EP 0 540°504 Bl Descri pti on BACKGROUND COF THE | NVENTI ON 5 Field of the

I nvention The present <invention relates to a nethod for producing a

resi n-bonded magnet article conprisi nGPA5EEMBIR t ype maghetic el enent. 10
Description of the Related Art The resin-bonded nagnet is usually forned
into a ring-fpeseriptibacl e such as a ring, a cylinder or a G shaped article,
and a supporting nenberforsuch nolded article has also a ring formora

hol I ow or sol BACKGROUNDEOR THEMNVENTIONIgh t he supporting menber optionally has

an en.dglng el ement 15 It is, however, very difficult to forma
ri ng- &6r m &r t Field of the lgventidne si nt er ed magnet whi ch conprises a rare earth

el emrent and cobalt and has, for exanple, a conposition of [er;} wherein R
is a rare eart h T8¢ @ReSAtinverfion relatesdpa methodder Pragduging adesin-hogdad magret aitide/eamprising a Fe-
sel ected fronPRigedraguascelghentsi sting of the el ements of the IV, V, VI and

VIl groups in_the Perloglc !gble and nis an integer of 5to 9, and 20 to
I npart mag’ﬂet c a radi al dlrectlon of said ring-formarticle.

One of the major re or thlSﬁlIffl Ao¥ hat COff|j

The agnet S usua |n m artl esun%% ofa
of expansion VI%(I;I aJ’] supp erf?:P %Fs fi séfidc)rﬁérfo
thin wall rin gﬁigqgrg (,gk eav
through i Sﬁt I’Op){t i) tffffl ltq’@fom% Hg- romtt rﬁ?&ﬂ'ﬁggh& which compnsesarare
characteri sti ggf elan ﬂaﬁd&i,g{a(ﬁ hgsa,g,eex &g&;}, tor COba magnet decreases
fromlts inherent value of 20 to Of\, ¥e,ahout 5 M3Ce. In case of

the rotor NMeniRdedR iskliide BRhERAGH EuoP(BQS\'ﬁ an M RSk 1950 btie @lambit Géld kel $rol it@laroup con-
di mensi onal agistiag oftlye eléiientsdflthé MV, smarfafvutgheps‘nmmap&oﬂietrme, aramiesn iktsger of 5 to 9, and
necegsary, 20Whtolfpariataghdtis anisotropy(kODiadizlidedotion df Baid/tingviormfartisle Odmeothe myjorcrbabomtol this
use of expensdiffieulfyresideslin @at csfficeytoot expangiaiverytdge totahisotiopy dudng sintering. Rarticulany, when
producti on cos thinofall tirganaguxt isito beprodeced, shisdrawdickshduld be avaided thebugtHsntropyaf magetinpeop-
t he sintered entiepaBhus,the magoétiaaharastefistic pthespirtesed rare parthtelamienttchkalt magnebdecigadek fron its
peel ed of f, sipheenteaiiesf20taitMeQateenlyabout & MEOe! Ieeasmef theToipraemberiof thewermanant magrieb:
mai Nt enanc oMmolrydich raquites bigh dipensians| agpracyoyoupd finish of “{?é?"mﬂfe‘ﬁ mﬁ'iﬁg'r'ﬁs’lecm ¥ which
30 I n castesye '"t%@m’ryi‘ﬂh’gl"f"lﬁ\"ﬁf syeh nopn vield ARE use of expeons "’E spmppnents, the
earth el ement P¥H Productign ¢agkef the Lotor megﬁb?f(?é’ )?'“°e the sintered
conpensat es t?ﬁgndl b %’ ly f'@?"etﬁ?éftgt getwifl fsfp@ﬁheﬂf" tfaﬁﬁe @P’W%‘h

i s made anj so °em nfea

reI
can have t % sin gré%r e mﬁd %g:% %ﬁ‘mé of th elﬁg‘ |£n 0 et Wm%

iX ens pa
the magnet ' C &esag mtl?e i%(i 119 cam?m%a tl a BS‘p? the
magnet conpri ,sa;dgg,,,g SHefanpie! J,, ded resin-bonded
direction, th ﬁagmeﬁ rtsﬁa o Fabb etftiPelehi: mignet! she afacmm %0 MGOe
conmpound ngggnRiobthiAey. Furthsl, the &%&dn&ha&ﬁﬂﬁbwo ﬁ%ﬁlall%l-&bhﬁ(yaﬁd Hnﬁé?@nbnaﬁé‘&&fé @id
and is | ess fspgifRiidthindsintired HagHet TherBhs) e resihbBided Maghetid i6rSrialbrié) foR$l6diicing
magnet is a Sthpeig-oiiRaghst paktichigdy thy thifl wal ig-fdih thagretig tHe@nidtedn@aGRL.
particul arly t hesthaicompband maghét githl lighmhagBegio pérfofntantdaknow i £resiakbondgdvRdgnéisortyhising
conpound na.g na tmaguet Havihg tybicompgsdhio. per f or mances, known is a resin-bonded
magnet conggrising a nagnet having the So(Goolu,Fe.dh. of 40
[ err] wher ei nwhergimid and nearecthe same gdefinedabele bound with:d 1o § @ bl weight ofitieteox® restn cempisition.
wei ght of the efstsselp. theapowy @ﬂmpﬁiﬁ%ﬁm@ﬂ@@ mearm@n@?ﬁmycm#m %@masmam
i s intended t@‘"ﬁ%‘éﬂ?“t&'ﬁ&b%'ﬁ"ﬂ?ﬂa links the epey B8 xy resin and a_curing
agent whi ch t hr &89 Fa98:t Faposition, ey E%%'agﬂé‘ﬂve“f‘%%'\ the prpdyucliviiyer the pegfer- .

th PesMane fl th tivit
the pori b oG, @%%gv R i e i e i
X

speC|f|cat|on°""'fi #n is intended to mean a conpound havi ng at

| east two oxirane rings of the formula: 50

[err] whergin in Y is a pol yfunctloml -bﬁLQh&ﬁLLL whi ch may be a residue

formed through a reaction between ep\’ égfﬂ/dri n and a

pol yfunctional phenol. Preferred exarrp es of tdye pol yfunctional phenol are

resorci nol and bi sphenols which are produced by condensati on of phenyl wth

an al dehyde owheteikiavas®polyfihetivingl ihalolgdrmnPhichamay be & Fidé fomlea fedugh & Fedction between epi-

2, 2' - bi s( psshy chiaohygrinand/a gniytynetivasl plenblspréfenrslexaivples 4f thé polyfunitidhad phehol peaesgicino! and

4, 4' - di hydr oxbisphbaofsiwhich kremrddaced by &ndéneativingfohemnwhwith ph eldghlydexar d dietonedSpiehiic biaknples

One of the nosfithechinpbangll are 2@xbis(p-hydraxyphenylphepanebibisph@nol-A), 4.4'-dihydroxybiphenyl, 4,4'-dihydrox-
ybiphenylmethane, 2,2’-dihydroxydiphenyloxide and the like. One of the most general epoxy resin is the com-
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EP 0 540*504 Bl pound of the fornula: 10 wherein Ris a divalent group

sel ected fromthe group consisting of a saturated al kyl ene group having 1
to 8 carbon atons, an oxygen at om andEBROS#§04B® group, y is an integer of O
to 25, and mis O or 1. A typical exanple of this epoxy resinis a
condensat i on pdupdlsree retugpi chl or ohydrin and bi sphenol -A (DGE- 15 BA).
Exanpl es of the curing agent for the epoxy resin are, in case of the

resi n- bonded nagnet conprising th gnet el enent of Sn(Co, Fe, M
azol e _conpounds havi @g CHaCHp m , @ o-th gi.;l.dg%h _@. zol es of
the foriule: 20 [err] 5'\/\here|n[ ] ans—err] leth

ordi fferentand each a Rydrogen atom a |oweral kyl QHoup, a phenyl 30 group

or a | ower al kyl-substi d phenyl group, exanples of which are imdazole,
2- et hy-4-net hyl i nm da ~B¢ 2hylim dazol e, 1-nethylim dazole,

1, 2- di rretgél i ni dazol e and t he I|ke 6f JP- A- 37106/ 1985 and

JP- A- 2073 /1985) The epoxy resin orrposi tion corrpri sing the above

descri bed epox “3 | daz naesmt ng
agent gener al I T’E S H"’H%tl?agtﬂ" g%%%h&i Y §r i

and heat 35 Teg Qﬂgﬁr

to produceg,t hg )re n-bonded r S|ng tphog E re nagtgb o%"létﬁ@((ﬁ))'éha

and the magnet %t(anﬁms%eaﬁ ntfcMheem%gnﬁﬁﬁp%ggftml#m&mn&m&@tm

resi stance anﬁtd?ganumdaeﬁt oSt ﬁb M| 218 Eshgalils fvin lah Srhifd\groublandlpdBifically the imida-
t enper at ur es. zd\WEMEformutd: nce the | m dazol e conmpounds are solid materials

havi ng high nelting points of usually higher than 200C, their mxing with
the éppxy sesin conposition is very difficult, and the duration of use of
the epoxy 40 resin composition conpri si ﬂb—H?e‘Rilm dazol e conpounds is
usually l'ess than a week at room tenperat ed Eur- ther, the epoxy resin
conposition conprising the epoxy resimiar >~34ring agent is gradually
pol ymeri zed and cured to formdiners ortri rs, wher eby viscosity of the
conpositiof is increased. Since the viscosifty of the epoxy resin
conposition will be increased also in the ggxture of said conposition with
t he magnet, when the resin- bonded magnet co isi ng the magnet of Sm(Co

