the coating (16) is made of a refrac_torg/
magnetigablel metailic ﬁécnogar@elﬂ%rrp ¢les d12seqapnaying & top and bottom

surﬁﬁ%?ébééﬁ)@%@lté%@?gygghﬂ%’e {d}ehhd BBASMditttade’ diedHifed with a

0SS
dielectric coating (16) for increasing the resistivity of the composite (10) and

reducing eddy current losses. The composite (10) is characterized in that the
coating (16) is made of a refractory material and the lamellar paﬁicles (12) are
metallurgically bonded by their ends (14) to reduce hysteresis losses of the
composite (10).

The present invention covers the production process and the material that takes
profit of the best properties of the two already existing technologies (i.e.
lamination stacking and soft magnetic composite). The material produced with
this technology can be fully sintered or forged to achieve good mechanical
properties and excellent AC soft magnetic properties at frequencies comprised

between 1 and 10 000Hz. In order to reduce hysteresis losses of the final part,
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conposite (10). 20 The present invention covers the

production process and the material that takes profit
wo@Roosh®7hest properties of the two al ready exiBCT/082004/000147

technologies (i.e. |am nattBon stacking and soft

magneti c conposite). The material produced with this

technol ogy can be fully sintered or forged to achi eve

good nechani cal properties and excellent AC soft

on 00 8" B3R0S4 LSTCA5585B0) 386 i, o el

partictess @avef thelreehds adiniesed,, ovmé@murgbﬂallwﬁonded to each other.
PCT/ CA2004/ 000147 13 and thus, he

Lossq%qh iy Teiecios, a8 85 AS BaA %i"[‘l'ﬂ@ B sippifo. Cses at
hlgh%‘f‘ﬁgbgbﬁéleg A€ aﬁé&?l’ow ﬁﬂé‘é P icefefits are IIMRREd byt caklof very

to each Losses at | ow frequencies are
thin darﬂediw parfices a(0|cmi5nm 0ROt e 2y fo 158k $18%)- dxvemifgpleetrical

R b8 - PR gy oo
thre(aQa%)fQEbft fele82at Anelwith ﬁdbr5n@smaﬁon£(@lge|sfof particles) since,

el ectri cal insulation is not total between particl| &:
more
S

Stat@ﬂd@'% inswatien sledects mrecarely diangd: apd gire ot dignesy
tharbaleﬁla é%\ rJ)sesTlﬂéC e@%ﬂﬁ |t MIP?éI{éS%%IHgFSWI(Zﬁ ?él Rsses at

|st|c i nsul ati on de
freqaéﬁmb@feéw@ Itﬂsiméeﬂnd ané 400 Ha:l ifgatedrd csimitar do tva of a

lama%thYa'r\aatgéégsaTcQae wilh ek dedes phsicny Beehben \Wikat 60 Hz
'I‘l)t0 (lgghrm 2 \g}{)ﬁef{l‘e@ ct)fathlst 80&1@8&?9 ‘Whéﬂ f<5 Bynaféd %II above all

the best grades of sil n St eel .
coanegeatpréﬂloHsly defélf@med/bmﬂaﬁ'ra:ﬁvepse)&mtumsuengﬂn svalues of

s S5 85 050 ST A bl Sl AR e

zon}ée #G@?’arﬁ natléﬁ \P ls‘ca(b’i?e7 Srel¥Rtancd tdfowk gUmASssil ¢450 MPa). A

ormati on by a deformation 15 zone
corr@mt&;lﬂeamcnamdlmm)tqmthe Iventioh e whayi sandyiceintsired5000@ peducing

o te rdin i n
aimeahort el e BRSEh -C 68 T8 16 i A, it of e
bestt hﬂBclﬁé’rﬁlgﬁlﬂﬁ r@ﬁ§taﬁﬁ%dfﬁ|n§'@gﬁéilct Bempasie rcuigSinkg bhadticulated

best nechanically Tesistant soft nmagnetic
(cumuhmesnt(éswﬂtpﬁlmR@I\/E’a)e(ﬁechnag,t@det al “Effect of curing conditions
on properties of iron-resin materials for low frequency AC magnetic applications”,
Metal Powder Industries Federation, Advances in Powder Metallurgy &
Particulate Materials - 1998; Volume 2, Parts 5-9 (USA), pp. 8.3-8.11, June
1999). Contrary to previous soft magnetic composites developed, which all have
a fragile comportment without any plastic deformation before complete rupture,
the sintered or forged composite of the present invention shows a plastic
deformation zone like or ductile comportment during mechanical testing. This

comportment is due fo a slow de-lamination of the composite.

! Standard Test Methods, for Metal Powders and Powder Metallurgy Products, MPIF, Princeton, NJ, 1999(MPIF standard
# 41, Metal Powders Industries Federation, 105 College Road East, Princeton, N. J. 08540-6692 U.S.A)
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(cured) resin (18 000 psi, 125 MPa) (Celinas, C. et

al. "Effect of curing conditions 20 on properties of
w0 ecownorEsi n materials for [ ow frequency AC nmagPEr/Ca2004/000147
applications”, Metal Powdd# |ndustries Federation,

Advances in Powder Metallurgy & Particulate Materials
- 1998; Volune 2, Parts 5-9 (USA), pp. 8.3-8.11, June
1999). Contrary to previous soft nagnetic conposites

Ex’cr%I %}éﬁ{gﬁpﬁo%w@b&n by thg@)?&@essﬁjgé@%iéﬁl%kém 88 according to

l'astrc ormation ore conplete o
the invphtiore (p@bdéhmetalhirgy ellowrs desigedn dbrgeodinensidng, Hamination

resent. invention sho | gsti,c _def ormat,
Stac?‘?‘_ﬂe'%r“”ﬂ i'p eaCB%ﬁ@ﬁﬂl&ﬁs 38r pﬁﬁreﬁéghg?ﬁ ctgfaqt @%?gﬁggf an
elecﬁﬁg%gnéﬂep@é\iié@%adé WHE the Boipewvitsleof & "\i/@{?é;’irﬁi@notincluding

onposite. Standard Test Methods, for
copparwdesss Japomparetk to Nesses geggraeddiycths, samercomponent made

I

© withfthé %%ﬁigb@ite Nf tHe iIMRPiEn 688 ZhéJfreqdenMCoRBR4Ad SHIIda46N increases
PCT/ 0

