; e3e> 6VTEbO6 June 2003 SPECI FI CATION Ferrite Magnet and Maki ng Met hod 5
TECHNI CAL FI ELD This invention relates to a nagnetopl unbite type hexagonal
ferrite magnet and a nethod for preparing the same. to BACKGROUND ART
Hexagonal strontium and bariumferrites of the magnetoplunbite type (M
type) are mainly used as oxi de permanent nmagnet materials and they are
manuf actured into 15 sintered nagnets and bonded nagnets.oé/g]ré i rtant
magnet properties are renmanence or residual nagnetic fl ux o Ft%w?Br) and
intrinsic coercivity (HcJ). The remanence (Br) of a magnet is determ ned by
the density, degree of orientation, and 20 saturation nmagnetization (4nls)
which is determned by the crystalline structure. Br is thus expressed as
Br = 4(err)s x degree of orientation x density. Strontium and barium
ferrites of the Mtype have a 4(err)ls value of about 4.65 kG The density
and degree of 25 orientation are |im SEECIBHIGAIIGN 98% of the theory at
maxi mum even in tlergas Mdynesi Bh@ ek imgonetisodr ovi di ng t he hi ghest val ues
of density and orientation. Therefore, the Br of these magnets is limted
to about 4.46 kG It was substantially inpossible in the prior art to
obtain a Br of 30 higher than 4.5 kG The inventors proposed, for exanple,
in JP-A 11154604, regauNecxn treEppgnet havi ng a hi gh remanence and a high
coercivity which had . i Ve L f jte
magnets. This ferri tenﬁynalgsﬁlégsggﬁaog{]rf?iggeg 1;302 an@%%‘?é%?#;ﬂgye‘%ggﬁeﬁgﬂéonal
nmagnet opl unbi t e HPFEIPRAY ifiegTEbatRaAdHetgaRd RMeEHod foF ME/REFéns e
represents at | easme. 06 June 2003 one el enent selected from anong Sr,
Ba, Ca, and Rlg, A essentially containing Sr, R represents at |east one
el ement selected fr n are earth elenents (inclusive of Y) and Bi) R
essentially cont %ﬁ?%&iﬁaﬁ g&hd Mrepresents 5 Co or a mxture of Co and Zn
and wherein the proporiexageonat strontdypeand \rarppmafertigesnes)thaach in
total, are: A lnlagndtomidibiRe Oyfd (MOt}Pe Atde MeinBP dseddasabRbdeand 10 M
0.1to 5 at% bas%@rQQn‘%J‘?m ?BEE %nawg}liﬁﬁ.soénc{ hc%egegﬂ n@n%gggtzﬁref‘lﬁﬁb JP-A
e magnet a bas

10- 149910 di sclosSes a ferri avi ng I C conposition represented
by (Srl_xRx) &nCSEREPTSANaPRE8F anfl RRefed Fadnedsat | east one el enent

sel ected fromLa, Nd aretyPimpdtiantamabeestpmwpereiesrsre semagéemee forom W,

Co, N and Zn, aRdsh@idfhghetVc athxNasRsisf A5y Bpa Sntkifisi® 5, {Xx/(2.2n)}
<_y 5 {x/(1.8n)}, egndw?to § 78 _< g <_6.00. Infr% e invention described in
this reference, tR&-Fe’idn (H6Y}esp8RdFHY S8 néti & Td?Ht Sriented in
an antiparall el defeerinnd by Ekpldeesdtpy daanesert Pipmiatirhe aitbve M

having a smabber saREPLLidn WREREL 14380l 18118 LRANCK S LlaehRERPHIREALLI C i N
order to inprove saturation fmagnetization, and the Sr site is replaced by

anot her el ement (CEREEHOVVE BFTEQNUTS-e BT 3¢ CHATF g*PE6APERs2 i on in order to
restrain the devel opnesd =Ofnds helrrgeeeNeOWTiRhestion3& BeSELAQBRURE OF THE

I NVENTION I n the course of investigating optimum conditions under which the
ferrite magnets &tZ¥enbswy ard paeluhdesrpieemt the df iydeshare aefdFact ur ed,

]Ehe i nvent ors hasal@snsk tabatht MRogEkice pm@paéh%ﬂsy a%rnﬁ bhagaed Ypraf f ect eddbyh
iring 35 copditi ite.ls c. and the
S site i's rop acoqeny it hof LhutebPeh St 366Dk el A VY 1
has been found t RAKIBYREVENCHR f Fhfc cgaei DhsSintered i PRPRESSdPEP B N%h&Pedo not
cause magnetic phéphest exluesval Wensidynard eeabhtatidrent Therefiogecattee of
1;3 errite magnets wt@! &b ms@oinamtsali@ %:E&,rh et tgpo@@dxl.a@r ﬁg{;.ea{ﬂt_hw %ﬁnents)
can cause magnetjc properties to vary.tg.a noticea extent in_the_case
of ferrite magnef gl’ﬁ}ﬁ?’% aﬁ‘&ﬁt Ja'l‘%"s(‘f&?{’%annerbe. PIhE raarrt{e%ga?'f’ﬁaléi &hBht &F
Speci fi cal | y30ashipbem tihenFRG 3. a substantial drop of coercivity occurs
vvhgn t he oxlygeln parti athepiasentdrs @rbia@sl,éd,r ifog ekdmpaehens ilﬁlpf Imcauat es,
and particularly t he r r essu c r n
air. It has al so1 egﬁ4 f g‘urﬁ%%ﬁﬁ% "%%3%(%?1\1/?‘?1;?% grfég?@%fg'rqﬁggcghm%r? tahgg?éri ng
tenperature fl ucCO&Fesvitynvhheuhesk Devey Heanr pERienath&FsPTritie ahtyYen
partial 15 presstiypeiferddieef magnersat nMmaipheeerpes paigdat | yorddaiakuases duri ng
the firing step, ,dug.t. dke LN &y SQNGQNLt At h
deconposi tion ang (b:lonbﬁg_lsati oﬁ o%p'ﬁ%tga i“‘n%“r‘%’%% @?spergght fl(!}:311;llzzllwétehe
absorption and r EPBEREIE BxyRed coRBB tdifedith 1aPL5§eR D2k HE€2FAI ence of
constituent 20 elenments and structural changes. Since the spectrum of

fluctuation largely diff pendi ng on various conditions including the
conposition of a @umlmwlu @e fired, the anmount of th M\\\M\“\M\\\\ mtted
into a firing furn type and anount of additiem fficult
to control 25 such thatsstsfte oxygen partial pressure is al waygooept
constant. Also, the firing tenperature fluctuates with various factors
including the distance of a material to be fired froma heat source, the
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that the tenperature transition pattern is always kept constant. Therefor,
in the case of ferrite magnets of the conposition whose properties are
sensitive to fluctuations 35 in the oxygen partial pressure and the
tenperature during the firing step, it is difficult for the magnet to -3