Cu, Fe, M[er net |sotro

of magnetic o\”i'eé?ﬂ%t eff? Eéf:ﬁ:);; :ﬁn‘: da%‘f,";s?é?)‘gﬁ; %}Y F'l':'
exanpl e a s'pesfrgkr r? Eo o et ﬁ 'fdi#:& w@%R tﬁdl‘il&l&:{ {\f 6/1985 and
Vi SCOSi ty | nc5,e § n[:Ha g&%o u;Hefait:)o LTJ; em% es

production of "t r£§| Rkl RMPRing tHe b dve dskrio ﬂ[ré éd&%ﬁﬂ)saﬁé‘( ¥ infiddzole
i mpart the ”aw?rfbbx'nﬁ a@{hbéz%é SYa¥it derbrdi GivesRINBA epokibs oé@cheﬂéal résftan dh&ﬁéal
usual |y thg eRgXtinckerhbBfofe B sphulyirédih ob.apdsﬂmﬂmetul taptbahoé A fEbiAboridedPfiagnet comprising
tenperat ure Sghe8foxy RsifBdnfbodiftA alPBEMadnEt oPSmEo G, F&) M), Which SskipPund i@y ipled chdnice
the |iquid epm¥ytaiceandFuken®Rdided eversitie ddeFfitientdilgh kempyratutes ! abl e for

conpr essi on nol dHowewer, siliceitits imidadole RBrhpountis kieisolidlntatekials faving Bigleméiting peists ousuglipkigher
for {he produthbm200°Cfheit inizing withitie-dpoxyckeit commpaitian isvetyi diffialt, ahdithedisktion ofnse of the epdxy
t he green 4onyesio tonpasitionsenprisioythergidazols comboundsrieysgeliy jess than asveek étFdomuénipetature. Fur-
obt ai n t he r ethehthdepraetesimaeyrrositionrcpinprising tha wPaxy regio god e cring weah%lgrp@ﬂy@mm
To overcone s@dsuigedfodermdlimers or timetsjuhereby vacpsity oigharempesitionis i mﬁ*a;s rSiee the viscosity ¢f
suggest i ons ¥ &pgxeEepin gampositing il q"r’f‘cfeé'?eﬂta%ﬁt%”t"’ﬁu P E’P?'P‘é% iogxwith theimagaat, when
be used in thte t'-! 'rdat 1"695“*%“‘?'}?@9 é‘éﬁ“’&‘tﬁ ngtic anisotropy is to be pro-

ot e
2: emgnt gA{ t holl hemt'g iié?ho §£ﬂf‘gﬁ%% 1[:3;3% iﬁggg%gﬁéifﬁg%uogf%:’qgiéagy

property of the.
honogeneo Use | yeéﬁ? o r. §i|1’<§e tﬁ’eqﬁm epoxy resin composition has no flowability suitable for compression molding,
it is extremely difficult to prepare a green compact for the production of the resin-bonded magnet article. in
addition, since the green compact has very low mechanical strength, it is difficult to obtain the resin-bonded

magnet article having good quality and performance.
To overcome such defects of the epoxy resin composition, may proposals and suggestions have been
§5 made in relation with properties of a binder to be used in the preparation of the green compact. For example,
JP-A-63808/1880 discloses the preparation of the green compact by dry blending fine powder of a thermally
polymerizable resin and the magnet element. Although this method has some effects on the maintenance of
the property of the green compact, a large amount of the binder is required to homogeneously wet the surface
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EP 0 540*504 Bl of each magnet particle with the thermally polynerizable
resin fine powler. As the result, the content of the magnetic el enent
decreases and then the magnetic, perf oERQR8E50B1t he nagnetic is
deteriorated. JP-A- 19450911985 di scl oses a nethod for producing a

resi n-bonded osmgtarhdaghétiparticle @itHNG thermally poipmbrizatde oS fineEhOWadr.IAS ti ré3UIE Rile content of the
particles w t nagnetihalénment decrepsis \and) then thalrhagnétie perfonanap ofSthé magnetid)is alatericdated) JP-Ae
sol i d state af945ea/t983 distipess-a nsthod fat pmdegingapdsihi-oadet! megngtagtizie carprisiag toating tha magnetic
t enpet at ur e heleghent parfivien witthetherolyalymerizgnta resin epimpedition whiehrisin theysoljd staterabroom temper-
i zabl €T eskn alee, meldingthe grepnichimpacist g tarnpermturechigherfthan thetshitening peintaf theythermally polymer-
t enper at ur e | Bajle resiband releasing the melder astiple fipmihe mold atjg raturg lawer thamegifl seftening paint.
effects on thé'th?ﬂﬂhﬁﬁ'%'ﬂ?ééawm%ﬁé?ﬂtg;m%m& d parfompace pf taegreen compact,
conmpact, duri frging meiding, the orepp-coipect shopld d andsaeled iprelationte e soffepingnoiot o thejrgpin.
rel ation to tﬁ'és ‘BF’P ff agga& dSTm’c"}‘i’é‘a?"@gf Rﬁ“"‘?‘l‘?l‘ faciljijep for E’F'E'&P‘é“aa"r prpqugtion of the

probl ems iR |c%£[§fa t|e for te pb ‘jsqu?)?s?‘ﬂ%
pr oduct i on Ofw{thow s e i ﬁ ac' CHees i e sql

|t dazol e cormpiiig] Ges% “"lF ﬁ,r.. Jud onjfgge ﬂ%"’ i E T idscetn
bl endi ng of; t By 8 '°" Lt mg&; ﬁ b B o

of such salt y&ih Lm&’fﬂe%@id reglb@e o@é&fd@éli r@&btsQrflth the Bpdy rekifl Q‘héﬁﬂﬂ)ﬁ(e c?d’sg‘linf'densnty is decreased
conmposi tion, §dRatiHe@RBfidal 4h0 hébk rebitEncbEst tnd opRp ASIH cdiRpB&Ifh af delefidrited ¥ielstibility of the
requires the nvidizé/@iWwhich the BRGHAPkE héutraikbSGth 1R A¢IdiisImroval s thé Sdiiity 5IaNg aciliBecomes
ever, .t he r earigeOButakis Willfurthet déteridfate the dharitd! Endheatisistafcedbiitie dpb)y redP@Yniposiash. That
prod uLg_gas tde wthoddvatdgeaiszhareferisties ofein resisbandedl nidgtet ashprisinigthe ithitazald compouldsSsaubi
reacts wth t asechempicef yesisiesdeand sihgressioy of the igeversibie soaffidientkeedatdrigraied. decr eased so
t hat t he chem calis posdibla &eirodueesfosdxampie 8 ring-fotmharticls foom the magneticeimput SM(Gao Qu, &e.dM),
det eri or at ed. anflieimparbipadnpticjanisdtropihin the mddikbdirg¢tion. £at exampie thininethod fordmiaeting the magrietic
neutral i zed wanisetrepydo theting-form artigle indhergdial directian diselpeed indPdf-170509/1882 ugesRrpaidhip Which
| ar ger. B, mmnst'qmokqs al"lﬂ"!’ﬁ@ﬂ""d@!@?ﬁ g alfproately aranged Areuad the mald gevity and a magnetizing

resi stances ofollipio 'ﬁ°‘€€fﬁﬁ!ﬁ3§"}9f‘?t6ﬂ9 cofljizgmbogded jna m‘t‘%@"éﬁ?&?ﬂ'@%’&ﬁ? vity.
characteri sti %%‘%Teﬂt"ﬂ@ %’Ftﬁp ?ﬁ‘?f)‘f""f' I, W%?“ﬂrcg‘t’ﬂﬁﬁ"&%ag and '3’99
d

R g;em:;r L aE:eE;s e m@:;; .§ w’é.yesagés::i% i
rlngformartji ; 1
mart e gt MP* by Fik é‘fma%“m L ﬁ“ﬁ“‘t

] l ! -
radi al | di rect pumieen méﬁ;b&cd&eﬁnxiwiél%zd&maaﬁ S Mt 2o of the

magnet i ¢ Y@Kegmaghfit propbrty TRHB Rl QirdcRsFor vakinftrd|shritkdye bed tasoﬁ&.fmfmﬁdmamy BVn $h8 fare
mol d cavity hdlefWBrio60ait bghet diéiieht HaspddF ShdpetRAbIRY Indetrodudlien srtledin@iagnBEThis will
magneti zi Ng Chreve large iflibrie dR desigh philosaphlofikt perrhidhbrt iabrkbt Motolt ildudig WetpgrforBnce 3he
met hod, to gestacmiecWhératieiingHormmegne isrusetdsia rotr rantherdf itz phinahéht magneOWddr IRdIinge
wi t hi Low ol t afyen magiet isofye fixed ta eshbft thoughseaipmoriavhiah mratgiiabtateaftommen-inagretic tb magratie
| ar ge. To 4ef f mther tha the firgdorm nzagmed igruirectiy fifel tndhesteftt e the farmencesst the twg-folmonagnétend
wi th the ragnthe puppertaremedhanidaliiangdged ¢rongedwith an adhesivavdich is sprplied ishranbe sépdetwaere
| onger. Par- Bem. Thiséheequps, in cpse ofthe ingcferm magneh which quises.thegenerafion pfamagnedic anisotepy in
portion of thie ﬁ'ﬂ'ﬁ'rﬁ’é‘?‘iy?ﬂaﬂs\)’%f y fliffjculito fogm the puppertshich nategal karieg 'T°F1'D€9"°1'ﬁ‘é mag"et”
mmagneLp °°EHSF é'[“l ﬂ"seaﬂ'ﬁ 5'9"’ pfeucuryith 'é*‘rﬂ‘? y‘91 apegne

nmagneti c aﬁnl s jth he';'_'la 'ye Ag Lin
oo o B T Bigw i %“

prese we n ma
conpr i si ng th&em i T;t b dahin
ring-form of 2Bk Be crac
descri bed glf?l cu | s sué’h as msu ntenance of the 35 magnetlc property in
the radial di ggghARoRfHERVENRGNT C shrinkage due to solidification of the
mel t, erar a