04/ 000147 14 Extra design liberty given i%y
(abavee 5@ ddek scanventiopalntrié MmagosioSPMPOEBET Mads (gt {rFegular

i nventi t T [ 1: ' j
par{gfbee M B, AT ofER artiedfy i A R et B and not
sint@Jledn@)anadémISptlcg@edo’@ﬂesasdsedUﬁtmLtHedxsbeﬁeroﬁrrﬂtation of eddy

el ectromagneti c device made with t C 0S| t f.the
currepl/leRseHAVEN H&]yl%ﬁrﬁ@lsg%%?&p%r@ h'%%fefg-}e @b%ﬁtbéﬂgef gir gap.
| osses generated by the sanme conponent nade wth a
| am nation stack. Volunme and wei al so be_
oL EEN BES G RARIHIOMN OR/A RRERER HABE @ e ATION
invention. As the frequency of the application

i ncreases (above 500 Hz), conventional soft magnetic
A cemppsite fiors softdeaghnetic applisgtipar(expianstoraers,ostaidsiand rotor of

] I [ ] ' Sl ' t .
motfls aPnaro o R f & it oo RHeT o § R aBrEg e, eto..) i
acchRBRes vittethiednv&tion iegirbRyrablyrebidedamy:of eddy current

| osses even if hysteresis | osses are higher due to

di stributed air gap. DETAI LED DESCRI PT| ON OF A
'S Rﬁsﬁﬁ?@ré\%ﬁ, %nWI%B?Mh%BM%drﬁeﬁtWar?m@gfrom 20 to

magn application (ex: transforners, stator”an
r ot88% Joihichonhay ssogenréaint uy to 2@t @r, hegsothan &% pkMa, less than

ConCENt LYY silidom HRH WAR S Shikfhal 8bStain bf ‘g% of iron and with
silicon content between 0 and 10%, that may contain less than 10% of Mo,
less than 10% of Mn and less than 10% of Cr; iron cobalt alloys with
cobalt content varying from 0 to 100% and that may contain less than 10%
of Mo, less than 10% of Mn, less than 10% of Cr, and less than 10% of

silicon; or finally, Fe-Ni-Co alloys at all content of Ni and Co that may

e

contain a maximum of 20% of other alloying elements.

¢ Using the pre-cited materials (or alloys) in the form of foils of a thickness

between 10um and 500um, preferably under 125um, more preferably
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15 accordance with the invention is preferably
realized by: Using pure iron, iron nickel alloys

w@ motth7atexckel content varying from20 to 85%PaiiCabno4/000147

may al so contain up to 20%I&, |ess than 5 % of M,
less than 5 %of WMh; silicon iron with a m ninal
contain of 80%of iron and with silicon content
betvveen 0 and 10% that nmay contain |less than 10% of

R R s

t Qné@%%caméeﬁ h@susmy oxiviet ¢l mthlelerms!srmmfee%o of prmbto 2pm like
| ess than 10% of M, |l ess than .10% q an

t Feilicorpodigniurg; | 3IWBNRUR, MAGRESIYM, Ferqqmu'eo rpgylématboron
of&g@é}) o@otgﬁf c!wmlﬁiﬂgtlg% Lalthat alWheF@Rfd@snst%b@ﬁv@vmooo C

. er alToylng enent s. Usi ng the
prenderteebdueirgy amhesphareal | oys) in the formof foils
of a thickness between 10pm and 500pm preferably
under 125pm nore preferably WO 2004/ 070745
PCT/ GA2DR4 /{61 (4 4btaihbd Uratara Emmdard daiteanchgeldorolling iprocess
si des V\Athavera/(gtthln el CtrIC i nsul atin
St

nor ganF @I AF Tatsaan SR ISRETBY BIoFRR G g gr ot
0.01 p”%érﬂezﬁmﬁbifﬁn?%ﬂ 'fGIP%anéahﬁ@'étﬁQe@' duifg Nfolling  (semi

magnesi um zirconiu chromium boron “oxide and their
conbi napiawessesdetedtrical heteebxom esilicaralsiteclowsr fulbomrocgssed

under a uci n t NDS o Jhe

from a g E{ 9ﬁ@1{:og Eeeg&rgll e q.lfé)?/'s rsggérg%m@ﬂtwé'écf?y rolling)
or not §f MAnSH 'yPcaaRid BloWw SGiesreritivthednén Lallcogledrrotallng
not some normaliZing or full annealing stages durin

r ;)I I : ngM“felh(meﬁr&mre@ggdp@n@etﬂpwcngstgwlge@tr%,cag’qlrpg d@ﬁﬁ drag)
steel or -

51 2] Sho! bk i SR Sob5 ) SRRl bl ofiel or icon
or obt akReq cbMICES debarburized privv ko m@i\rmglehie ona‘mg or after. A
cooled rotatin ee mel t spi nni ng,

cast i nggrainréqarsering geatmant (w%)darhée&ﬁi @?affq»{ﬁv\’o achieve
W dth prodieednadisc prbpdtigs Souff HivEChIsB" bédd o prior to

coating when possible.

o The coating is obtained directly by dipping the foil into a liquid
aluminum or magnesium bath, by a physical vapor deposition
(PVD) or chemical vapor deposition (CVD) process, plasma
enhanced or not, or by dipping or spraying using a process such as
the sol-gel process or any process, involving the thermal
decomposition of an oxide precursor. The CVD, PVD, Magnetron
sputtering process could give direcily an oxide layer or could give a
pure metal coating like with the dipping of the foil into a metal bath.
The pure metal coating, in those cases, has to be oxidized during a

subsequent process.
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steel could be decarburized prior to receiving the
coating or after. A 15 grain coarsening treatnent