06 June 2003 - 4 consistently develop their intrinsic high coercivity,
Especially continuous furnaces) which are effective in |n$%HV|n%Obﬁe yield
during mass-scal e manufacture, allow for greater fluctuat e oxygen
partial pressure and 5 the tenperature transition pattern than batchw se
furnaces. For exanple) the tenperature transition pattern in the batchw se
furnace includes definite heating, holding and cooling steps whereas in

some continuous fogenat&fent Q@leatédarﬂ}oﬁ]ubﬁ&@gltglal BY, |l@ckanihephal di ng step
and a direct 10 trggguéﬂn og@l&]ﬁig@tlﬁgr%ﬁ%eegequ tcp@ ce%gltlg]gestep t akes

pl ace. Also) in furnaces req JUIT or —exanpl e,
furnaces of the te}ﬁ@eﬂ'f|§q1ﬂ°ﬁ§dtﬁ’é°“bl§‘|’“ﬁf‘ﬁgr%‘fe feli‘éFhf%e"Wé‘&ﬁ hEPSIHH VEs gas
bur ni ng furnaces)foxygem B ,canssyedidlnyngodtteelnlugniag anfd MueépreHemnst he

oxygen 15 par i a'CO%ESMﬁeuQet e ddur rﬁacenf&rx@wa&ﬁnd&éstp&sabmons of
Therefore, when continuous furnaces, .burning fur nﬁll es %r}] cont i nuous
E"h8 e 2R ABetP

furnaces of the anﬁ@"?‘iﬁ%‘(&c@%?ﬂp@lﬂ" sf&®for a ferrite
magnet which is insensitiveato flludbuaBiatks in the oxygen partial pressure
and the 20 tenperature durigg the foisr kpO16tR., The i nvention has been nmade
under the above-nentioned c'hr cungfances, gtr!td |t§ object is to manufacture a
ferrite nmagnet having a hig ®f emanence” ang o hlgh coercivity while

suppr essi ng tXe vari ati on oM:magrietli EopPoPerti es due to 25 fluctuations in
firing conditionsaséhi en ik ehbere GlijodntSoArhatieahDeshdmentbe i nvention

whi ch is defined bel Oh A% (%L ﬁou( 14)99161)11&11‘0% A4 beedmane! ere{émg

hexagonal ferrite as ase, rrgrl si ng , R, . Fe, as net al
34 el ements, wheP&v ﬁ“% ? é'§eﬁ?'gp%ﬁitllé’ s{:e%‘"rf'eseéll tefehy sel ect ed from t he
group consisting of Sr, Ba, (€a. /R0 R (FR, y¥ir&dents at | east one el enent

sel ected fromsr ar&e@@iﬁm el RN Sadt PRleUsL¥fef s¥)ledtsh Eiir_;omaﬂg, Md epgesent s
the elenment O or, 06_.J neaSg003e ﬁiemenmgéluerc%eaopé Hﬂlngsﬁf "g) arad at

| east one el enent $e'lvlec?edt Fom t hie group consi st ng %nd Ni,
wherei n the propdti 8Rdotetds EnxmY sa“é‘t nj| é%%’tSfﬂU at %and wherein the
content of SIQ2 is 1.3 to 2900850t 4 whensthe contents of netal 5 oxides are
determ ned provided that the netal elenents are present as oxides, and the
atomic ratio giver. by (A +{R/(2(PIVF/ 125 /Si/ (LsBRrtbmandl to 1.9. (2) The
ferrite magnef, of (1) whereign, phe nprogog@l ons 10 of netal elenents A R

Fe, and M each in total, are A 1to ate, R 0.05to 10 at% Fe: 80 to
95 ate, and M 0.Ip hesinyeaptionhdesaribedt he Bhis refarenan. dhetFe iam al

el enents. (3) The:o&eéébé:ed:r@gmetaoﬁag(nb)tlermoﬁri?énwa&-mbnhas iat aheast two

di stinct Curie tqm%g;: \lﬁ/gggﬁglpllls k@pi J%@ggnﬁhe@glkﬂe#@qop@any

differ fromeach g ter erri net

one of (1) to (3)ab°\76ﬁe¥é|rha‘{1ﬁ@ PefPItiE™ P}Prﬂ‘g 2749 BRmPRt e§5%t%"d’tﬂ? t he
foll owi ng fordsul @ Ppind\InorMaghef ¢ Any pirjer 1o vilmpreve atGtatgen(. 9, 25
0.04<_y<_1.0, 0. §mgneyfzdtici)dala 7tiveZ Sk s{b¢ # mRbhaded My Rh6PREL ng t he

ferrite magnet O}l%ﬂ% nPEerfe QJD))VLOR‘( Zk)or EQE‘P{{ cﬂgrég'e o %Rs%%iér{ ng a

nol ded-:d .i0 body o raw materi a orm si ntere
during which stefaR& B‘ky’@%’ﬁrﬁéflt thg é%QB’F"e“‘i it Reh¢Fe5aggneous p ase.

30 DISCLOSURE OF THE INVENTION
In the course of investigating optimum conditions
under which the ferrite magnets disclosed in the above
patent references are manufactured, the inventors has found
that magnetic properties are largely affected by firing
35 conditions, when the Fe site is replaced by Co, Zn, etc.
and the Sr site is replaced by a rare earth element.
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06 June 2003 atnosphere fluctuates. (6) The nethod of (5) wherein the
oxygen partial pressure in the firing atnosphere | owers below 0.15 atm for
at least a duration in the firing step. J (7) A nmethod for preparing the
ferrite magnet of any one of (1) to (4), conprising the step of firing a
nol ded body of a raw material powder to forma sintered magnet, during
which step firing tenperature fluctuates. (B) The nethod @%Jané%)@% of (5)
to (7) wherein at 10 | east one conpound containing at |ea of t he
magnet constituent elements is added to a calcined material or particles
cont ai ni ng hexagonal ferrite as a major phase, followed by nol ding and
sintering. (9) The nethod of (8) wherein the at | east one of the |i magnet
constituent el endghamelys at hamdeepntowidenbat swrecuet flughuatdosseirents R
and M 06 June 2003 gFbbitdi {QNnANBLRESI TotAcedlinagntid HrdpRyentd anp the

el emrents R and Mare %ngdnottO- rgaaggetes tierrlltor.rcllejc'het %aascqu%]r N i gh reer%gence
and a high coerci ATy “°TRe" T mvERCof sShave d sebvered Phat®s f&r P gnets
havi ng the el enerfisicR §AdnNAE fPREaLln T o283 eRper iac Fayersantdy géewertst i ons
in nmagnetic propeddn eauseemidghdtidChticddanesi to tvuryf itbi Atha@dablens

(i ncluding the OXéé&%’ﬁtpgﬁt{ c%rsﬁsﬁk'rfeeﬂr.ptah:ﬁaJ,eAerés”%hi‘éﬂD%oq}*{%&ﬁ é ,dz[{;',“ ng
tenperature) as conpared w prior art ferrite magnets 1 ree of ' the
elements R and Me%s $BENTI¥QMLRE elgenitfentSheciéiertyy i ASFF@YEB ANt has

been found that fEIG.sdppaessistgnsiieh dup afi cosrdivirggoeduns whepetlhd es, it
I{,SA+qRUI( }:e+(|\a/I ; ect } ‘é&q}g@go b4 Z1€ phRSsdid 'i%Othoﬂiﬁiffﬂg @Eﬁoéﬂ?er%t ?m cr f‘t 1o

- (Fe . pr evj ous escri be errite nmagnets_containing
the el enent slé} an‘ltjl“fﬂjféf%ef(ho?ﬂ# Pﬁr{:%‘é‘%’:ﬁ?’ PR VS OF¥IEY ‘%’r’fﬁr‘r&&m that the
variations i n nagieassgrprepramesedodere thanf fncaimt | hshds aflispi beerc diotndi ons
becone exagger at echartheBetbievalyenapysiR varded dieh atldediridg itempksotuwknown
that in 20 order {Q,5URRLESS the variations in magnetic properties) the
silicon content and the atomic ratio {A+R—£Fe+l\/9/12}/8i have to be .
controll ed so as to fafP HRH4HASERENT f5FEd CHreadistfedthy PRHECPNDRNIIN.
Al so the inver orpressueef§ tundhe farindgertmesprehodpeape2bablyt diluichgatesragnet

by pre-formng a &#li¢ighede "Bi:8higaktbRVidhd s the dmbePtma%% dxhgaggonal
ferrite containin

at least el nt A _adding at |east, one t of the
nmagnet constituen ne°l°'é'ﬁg?1?%)Wlécg‘prTgSF%T‘f%flgtlof’e%’% < ﬁ‘gugﬁ%n{é Eg‘lgg%jtré % rom
el enents R and Manshd@ishersdniy iang the ahsogptiet andegdeherss piagxygen
post - addi ti on metdwtomiiSanis ed,tht bRangdd WENERe Ofaldnidet bat ¢ iitdeht ri ng
condi tions dujg NG itdiRnkk 2fg ssc&%etpfgp%%nggg.st 300L09%nd tstpgeﬁrmﬁed} found

that the control §Of t he gﬁ!)llcon content and the atomc rafio .