flexibility in tadobjedt oxtheiresent uﬁEntkﬁlB td préVilie MBEBRRE for froduzingvan ArtidkPdbmphstig@8id resin-
i nfluence on pbadédIiaghdl slch a®Phng-forin iidgeetper manent magnet notor including the
per f or manee and Asdordingtdthecprestiit mentibrothére 3@rolidedaniseigd B produciktearebirtliondedinabibt article
menber of t hecqueriskgrstent of peogidied a gradutar conipndicom@ising ar Fa-ByR type inagret wifetedrR & iatdexst
to a shaft t henewigment selagigsidrom thingrowp copsisting ofINdapd Pramd miconcansues: emalyofathict cdntains at
magneti c 40 lezst bnecompenent efiadhermatiyjpdlymerizable rpaia tonipositiiniaee binder jompendntiing davity formed
shaft. In the fornmer case, the ring-formagnet and the support are

mechani cal | y engaged or bonded with an adhesive which is supplied in a
narrow gap between them This is because, in case of the ring-form magnet
whi ch quires the generation of magnetic anisotropy in the radial direction,
it is very difficult to formthe support which material varies from

non- magnetlc to magnetlc |nt egral with the ring-form magnet because of
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50 SUMMARY OF THE | NVENTI'ON An obj ect of the present invention is to
provide a nmethod for producing an article conprising said resin- bonded
magnet such as a ring-form.magnet. ‘55EP0540584B8r di ng to the present

i nvention, there is provided a nethod for producing a resin-bonded magnet
article conpr bypasufpditinember@hd i6lY, ipfbssi tife gidnalakdompou @ N8 diily ardifdthaniclly bRsking at
Fe- B- R t ype niagstepart'dfthe micfochpsuiss ta tiische@s the contposdnesvbsuid resin compasiliod framthé bapsules to
group consi st formya gréenisicmprnioihieh is integratet withdiespepott memisnarid caring thia thedmaliypolymerizablexresin
| east (Ene c onfemmeinde tid resin-bdnded rpdghst aptiole)\Suelr gramdsr ecompewnd carcierquepsret! by forngisg an inter-
bi nder~"conponmadiate granvledramitheymagrat elerentiand at Igzt qpe Bindsr B§jnl oty thegythe micteoqansuies and then
menber and a mixingthe intesediata granyle Wq#‘ tha miceocapsyenrd Artionghaddiivese avi t y and

mechani cal | y br dag§urepripember£an bea lypipgted sfectramagnatie stegt sheetwhish maypeyisadag fe gaiormae
conponents of “ﬁ%lPﬂh"r'@gT‘%‘e‘?fHﬁ%&'F‘?t?’on fromthe capsules to forma green

conmpact whi ch 3 § pport nenber and curing the thermally
pol yrer i zaBl ejﬁﬁm n-bonded negnet article. Such
I t I
ot he ragner A rg&ne il 59%9 ol o RS bl g o ol Bl for Pl o
m crocapsul es a é%rmﬁﬂo@g Iétﬂﬁsﬁi%ﬂﬁ&&&k%e%s@dﬂh‘ r?%gﬂgtlé ﬂxxt%ﬁsitéarrd the duration
0

m crocapsu,lses a € support ne r can am nat ed

el ectromagnet i ¢ gk @R oﬁQ@ﬁFnaMﬂy@ ac%sbﬁ%ldﬁ‘l mﬁ&ﬁef&alng%x%rd&ﬁﬁb@&n dBfpact
the permanent nmygdyehiy Wik sBuppork thefRbir Bbcofdfrgtethe

schematical |y slrgésiAlhtepsdredinbtogthpht bithd Hpdartnge &mm&hwrmm%ﬂwin@et (stwiu di¥forent
powder | atent cufagiificationsy pound and a lubricant in Exanple 2, Fig. 2 is a

grapR showong t IFg. 5 Blapbispsttiveiview obetotemamtien onsistihg dithe restmbondéd rnaghétumciel eorspribipg
and the durati orthelsbpport mednibar amsd the neskgbdniies nisgnet which is diretiyrborded feitigpssupddAimemBdr and a
schemati cal | y sinleysbaficassegribled inghegforeeof tire batmpagjteraetichi ne for directly nol di ng
the green conpadis- ¢ neageshoyingihe relationship besweenthershear stzangth betivery thesuprog momberand
i nvention, Fi gs thesgeinchendedmagnetangiits abmesalisins temperatye, appear ance of the
granul ar r%si n- (Fi9ntie@ phetegsph of ‘F‘ b%F“t‘!hs gerof the resinrhapded magnet Wiighawas pemoved from the
Fig. 5is a per$ F‘?@be\‘if"aﬂﬂ'bﬁhe‘?{f@ﬁ’t"&ra“ﬁenber consi sting of the
resi n- bonded ma e?s’QY’??Eﬁ'@ei’,ﬂéﬁrﬁ?‘q%’?ﬁﬂ“’?’ﬁ'@"%ﬁﬁb‘ﬂ?’f‘beﬁenber and the

()

resi n- bonded ﬂav bonded to the support nenber and a

rotor shafji a ‘ -“'- LtalLv] conposite article, Fig. 6 is a
graph show ng. *&?egl L{?.&EQ %EU E 2& @B s%&fn% fed &ﬁ&éﬁﬁfis ép;ggd
support menbe HiEskdss

25 FI 9. HerdiPusdd B %%rt@:ﬂ&ng rﬁJ&ﬁ%uJ?. risid §1+Jer fr‘@sin, cubififaghift fol frel

magnet whi ch YRgolAiingime dpbyasinafd &Jtlmpidaltnfég B6 RE& e&rﬁﬁ'@&ctiw\ﬂlﬁtﬂéreﬁ'sentml
and Fig. &GsSheiiporente€l spective view of a conventlonal rotor menb

DETAI LED DESCRI Rilé égokyrbsinTiiinteRid0'W méah a26ndduff ravindat Jeast twioxirdhe rifgelof ﬂie formula

pol ymeri zabl e resin conposition used in the present invention is the epoxy
resin conposition which is used as the binder in the conventional

resi g_bonded magnet The epoxy resin QprpBs¥t¢mrClgrein used is intended to
mean a comgosition conprising an epoXy/resin\Nd curing agent for three

di rension- ally cross linking the epo resi n-and optional addi tives which
may be reactlve or_unreactive with the essentlal nPonents The epoxy

resin is inteWpean 'Pé’ 'srﬁa palyfunctiopathelelny GF"h‘&’iﬁh *l‘ﬂ&'ﬂ'?%\ é"t'Pﬁ"{%‘ge%Pm‘

and

the f | yEynet '°F P npl P
mas bgrgu r‘gm nos age F%% E‘%p %;F\Xi ?h{de F5 ?ﬁygﬂ" C examples
pol yf “.”Ct ' On hane, , % b.% dggp?ﬁe ike. These afy r]u ed in epen yorasamlx-

resorci n_0| an re thereof Examples of the preferably usable epoxy resins are glycidyl ether type ones of the formula:



45 ‘bi sphenol s which are produced by condensation of phenyl with an

al dehyde or a ketone. .Specific exanples of the bisphenols are

2, 2' - bi s(p- hydroxyphenyl propane) (bi sEREAAS0ABT 4 4' - di hydr oxybi phenyl ,

4, 4' -di hydrox- ybi phenyl net hane, 2, 2'-di hydroxybi phenyl oxi de and the |ike.
These may be used i ndependently or as a mx- ture thereof. Exanples of the

preferably usabl e epoxy resins & g gI ycCi heRgt V&g onedRjof the fornula:
50 55 5 EP 0 540 504 B1 | rr] [err] %err] wherein
[err] -T's a hydrogen atom or ng?ﬂy‘lmgr% Q) A H 275 E8Nn"same or
different and each a hydrogen atom chtorige atom ahyom ne atom or

a fluorine atom A is an al kyl €ne group ing 1770 Bcarb atons, -8-,
-0, or [err], and g_isgan gnteger of to 10. The curing agent al so may be
any of the conventi oxal § us€d sobes. %ecrfrc exanpl es of the curing agent
are alrphatrc acid ' Hriterocyclrc di am nes, aromatic
pol yanmi nes” acid anh | de, - matfc yimg-containing aliphatic

pol yani nes, i m dazoRgs, RgrgRpi cRgci d di feydrazi de, polyisocyanates, etc and
m x- 20 tures thereof. Specific exanples of the optionally used addrtrves

are nonoepoxy.yfy ‘%Qgﬁy&:%lah BB 0 £ mafii SR R0l RISl thd Binid or HRRGHER P8 Afdrdgen
ai d am desy €fGm o £ Bromis S5m 6 HuBhind aldfh, A 88n SIQTEAC Broll ravi 1tTo ‘arbon atoms,
thernmal I'y pol ;gjeb_l 42Bog, arn@msrgnmm“ougn may be prepar ed by a known in
Situ pol ymer i zatthédhriRl 6o Mk beBnyd? th bénvahioralh ARG s Bpdaitic WkRipled bR cdring agent
nononmer i N 2Sare akpAatielacid pilafhines, polykitides, HBRABRINY diamirtds,tirdiatiSsblyamnes) hédanhfdritid) Gro-
nonomer t o bembtkeng-odtaining Qlipheic padiamies, Midakdies, dbanicaciegitydiatide, folyiobyalites, etc and mix-
chl ofi de, i nyrdasdereef.chl ori de, acrylonitrile, styrene, vinyl acetate,

acr yI At es and niSpecificiexansples loEthe otionalljueed aristiess sreomonpapoxyrrompauads, diphatiaacidseand their
carried out i metaliseappralishaticcaid aylides, ef: 0ss | i nki ng agent for a pol yner prepared
from t hese nonoiThe wicrofapedlesrcantkining théreomponepis otthe thergallytpalymerizatiemasin gomposition may be
pol ymer i zabl ePreratddiby 8 énaws i situ polymerization-precaes which poneprises syspension pelyserizitg a monomer in
t enper at ur® athel preprage ofpuch gomppnente: Prafaried pxamplas ofitha-meromerde Bgyusef (g the foxmation of the
m crocapsul e F@F@F‘éﬂ? Yinykohlorids, ¥ '@"Pr Etiqride, acrylgpitsile; ﬁlé[?mf H'Mr‘?“ﬁﬁﬁ :}!ﬁm% -
si ze of sever Feslﬂl?"egfe H‘fpe'[‘sé?ﬁ qrigatian gan be capigg optin the presengerof 3 praqginking agent for a