W@ s@eomdasy recristallisation) to achieve optPCEICA2004/000147

magneti c properties could have al so been done prior to
coati ng when possible. o The coating is obtained
directly by dipping the foil into aliquid alum num
or magnesi um bat h, by a physical vapor deposition 20

or. chem cal r Si L]

o1 Hols enfithi s e B RS rbp et HObich iparature under
Uskétﬁjcih PEPRESFhetd Oh e cdaied foll toqmtinmzem%agnempropemes
process, |nvoIV|ng the thermal deconposition of an
oxIfdee stasting &k wag et magnetically apiEAdk ron  sputtering
process could give directly an oxide |ayer or could
give a 25 pure netal coating like with the di
« h€utting thenpre-aiterbfaill casted andthermpalhetrastesl orcgm'mﬁﬁy treated

cuBbBqoaie B bies0th GideBBug) bOUPES Ak, Bigpa s piing and

16 cufiPigliie 2oated thi RSl giveltros@flakexat ment at hi gh
tenperature under reducing atnosphere on the coated

foil to optimze its magnetic properties if the

tc't Al LRSbAYE pf@aﬁé&o@at e BRARRES Cidciy i dre sﬁértdaﬂ%owders

he pre-cited andtherrrallytreate
t hépmeluyd thyeahether Sway ke owater of igazhatomizatiart) by hot or cold

| ar, part I fl.ak I
CoFE G RSPEhER Bt e A Pt il el vt
ﬁﬁiabﬁ nié@t WHE {P'ld-’tcﬁs§mgll \gﬁéoéésq%@%ﬂrdce Glakes ffrarm tﬁ@rmelted
spheri ca wders (produced by another way |ike water

or nyetal at cblmnz ani aiomipgtioropregessdike rotayy| elﬁgtr@% or disk where

ﬁ? ﬁ?jpeg]%%rﬂp%&hnﬁ? \/\@ql &%Bégﬁﬁ@ﬁ%%&@b ﬂggeq-'lakes could

eXtHeaﬁIad(e' iy by enttinbea MBbbatoniAg Fomra frravmlrang process. In
atom zation process 1ike rotary_ el ectrode or dis
whellghose last cases, the coating is applied directly on the Iamellar particles,

rather than on the ribbons to be cut and all edges are coated.

e Mixing 0.1 to 1% by weight of lubricant with the pre-cited coated lamellar
powders or flakes to help the following pressing process. The lubricant
could also be applied by any process directly on the foil prior to its cutting

to produce lamellar particles.

o Filling at least one pre-filling die with the lamellar particles. The pre-filling
die could be sited on a vibrating table during the filling. A magnetic field
could also be applied during the filling to orientate the flakes. The pre-
filling die could be separated in two or three heights. After a light pressing
(0,1MPa to 10 MPa ), only the third or the two thirds of the initial height of
the pre-filling die could be conserved for the powder transfer to the

production press. Such pre-pressing is to increase their apparent density,
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the nelted particles hit a wall or a hanmer before

solidifying. Flakes could be made finally by cutting
W@2004boows comi ng from a machi ni ng process. | n PEI/CA2004/000147

those | ast cases, the coatilhg is applied directly on

the lamellar particles, 15 rather than on the ribbons

to be cut and all edges are coated. Mxing 0.1 to | %

by wei ght of lubricant with the pre-cited coated

I | t i

o g s PR oro0t e A RrBEhBIGhiaR to the Biihg axg and
bytoar%cére@@les%udsé@@émty flmngt be thei Wigorafothea q:>r'odsct|on press.
cuttin produce | amel a hl cles. 20 o 1lt

at SP@@gfnelﬁn‘éngaﬂfq fillipg gf éh%p% ifing Pperatian prafter, a pressure
pa{r} the!rEfg §Epéﬂgpaftbl1lol\/[]|@a (ftgll.llﬁ b"eoé‘;ﬁﬂlelae sited on a

rating uring t 'ing.”'A magnetic field
coul d also be applied during the filling to orientate

bR HeChier R 8 AU RF, AEPRR G p o

t ohdightfP@ the prdsgingheiet With dh@rhd;hef %\v\@yrtdhirmtmize@fmmbment of
initial height of 25 the pre-fi di e coujg
coﬂ‘@eﬂ@@@r fasinchnangh dhadpwer {1 g"% REeSHy B‘adﬂmﬁﬁ punch

ey R Gl @o@ﬁ%?@ﬁ?p@?%%%ﬁf’ﬁm%h#@eﬁ@??s the
t hene anedtfa»t‘ itioan poé-fitling dié dilght cpmppassitre idraexanopleheather than
P hiepael of e PraskiGues Giest aite Mosgmart mLudiptdlep fies is 2
f' l:bhﬂ%r?ffeétﬂ WU%Q fh! ﬂg Fb?rtﬁé'é?ésé,?rar@f Fse&am?nonly named

pressure e rahge o 1MPa to 10MPa coul
apfduakion inIlngTr ansferring the powder fromthe
pre-filling die (or one part of its initial height)
to the pressing die with the help of a synchronized

qoVessdihg the pére wighpehe pmairh prest Witk theneiseponah imicrease of
the press. The u per punch %)ressure couluij(11 one f

?nt@ﬁpéﬁ%’l@ %Hﬁ Eﬂﬂy GANSOHAQHAL PEOGRSS £OUGhAe 58 fﬁé’\é%{m or
oﬁw an p&%& éﬁrkgr |96§ﬁ{|é ?FH e%@prog%?'l'féﬁ) for exanpl e)

rath unc e uction press. The
m)vemsnt of the Iovver punch is a

 Sintering the compacted part to allow the formation of metal to metal
contacts. Mechanical and magnetic properties are appreciably increased
during the sintering process at a temperature above 1000 °C for at least 5
minutes. An assembling of many different parts could be sintered to obtain

a bigger or a more complex rigid part.

o Alternatively, rather than sintering, compressed parts could be pre-heated
to above 1000°C and forged to achieve near full density. An assembling of

many different parts could be forged simultaneously to give a rigid part.

 Alternatively, a repressing could be done on sintered parts to increase

density.
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conmon feature during the filling of the press and is

comonly naned "suction filling". Pressing the part
WOREh/0td1es mai n press with the use of an i ncreaB@r/0A2004/000147

tenperature or not. The con8olidati on process could be

a cold, warmor 15 hot uni axial process or isostatic

process (cold or hot). Sintering the conpacted part

to allow the forrration of metal to nmetal contacts.