{ A+R- (Fe+M) / 12}/ S1UsEEBEIPh g A9t KedHirdRt FORSHELNS: PBCYPRAPUSs cepbtiads v i n
this case. The feindiudipageies gempdeteibropft Aempietiaddte theorfimethothaisual | y
has two or nore Qiiduat- 65 tK¥ mhitee: 20GhnieNper Bty &S £iFivey gngte CHaAI Ni Ng
_Co as the_ el errentt,_pg qggehgly& ANR Of a’HE;i%t-L}?e’,“let ti%rrgggﬂcurlecs £hS c|,r§~_pro(1v_ed
in magnetic properties over the magnet o €’ sanme conposi tion, Ut - 1Pavi ng
only one Curi%® t 5y &PaF ethss orygepRIttiddi ProteuRet ASdetaxfe&€Ptbed in JP-A
11195516 whi ch wasorsgtiadtopaison the \fi2inglOStbeatataté efludreates iwvigghof t he

basi ¢ appli cati on/{-Japanesscfat eRb1APHd ¢abi @0 Nhrcel br 19334100 Whiyeh the
present appli cation is based H(%wgver 1t _is not tdg%cH’bed I n
oper

. t he
publication 10 t hatthE=VarT ASeonE T SraJhet Pe 4t %smacflfgi?g to be
fluctuations in fi¥gedgfeemd tfusngcededtitem. upkdcihee gaggiten ey thhanthee
post - addi t i orsarettnshaice wisbth chadgédaiithhehsi logdimgcenteatiocdndt Hige at oni c

brescr | bed 15 by TTer aveas o LR 15 R0 by QuFBLbult S RobVay BRERS |
a graph showi ng tHh&HRetewPeRasHERt tRAnsdfien Ratednhg etwaySskaP¥ unct i on
of the oxygen par¢argdtad®. prihesefer| rint hbefcasengfafapspieemagnetS o2 the a
graph showi ng t he;gR@Retisy m&%_%;bg@ﬁe:g&ﬁ%' QLErs?&lstangt& a5 R ehdPfddLn of

the firing tenperature. FIG 3 i graph show nqﬁj’:ﬂle magnet | c groPertles
of sintered magnets RE S*¥YIL B3B8t RIFESHEGnARI S fedperature during

{ A+R- (Fe+M / 12}/ Sihe ElGind stera drtaph SiHdwcnyt tfer rhgneegreetprtoperti es of
sintered magnets as a function of CaO content. FIG 5 is a graph show ng
the coercivity HcJ of sintered magnets as a function of the oxygen
concentration 30 in the firing atnosphere. EFIG 6 is a diagramillustrating
how to determne two Curie tenperatures. BEST MODE FOR CARRYI NG OUT THE

I NVENTI ON 35 Sintered magnet The ferrite magnet of the invention has
hexagonal 7 _ 06 June 2003



magnet opl unbite type (Mtype) ferrite as a major phase, and contains A R,
Fe, M and Si as netal elenents. Elenent A represents at | east one el enent
selected fromanong Sr, Ba, Ca and Pb. Elenment R represents at |east one
el ement 5 selected fromrare earth elenents (inclusive of Y) and Si.

El ement M represents at | east one el enent selected fromanong Co, M, A1,
Cr and Ni. In the inventive nagnet, when the contents of (ggat@l‘ gg ges are
determ ned provided that the nmetal elenents are present a 6 % 9 t he
content 10 of 510 is 1.3 to 2.0 nol% preferably 1.4 to 1.9 nol% and the
atomc ratio given by {A+ R- (Fe+tM/12}/Si is from1l.1 to 1.9, preferably
froml1l.2 to 1.7. According to the invention, the content of siliconis 15
above a specific level, A*tRis in excess of4(Fe+M/12, and the degree of
excess is correlated to the silicon content. These choices mnimze the

rate of varialioncof. manet] GoRLoRSTLles WIAN.LhE MUOER.RARLG! Pressur e

or tenperature fluctuates, ° articu z%%) signi fi.cantl sgg&r,ess a 20
reduction of coercivitJSRERISH1E FRYIGRPERFYFAPEFY YIPFRSEUT &5 ¢ 1 W6t r ast
if the content ofiSii@@resinmaheoyelagneing masepetaliccpavefndtargelatleary

when fluctuationsghi d-Rgt OXHAGRtRPAilond! 1M @SS BkPgaNPaotidl Hragsdemagaat ure

occur during the firing step. |nversel if .the content .of Si 25 1s too
hi gh) the prop rt&ﬁﬁ t&&%ﬁ%@ﬁhﬁﬂ%ﬁ%%‘%r&?&ﬁ%ﬁ? tgllfgh%glécrb ’4Ss" conponent in
t he magnet beconeBohieghmpiosthe| vrbemapaes tFapakiicd prbpEt itasihespecial ly
a | ow remanence. bdtdn@s@tfi¥nacs atiQuids RefERM /meAkADY, w1800y hingh or too
| ow, magnetic propenLiess AR LALASLY X A BER: IIHGEUBLIARS, | M0 the

oxygen partial pressuré an firing tenperature occur during the firing
step. When the coPR'&its %%bsr?éf‘é’ra]e’iye?réﬁ’fss thy hokdindgRtP 478 VPRt ned by
converting thed netmdnsékiorefiromi ¥iteo hehting ertdpb ney \thexroesing ster drkede,
strontium oxi de, prideUma@¥bdein Farfatesd HLEKGRY, al B6we Rk For( REFi0xi de,

bi smut h oxi de, co e, {fRngane i i i.d o um
oxi de and 06 Juéraf)gIJ %68@%1 fcon o>r%i ?ig tgzrgqug‘f gluﬁqg]tlg%mag%ﬁe%rf%ér% BaQ,
CaO, REz03 ( exceftelpfebPratipg ich agR9s PR d fugpRfePp, BXY98r 1b ) |
Bi Z03 , Co0 , M(Ocqnspned durify ztQe buamthdSbH2fyelr.esPewt ithelgxygehn t he
innvenfv: ve gagiblet @atrh@aﬁt%@isﬁuf@ti}rptﬁeé M\%ﬁaéepi;]ﬁ;&ﬁat)éé’ d_crragﬁlc%ﬁ.yf.o 1.5.

en is divale = R referred fromthe standpoj of . val ence
equilibriumas wl r%/%eoﬁee'sé"?’? eri:?nl%é ‘é?‘fs §§’rf‘%%%sr' %r%ﬁgfnr?ggﬁr?ancegxéeégs of M
the effects of tHPULATEMS SRTRRESalgnEMt SYTIPE fRFPREY LY 2¥fe YSAderfti on
becone out st andi ngeadhenists the 4 meenity emagaghethichsiatinseastitiweotdi stinct