L EEEELLL
cont ai ned ' n el d:% ,9&%3.?@3; 1??.% e%: ﬁhaﬁ&ﬂ%ﬁ& X rtﬁ:glshg of sBvebelfo skveral

nal |y prepare rom e above var ous conbi nati ons

of the material Srwamn&@oﬁﬁéra& é'onrasrreﬁrs@hnanmamsry.ném%sm QM itlof May beWBntained in
material's t0 §fe nidsdnduid. t he methods of the preSent invention iIncludes, for

exanpl e, () thotwePRatendtWhith maf bed ddRaihdian B ichbcapelids BRI Bk dhoh-8HeBive solid in the fi-

conposi tion, wdnypbpafcammasrent is in the solid format roomtem 40

perature, ( B) t Iag userstaod RS thd abbvecvakibus contiationp ofitheifeeridl&dirk Possible addording to the present

conposi ti on, nteEntidn. Thamaterigsitb bé Gsed in thie rathbdsepthélprésantinvarition incudes, Gonampls (A)xthe dofd)

t he ggnponent panéntivfibe thirealiyerolyinerizatiey resin canplosition; vehddhcoromntnd Biir the solid it afi rowitemn
t he capsul4es, pestture/{B)dherompanent ofithe thammali polymerjzable resip compmsitionowhich cengoeentis inthe liquid

and (D) the n&gmtmoew tempemtyre, (CYthregempenient of therthermally relymerizible resin nempesition| contained in

i ncl ude a con¥p p@pqlq;mlmh oemgonerf B n th igg)rd fasmnpt fopp temperal ik and% )thegmgn%ciglemqgf Then,

(B), (O and gﬁr’ (t maigigs n % o aygpbinatipof (A (B) ofi(A). (Gh e (P)eaf (B (C)

shoul d be t ak @ﬁ“‘f‘ifgc) )u‘@'i‘ﬂ',“ E; & FFWB‘P phou berskena%'t%rﬁ'eewoaw t?ﬂsﬂ%’?‘?"ﬁ‘f

for conpr e€si Bif g]: g’t u ée eE‘P E'H 3%"‘ %

Wien t he epox PRy e S Fls@Forﬁxa ;fg Iee ,ch? e °|-
present inven %‘\ 'ﬂg w o fg oo |"
exanpl e, the c % h o) ,}Jﬂt.d?, |é2|decom-
(DGEBA)  hagi NGouid fhe\bﬁ:hlg er ng |t§ derivélives, 15 Kg Shydtadhe

room t enper at f{d&iaminomaleonitrile and its derivatives. These compounds have high meltlng points and are difficultly
soluble in an organic solvent. Preferably, they have an average particle size of several fo several fen micro-
meters. The dicyanediamine derivatives are represented by the formula:



The 'l atent curing conpound used according to the present invention can be
at |east one hydrazide com 50 pound selected fromthe group consisting of
di cyanedi anmi de and its derivatives, cEP884A%B1aci d di hydrazi de and

di am nonel eonitrile and its derivatives. These conmpounds have high nelting
points and are difficultly solublg In an organic solvent. Preferably, they
have an average particle size of S&% é#) ﬁge ten mcro- neters. The
di cyanedi am ne derivatives are reg 5 y Grnula: 55 6 EP 0 540
504 Bl [err] wherein [err] and [er are thagsanngor di fferent and each
hydrog€n, @& |ower alkyl group or a substituted or un- substituted aromatic
group. Specific exanples of the dicyanedi am ne derivatives are

o-tol yl bi uanWEPée'"%wz"dEFﬁﬂ?WEF %P'éerawﬁerbeac kydsogenya H%'ﬁ §T° 2ffiskstituted or un-
5- hydr oxynaphf ’%"lﬂ S P mple Hﬁl net priolvibigugnide, «-2,5-
guani de, et c ﬁhﬂ'B (f’i'wg 'l;gﬁw Ceal g@@w@whﬁv‘@ﬂ@%wﬂmwbb

err] wher® IE al ent hydr.o % g oup such as an al kyl ene
E;rou]p, a di vaI ent. ]icac%dq'yym'd%'srgp "mé:b e 'I; g, 9roup or the like.
Exanpl es of tg DY it 6o '&Efgfmg“ﬁ ma.e aﬁé’ﬁ Zlid{Ss phe-
adipic acid 1 @Jr't ‘ﬁke Eﬁa% dda ﬁiﬂ rechcm&é & e,%ﬁubigacid
hyrazi de, gt Cpydkb -@e i e,étg er fatty acids and

their metal soapfe |ubﬁedﬁt%arnbeéwmcums ﬁ.uneafattgl aék'iE aﬂ.ashe.refteeal sobp& hfflocBrbbhs! 4R acid
magnet el enengmig@yete prepared by the nelt spin nethod such as a single

roll method as dhéerd-B-Raybeiniagnbbiéhivntayda prpireddyltivi meltisplh méthdd sith d¥@ single roll method
64739/ 1984. Thasdigobsed ihGlaphnbdel PatepidNokdi PhbicatitiENoG. $47391 3984, ThE produdedsthit Bartidles may be used
t her pa} | y #r ead sach axtreérmaligtleated ahdnesein dhearesert imventioni. Breferably ssicivradghst elemerg has a com-
magnet el enenpositiersof ¢hedammula:posi tion of the fornmula: [err] wherein Ris the
same as defined above, and x, y and z d&eseatHmRB:per cent ages of Co, R and
B, respecti vevwierdmi lsi‘%@tsﬁ@??sqeﬁ@dfﬂmvp(ﬂmi »y apdjziare ptomig perceptages of Co, R and B, respectively
[err] [err] [®Msptisbithgfallowing savatigngr 1] | nsof ar as the inherent properties of
t he permarfént nagnet el ement are not i np@$%T3%t he nagnet el ement 35 may
further include randomy at |east one of other elenents such as Co, C N,
Si, P, G, Mo, Pd, Zr, Y, Th, etc, or a 6 il dsii Fe, B and/or R nay be

regul arly repl aced with such other el ements, <l|£| addition, the particles of
the melt-spin Fe-B-R type magnet el enent "may hdve a coating filmof a nono-
or multi-nolecular layer of a carbon-fungtjguaal, silane thereon. The
coercive forcg,gof the nelt-spin Fe-B-R type magnet elenment is based on the
[err] tetragonal sys- 40 tem The crystgl +gdqntation of the tetragonal

system i s randomRshlrds i inhareitipfobdifies ofﬁhedem%em rid€aiéient are riotiMpdhad, tHeHaBifet dérfant
magnet i caldsy m@pfuftitP inBlude kaxibmily @l 18ast drldicBother BRmEXits $UBR ad B ORI S5, FEEEINRNP, 2Zr, Y, Tb,
requi res no nNeora pait obFé, BahdidriRmiaybé fegilarlyi@piicekwithisgehtother gismetiis if adiitioh, e particles
resi n- bonded oftigmedt;spinfie-BIR tyi® mageeat eledéit may avé & eoaling(fllio of abono-+oe mulldnjoldtuldr layer of
PREFERRED ENBORirhdRif{inStioDRl sildnk thetdoftNTI ON 45 The present Invention will be
expl gined by f olfhesceniye rca nfthegusit-spin Ee-BiR tyseraagubt tlpment is basad en the RyfeisRytatragonal sys-
| ess ot her#i stem; The crysiel erientation of the tetragonal system is random in the particles. That is, in general, the particles
are magnetically isotropic. Therefore, this type of the magnetic slement requires no magnetic orientation treat-
ment during the molding of the resin-bonded magnet, which Is inevitable in the Sm(Co, Cu, Fe, M),

PREFERRED EMBODIMENTS OF THE INVENTION

45
The present invention will be explained by following Examples, wherein "%" and "parts" are by weight un-
less otherwise indicated.
Example 1
50

The alloy of Sm(Coy,gss, Cug_101; F€0.214, Zl0.017)7.33 Was melt at 1,150°C for 24 hours and then aged at 800°C
for 24 hours and then at 600°C for 1 hour. The alloy was ground, sieved and blended by the conventional meth-
ods to obtain a magnet element having particle seizes in the range of 53 to 200 um.