é g‘%gg%nlne@ et | §pﬁ{r§§¢tﬁ%§tﬁfe&?g§83§l§r pgl%isgﬂdﬁble sinter
t eﬁ%@@éﬁé@lé%@orﬂ@@@ repfa¥sirdf stepas tohe o thetests. An

assenbling of many different parts could be sintered
to obtain 20 a bigger or a nore conplex rigid part. o

A rfeécrtgﬁérvaq' Macﬁﬂrg;ebpb&ﬁi%n@ AreCfdgifredC %”ﬁﬁ@lsémﬁ’eeﬂaédtﬂd be

coul d be pre-heat o above 1000C and f orged

actibes enrtbapaitsi tb abdaisithe opnmmma‘tlﬁgor@mertlﬁany
different parts could be forged sinultaneously to give
arigid part. Alternatively, a repressing could be
«doRmadpatsniceulkeld bpadippetiointm e dqsid palynrnsi myetav\br alloy to

2004/ 070745 PCT/ 004/ 000147 18 A [final annea

2 BOHRASEL RiG MasG A RahPRRR i) 2 o B8, ¢dAERdent or some

S %éllar&{??ﬁ&é@on%‘é@hrpagzedéﬂﬁe' arfs, PR SUirfd dedtreAifferitTould
done on the parts ditional machi'ni ng operations

ar alsodmpidore fo snddifydhe snrfeaé of the patt® done on

the-parts to obtain the opti num nagnetic properties. 5
Final parts could be dipped into a |iquid polyner or

dreffak fﬂialaéért))oréssedl and edsterdcher forgedheould de submltted to the
properties and avoid the @?tachrrent o SONeE,

pafqllowlé@ tigqtmgatss Jhege dolawipg dresdmests mgyﬁr\f%@“ example
f
524 BRI S b RS OTB ol s e Fine
f opaetd @mudcbebenfsltrbtddmm boe tdremot® rhetdl&wmlgalloys during a
treH{amsnts sefoll?\gcvin treatments c% en_as. an
exSHBPequent he treatment to increase their mec anical properiies, wear
and corrosion resistance. Parts could also be infiltrated by an organic
material to improve mechanical, wear or chemical resistance. Final parts
could also be thermal sprayed or be submitted to many other forms of

surface treatment.

The metallography of the product combined with its magnetic properties (relative
permeability well above 1000) and mechanical properties (transverse rupture
strength (MPIF standard 41)) over 18 000 psi (125 MPa) is specific. In fact,
metallography of figure 1 clearly shows the flaky nature of the composite and the
properties reported in table 1 below testify of its sintering or metallurgic bonds
between particles. Furthermore, the properties of the part are not modified by
heating it in a reducing atmosphere at 1000°C for 15 minutes, testifying that its
mechanical resistance does not come from an organic reticulated resin like for

the most mechanically resistant actual soft magnetic composite, and showing



but possible treatnents are not limted to those

foll ow ng exanples. Final parts could be infiltrated
wawndaohomTes or nore netal s and all oys during a PCT/CA2004/000147

subsequent heat treatnent t1® i ncrease their mechani cal

properties, wear and corrosion resistance. Parts

could also be infiltrated by an organic 15 nmaterial to

i mprove mechani cal, wear or chem cal resi stance. Final

ol A, B T B i ron o

its éﬂi@t@étltqlgls%]as@‘fmbec()rmbbdw:treqmﬂnyrmrymgtﬂnmt‘d) to 250 Hz in a
i c_properties er nea

field B byoraha TRARAIDERS e FeeO et ot bl st IGsses)

eveﬁ/%gsé? %\%@hemb'@éeﬁnﬁrﬁ%ggréjbéghhm V(ﬁrsﬁ{%rlﬁQQ;ohﬁ*an(ylé‘Eall other

I'sS specific ography of figure 1
5 softachagndtic admpasitdse f| aky nature of the conposite and
the properties reported in table |I below testify of
its sintering or netallurgic bonds between particles.
Figurest Her ramde, 14 hshqumopmmpm aff thee mpetallograpmotof a smtered

il P i A bty R RO ERRENE' S rofered
emBB%ﬁI'P@HtsC%Jf ﬂh%sirﬁie%ﬂeﬁ (@ﬁferéwtﬂarayfeséft GfagRet %ﬁﬁp‘osﬁe SF-

reticulated resin like for the nost nmechani cal
SMEgsTablent and diguref2 amdgdeshay dmp@lsm@neaﬁdprﬂmesgof the

/070745 PCT/ CA2004/ 000147 19 that its
10 SInt@;éﬁ%yc%ﬁfpp‘@gngg\gpmposg@m uated fromthe sl ope of
the curve on the graph of its energetic |osses as a
HE&: : g_n of the frequency varying from10 to 250 Hz in
EX #e?d of | or 1.5 Tesla (figures 2 and 3), is
conserved (low eddy current |osses) even after a
reduci ng treatnment and a begj nnin sinterin
Ebﬂtfplé@wmga PPRTICS A neRs lpSﬁ%@zewtechramg Frand table 1)
L »
géJ rﬁéaéﬁeé‘gﬁ é@naam&p@a%r orm%ﬁstd?% gﬁﬁ%h@&é@?%ﬁd 4 mm

sintered wmcrolane aky s magneti c
(:forgmis)l théclamssr domdhe oSEW@MEBr aehdr resliltse abedéorpparedofto some

15 tggr%nlgi]y\é anr%#p%gpéss kgger Sl @5{5 S hangqnetl ﬁ{cf,o:rrégqctrlcal steel
BROREH tRicRNARRTtRS) o sbﬁ‘?nagnetlc composites (SMC and Krause for

patent 4,265,681) of approximately the same thickness. The new material is
identified as “SF-SMC” (Sintered Flaky-Soft Magnetic Composite)

Example 1: The process used to do the rings for which results are reported on
20 table 1 (SF-SMC FeNi sintered) and figure 2 at an induction of 1.0 Tesla is the

following:

o Coating one side of a 50 pm thick Fe-47.5% Ni foil with 0.4 pm of alumina
in D.C. pulsed magnefron sputtering reactive process,

e Annealing the ribbon during 4 hours at 1200°C under pure hydrogen,



10 sintered flaky soft magnetic conposite. EXAMPLES:

The follow ng properties and energetic |osses (Figures
wdaead7@4and table 1) were measured on standardr/Carwi/doo147

specimens of 6 mm (sintered and 4 mm (forged)

thi ckness for the SF-SMC and results are conpared to

sone 15 common | am nations (silicon steel 0.35 nm

thick Iam nations, electrical steel 0.6 nmthick

SELR4 P nRor AN RIS ABESICaf oy 2 o

sagkldshi ckness. The new material is identified as
"SF- SMC' (Sintered Fl aky-Soft Magnetic Conposite)
Exanpl e 1: The process used to do the rings for which

¢ estiking e phaRMS 98th00.5 20 dcedax In (BFVSpd-ahiker during 30
sintered) and figure 2 at an induction of 1.0 Tesla is

t h&inp§Is, owi ng: o Coating one side of a 50 pmthick
Fe-47.5% N foil with 0.4 pmof alumna in D.C

pul sed magnetron sputtering reactive process, . )
wniidking rgplaistic pretidingddiei wgh Aheysuixtiras Vibpano thedere-filling die

pur e hydrogen, WO 2004/ 745 PCT/ CA2004/ 000147 20
Cu i”ﬁ‘édft" ,HT%%%?Q?EQ'#\@% square |anellar particles

of 2 Mmby 2 mm sides, Mxing the particles with 0.5

% acrawax in A pe m.xer during 30 i,nut es, .
i TR thepfarentop el bieriliny ot i ierLolR eF GPiT pressing
Vi byratd; Padrlyl djB@irfl the Hmpad, fil1ing,
przﬁ'g%‘ér%ggé‘w?%a? I.]S,Iéf‘ldi Inﬁéjljtﬁe coi?ltent of the
pre-filling die into the steel die for cold pressing,

B tib Aothe tofmie o7 BP0 S50 REIS MEn T8 IT i e 10

Heating the conpact at 1200C under pure hydrogen

gurl-llenaqcinséothrg gg}n%%bt at 1200°C under pure hydrogen during 30 minutes,

and

e Cooling the compact at 20 °C/min.

A part of the same dimensions made with uncoated powders gave 5 times the:

losses at 60Hz and 6 times the losses at 260Hz.

Example 2: The process used to do the rings which results are reported in table
1 (SF-SMC FeNi forged) on figure 3 at an induction of 1.5 Tesla is the following:

o Coating one side of a 50 ym thick Fe-47.5% Ni foil with 0.4 pm of alumina

in D.C. pulsed magnetron sputtering reactive process,

¢ Annealing the ribbon during 4 hours at 1200°C under pure hydrogen,
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and Cooling the conpact at 20 C mn. A part of the
sane di nensi ons nade with uncoated powders gave 5

wao 209707, | osses at 60Hz and 6 tinmes the | OBRGEEA2A104/000147
260Hz. 15 Exanple 2: The prbcess used to do the rings
which results are reported in table | (SF-SMC FeN
forged) on figure 3 at an induction of 1.5 Tesla is
thefollovving oCoating one side of a 50 pmthick

47 5%
bbbk aiih e sAg EmeldfbdfeickiaP2m by 2 mm
An@ﬂélsl ng the ri bbon during 4 hours at 1200C under

pure hydrogen, WD 2004/ 070745 PCT/ CA2004/ 000147 21
Cutting the ri bbon to formsquare |anellar particles

of Mix aFﬁEIe§'\ﬁﬁ$’05"%Xaa@w¢dXelrp®ft\/l ofpes mikéh dQrihg 30
% acr a X|na V type m xer during 30 mnutes, 5

Fi Iminptgsa pre-filling die with the mixture, vi brating

the pre-filling die during filling, pressing at 1

MPa, Sliding the content of the pre-filling die into

é h&iltng o pre-tikihg die eat thg mixiues, svibrpting the7pmeHilinghdie during
ej ﬁII ng the cog]m@gé Heati ng the conpact at 1000C in

ai MGy PHRPEGPhUs?and forging it at 10 620 Ma,

Anneal i ng the conpact at 800C during 30 m nutes under
pur e hydr ogen. part of the same, di [

d .
i S dae caprtenk Ratiomredling o1& iHeoinendie o cad gessing.
sﬁﬂg g&{?mﬁﬁatﬁeé@mth%tccﬁﬁﬂ adiz. Exanple 3: The

CESsS o do results are
reported on 15 Table 1 (SF-SMC Fe-3%5i sintered) is

L BB S PEr e RO it odnd oramg

620 Mpa,
e Annealing the compact at 800°C during 30 minutes under pure hydrogen.

A part of the same dimensions made with uncoated laminations gave 6 times the

losses at 60 Hz and 8 times the losses at 260 Hz.

Example 3: The process used to do the rings which results are reported on
Table 1 (SF-SMC Fe-3%Si sintered) is the following:

o Ribbons of iron containing 3% of silicon are produced by the technology of
Planar Flow Casting (The melt product is directly poured on a high speed

rotating wheel).

o The 50 pm thick ribbon is coated with a spray of a Sol-Gel solution made
with aluminum isopropoxyde and dried by reaching 150°C in a continuous

process.



10

15

20

Pl anar Fl ow Casting (The nelt product is directly
poured on a high speed rotating wheel). o The 50 pm

wa biogk707#Hbon is coated with a spray of a Sol - Bel/CA2004/000147

solution made 20 with aludnum i sopropoxyde and dried
by reaching 150C in a continuous process. WO

2004/ 070745 PCT/ CA2004/ 000147 22 The coated ribbon

i s anneal ed under pure hydrogen at 1200 C during 2

hours an oql.ed to _roomte r r P 0 .
Y1 BhBreed 1 banRen e s et et B °C during
Pr 9afsifs andt®oledPRPfoN tempOefureieygd w th EBS using
an electrostatic charging 5 systemand cut into 2 nm

by 2 mm square particles. Particles are poured in a

| 3%l - ' ' rctess150
o B et P

particles are transferred to a steel die (powder

metal | j r | p .
{2, 0B R e Sl lflaPas St la charaing
pr gystene anGoupétd 2 minepy trach squiite pactigest is then
sintered in a conventional sintering furnace including
a del ubbing zone, a high tenperature zone at 1120C and
& oplities 56 Poured (ita lagticaire Lbfsadtingale o pret@mpdded at
m nutes. The part is coole approxi mately at 20C/ m n.
15 1B0dhpes squamhinchr(dddBa).-used to do the rings which
results are reported on Table 1 (SF-SMC Fe- 3%&i
forged) is the followi ng: o Ri bbons of iron containing
8% Tdfe gireicoonpacted ppaiictssd by trarsfesednts qyysteel die (powder

Pl anar . Fl ow Castin The, nel,t oduct ,i i I :

O Rl 5he B %) T S5y o308 et sgere it

| angbhingay bfaRApaSingFeesundl Dondpaiiayjeefeda Sol - Gel

sol ution nade

e The compact is then sintered in a conventional sintering furnace including
a delubbing zone, a high temperature zone at 1120°C and a cooling zone.
The time at 1120°C is approximately 10 minutes. The part is cooled

approximately at 20°C/min.