Curie tenperaturesuuetidndl knithd Bey§aNGRreladQRebonABQGaangk differ from
each other by,an @l?nsglrg erevglutrJgn ofthgtfi gast .pC. The magnet is structured so
as to have a plura |pty ot curre errpera’f ures, "t hereby si nificantly

i nproving the 15 squar'E‘FFes"é“’Fk‘PFE‘Jh%o“é’ﬁ‘aﬂi‘#ﬁd‘“ﬁ&ﬁéﬁ@&l’ﬁ'é“%h?‘éﬂs of
expensi ve Co and & rchhetGureise dmhpasabbiect Te)te manhfatteupea aiarrétat whi ch
a magnetic materigdgrehangeshgl 6OM JrereASRGRRL hadnd G18AI AHBEASLEPRIhITE |
Teasured by Sever AlediRLDOMS-cp2 Ol ALLLGH! B IkohDe L8608 10 AudRAne!

mat eri al having a puraf!'% QF C, da magnetlga |on-feﬁpera ure curve is
depi ct ed whi | &7t hEludpeiersuie BFripgssapdidigRBer test is changed by neans
of a heater, from whi cilhilx ang deiear wbpecks Roe dhmimedshy edentinweintion
magneti zation, a yhivmbkNgeSaeR! Se 2w BBINEY @Bl ey. (VSM is often used
because there is easily available a space for installing the heater in
proximty to the sanpl e)undefeiese. mddietsSRARIRy HBLSforheSte MYebes & powder
or a sintered bod gh t wder onmugt be pound with a heat 30

resi stant adhesi v)énagkyt}%%dgr‘.&%ﬁggrsﬁ%? pt’hg‘t' %‘(ege?] f e §irﬂﬁt§§be uni formy
heat ed duri ng nmeasiespit, wherdin pr cépvasedts rirdkest Reeseranepft td:c3aapl e
as smal| as possibh8natth Wogstedhaibald vel ¥: | Ay T &l &.0f pheal g, Lasglar as
t he accuracy of measurement of magnetization is 35 insured. fe sam?] e my
be ani sotropic or 3soEFOpicee PiEMemé solectgd Trate r2pPFagVbntlagknsn

ani sotropi ¢ sanpl elinklussrepbefl ey abkysipghat hzed kRed i€ tlbl £add-QR ©f & axis
which is the axis of easy magnetization before neasurement is done in the
direction of ¢ axis. In the event of an isotropic sanple, 5 magnetization
is measured in the sanme direction as the magnetization direction.

Magneti zati on of a sanple is conducted by applying a magnetic field having
a sufficient strength greater than 1 T. In general, a sanple is nmagnetized
at roomtenperature, and the magnetization of 10 the sanple is neasured
while raising the tenperature. Measurenent is made preferably in the
absence of a magnetic field or under a weak magnetic field of |ower than
0.1 Tif applied. This is because upon neasurenent under a strong magnetic
field applied, a paramagnetic conponent can be 15 detected above the Curie
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20 6-T curve in proximty to Curie tenperatures. The a-T curve is upward
convex near the tenperature at which a sharp decline of nagnetization
starts. As the tenperature is raised fromthis point) the nagnetization a
changes as follows. First, the magnetization rapidly decreases with a 25
rise of tenperature. Then the a-T curve turns to be downward convex so that
the decline of magnetization becones noderate. Next, the0 -In%%d@stur ns to
be upward convex again so that the magnetization rapidly eI Eases
Thereafter, the a-T curve turns to be downward convex again 30 so that the
decline of magnetizati on becones noderate. Finally the nmagnetization
reaches zero. Herein, three tangents at the inflection points on this a-T
curve, that is, the points where the curve turns fromupward convex to
downward convex or from downward convex toJupward convex, 35 are designated
I, Il and Il fromthe | ower tenperature -10 06 June 2003 side. The

i ntersection between tangent | and tangent Il gives a Curie tenperature Tcl
on the | ower tenpefHtUre SPHEstahd AhECi FersettFGn bRIEBA™ t aifgerted 11 and
t he absci ssa gi vesom thdl jeodre RPLs Bdtihg JdE€2monal herhagheri , Swherqper akar e
side. Vhere more ihan up QUide, | QImer gl s, ex S o1 NG 4 Rpactl ye, Quri e

t emper at ur es canb& determ ned fromthe a- T curve by”a si mTar procedure.
Where a pluralitygonferGurfeSi®nperlaBures? dxiral? whhe Hissgbutenbgabfiengfalt he

di fference theyepeiyeen LSadlerhedSd plOvBiea aRge el RN K1ahdgagt. 10C.
These Curie tenperatures fall in the range of 400 to 480C, preferably 400
to 470C) and nor BFpieterabPst 30 16 FBOCGEPEC| NGt 8HVHEY the Curie
tenperature of a pure Mtype st romd+nyiermshte i s about 465C. 15 The ratio
(al /aRT) of the nagpeti%ﬁ%i onl(gl) at the Curie tenperature on the | owest
tenperature side*fo iWe magHetiZation (aRT) at 25C is preferably 0.5%to
30% nore preferably @)t oTR)%erante maghderofpr S ahalbein Zheopd@dbrthénal / 6RT
is less than 0 5% jdeiSadiddi:SURT £ 0=d8teG 1t NE20: Cutdig, t exper ature on
the higher tenperature side. It is belreved that a pluralify of Curie

t enper at ures appear becauBe tRet?ebd @&  structure of ferrite crystals has a
mul ti-phase structure of grgnetoeadd Yodifferent Mtype ferrite phases.
Under st andabl y, even when_a plurality 25 of Curie tenperatures exist. the
singl e phase structure of *# pfdski% @&t ed8d by conventional x-ray
diffractometry. Wien the post -caddtd isoatwet hod descri bed above is enpl oyed)
a plurality ofs OULle, LETRELAlLes GENSEald XneXiSla B04Ag numDer of Curie
tenperatures 1I's two 1 n nost cases. 0 Tn the inventrve magnet, the
proportions of netal &enBm feArire magnehmf M) exrcH2) rwhiighalhas a@rte

pr ef er abl y- A 11LQsQ—3:W%t gﬁsﬂnc@-@@iteot&%étaq{%rgﬁ,z wggcﬁ Cfa&5 ﬁt.o‘@'xeand -11

06 June 2003 M 0.1 to 5 at% based on the entire anount of the netal

el ements. The norergs effelPRdia 485€ ped HLLZrifrom eag)e SeR PO 22 Le2H at %
Fe: 83 to 94 at%;.@and M 0.3 to 4 at% The nost preferred range is: A 3 to
9 at% 10 R 0.5to 4 at% Fe: 86 to 93 at% and M 0.5 to 3 at% If the
content of el éfrent A {9 t &be shrxlicite meoNet y3fe 2PErede €fwbbl &of 63m or nore
nonmagneti ¢ phasgfestith tas 8d5-ik8200mpMault o @MreddesbheaL£ @Rt et of el enent
Ais too large) no Mtype ferrite_would formor nore nonmagnetic phases
such as SrFe03 x fRouf “f%orfﬁfm"*llr"i'e {Ptoportion of strontiumin Ais preferably
at least 51 at% nore preberRllFy..at).0ast 70 at ¥4) and nost preferably 100
at% If the proportion of 2g §tJo$tiumin Ais too low it would becone

i npossi bl e to acdUtFé*bot -8k bvenent in saturation magnetization and a
significant inprovenent ir.eeeyqiygity. If the content of element Ris too
smal |, the anount of solid solution of M becones snaller, and the magnetic
property inproving effect 28<®at8me3*d nsufficient. If the content of

element Ris too |arge, ny e.pgnmagnetic hetero-phases such as
ortho-ferrite would form The magnetic property inproving effect becones