In a separate step, methyl methacrylate and acrylonitrile (in a molar ratio of 50:50) were suspension poly-

85 merized (in situ polymerization) in the presence of the glycidyl phenyl ether of the formula:



Exanple * 50 The alloy of [err] was nelt at [err] for 24 hours and then
aged at [err] for 24 hours. and then at [err] for 1 hour. The alloy was
ground, sieved and bl ended .by the confRA540A84B1 et h- ods to obtain a magnet
el ement having particle sei zes in the range of 53 to 200 [err]. In a
separate step, methyl rrethacr ate and |tr|Ie (in a nolar ratio of
50: 50) were suspensi on poly ‘@'% %%ﬂﬁ}l’l zation) in the
presence of the glycidyl phen§/ /et her of the Tornul al EP 0 540 504 B1
[err];namely 4,4"-bis(2, 3-epoxypropyl)phenyl ether (ﬁ) g) to obtain the

m crocapsué es conprising the cells nmade of the nethyl

net hacryl at e/ eamely[4dhbie(2.pepoxynmpyiphenytethend0 gdmebidin theygicrosapsulas ganprisingstheicellpinade of
is liquid at thepwihy@methasndatalecryienitriteisepolympn asg contpiningthe eppy resinywhich e ligyid atzepnutem-
based on the Eﬁﬁ"'&? The t?ffh"teﬂ@‘ymgl}t%g@éé ?GP% on Qﬁd"“!' Meig @E‘F‘&@‘@mﬁ%"ﬂ'%?’@ the

si ze of the rﬁ“’EF’ g; gnet ment ﬁ
{Tg I{yﬁg pf rmay
ingtne F?r&

m crocapstf *@P%’" "%@gg"\ﬂ‘ Hd'%; ANALS
pol yner | zabl eP T'g? §e gieRen ':' .'.i' g]aﬂ" ‘ﬁﬁ‘gta" W"ﬁ?ﬁ Pyition:
havi ng t he fo 03|t|on ) Cu, Fe, Zn)[err] 95.9 %

M crocapsul es2 thy|_4_met vlimidazole 4: 0 .'" Et ttyl 4-nmet hyl i m dazol e 0.1 %15

A portion of The b Qjﬂe?&mﬁ QQM%gM&W%&&WaQEﬁEB& fla cym.e& *&anﬁﬁd\&
a cylindri caI ofaddrhdrdss m RS wifh whighadRaticlaRiSotfoBy ddh P&impE el to'din A0, @b
magneti ¢ ani SgbdsaPihdrdreshiffe M%ﬁﬁﬁ/&#dwtﬁ Spplying HedRgdndiie Fiéld brab Kod Mhﬂxﬁﬁﬁﬁ&m# By
pressure of Bcaliytb foffita iikdiical idér/domBact RRing R BBRdteref fomhd of 15 [err] in the
axi al directi on peforettHe@noRifhy the yawintatdriaiihia sowaat Flovabllity @F80-60 €750 o BUTTha Surfabeddf the Greén
di am__a;téer ab lébmipadt widadightipwét vith thediglyclig phéng! ethaxwhich tvere diadhalgadirom the mechanically broken
powder f | owabi inictoyapsdiesSio dark serey patfialgpeelibgibff of khe negnedt elementivastféund pyrtiecgneeR Gompact.
conpact was sl i gfihé greevsompactwas hezted di 190°¢dar 8 ininyesto yhitaived fesin-banded magast baving a density
di schar ged f r ofi&86 biemtre edsidual magnietjc flux dénesity of 7.6 KE&@ngha mivdmum ¢aergy. praduct of 12.5¥G0e.
partial peel i ngAndther portignioftheyegindpnded magnat rawimeteriah warstared at F@Cg?f 2 dnye andibantproc-
The green #ongsaedin {ia sampwayeg abgve fooblaln ajgiaen sunpact Ay tBen 4 rgsitsbangded magnet. There was no
resi n- bonded #RREpAIARIe ditferengginmoldabilty ¢f the saw rgaterial, e peneprpnce gf tho.grees hady aﬁ‘é@ﬂ megnetic
flux density gheragersticssfthe fpsin-banded energy product of 12.5 M3Ce. Anot her

portion of thg reskn- onde magnet raw material was stored at [err] for 30
days and the ed |n the sane way as above to obtain a gr een

conpact and the'a 6 %Wa;rE%&a d‘t\?tﬁeéla %ﬂg%.ﬁ%ﬁﬂg' *@‘é\a@@%?
.L ,{dﬁé,ﬂ rarl'}r on d ma net nparative Exanple

in nol dability ZF
t he magnetic ﬁﬁa.g

1 30 96.0 partsgpte nce ﬁ?&xﬁ n%&r@&ﬁﬁﬁfe@dteh&u&bh@oﬁmxture the
nmanner as slsn .Emmbﬂdﬂotbe?un&orﬁ Chebge thcatity Pind ndid FreAPR HtBEnBMAbah BFbr the magnet
etherand 0.2 Q@éhdnt Wds edsip pbedd-off-sbBiat Brdeh BbrhradiMtal pobehandBabiie Thedbkih-Boh @uiniag et with
m x- tur e, a theaédnBitylpsisigememagavesiduantaghbtic AuddeisitP6fEBKGAA a hbvituin dnBQy Fro®BRNTS
of 4, 4' - bi s( 2MBoe Mhely the exwhthatgviaioay btor@ll Btat0Wrbre30idaysdit ved diffiait fol prodadaial gredey bddyh e

m xtyre, the 35 mixture could not be uniformy charge in the cavity of the
nol d. Frorwt hexagple@n conpact, a part of the nagnet el ement was easily

peel ed of f so that green conpact had poor handl eability. The resin-bonded

magnet with t heAdelispuphinghees ofz ighof NdigframPewasccomprengpd atEngmdamnerature fo foaa green,
of 6.8 KG andmpﬁ)whfﬂ] WF%MP%QXFUHQ ang) pubjpgted tondigyp setfipgiq pfq‘"‘,"eraﬂ\ﬁ"q!fﬁ‘thﬁ? f""&’la

e o megsteRtion e oprpr
20 Eiiﬁ%ﬁgaés' . *{2%8%;?{‘?1 veltipoglmefipdsio ?P&e'erwaaretstﬁf'ttﬁvrsm B the @9’%@?

at roomtenpe ra stg ﬁorldgo a%r dmtr\ﬁ\’rl %S tIQO} e\n%%ees% a sngn
and subj ected_ ,t 9 ﬁ?gmyﬂg |§2,}a Eﬁ.bi] dEbéE% db\é
density of 98 ﬂr@%&l é&i ev Iecopol i
di rection. 50Th té?MngV{ﬁeSep hicht Pt¥m %B&(,‘ér}ﬁé dm%-
met hods t 0 obizpibs MiBREREA &%ﬁémghl%vdefbgndaawthﬂur@h&hiéﬁﬁbék& .tﬁnaéuaaymer and

containing 4—methy|-hexahydrophthalic anhydride.
The content of the epoxy resin or 4-methyi-hexahydrophthalic anhydride was 70 % based on the total
weight of the microcapsules, and the average particle size of each of Microcapsules | and Il was 10 um.

&5 The magnet element and the microcapsules were mixed with imidazole as the curing aid which is one of
the thermally polymerizable resin components to obtain a resin-bonded magnet raw material having the fol-
lowing composition:

NdisFezsB0 97 %



of 53 t0+200 [err]. In a separate step, vinylidene chloride and
acrylonitrile (in a nolar. ratio of 50:50) were suspension poly- nerized (in
situ polymerization) in the presence EPO30598B4tyl gl yci dyl

et her-substituted DGEBA to obtain the mi crocapsules (M crocapsules I)
conpri si ng t haiceedpbsestade dado%he vinylidene chloridelacrylonitrile

copol ynmer 50 Misrecepewestliai ni NP %he epoxy resin which is liquid at room
tenperature. Cwinghié sanme nmemh®Br as above, the m cro- capsul es

(M crpcapsul es Apprticroftheiresilting redinebopdad magwed chy material wes gharged id @ gyindrical cavity of a mold
chl or i"de/ a&r y¢f@mompressien belding mashine withwhichomagnptisianigoteppyaan bimparted toranebiden materiel. jand
anhydri de. Theressedndenpressure ¢f 8 Tanjemywith applving dhe mpopatic figld of |18 KQa indhexist dirastion of the
anhydri de ms%w@mswn%ﬁ'ﬂﬁﬂ‘@m%h%ﬁ & fiameler of 10amy crocap suI es and t he

| etet e gt o syalagp e oW ety oE 500 v
The mgnet, c %aw w?rrashmetmﬂb%%wmbpeeﬁ y%f’@"“fﬁ‘ e el e

curing ai d Bhe of th ner |

obtain a reSI ﬂ-ﬁ)@d@rﬁg ;§ rQ refl "%f‘g gmnavmgaresl ual
conposi tion: he p bond jﬂﬁ QE’@B?(H t? and then pbc”?
M crocapsul es nth s ma re There was no
resul ting es&dﬂ %Ioldﬁ ‘?&?&nﬁzte ﬂ:dy'%

ﬁmQ & ih& netic
cavity of a ng.& ct istics e?bsiﬁ-%%&@ﬁ ingn nol di ng rrachl ne WI t Whl ch magneti c

ani sotropy can ReanbthBtdfbEdinére aanaaﬁdﬂdanyia id FReLB-R &p6 mRERESIGRENLIS GiahuldiddSgetheie
of 8 Ton/ [ er riththe dpoyiedinywhied istsBiR atvegi Rinpératiie B) Mixin§ thé Bposfitsih Whith Has Peeh 8dmpletely
direction of dissiveidivartorgahio sdhehtWith a pigtidtéiflinedanoul] foreRaniple ) BEto B8 % @FFe-BIR &ype magnet
di angt er cb 1élensiit, exapérating off khe stivdntland gheh laending theresidaaliselid. $16u8 only the solid epoxy resin is
powder f | owabi predeptat BB s@ge, the@pdxp Bsig js rotrolytnbrized by Heating darfng the evpperetivnobthepsobentna s
slightly wetw t Whenithe aboyd gyanilesy b figelpewder latettiogingLamphundandsa lebirisant ase dyipblerided; e skate
mechani cal | y ¢fthisieixiurg §§ schainatically akewn indrig. 1, TRiwhicty humeral tetandsifotthefzess-R type wapnstelement,
[err] for 1 hbiﬁndmrtbwa*wwswvﬂ@Msﬁolﬁeﬁmewm% 3i5ta0d f@fiﬂmﬁtﬁ"mmm
flux densi®y Reundzand 4atandsfor the W%Wmm cihas g fas shelf lifecemsd mojdapility; aipce the

portion of t hWéE‘i"Hs W&@H‘” %‘F“P"éﬁe "\?\ﬂfés 'Sﬂs&"@dpra?’a["érﬂﬁamb‘?‘“é@
days and thenfi§ B‘Ede”é@%’éﬂ""PW gatgg re
conpact .and ttp ﬁf"gpact Since