Exemple 4: The process used to do the rings which results are reported on
Table 1 (SF-SMC Fe-3%Si forged) is the following:

o Ribbons of iron containing 3% of silicon are produced by the technology of
Planar Flow Casting (The melt product is directly poured on a high speed

rotating wheel).

o The 50 pm thick ribbon is coated with a spray of a Sol-Gel solution made
with aluminum isopropoxyde and dried by reaching 150°C in a continuous

process.
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wi th al um num i sopropoxyde and dried by reaching 150C
in a continuous process. WO 2004/ 070745

WEOIDACIR®D4/ 000147 23 The coated ri bbon is apcEalzm4/000147

under pure hydrogen at 120@3C during 2 hours and
cooled to roomtenperature slowy. The ribbons are
sprayed another tinme with the Sol -Gel process. The
ri bbons are then sprayed with EBS using an

' EHL 54 GO0 oo UETRONY 1l 12007 aurn
pl @Bhogrspiret eovipdtsd reemdemparastum sloadypact ed at 150

| b per square inch (1 MPa). The pre-conpacted
particles are transferred to a steel die (powder

VEtRd HbOhS arPasal/ed ahbﬂi%‘i)tm@é‘ﬁntmhé -5 o Gdss60
tons per square |nch 0 (827 Mpa) of conpacting

pressure. Conpact is eJ ected. Heating the conpact at

%/ggﬂ% kﬂﬁb@h AHeringg é”pr%:g&ﬁl’tvﬁﬁw @?@0‘%@ J@r I%H élggﬁ‘éstaﬁgcbhargmg

nea I nNg t he conpact at m nut es
un deystem ramdnsutioige midy 200w eqaé‘r%pammewoom 000147
24 04) -f-+L LLUN NUUUU2i EQQa. d) a
p22220InCOU puUC

e Particles are poured in a plastic pre-compacting die and pre-compacted at
150 Ib per square inch (1 MPa).

o The pre-compacted particles are transferred to a steel die (powder
metallurgy compacting press) and cold pressed at 60 tons per square inch

(827 Mpa) of compacting pressure. Compact is ejected.

e Heating the compact at 1000°C in air during 3 minutes and forging it at
620 MPa.

¢ Annealing the compact at 800°C during 30 minutes under pure hydrogen.
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Although the present invention has been explained hereinabove by way of a
preferred embodiment thereof, it should be understood that the invention is not
limited to this precise embodiment and that various changes and modifications
may be effected therein without departing from the scope or spirit of the

invention.
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("/ (f) : N" U W 2004/070745 PCT/ CA2004/ 000147 25
Al though the present invention has been explained
woenghrakdve by way of a preferred embodi ment PCHieAsmH/000147
it should be understood tha¢ the invention is not
limted to this precise enbodi nent and that various
changes and nodifications 5 may be effected therein
wi t hout departing fromthe scope or spirit of the
Clail nvention. WO 2004/ 070745 PCT/ CA2004/ 000147 26
aims: 1. A magnetic conposite for AC applications,
conprising: a consolidation of nmagnetizable netallic
1. AmhagmedtanedrhposifeafariAQ epplcationsheampysingp and bot t om
surfaces and opposite ends, sai d top and bottom

ner eaesolgRng PEanaghSiaile infielle” eibiafeliar ietfoics each
havr'hg%ﬁ PG S5tEbm GUraess ah@iﬁfp@srt@ eatscséaid itaedndrbdttomt surfaces

coating i s nade of refractory mat eri al q[
beingnaoatgd twigh | andielestric pmatlnsl &y neseasng) e d‘ﬁéb%?}“f/y of the

d
compiRantgRRE e o o ERER. Y orpoc t o according o

claiml, characterized in that it is a soft magnetic
Coﬁﬁéﬁad@riib@i\/rhr‘tba’a: coercive force of |ess than 500
Alm 3. A magnetic corrposite according to claim1l or

2, ch i
Bl Greticu Bode Of & Bireiy qrasgrl A saiEide Bhit pmetar
parqcl?égag@%ﬁéﬂrgrgﬁeé'ﬂ?%nﬁ%d%%ﬂ' Maek B AELRNBYREredidiotBes of

zed Iin that said coating 1s made of
the abmipesie. one netal oxi de.

2. A magnetic composite according to claim 1, characterized in that it is a soft

magnetic composite having a coercive force of less than 500 A/m.

3. A magnetic composite according to claim 1 or 2, characterized in that said
coating is made of a material stable at a temperature of at least 1000°C.

4. A magnetic composite according to any one of claims 1 to 3, characterized in
that said coating is made of at least one metal oxide.

5. A magnetic composite according to claim 4, characterized in that said at least
one metal oxide is selected from the group consisting of silicon, titanium,

aluminum, magnesium, zirconium, chromium, and boron oxide.

6. A magnetic composite according to any one of claims 1 to 5, characterized in

that said coating has a thickness in the range of 10um or less.