i nsuf ficient when t he (8bntfenetidd desneraraktis theofemmite vraasdoofaame. 30 In
the inventive nmaght oft e alonkf, r&ﬁ@@ﬁsi% fre RBtebCor 3NdiM & G ieRi esented
by the fornmnul a‘)()(l‘gddyAl-XRX ( FelZyMy ) z~lIs ~ |

of a raw material’ powder to form a sintered magnet,

during which step the oxygen partial pressure in the firing



In formula (1), x, y and z are such that the atomc ratio

{AtR- (FetM/12}/Si may fall wthin the above-defined range 35 and the
atomc ratio RMfall within the preferred range. It is preferred that x, y
and z are in the range: -12 06 June 2003 0.04 < x < 0.9, 0.04 < y <_
1.0, especially 0.04 <y <0.5, 0.8< x/ly 55, and 0.7 5z < 1. 51In
formula (1), with too snaller values of x indicating smal]er a s of

el enent R, the anount of solid solution of element Mwth Egbgéonal
ferrite cannot be increased, leading to |l ess inprovenents in saturation
magneti zati on and/or anisotropic magnetic field. 10 Wth too | arger val ues
of x, elenent R cannot substitute or forma solid solution in the hexagonal
ferrite, formng an ortho-ferrite containing elenent Rto detract from
saturation magnetization. Too smaller values of y lead to | ess inprovenents
in saturation magnetization and/or 15 anisotropic magnetic field. Wth too
| arger val ues of y, elenent Mcannot substitute or forma solid solution in
t he hexagonal ferrite, and substantial |osses of anisotropy constant (K1)
and anisotropy field (HA) occur even when el ement Mcan substitute and form
a solid sol uti or2tmpsshere figctertasml ues of z increase the anount of a

nonmagneti c phase conkfi MHOnStEQNIeURS ARtheebeMBide Bxyderdehbacd: from
saturation magneti zation, Too |arger values of_z increase the anount of

a- Fe203 phase orPIRSTHEGNER iTCSs P HENT FEPFIRAETBhEYE S oRTH"NOny° &t BirehiPT M

al so | owering sadtunabson 2mravganetinzahé irihy s¥ep.in fornula (1) is outside
the range, a alence ui ] i briumwul d not. be,_est bI| hed be n_el enments
Rand M wt hga i kel ﬂ %ﬂetk?%r%&hgfe?arm 2583 f"s-{éuc Wf%ggfefae?’ri te.
Wien el enent M isneaodi Yl et (Ebn mreismmbe%teap 86 @Mmavalmitdeﬂon xly =
L 1s generally sgieyf bom tG 5LANARG! Phudd: (B! 205 2C0H 4R Hgar@tt hough an
excess of Ris preferred as previously nentioned. The reason

per ni ssi bl e rang®BRIxFyidls sGPRafigringhbtrpery trze ifhugkeates - of 1 | S that an
equilibriumin val enge)i srieshabhésR@dasp dnldr 08 0lE)r @duct) enesdifald to Fez'
even if y is ﬁnall -13 06 June 2003 In fornula ga% representlng t he
conposition, hel$ffthare ‘f°“t§’>?9@%rf:°("6)a”é’trtﬁr€t %eaféz i Th t8eahEetor t he
stoichionetric c&miltﬁéxomaileﬁxaﬁtzo igi ¥@ded\Mitena adal chBedmatdicval et , all Rs
are trivalent, rl%‘ ntal Qle 2. hunbe rerr teo>a<l¥g§r}naakg daries with
the type of NlaﬁT TR EFAP RS PSR TaRe here s al¥6 a
possibility thatfcob(l)ogeﬂ Mamndm@ anel Isiarliterwhen the firing atnosphere is
reducing, for exanpl qq) F%{eh%@ps@,ofal(agmgeu hel S Ukl ¥nd rdev@hent in
the Mtype ferrite) there Is a possibility that 1ron change to dival ent
or different Valernetf epratitiere slemghsy ¥ postHAt PRy elede Nt heelerEadnt M
such as cobalt changenktsiamnhesce.and h t hese vari ances) the proportion of
oxygen to the netal elenents varies. Although it is assuned throughout the
specification that 15 the nunber of oxygen atons is 19 independent of the
type of R and the values of x, y, and z, the actual nunber of oxygen atons
may sonewhat deviate fromthe stoichionmetric conpositional ratio. The
conposition of magnet can be neasured by 20 fluorescent X-ray quantitative
anal ysis) for exanple. The presence of the above-described major phase is
confirmed by x-ray diffractonmetry, electron diffractonetry, etc. In order
to increase the saturation magnetization and coercivity of the magnet,
elenent Ais preferably at |east 25 one of strontium (Sr) and cal cium (Ca)
and nost preferably strontium The proportion of Sr+Ca in Ais preferably
at least 51 at% nore preferably at least 70 at% and nost preferably 100
at% Elenent Ris preferably at |east one of |anthanoids, 30 nore
preferably at | east one of light rare earth el enents, further preferably at
| east one of |anthanum (La), neodym um (Nd), and praseodym um (Pr),
especially wth | anthanum bei ng essential. The proportion of |anthanumin R
is preferably at least 40 at% nore preferably at least 35 70 at% For

i nproved saturation nagnetization, it is nost preferable to use only

| ant hanum as R This is because -14 06 June 2003 - 15 Ilanthanumis the
hi ghest when the Iimt of Rformng solid solution mth hexagonal Mtype
ferrite is conpared. Therefore, if the proportion of |lanthanumin Ris too
|l ow, 5 the anpbunt of solid solution of R cannot be increased and as a
consequence, the anount of solid solution of Mcannot be increased too,
mtigating the magnetic property inproving effect. The conbi ned use of
bismuth (Bi) is advantageous in production because the cal cining
tenperature and sintering 10 tenperature can be | ower.



El ement M nust contain cobalt. The proportion of cobalt in Mis at |east 10
at~s and nore preferably at |east 20 ate. If the proportion of cobalt in M
is too low, the 15 inprovenent in coercivity becones insufficient. Boron
oxi de B203 may be contained in the magnet. Inclusion of B203 is effective
for lowering the calcining and sintering tenperatures, which is
advant ageous i n manufacture. The content of B203 is prefﬁ#§38¥ gg % . 5%
20 by weight of the entire nagnet powder. Too high conte % woul d
| ower saturation nmagnetization. The magnet powder may contain at |east one
of sodium (Na), potassium (K), and rubidium (Rb). The total content of Na,
K, and Rb is preferably up to 3% by wei ght of the 25 entire nagnet powder
when they are calruNcatreN sep ME2QLTH20, and Rb20, respectively. Too |arge
contents of these ele r [ ati i ded
”RQ Ls!} QO Q)(% inﬁr/?m‘_]{%;e %engggﬁédté k qudl\f a %

that these elenents are re re ferrrte contains
exanple, in the f%ﬂ‘qfﬁdoF°zm%‘e§nsl 13 ? O_BCqdiA A" high KeRaprRFeR 2t )
letter .a is 0.3 kigh ©oBr&iviltgo I'arege_mvumtcues hafre~diMdvérgivehat se to
probl ens t hat 4heféﬁii%aﬁ\b&%t@%@lﬁ&a.lﬂeogllen@é!ﬂss RaQﬂd ri@ra%dgﬁ eherdy M

evapor at es 06 June 2003 durin LIl tion aboyv elenents
there may be cont%?f%&&e“??)rveé?aﬂ’ﬁf: ‘é:lal P'ionil% Wﬁgnﬁf‘c 'PmpZth [ LY