anot her enbo e nag e enent
i's granul ate tﬁ&ﬁ&?ﬁ@ﬁxawpr‘ebw.ﬁ nestsewaba\e%heoa{munph I's sol id at room
tenperature by mxing the epoxy resin which has been conpletely dissolved
in an orgasi ceambent Wi th a predeterm ned amount, for exanple, 96 to 98 %
of Fe-B-R type magnet 20 el enment, evaporating off the solvent and then
grindi ng the reahHaBIR tHRinagnet Seméhtwss prapardel forh 64.8000 6fFe)25.21%6FNG, 0.93 P OFBSL2 % af
this stage, ttwmandp0xy of Prdly theinlt suiri mediidyThe piodured inagnbliz@temans hatl i partiglesiaedistribution
evapgrati on oshowmie Tahid vent. Then, the above granules, a fine powderl atent
curing corfpound and a lubricant are dry blended. The state of this m xture
is schematically shown in Fig. 1, in which nuneral 1 stands forthe
Fe-B- Rt ype nagnet elenent, 2 stands for the epoxy resin which is solid at
roomtenperature, 3 stands for the fine powler |latent curing com 25

pound, and 4 stands for the lubricant. The m xture such as this has good
shelf 1ifé&and nol dability since the epoxy resin is very inactive in

pol yneri zation and the m xture itself is |less tacky. Preferably, the anount
of the fine powder |atent curing conpound is not |ess than that of the
epoxy resin. The above m xture is conpression nolded by the conventi onal
met hod togorma green conpact. Since the najorconponent of the m xture is
the Fe-B-R type nmagnetel ement, nmagnetic orientation is not necessary. 30
Further, since the m xture has good noldability in the conpression nol ding,
It can be conveniently nolded to formthe green conpact of a desired shape.
By curing the epoxy resin in the green conpact, a resin-bonded magnet is
produced. 55

difference ing] er%f E;}zﬁ gSod molda ” eéna %ﬂ %oonvelfﬂo rﬁﬁé
body and t ﬁﬁgﬂ% ,g&,c etIC ,,%’{/ aﬁ: /res jnng;m-bonded



Fol 'owi ng Exanpl es will

illustrate the above enbodi nent.
Fe-B-R type nagnet el enment was prepared from 68.80 % of Fe,

35 Exanmple 3 An
25.2 % of Nd,

0.93 %of B, 4.20 %of Co and 1.01-% EROP40584Bthe nelt spin nethod. The
produced nagnetic elenment had a particle size distribution shown in Table

1. 40 45 50 55 9 EP 0 540 5 Jable 1 Particle s
10.9 53-75 2o 30

75- 105 23.1 105-150

26.6 15 250- 350 Particld® $izQwm) |

20 W 98 part of the produced.Ee-B-R nagnet el ejppnt
resin (DGEBA having a no- |ecu es3wei ght of 900) ) motHd
solution in acetone was m xed jA—a—kheader—Aft-or-evapd
sol vent, the residual solid masSQrbﬁnd to obtaln albaﬁc

ST

si ze dlstrlbutlon of Table 2 (|5t
<53 5
75-105 12
33.3 40 250-350

L\J—IGUI C 4

| 8555055

I'a.l L

23.1

20 ;';ﬁg 8 350<

26.6

45 The flowability of the grant F
ol |

and the epgxy resin which was

pLoEPri sing the
d at roomtenp

To prepare a fine powder |ate

, 3- bi s(hydr azi nocar boet hyl ) - 5-§

2S0+3%@ conpound,

sopr nn\/l ‘hi dant ain

lze ([err]) % <53
26. 6 150- 250
0
2 parts of the epoxy
formof a 50 %

rating off the

er having a particle
tficl e size (um 30
8.7 35
14. 3 150- 250
2.4

9g0g 1l type nmagnet el enent

ratur

1 0.8
INf 1t hd

350<

0

was 62 sec./50 g.

formula: 50 55 10

L
et With 98 part of the produced Fe-B-R magnet element, 2 parts of the epoxy resin (DGEBA having a mo-
lecular weight of 900) in the form of a 50 % solution in acetone was mixed in a kneader. After evaporating off
the solvent, the residual solid was ground to obtain a powder having a particle size distribution of Table 2 (Step
A).
25
Table 2
Particle size (um) %
30
<53 5.0
$3~75 8.7
35 _75-105 12.5
105-150 14.3
; 150-250 33.3
~ .
250-350 25.8
350< 2.4
45
The flowability of the granule comprising the Fe-B-R type magnet element and the epoxy resin which was
solid at room temperature was 62 sec./50 g.
To prepare a fine powder latent curing compound, 1,3-bis(hydrazinocarboethyl)-5-isopropylhidantoin of the
formula:
50
55

10



EP O 540°504 B1 [err] 10 having particle sizes of 5 to 20 [err] was wei ghed
so that the anount of the latent curing conpound was 20 parts per 100 parts
of the epoxy resin, and cal.ci um st ear EP85420484i ghed so that its anount was
0.2 % based on the total weight of the granules and they were dry bl ended
with the granules in a tw -cylinder mxer (Step B). Alternately, a fine
powder |atent curing conpound was @&gpared by using 12 parts of adipic acid
di hydrazide 15 and 13 parts of 3&9 Hc-a #¥Q di hydrazi de each per 100
parts;of the epoxy resin and m._xe vﬁth ranul es. The m xture was
corrpr%'§5| ofi nolded to form a EW g NHavi ng a di aneter of
10 mm a height of 10 nmand a relatlve d B ity of 80 % (Step C). Then, the
epoxy resin was cured at [err] for 15 min-rutes (Step D). The obtained

resi n-bonded magnet had a residual magnetig flux density of 7.3 KG an
i'ntrinsic coercive 20 force of 8.8 KCe and a maxi mum energy product of 11
Ve Corpie gaihgopa%eﬁ&@?of% 0 WA st Bth%ta\wm ltateﬁcunfxentms ofR oA ahd
Samie s e »ﬂgﬁm B
m xer, and t n&rw f. dila ohmvéaprefp ed .ﬁm,ﬁ&wf ﬁi»a

a ol ecul a Weid Bbartlof i %aufcac.m%@ﬂ@eéa& oémtﬁ %) rébh ahdimiedRWitR the grandidd.
t he kneader. Theafembduf wil .w.ﬁon&um@ dfitha daahamglad.ammdu@mw&
ground. To thﬁe.mhemdraﬁamdlaweedmi«a@%?&%@ﬁn@.@hﬁlem&Emas?&.ﬁadmodrfof15 min-
bl ended and i ge®@teporl y dry nolded to 30 forma green conpact, which was
heat ed t 0o obt ai IThéobtaied reslncbontizd megrgtiei a rebididl magrietic e dersiy of 713046 erdinthingn @breive
had {he saare foeg ks s KOadnd asmasimnm steargyprosigct bHAMGOR. Exanpl e 3, the

resi n-bonded magnet which was prepared fromthe m xture of the ground
product and cGbmgarativefixemplee whi ch had been stored at roomtenperature for
2 days had consi derably decreased nagnetic characteristics and nmechani cal
strength. Fig. Jhe orEeR type BAGNRS et'ﬁ“%*é@%\lé%ﬁ i Bxample.3 pnd fhg saff'&&ﬂ%?"l“@"ﬂﬂtﬂ'k"“""g
density arf t FROPAERE IesA I Esamele 3y Hatiopf 28:0.4were iy blended ingthe twin '"de""'xef- and

ﬁ'i' mixed with %.50) L@cetone in
B?S?reﬁi Of’ﬁvfeﬁ a o B '%wgmﬁdeﬁ%iﬁvm?m@n@ﬁd? Pijive wes

resi n- bonded r o
o bonds ‘ﬁn&s) i, SIS steﬁgaaﬁﬁaf:g ﬁ;g;ndd i?ﬁf%tﬁf ymidodto
ré?ar t ‘h@ m ‘fﬁ)%@t Eh s%Fe

Exanpl es, the g&]ggi 12}
i nvention w | uctand WHich® I%Bﬁﬁo @Etr&:‘nﬂ
the resin-bongggs ean u RAGhegh bamracen&.@@anahe&ﬁn&awmantlon I's

expl ai ned by waxngoé Hi% bEtAenie réshiuf iGrefic fiuk ddnis®y drd Mékikiation fok Goring the -
3E schenmatdscatuke/at adnoynsaﬁaem 110 tid réBkIh Pig. 271h6 s Dorded madneEut the Yresant idveRibnthae
gr een conpact far iore btaiflé Badnytic\whdriictefistits! {harOthé resiR-Btrded ihsigns prodaeed nddhhparative Exdmple 2,
mat eri al for alitheugh®sth resindnttiad magngtsaierepecdaded from tHe@arhdi@mperestent | nventi on. 45
I n the machi ne dffollowiyg ESampies, theyrodietion 6F theredin-Bandel megnet anticle yf tiskeiresamt dhvéngiort Witk be
die §, the | olfestratedinch 7 and the |lower floating core 8 is forned. Then, the
f eeder cup®5 i s Nowithe preredimesiforerodugingithegenir-kopdednfagnatarticle @Oﬁdlmﬁe khetpresent tmntlgn is
and t he granufiainehhyysy atpxamrle by makingefersnpn te the|deawiag.y j t A). The feeder
cup 5 is shift e300 35 sehematically WF#V"%‘E"FP'H‘F%WQ“H&“&%‘&F* nojging fheeregn eomaack in-
conpound ( St eEg'ﬂ ‘"‘tbﬁ svmreft marﬁbeafwmﬂﬁsfaa%nw 'Baat?ﬂaHg' %’Fﬂ"‘ "diﬂ MR9RR} afcording to the

support rrenbe e r than € the
f??ré ﬂﬂf‘ﬁ: f |§ L@ on he s r ce éﬁ %we(: ::e
f

sof t eni ng p0|pt
from

shown in Fig. g i%ﬁ%“ﬁﬁl-s%; Qﬁo%dn o Ae;efi S5,

suppor t rrenbe{h V3 fi é?l il i, rfi I
A ] rrié{e@wat emA " mim&t mpum

shown in Fig.