7. A magnetic composite according to any one of claims 1 to 6, characterized in
that the microlamellar particles are made of a metallic material containing at least
one of Fe, Ni and CO.
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5. A magnetic conposite according to claim4,
characterized in that said at |east one netal oxide

Wo go0gleteses ed from the group consisting of siliPORCA2004/000147
titanium al um num magneg¥um zirconium chrom um
and boron oxide. 20 6. A magnetic conposite according
to any one of clains | to 5, characterized in that
said coating has a thickness in the range of 10pm or

8. Akﬁ%ﬁq]eéucl c@aﬂ@%&e#‘,&orﬁ?@ﬁ% dfoﬁ&%?hcﬁ%iﬁ%hg % FN¥haRRHzed in

cnar ac 1ze

that the hebo@hbidr paticiesl @ madensfde nubteriainselatiedcfrom the group
mat eri al contalning at | east

f ' )
congiging of7 piees WP@EFFM@MPOQB@*?'C?‘BE @Ck%ie%@%efar Bg-ncc%el Hoys,
pure q’tsbéﬁalf."ﬁfg&ysd i38-ddbaftHilo Q%n@flrdﬁ ﬁl'cﬂ‘él dobeht dlloys.

aratteri ze that the crolanellar particlés are
rrade of a material selected fromthe group consisting
9. Aohagnete comppsite ancaiding to, apyicaermfglaims m.t@@ephgrqc@%zed in

vt 4 BBl SR s bSO P 8u0e o115 1

150,ﬁnqmgnet| c conposite according to any one of cI ai rrs 1
to 8, characterized in that sal d m crol amel | ar

articles have a thickness (e he ra
102 (e)

f
FuagneticlenMpOsiteAGETEINSoRRIY %e 8 e@ma? ﬂ%otsg WGﬁezed in
I - -
et et 5 hehd B IR RS st aroter than o
and@véothghedier than 3 10 and | ower than 200. 11. A
magneti c corrposite according to any one of cI ains | to

1. é\ﬂmégé@? gtggﬂlo% | nﬁ:ﬁlgg? -ttq]éﬂgéqnn%to (l‘d%{gr% ﬁgt %%g?&gerized
in ﬂﬁrtt ‘tl‘?é € et QI gk%ﬂ?e‘b%hldw @hdat dr&asbtRAEE- b§'2 he‘étlng said
I c conpoSite according to any one of clains 1t

conédl;datlbarcﬂcaaehmleehb atémperattee oft afdeasit®0°Gr gi cal | y
- bonded ends are obtained by heating said

onsolidation of parti te I V.
12. %W@Ueg & COMNRSHA eqchrééuaﬁ,g% aﬂy%n&é‘@@éﬁ‘% 1?8% &aracterlzed
in HatCltRé Mnkali@rgi@ily C ibdhastieranded are obtained by heatlng said
consolidation of particles to a temperature above 1000°C.

13. A magnetic composite according to any one of claims 1 to 10, characterized
in that the metallurgically bonded ends are obtained by forging said
consolidation.

14. A magnetic composite according to any one of claims 1 fo 13, characterized
in that it has an energy loss when tested according to the ASTM standard A773,
AO27 for a toroid of at least 4 mm thickness in an AC electromagnetic field of 1
Tesla and a frequency of 60 Hz of less than 2 W/kg.

15. A magnetic composite according to any one of claims 1 to 14, characterized
in that it has a coercive force of less than 100 A/m.
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in that the netallurgically bonded ends are obtained.

by forging said consolidation. 20 14. A magnetic
w@ovpoHi7ee according to any one of clainms | toPABCA2004/000147

characterized in that it B&s an energy |oss when

tested according to the ASTM standard A773, A927 for

a toroid of at least 4 nmthickness in an AC

el ectromagnetic field of 1 Tesla and a frequency of

16. gggggla&ggg&?rgf’)g%l@%cgopé’ rﬁg ﬁ)é oﬁe'ﬁ%hﬁs‘ﬂ ¢80 Thhfacterized

_ ( y~ one of to 14, characterized
in thabitihastdhébercivelfascerofless mane5®@dme of | ess than 100
A'm WO 2004/ 070745 PCT/ CA2004/ 000147 28 16. A

17. Rafagneiccompoate acharinats Aoy et Y GAGEH 8 @y thetagiérized
int a?ﬁ%atshaanéQ:%V%/@rcelgf |eBs iREH ek igmeonposi t e accor di ng

any one of clainms 1 to 16, characterized in that
it has a coercive force of |less than 25 Alm

18. Aagagnetic comm@§lte @csottingite gny ®neng’ JaEns ! o 1a77rF§‘aia‘%t8fized
itk s EiG (g eflp melbbBliphyr et fAO0TRTP €

conposnte accord| ng to any one of clains 1 to 18,

19. AhaRhbRE icoftposite ddearding thamyaoraConegines ifcto 18, characterized
perneability of at |east 2500 netic

in e g @ DG AINek PrGeatoRARas e | to 19,
characterlzed 10 in that it has a DC magnetic

20. &\eﬁjég;ﬂ% ¢ 'coh Cﬁ{s J@taéc%?&hﬁf}g g/c%'e o%l@ﬁﬁ@qtﬂ§19 charactenzed

Ing to a of clains 1 to 20,
in tiedtar laad @D Q edbgriatictgeameabilitaef at leasintlit.se r upt ure

strength of at | east 1%25 MPa. 22. A magnetic conposite
ccording to an n I
21,35l oSG ReBE o B BB S dtherioc

to any one of claims 1t

in tﬁ%?ﬁaéQQrdW%@ers@ru%re%tg??ﬂ?bf &t leasp s MPaccor d| ng

o an | " characterized in that

it shows a plastic deformation zone_durin hani cal , .
22.tA sagnpticopmpogiicoaeayding iveif aRe of p@ﬂﬁ%%&? characterized
in tRPRES Lar SRS MUl Grétidth 3t & feast 500 MPa.

23. A magnetic composite according to any one of claims 1 to 22, characterized
in that it shows a plastic deformation zone during mechanical testing.