Nb, Ta, Sb) As, Wo aﬁi@cmatmw|ldet1ﬁ@rﬁﬁrlmﬂec@m‘fems Gingfludhageties enent s,
cal CEl at fed alsI t heo:apge@lep@ftﬁalolp@?w@féb rilnCtﬁerf)ﬂSu.ntg' @8mo St réPah@ &@%bﬁgb
WEIgtO ga i um oxi Y0 I 1.nal e, 1% by
wei ght of lithi uﬁ 0 eg‘gtugg) %&“Bé{ré@ WQEE’ gF‘onIg aﬁgg}f%%n%%m EBnéé’s to 3% by
wei ght of copper #saedef Ebet%leg%lw li@r\ﬂel"gh?s cﬁeetnl £HAM u‘?ﬁ%ﬁ?‘&érifﬂﬁf“tad 3%
by wei ght of zircossulsoxhdeErG.up.t dt3Habybawi ghunaf tiger Fami supmeasdahgup to

3% by wei ght of t 3 [ na isdg) up to 3%
by0 wei ght of ni ob%%nf?f?gat%st £n n(a/‘J‘W(ﬂ:\%% g%%&fti tgantg{éqsg]%?;?ge up to 3%/0

by wei ght of antiSorfft 6§(Fd§° WﬁziSt A)sbélgﬁ\%’?d’rﬁ“ §Rt b PE BRPWE up to
3% by wei ght of txatjst éA+BxiRRM)Ahd)(fi-to 3% by wei ght of nol ybdenum oxi de.
Preyaration npd hod Nexhs grdvaidiedyodesyrepan Ngerdhitemgiedts Sofeatiimed. The

et hod of e T e l9apkRel UiShal o SRoth 2P e hBg a4ARLOEd, adygof a

raw material powder t orm a sintered nagnet preparing a
raw materi al powd¥tkno¥npghat the (YéFia‘ii&nseic%rfﬁ@ettlﬁePF%RﬁrrF&Fér 3¢ tYowder
may be prepared thhwuglat$ohs dirmplfasing eaniiidhony kegionknexaggeratedywidn a

co- preci pi tation ﬁ?é Qq@meﬁtbyﬁira%hﬁrm a%neahe&ltslgeawunﬁﬁmeaﬁec L8
nostly nade té) g involving . the ¢ inin steg gerel naftgi Starting
n ge &t

materials are”Hhi x °t RRPPRSASC th%dvaf‘%ta 18“% oUP T OPRE ti ned
body is disintegrthedidicgn qguiteati ardl tihet atempovreddo {R- (Fe+M) hb2 }/H4
materi al powder. Héve rawebt@iirolllpoveterasi sonbariediandn t tien rhngesd. Even

when the oxygen sg{égcqlibga we & thadiring atnosphere and/or the firing
tenperature (hol

ur.e uct ates durjng the firing step). the 35
i nventive magnet havi nggg?leﬂheo&\rl‘%éeﬂﬁ?’isn dveohpy¥l tt?'Bﬁ WhedegB‘EEh%‘?rf?fm zed
vari ati ons of2jmgeRtdinipgoparadnes, by lire-fogmingea 2008ivepamitgiripgla
m'hni m zed vari gt | Qv iGfg @BetKRe \Haivr FRMMOR haRhgdhr evkiite U&Tﬁteiﬁﬁﬁé satof
the invention bec R ta e t r ein
the firing at rmsp %ﬂsgﬂgﬁ%‘ gggmqm EeLQ€ Iqeg%ﬁgmgg{ éfatTg rﬁ%?g#{ts Then
the invention is SUIREYUBRT TSN LE! c‘?ﬁ?ﬁcl’rﬁb % @tasle'PﬁFn%{t% §18M&AFch t he
oxygen partial pressusted owem =lehksds th@andnMendndrthes sicigs<fol ben

g1f mc?eflcng ': heo \éafén@ém%rggsh%eﬂﬁgﬁ%b&-FHd%RQ.VLBh %th%%@efé f}leése)ﬁlglﬂge‘é?r It ﬁ;' on
ivity, ev Vv

range of 60C, for RREARECE. © ?%ﬁ{%ﬁc?f‘ﬁﬁg P RYEL AT t he

i nventive nmagnet fsrmltantmmeareummbed IThhastheen fgundttdhatal s used

?re oXi displgwder Sthé)rcolﬁ(ﬂ!bdﬂ&f CtﬁxeCQﬂIh)Qw’id%omhéﬁi1 aﬁfgln‘tfﬁétaid’lbii@ extdes upon
iring, or ex S oxides,. and nitrates n
particle di anet er{az'(()%34 ?ﬁe S PP{% %r(rjdl’ Al sg|gsﬂheotln(‘:'f'glrl%zcht’:na;a:L alegﬁgﬁggﬁa mean
particle di an®l ereRecidddy o 1thti(§ QanFn i Sherkgraritedmagpfin §rodress bYi r on

oxi de is preferabtlye ippstthedd Dt ion0fe 8hdd RBupLIY Kas@BeoprmorRy Cupast i cl es 20
preferably have a nean particle diameter of up to 1 ~, tm especially up to
0.5 Vim As the starting material containing elenment A a hydroxide or
carbonate is preferably used since it is highly stable during storage.
Calcination is generally carried out in an~-8xidizing 25 atnosphere, for
exanple, air. Calcining conditions are not critical although the hol ding
tenperature is usually 1,000



to 1,350C and the holding tinme is 1 second to 10 hours) especially 1 second
to 3 hours. The cal cined body has a ferrite structure of substantially the
magnet opl unbite type 30 and its primary particles preferably have a nean
particle dianmeter of up to 2 Vim nore preferably up to 1 Vim further
preferably 0.1 to 1 Vim nost preferably 0.1 to 0.5 Vim The nean particle
di aneter may be neasured by neans of a scanning el ectron gig[ﬂ%sc . 35 1In
the practice of the invention, SiQz is preferably -17 0 used
as the starting material for providing silicon. Si02 may be m xed with
other starting materials prior to calcination or subsequent to cal cination
or in divided portions prior and subsequent to calcination. The effects 5
?f tﬂe i nVﬁnti on ’@én@e?@ﬁ@i-éhed 'i‘lﬂeﬁ@:fa@he&sc&i&anhﬁgaw% RheO&1dnerftl Mi Ng. To
urt her enhance t e in el t

preferably all, %]%S?l Eera edpgs aesrgtﬁg?\% ]?50 %Fg?%%tilnon All
of starting rratermaélneééﬁpﬁﬁﬂmté?ﬁeqvetrhéhespwefoOﬁeéﬂe rf™mepe ni xed prior
to calcination. Adibbotied, addi Rgvy tondPSoms catleotemperatespective
conpounds subsequent tg, cal Gip n%&hﬂ?:h m%9%§‘9t Idgsc;rﬂee({rqtnhgfi -pfadding

starting material_ conmpounds ot uent to cal cination, that
is, post15 additibi?38t WetFh 38| yetd tc’r?énsf’%p']‘blfy £itr st SFarfhgT a el ci ned
mat eri al havi ng h&Xaggned trer babéc caprildicathon atJadpeaste ctareait A as the

maj or phase. NextAppq_qeaeimds«otolbeléaamr) aﬂdedlcﬁmﬁ& ﬁpebédtvegglféaeleqded
to the cal ci ned nmat I’I% after the al.ci ned (fgter

s
during pul veri zatton® PYEYF i1 HReMC mAICESE R T &t re oiiﬁrg Ee a
magnet havi ngt% pihatattheywariatiehe iremsopatie é?%r%ml%&%bove t he
conpounds to be |mhetuatiats anefrselefiadstcéhd hakohberypasieraddi ti ves