7, and t hesUpR§ih inthorarmidbdomb aﬁi SXBhewA IR Fig. BB s@ﬁﬁ) b ugpBrHBhting B6HD 9 lsliGivered, the
sof t eni ng poi &ippé mémber Aiid16lAredtsEnEY vitth tHelldiveBiicatig| core 8@8 BHoWH Mg, w(dwa d).fe tem-
t enper at ur e Operatlk8s SFtHe[R6, thERWBE NdhY, drie uPpel BIRY lovied Adhtifgidofbs 80 abed@ptiivetRan the
Under such cosgdiiehingpamt of tHe ®intlé? B3in ofthiégrinufabeontpodnd \WMiii€tHe RmPerhtn® of the\&ippdptmember is
punch 7 is | i kepekigheotharossfirsefiening (peinigUimdatiduali conditighs,theuphér puncht1ds 1owered and the Idwee
hi gh densisty mmclshisifteditoicomprpss tB&gréridae pomippund 12 intthe cavity tetbe higtedehdity asighown inFigo3D
t he granul ar (StamPdumitiis stap; eethe density dfithe franulr tonpoundfincrelases ghefonmationropthe gredr3ompact
whi ch i s conpfiwuhichis comeressed andisplidifiad procsedsevdiile apprt of the dingerresingstthe ¢pmppind isspftened
resin in the Winpopatframsthespppastiagmber 11. Thus, the temperature of the support member is lowered through

1




with the*heat fromthe support menber 11. Thus, the tenperature of the
support nenber is |owered through 11 EP O 540 504 Bl heat dissipation
finally to a tenperature |ower than tFBOSH§4RINng point of the binder
resin. As the result, the softened binder resin is again solidified and
adheres dir echéaydissmaﬁdneinaly B0t penar® iver tidnie softéning/paiatve the dindeieesin. Asthd result] the
bound or part softeheddinder tesig Biabetn solidifiel aridadhepasidileztly to tha suppéromeanbecThul, ttéymagset element
bo nded t 0 t heisdiomiplmund orpartieiuseti togethermitly the bindar.and he gréentydydé banbes tptha eupporbmeniher
suppoy t, menbet threughfusiop banding\ef the bigdentolthesukpart merphert1 tafonm th resinckondedBagnepartials qog-
the in egrallwsbeﬂﬁm ppchonded 9epen bady and ke sugpiaremberennber . Then, the green
body 13 which |§h?qqthegfea'r bagy dhwhighds ig d‘fﬁt'th?émeﬁmzmbqféﬂs rony thingdhige by
machi ne by | o ?’!{Pgetdﬁéaﬂ?'éﬂ"@ thaqump aqdﬁ'@fla&;em Pg%%:%gngﬁfg.’{% step, "‘1°'d
floating core ,S%

article is nof':% | E{“‘ or LR "m?rl?@d‘dfs pP'H'Be" ﬂ‘éﬁ”t‘% b?ﬁ?é‘?:fﬁ? dz%qeragnet
suppor t_nefibef” ? b ol Sttt B 85t L NSD R0 e O b*ghmmredhy
pol yneri zed a@ﬁwﬁh i3 e

according to resepnt |nvent|on The pr oductlon of t he resin- bonded
magnet articl geapearding to the present Invention will be illustrated by
fol | ow ng gxampres. Exanple 4 15 Am xture of acrylonitrile and methyl

met hacryl at e i n agnpiéb Sfakrylomirie@n@hetRPmetRaciite ih B waibit ti®Flsh:50WdsZAitu pélyntehfbd in the
presence of apradey€d dili gly@dyhather typp BpoRyresilY (70 giiich hédbegh pioberatl by karidekbamidi of epichioro-
prepared by cryafesddisplieholdfane padedVisabsity [nNoFADO o 180 poideb a{E590 10 [produca fribrdtagbulds. The
vi scosity [ [ emiclocapbuldsOarel obsidgiehupiedr sherical forincaind hadlan ayarayel particlasizeodD8mn The @mtent of
The i cr ocapsthe epoxywesiewad 7596 begbdontrctbielaveightpifithe miceicagsdesn and had an aver age
particl e size ofin 8sepgate ptep, BB eartsaofithinrpartidés ¢f Bld, B wiichwas preparer hydlw il spin nathed)
on the total ondihgthan ipferanheoersive forse abldcli5de andpagticloasizen inthe rangeef 53 965350 amwas mixed
thin parti cl eWithstpartaehop %ygelution ofifhe slynidyiethertypappoxyiresinhering sefiening tamppratiredange LRS-
an i nherent cOBFHupans eﬁree'v 6\9‘“&‘3 Im apeiang= Afier pvaparatindcqiicacelpnee the rasidua) solid wag growd,
53 to 350 Fer ‘F'T""G\H? tarmediatp gragjjles tigving, partiple, sizes in the ‘?‘bgloethyn

A F 0.4 '2
T %%:ﬁ%nggﬁwmm
Q‘i%) %& are togr§ph

resi dual soli eara ed tu?ar nr},ed fRorent
granul es havi H roh ﬁl%ﬁltﬂe Q %n‘ﬁ ?;Qco |de ﬁs'l 8 cur-
I nt er medi at e cal& th fln Y Hesu ces of
1, 3- bi s( hydr ag.,b mgﬁﬁgd g%m 3 oﬂﬁgﬂ[@ﬁ e;BﬁV rbsifPHavih@thé bitm
stearate wer erfy wdmﬁ@mﬂm rdnor 85 RIveh cﬁbﬁ&‘t%lsﬁtsh fﬁaga Rllar kdsi-bonded magnet

cont ai ni Ng 9S5ecpdnd 1) is Aéh-thisky Brrbond thifordFiHe Bt has HEWEBIRY suithbI&ifer cofhfressiv mbRing! €
phot ogr aphs of By gsiyinamiufknshapesupgoittnefbétitbisRlinglof2 shedbHdl dughriibghagid elebtomaprietic
di fferent 30 steehghebtfeachtiavifgdh outdPidntietsn bif 47 9mint, &R Ber plambterdr Bimand & thiékness of 0.5 mm
m cr ocapsul esamiaistgrannlianrgsini-boadddingighed (1)21he gigerr @mpatt wasbended rouniditip shpp@itinember iri thee
epoxy resin asahecanmer asralmie Thant the antide Wagromoved thom thetnivle dnd heatgolaat 12080 for § oumTha
t he gurfaces greentdampactwasifimgylintagrelly poaded fodls syprde mefberhe Fe- B- R t ype magnet

el ement ard t he As@howr incgorerspeqtivesyiew 9f figi T _g- theheeniB hore of tha'resindhofided magngt article 14 com-
tenperature r Bﬂ?@é thGF“PGQﬂ '["?J“t[eé?“tb]a"d MES'E' ondedmagsety1dq whighaves difegily bgpdef] ta the member
resi n- bonded & MRt MIMBR at room t enperature and has

f1 owabi | |°gmp Iﬁble ion of ghe outer digmetersof the 30sgsin:banded mag-
sh 3\32 Is u Iptpy r tS uﬁllrﬁ 25 Prodyeed é’o‘ﬁ? ﬁ'@"ﬁ?“?éﬁ?ﬂ%tgﬁdg"aﬁf"e%ﬁah nag%? sh apgd

electronagnetlc steel sheet each having an outer dianmeter of 47.9 mm an

i nner dianeter of 8 nmand a thickness of 0.5 nmand the granul ar

resi n-bonded nagnet (1), the green conpact was bonded around the support
menber in the same manner as above. Then, the article was renoved fromthe
nold and hgated at [err] for 1 hour. The green conpact was firmy
integrally bonded to the support nenber. 40 As shown in a perspective
view of Fig. 5, in the center bore of the resin-bonded nmagnet article 14
com prising the support nenber 14b and the resin-bonded magnet 14a which
was directly bonded to the nmenber 14b, a rotor shaft 15 was inserted to
forma rots®r nmenber. In follow ng Table 3, the outer dianeters and
deviation of the outer dianeters of the 30 resin-bonded nag- net articles
produced by the above descri bed net hod was neasured. 45
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50 55 12* EP 0 540 504 Bl Table 3 Cuter Devi ati on of 5

Dianeter outer dianeters n _ 30 30 Max.
(rmm) 50. 280 . . 0. 10354 504 B1

1 Mn. (mm 50. 148 0.06 Average (nm 50. 221
0.162 15 Tab¥e 3 0. 044 0.048 V
0. 0019 0.00Z R— 0. 154 0.201 20

A|though the layer of the resin-honded pagnet having a wall thickness of

about;1 mmwas directly}bonded to thé¢ guelerpher|abesiditidac off t support

rrenbe?"’hav&i ng the outer|diameter of 4Didmetrertihentsd idilametease very good

di nensi onal accuracy. 2p g6 S—a—gH-af ationship
t

bet ween the shear strenpfh bet ween 3§upport mentiﬂr and the ¥esin-bonded
magnet and the at nosphefT gngerstoot—remtits graph, the
shear strength decreasep MAX .+ (BR) { emperSB-@B8s [due t #4718 propekty of the

bi nder res?n. However, FE a TT ] STTENYLT WS i1l 300 kg,
- R L P L -

whi ch neans that the sup bsin-b rféd magneg were firmy
Aver&ég(mﬂ) graph (of; gshe bondi ng sur f ace

in- tegrally bonded. 30 gt(

of the resin-bonded magphel_wajich was rermve romthe support nber
through shgar fracture.| ghis photograplp,sews|that th¢qg crocaﬂpsul es as the
bi nder conpo- nentwere hanically hrokepn dufing thefornation of thegreen
conpact from t hegranul ar §S| n- bonded Tag> ones The canmfms of |t he

m crocapsul es, which -G ype epoxy
resin having the Vi scos charged to
wet gltﬁ support nenber , s . A particl es of
[err] which was prepared by the mel t - sp| n nmet hod and had an i nherent
coercive force aifthough thélayeCf themabinghanded mhgnethayinga wall thidwess efabpait 1rhm Was direct!y bahded
[err] was m xtodhepetighers! s@rigsa ptthe syppoBinetrberdavingdire sutendiantster pld7 @ (m. the asticleshhameveyy
whi ch is a kigreddimerdipsalapqumay| phenyl pol ymer having a softening tenperature
range of [ e¥r] | figekiaegreeh shawing.the rolationship betwees theisheay steength etween therspror Meber and
acet one, the hatesiphondedmagnef aWHEe merRheiic eapergturg. Asypderitood ferthis graplh the shipar strength