24. A process of manufacturing a magnetic composite comprising the steps of:

a) providing microlamellar particles made of a magnetizable metallic
material, said particles having opposite ends and a top and bottom surfaces, said

top and bottom surfaces being coated with a dielectric and refractory coating;

b) compacting said microlamellar particles into a predetermined shape for

obtaining a consolidation of said microlamellar particles; and
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a) providing mcrolanellar particles nmade of a

magneti zable netallic material, said particles having
woppesTi7es ends and a top and bottom surfaces, BEI/dA2@@6/000147

top and bottom surfaces bei2hg coated with a dielectric

and refractory coating; b) conpacting said

m crolanellar particles into a predeterm ned shape for

obtai ning a consolidation of said mcrolanellar

pay ;hﬁt&mrgﬁtﬁﬂyﬁgnaw %7(143501*3 Si waémgﬂﬁgmﬁ& @ each

bon e ends of said mcrol anel
othenartl cles to each other. 25. A process according to
claim 24, characterized in that step c) of

éilﬁ!)ur | cald X@ﬁggl‘?dgl?f rﬁlt S(ﬁ%réﬁ%é‘?ggplr?fthaq? step ¢) of

metéH'quid%iI@'Honﬂmgisbé\hﬁﬁsé@thé ﬁ@ﬁ%f 26. A process
accordihg to aim 25, characterized in that the
tenperature suffjcient to sinter is

e . C..
27 -heatineeaid sonselifationgatiptamMRgraiws SU% '&39@."@ %@aa'ﬂr?nd&

that the tenperature sufficient to sinter is at |east

26. 1899 cieg'g gc%gaﬁlﬂboﬁ)g%ﬁalﬁlc%r ‘Ehﬁ?adt@rliédi'lﬁntﬁét the temperature

characterize t st netal lurgically
suffivdestito Gintonisr atdeastt0°€t ep of forging said
consol i dation. 29. A process according to- any one of

aims 24 to 2 ctelze ,
27. %nar,chgg qq@r@pgp pﬁ% q}%ﬂ%éda%% rat gtbes’%eimoperature
suff ﬁﬁb@ﬁ{@}%gﬁéggﬂ ﬁ‘},od‘f@\“ ng a t hickness of 15 | ess

an about 150 pm said foil having a top and bottom

surfaces coat ed with said dielectric and refract 0(%%
28 cAatﬁr@@SSar&CC@EdlnguttQi algingaid, nelargriarizedardn pihat; ste ©) of

claigradlbabling colerpeRing S, e R0 Bofisdldaren,
of providing a foil, the step of coating said top and

29. b@b?dﬂés%tﬁdo@mﬁ?% an@szrtehef ¢laints 24 40 @8¢ chaianferizaspin that step
bei ng sel ect ed rom the follow ng group consisting of

a) gpmprises the steps of:
a1) providing a foil of said magnetizable material having a thickness of
less than about 150 um, said foil having a top and bottom surfaces coated with

said dielectric and refractory coating; and
a2) cutting said microlamellar particles from said foil.

30. A process according to claim 29, characterized in that it comprises, prior to
step a1) of providing a foil, the step of coating said top and bottom surfaces of
the foil, said coating step being selected from the following group consisting of a
physical vapor deposition, a chemical vapor deposition, plasma deposition, a
thermal decomposition of a dip or spray deposited oxide precursor and a surface

reaction process so as to obtain a coating having a thickness of less than 2 pm.



10

15

20

physi cal vapor deposition, a chem cal vapor
deposition, plasnma deposition, a thernmal

waelemenpogi tion of a dip or spray deposited oxiPEI/CA2004/000147
precursor and a surface re@é@&ction process so as to

obtain a coating having a thickness of |less than 2 pm
WD 2004/ 070745 PCT/ CA2004/ 000147 30 31. A process

according to any one of clainms 29 or 30, characterized
inthat it conprises the_step of,t I ' ;
31. A B9opa} 180eardign 1o APNE S ARG Gh il nefadtbEed 9 that i

136 AL ! apSatiCBicdioldot reliewy stessed antajamssen
comp%&«%?c’gﬂ%ls,’te%’ﬁ)g;dﬁ%ﬂéﬂl?zed ?fr?:t hat step 5 b) of

grains ofiftectailng i s sel ected fromthe group consisting of

uni axi al pressing, and cold or hot isostatic

pressing. 33. [ Chyeud : i t ste
2. AfGeaes aprodind 1 RRLBRE AEFITE AP SR aLzed In thet step
b) of Yonthatiingib aelgutes Siony tike wpous cogsisting of epiapdal fregsing, and

filling a pressing die with said particles; and 10 b2)
cold or beldpagfatiaiptessdid.i cl es to obtain said consolidation

of particles. 34. A process according to claim 33,

¢ | LR Iiatn 83, ApiTREteRiosd iPtharstéd b) 9f epriphcting
33. %P@%%Fﬁ%éﬁﬂﬂg@%t eps % “filling a pre-fi I‘I@i r)lg di e
consisits bf & aintbxisrgressing coprpisingethei 3igp©&i d particles to

i ncrease the density of the mass; and 15 transferring

o) Wi B Birnd By Bii e g8sr BTy o0 @ ¢ 1P

characterized in that it conprises, prior to the

Prexfdrebding seicepartichs itetnainfsdidbonsaidatign i articles.
particles and/or the die cavity. 36. A process

34. Rrisoseswareorcing 1o GRD 55 CIRISNPHEES i Btk PEPAREP PT 10
Stepzbgr)gwﬁigﬁéﬁ];%)&gﬁg!O@._g step. 20 37 A process according

ains 33 to 36, characterized in that a
pressure in the range of 300 MPa to 1000 MPa is
apfllihgd pro-filirgpdiedyitosaidrpesticles;,  38. A nagnetic
conmposite obtained by a process according to any one

of pfel-géeg%ing said particles to increase the density of the mass; and

transferring the pre-pressed particles to the pressing die of step b1).

35. A process according to claim 34, characterized in that it comprises, prior to

the pre-filling step, the step of lubricating the particles and/or the die cavity.

36. A process according to claim 34 or 33, characterized in that a pressure in the

range of 0,1 MPa to 10 MPa is applied for the pre-pressing step.

37 A process according to any one of claims 33 to 36, characlerized in that a

pressure in the range of 300 MPa to 1000 MPa is applied in step b2) of pressing.

38. A magnetic composite obtained by a process according to any one of claims
24 to 37.



24 to 37. WD 2004/070745 PCT/ CA2004/ 000147 31 39. Use

of a magnetic conposite according to any one of clains
w@2d08/02843 or manufacturing of a soft nmagneti CPEECA2004/000147

40. Use according to claim389, characterized in that

the soft magnetic part is selected fromthe group

consisting of transforners, stator and rotor of

notors, 5 generators, alternators, field

so. R854 548 P re o Sy BABLRELARL 1 10 20 for

manufacturing of a soft magnetic part.

40. Use according to claim 39, characterized in that the soft magnetic part is
selected from the group consisting of transformers, stator and rotor of motors,
generators, alternators, field concentrators, chokes, relays, electromechanical

~ actuators and synchroresolvers.