contain at | east I I 25 ably
at | oast Dot h of S SiEEE e iR Fé Gibdealh el AIERETnFs 20 oo ol Bl
preferably 1 to 1@{?%'55}1%1? PR tepbrand e EYMF 53F6°7b%%>“96¥%3e2}/§65t
preferably 10 t o & cbytwalletde shasedcofalhewtadioi nbd raigs plresdrit®d de of
R may be used sas dyhaneoipiiidoaQ containing el enent R although the R oxide
has the problemthat it can be Ieached away during wet nolding since its
solubility in water is relatively gh Al so the R oxide can cause weighing
errors because i tBRIEFhDBFGIETIPY. 01?0"? E RRAWEINGSon, a carbonate or hydroxi de
of Ris preferred as 3Bi¢ha Rscangaprd shdhengasie ﬁddhéiltﬁ&)rﬁbeﬁti‘hﬁ‘ of

el ements may be addgd Lg rlieh_:,%eftgr Oé ﬂ?ﬁ'c‘égén Ods Q%DBH?Q& GaRakL e -18
06 June 2003 convertln OoXI Iring, such as carbonates and
hydr oxi des. Tfe t‘?’:r?és\‘)bﬁ%ni’t ﬁ@ep&’fi%mwe%e%%e added may be after

cal cinati on and bef or eFE¢ ntedisng. gRmdl shawlyg ttie Bagostiqddopevetersaoé added
during the pul verdiziteges!iiyre@sbas 08 Sicheon | o &he ENsiepdenbendeing to the

calcined material) the rPOSty q_gdgt@/ag% @?Xw?&l Y %ega%ﬁe{:ﬂ? p%ggkgeess Qaw ng

hexagonal ferrite contalning
produced by the c%“ﬁleéﬁidi‘acge{’teltanaﬁe% rfd’d’°6i1°‘10°ﬁ1}&reo?ﬁ‘é‘?‘\‘€alra§9‘ﬂt hesi s

met hod. Wt h 2%espEciR-{Bea eti@d/SR.or M at | east 30% especially at |east

50% of its entirety copi@i nedsi A gprmeaeeing Sufieﬁ.hga@wc Fedperfed e
post-additive. Wth respect e anounts to be

added 15 as post-BddPff e'%agé‘re%sn?if ﬁcéﬁ?'gr? %{gsmcf”eﬁe he postadditives
preferably have a neanffart5 élseasﬂli@fbﬁhaum @elcperczim Hegectinount s of
post-additives arseintesedimggheits 8Br£ fimickibn FDrtnexarpsen ctmesntiation

desired to preducg, 3,30¢5k %o containing Sr:lLa: Fe Co =
0.8:0.2:11.8:0. 2, rawrratej?rl}ggls are adm xed in a ratjo: Fe =0 6 (=

1:12), the adni xture i§%al%ilfed, d’pﬁﬂsﬁa“‘a&a?"f??f@sugpeh%‘ﬂdi{fﬁ dPGef'hje“eZS:W

cal cined materi alCinieatempematuras. Fe: Co 0.2:2.2:0.2, and the m xture is
fired, whereby a sintered nagnet of the desi red corrpositi on i s obtained.

118 78) . the. adnfata bt 2ok, RaRREHW 8, ke DVENTEON 0. phase state of M
type stronti (#h f e¥kntegedopgpe®e?20, ), post-additives are added to the

calcined material in arratddrrikad: f@gretlo?: fhed, indendnNen s Wexhyswal s fired,
whereby a sintered magnet of the desired conposition is obtained. -19

-7-



06 June 2003 The reason why a sintered magnet produced by the post-addition
nmet hod has a plurality of Curie tenperatures, though not well understood,
is explained as follows. Upon sintering, reaction takes place between
calcined material 5 particles having a Mtype ferrite phase and
post-additives. During the process, there are forned Mtype ferrite
portions having high La and Co concentrations and Mtype nrit rtions
having | ow La and Co concentrations. Specifically) assum(ié‘jwﬂ%?oﬁg and Co
in the post-additives 10 diffuse toward the center of calcined materi al
particles during sintering, it is believed that the concentrations of La
and Co in crystal grains after sintering tend to be higher in skin portions
than in central portions. Since the Curie tenperature depends on the
percent substitut] J cially. .t per t .suhstitytion
of La) it is bel |J3€%%tt%§é§htuh% g?g‘%gﬁ:ﬁg??aﬁ%’ﬁ%& %]%ydoglfg%rﬁhzi“?én%ne&rjature
refl ects the prese?i@iBf A& donfent¥atddnSHidt Mehat i DEMGPtEa MBI Wi t hin
crystal grains. Nesgipeskhes nd dieagt simep eaatedthaepeenatitrgmsiemgobc 2(Ba,
pul ver i zati on ar ecdeser bped e bind RE OB leRgs0Ls LGSt MG RUERLA pOwder, 2
ra I zed. t s

wet shaping nmethod is prefe y uti haping 1s carried out using
a nol ding sl urty SVHRCIPAI FiP™a TRAG SARTEr PREMSRdRdEFRCINEERR ok YA arddErsi ng
medi um and a 25 Eieapetsanteprenentgert Leavnlarceldénemtetdbattedf f1dme

di spersant, a wetarguilgves| 2ugast eqx phef B ablry predcedestite magheshapi ng
step. Wien cal cined p er i,s used. as . the raw nmaterjal powder, a dry coarse
pul veri zi ng step ‘ﬂﬁbe goﬁr%oé’lt)?ngﬁl eF“FEFRg"x di %’f%tdégﬁé‘f‘)ﬁ% Pﬁ%v%d%dci ned
powder 30 preferaiaf phededad eherands pig \woesehhssrepdopecabseceie@ntal ci ned
powder is gensraldsy saoangl ars dd 2.6 misgdptéedrashent theor aw rahigr i adg powder
is prepared by a gQPLeghpl tation.Qf hygrothermal synthesis nethod, the dry
coarse pulverizing step Is (generall I &go itted and the wet 35 pulverizing
step is not essential altholh* the Wet*Puitvef$2ing step is preferably

provi ded in orderist drémrk.Herto- 2P, pO6fdrardy2003n ilner task 1.he degree of
orientation. In the foldsdmangy desahepidhtibef efRNebnisntTadesindohiess
embodi ment wher iy 68l €111 PAL LLLES AN USed A3..L0e 3 TR o1 aly,ponder
and the dry coarse pul verizi ng step and wef pul verizi ng step are

enpl oyed. 1n the WdeydeeEass efpefSRssi 27 P Eeépre v ERE 2kl iGAN | SOf&REral | v
continued until tiesBEhspesi ficimuef B@oe rateact srarnatbased bygreetfiact or of
about 2 to 10. Atpdopereiwl QhePUINCLkggdd Yarti e RALLLEL &% RERISIARLY have a

mean 10 particle size of about 0.1 to 1 ~mand a BET specific surface area
of about 4 to 10 tﬁ'&‘fg‘.mtﬁsé 6ﬁ%vie“r_ipz§?:gbc‘f’9€§nsslg%“lrﬁ%f:aﬁgf iURPT%d 2use may be
made of , for xarfsidactiery ofi BPexEiy tii wider dr yowmtoxypenrragtiadi a agitati ng

mlls) and dry badessutés, I1middntirhet drif vhéeraimeyt not |ssoheisngodbidqu,ef er abl y

used. The pul verigifdeid Prope¥e e deheiMed 38-ARBEAPE] flrGateRRNdhng on
the particular pulverizin ing materials are