. di Re) P o the propegty. of i the @rﬁl@r e, t01 Og"g@the shear
Lerr]. wth t g;g&v@%d%mv nih oy &tfhwwmer@mﬁgggw% efjveeefrmly -
pr epar ed |n p{altaol oq% zol S G9IR | ex _an

part of cafci ﬁeﬁl’ﬁﬂ? r%i)l 'ehé bﬂ@; it f gsl t’:ﬁ‘ &e?ﬁm"{%
magnet (11) c ufi %{Fﬁge ,ﬁl o-
shape support e&gﬂﬁh rﬂ&g}&es el‘.ggd -y EB; a @H&dyﬁ cé;oxyresm having
1 I e er

el ect r onagnet ghgvﬁgog
I nner di amggter of 8 rrmand t hi ckness of 0.5 nman

granul arresi neampeded magnet (11), the green conpact haV| ng the outer

di anmeter of 50.2 mm was bond- ed around the support nenber in the sane
manner as above 97 Pér&f thinlperticiésiof Md,sFe}BsSvhich Was/@éebalet bythé nelt-spin nibtiwo andchad arigtateat]
at [gersr] for doeleheforce 6tid-1§KOe andyartidle sitesivetbe fangerof §3 tb BR0qTvees imjxed witicliciipatte oft50 &6
suppor ort memb esolutidlyof ipplg(e-vinyiphgndi)vehich dst edidnsiiofi fhe alkenylphenyllpolywerdiavingheesofieningdentperature
menber, the ronasrofiaRIE Ginacpipradifies orindimgthe mixtureandrevaperating aff aqetope: thedesigual 80"906
rpm f or 6 hour groynd, sieMedandpjengadip abtrin jglermedia E‘SW‘T’“ Irgying pegislp HZ%MM“W

not mech- ani caIVY"z‘t'Br"lSei’é?f"ﬂS?g"?'@'r?ﬁ\?édaﬂtsr% pared [Rxqm art of BF y2-

centrifug aI f lae idazole complex and 0.05 part of calcium stearate we mixed to obtain th ranular resin-bonded
magnet (ll) containing the Fe-B-R type magnet element.
By using an annular shape support member consisting of 11 sheets of doughnut shaped electromagnetic
steel sheet each having an outer diameter of 47.9 mm, an inner diameter of 8 mm and a thickness of 0.5 mm
and the granular resin-bonded magnet (ll), the green compact having the outer diameter of 50.2 mm was bond-
ed around the support member in the same manner as above. Then, the article was removed from the mold
50  and heated at 160°C for 1 hour. The green compact was firmly integrally bonded to the support member. By
inserting the rotor shaft in the bore of the support member, the rotor member was produced. The rotor member
was rotated at 8,000 rpm for 6 hours in an atmosphere kept at 100°C. The resin-bonded magnet was not mech-
anically broken or removed from the support member by the centrifugal force.

55  Comparative Example 3

92 parts of Sm{C0y,gs8, Clg.101s F0.214. Zro.017)7 particles which was prepared by the melt-spin method and
had an inherent coercive force of 9.5 KOe was mixed with 8 parts of 12-polyamide of the formula:
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55 ° Conparative Exanple 3 92 parts of [err] particles which was prepared
by the nelt-spin nethod and had an inherent coercive force of 9.5 KOe was
m xed with 8 parts of 12-pal yani de -of ERASAXS4RY| a: 13 EP 0 540 504 B1
[err] having a relative viscosity of 1.6 (¢c=0.5 % mcresol, [err]) to
prepare an injection nolding grade R(KEMNH-CHy),JoB)-M[err] type resin-bonded
magnet raw mahsving akelativéwvischsity Sf06(c+0EE™0,Mi-crasl, 26PCtoprepare albinjeétion mioiding radecR(Col|CaY
shape suppor t Feybljritype rasbrtondetl magnetxbw indtegdheet s 5 of doughnut shaped
el ectyomagnet i c Isthesimesiaewsr assip Exarripa\bi avgpund the @oriular shepecavpriodmember 4ahsitingiof 11sheets
i nner “di an®t eefdoygh@it shapedieldctromatiietiksiest shees foach havingran outerdiapetershé TQmm capinnendiametat
was nol ded i noftStm ans\A thigkneesef Gymmifhe preparad rejy materipbwasimolsied i thezayigy\haviggithecytey di-
it was diffi CW’PEFO@HW g@t Q"I!é waadiffigelt te eharge thesavw materialin the gavityhut glsathe fepjprbonded
resi n- bonded mﬁ&asm@ fluede¥iniggr-caused by salidification of e geltiredil sol i di fi cati on
of the nmelt resin. F|<E§Egarat|ve Example 4 Fig. 8 shows a perspective
vi ew of a on "a r menber conpri SI ng a support menber 15 con-
sisting of the ?”& nat ed ed el ectrona etlc t each haV|

g, 8 s nven ona rotor me

pectlv in ber1

thi ckness of 9t§ &me.a%i@lla ﬁil% Efvin aﬁ? i m%af
magnet i c_ani SEh] Bnlas %£ ﬁ&e Ll s&m.:geﬂ A
15 17 assgnb ﬁ:senmeh mh Sferrite £ ekiphertl 8 supflort
the peri pher agemsF ditvah a&Hces ﬁe%%ﬂyﬁtepﬁm%ﬂﬁﬁe béﬁ% 509 S Wit is sb ntlally the same
out er di anet er gftnd dihetePdt e FRFAGHBePof P imm ddver, SheHiidRAdsaHd trRlvbiimé 4P the BgHRt
as the di anet girgfs b €.5 iMbind TMBER id) 5, tBspbdaNID| € 5). However, the

t hi ckness and t hgbledshbiepefbrmiites Sre@Actor ndmbérs 6F Figs, 5@ 8 wheh tfiely Bf@ Siseaich bhushiess7sn
thosevof F2b g. métor whizh B@aé oftie! typicallpaimanend madnetwbot@er f or nances of the rotor
menbers of Figs. 5 and 8 when they are used in a brushless fan 20 notor
which is one of the tyfabak gernmanent magnet notors. Table 4 25

Exanpl e No. Torque (kg.cm Qutput (W 5 1.25

18 Conparative 6—56 4 t orque and
out put wer® neasured uhB¥amphe ¥en | )é‘@rQﬂel(kQ@w)pTOuﬁbubolﬂ) tors, the
max- i mum | oad currentTmthe ratedtgurrent—of—7to35—v— ss than 1 A

As is apparent fromthp resuPts of Tabl -3 the res gnet article
according to the prese °ﬁ§ =y | d in which

t he convenjional annulfp rc isthardly applied Clé ms 40} 1. A nethod
for producing a resin-bonded magnet article conprising steps of providing a

g anul ar _CONPOUghefio oS ndbphRick haebHFntlR HR T G192, th BoPhorb Hoimen
one el enent Sﬁmwieaﬁgm%m%dqﬁgdmw%mﬁr&ﬂﬁ ﬁé@ 13eRp o e
M crocapsul es  Cg b apbardHréithG RIS o Fabidls, heé A bEY ﬁ.@dmmmaos&d.@nstnebmnk i

pol yner - isg abjeftidn@an b TR M Fibll mmh%ﬁthacbivélﬂeﬁal SHANEMRGRYtIC isMardly GgpHiéd. YT or ned
by a support nenber and a nold, press- ing the granular conpound in the

cavity and mechanically breaking at |east a part of the m crocapsul es 45

to di scharge ¢lamsconponents of said resin conposition fromthe capsules to
forni-ﬁ green conpact which is integrated with the support nmenber and curing
the ther me| y1.pdimetndfor produging eresimbandednagui erticle ¢paprisigisteps db pravkiing argregulestcompound
article. 2. The oqEerisivg amEcRAIPA agnst wegeinR is at leghtoneslemantaslogied fnm the areuprrorsistieg
i s prepared by faNdanPr g raipraespsules @adhgf which contging &t least onesampanent fa thermaly pelymer-
one bi nder conp d%?ehfesawsimaﬁawmrweqns'é %M'té@"’fﬁay ‘H‘!@p"ﬂé‘eﬂ ‘Ra'! \d, press-

psules

magnet and m Xi \rl%g i ahich
optional 4 dl ti H ? wi g&esupp g]rrﬁ mg?'ﬁ% erth pol rPe '@ F@W F’ueresm—
support menber §'§1 £ 24 LY PP e
sheet, and the green cC rrpac‘i Is integrally nolded around the spherl cal
surface of thg She method SLGERY fo clI) Shereid the granular compound is prepared by forming intermediate

50 granules comprising at least one binder component other than the microcapsules and the Fe-B-R type
magnet and mixing the intermediate granules with the microcapsules and optional additives.

n- bdfded 1

3. The method according to claim 1 or 2, wherein the support member consists of a laminated annular elec-
tromagnetic stee!l sheet, and the green compact is integrally molded around the spherical surface of the
55 support member.
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EP 0 540 504 Bl *

having a relative viscosity of 1.6 (c=0.5 % mcresol [err])UWﬂMllHuﬂrﬂl“I
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2. The method according to claim 1, wherein the granular compound is prepared by forming intermediate
50 granules comprising at least one binder component other than the microcapsules and the Fe-B-R type
magnet and mixing the intermediate granules with the microcapsules and optional additives.

3. The method according to claim 1 or 2, wherein the support member consists of a laminated annular elec-
tromagnetic steel sheet, and the green compact is integrally molded around the spherical surface of the
55 support member.
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