means, used. Wien sone. start
added subsequent T8 8?\?%‘?’%&#%{;‘,‘1 &GS AT ?PZ?Erf&ﬁlﬁ’}ga FROPTHhSERE dry
pul veri zi ng st ep.ddpdekaflicing tstep. priaversety + dfatiee aton2ent efsSiPart s of
SI &z and CaC0&s (wihi aBoCRIBIE! the t Rrdpat UPD b far hét@jagildt i dripenélity such
pul veri zi ng st ep-asT@&'agéyc&gaaé@t Ay \eﬁalt,&aagtn'eqnbééon@fsf ﬂgéljx]v%etsg%tirn%dlfgl ng

coercivity HcB by 1 ntroduci ng crgstal strains 1 nto the Cal cined particles.
The drop of coer cFA% PP aPREPYH 156l BTRGCALT bR DLPaFePEI=EES - i Fbr oves

di spersion and al g iatpnbw e tithe(Mayr&e+11/1)i/Eht Bt itor hegawsetod Ivwcon ng
magnetical |y sof tmagh®iBagidpelr@se &N hHE%@@ a;erpear{ag@ﬁwfdtlmn@%% m I
resume intrin et ] S e nt,sintering step. ter
the dry coar sé?a6 pu*%_(}lxggg?oéﬁﬁgk %)[h%/%%fnz:?n%n I%r %%/élcn '?' 51“%‘?%33‘“{- Ee“cur

pul veri zed parti cfesingndhroekigingsstiRepar ed and subj ected to wet

pul veri zati on. The conwhat tfe thetemw Wit eetell cpemeers iin the maghwerdrai ng

slurry is preferaply. 30auh g dodvéO2edy « irxﬁé‘éall. I?ﬂ&n&wsv?.hi:5gﬂg1§5 means

used in wet pulverization is_not particul a Imted al though ball mlls,
attritors and vi bPERHRFInPrIdesy, dron oxidge SEIRII3PH3OP S -ePABIYR GEéded n
nost cases. The pubVetunzionddéi mareagaben de8Eeromined bssmappr opidat eodependi ng
on the particular ;puhyeiafhhde LRI ad'S Chumhuwh N518BY O r RLmPLALMR! hg@t T on,
the pulverized 5 slurry is concentrated into a nolding slurry.
Concentration may be effected by centrifugal separation or the like. The
amount of the raw material powder contained in the nolding slurry is
preferably about 60 to 90% by weight. 10 In the wet shaping step, the

nmol ding slurry is shaped in a nagnetic field. A conpacting pressure of
about 0.1 to 0.5 t/cn2 and a nmagnetic field of about 5 to 15 kOe may be
applied. Although the use of a non-aqueous dispersing nedium15 in the

mol ding slurry is preferred because a high degree of orientation is

I oy S - o S " o o



06 June 2003 atons, and having hydroxyl groups attached to at |east 50% of
the carbon atons other than the carbon atomform ng a double bond with an
oxygen atom |f the nunmber of carbon atons is 2 or less, the effect of
inproving a degree of 5 orientation becomes insufficient. Also, the effect
becomes insufficient with organic conpounds of at |east 3 carbon atons, but
havi ng hydroxyl groups attached to | ess than 50~ of the caéggﬂgggﬁgs ot her
than the carbon atom form ng a doubl e bond with an oxygen bondi ng
proportion of 10 hydroxyl groups is limted for the above-described organic
conpounds, but not applied to the dispersants thensel ves. For | act ones of
organi ¢ conpounds having hydroxyl and carboxyl groups (

hydr oxycar boxyl i Giagk68)o@Siel Bee déaslwleaea, ad Qe,8X28BH e)aé&echo M HEge,

bondi ng proporti on of X ups d pI| d t

hydr oxycar boxyl i ¢ © Bé%rhé g?]yePsrg g 8 ? % Tatc:bt o%%rs ToPneBhfer ¢
skel eton of the zﬁ@@veM@anﬁ%z@a c 6Rzfburshd #&Qz:béeéﬁaPﬁl‘tﬁlYeycl ic and be
saturated or contain unsainy aheentodmagrét) [fHeShtahiv@atio R/M is

hydr oxycar boxyl i (“pr%%l §b SISHL b anE Z£9 gal tehNg! £074 d.eralL:ﬁ‘Et qpes gt hgr eof

are preferred as ersant . Especi al %/ preferred are gl uconic acid
(C=6, OH=5, coorw_F)efSFr Py Se ARRndRPEnt 1 YGdepFe | eqidABTI MR ASof |
| act obi oni ¢ aci d wWiCilBe d@$=}1bEDCHEr,. 28y tiacbaporataioiad R( Ordexddds2of COC]—I:Z)

or a neutralized yisalthew@f&qf,oen&glﬁmhep&m& asgﬂelyteldactone (C=7,
OH=5). O these, gluconic acid £8 ?f‘g neutralized ere | act one
g

th
thereof is preferable Tof $HEC AEd 1BY $ R eF?Pﬂﬁ RALR af’%’é’gdé” FBe of
orientation &fd |tbe dovent3® Beghesdass apr béxgtaliive dsstimetofyake c conpound
havi g 8 hy O o) TR BXLSALAAN 10 O ARCORDIConfl! e Fo Ul 7554) ndS T1e
organi ¢ conpound having an eno r oxyl d|5500|a as an acid.
It is noted that Q?ifﬁlchf%Rﬂ ¢ash atrrﬁﬁjtbﬂa?f‘z@éﬁ te ?351‘{%é>rfeérf teafthe used

as the dispersantsepn g H&Q&éﬂ G§ Qtr&mxleavestaprbo fhidi £ AGE1D85 of
hydroxyl and carboxyl -23 ~06 June 2003 grou but does not satisfy the

requi renent t hat W&Po??‘l‘p%ﬂﬁgs arfé‘e&FPé{cﬁ ’tf'dcéf‘t}%a"é'tpr&‘?}%%f”’tene car bon
atons ot her tl%an squerenedporikitiom dwt rmnagylangoirblredbomdthve chndenoxyoden at om
Nevert hel ess, theaexpkheste o igmprRYi ng the 5 degree of orientation is
ascertai ned. Some of t f r [s de ib v [e
illustrated bel ow by 'Elgl Ftru%t ?‘ué?’?ﬁedrla%%%ﬁ ?'P%% %ﬁé B%g) %QQ P? t{}conl c acid
COOH | HC OH I P@iehmlmwr@teﬂ maW@%CPa@%ﬁrmc#%ﬂwee 3% YOCH |

H C OH | HOHH HOfar@Gmaghetidn.) Tctﬂkrhaasﬁréﬁﬂb§ 66ktdl hMe®n&ltsl OH C-H |
COCH ascor bi Go aC'Idquticuiarlé) in %f%b@a%% %éﬂé@ Qat‘gﬂ'll gavin

OHO G- HH- C~H- C- ' OHHO- CHHO- & HOCH2OHFDOH - gl ucohepioni ¢ ac] Iy -

i act one H H C- OHAUERROEY .95 Te. 2 mag“etizatim -t

depicted while the temperature of a sample under test is

mperature curve is
changed by means of a heater, from which Tc is determined.
For the measurement of magnetization, a vibrating sample

25 magnetometer (VSM) is often used because there is easily
available a space for installing the heater 1n proximity to
the sample under test.

The sample under test may be a powder or a sintered

body although the powder must be bound with a heat

30 resistant adhesive or binder. In order that the entire
sample be uniformly heated during measurement, it is
preferred to make the size of the sample as small as
possible and to set a relatively low rate of heating
insofar as the accuracy of measurement of magnetization is

35 insured.

The sample may be anisotropic or isotropic. In the



06 June 2003 The degree of orientation achieved by magnetic field
orientation is affected by the pH value of the slurry. Mre particularly)
at too low pH, the degree of orientation becones |ower and the renmanence
after sintering is affected 5 thereby. Wien a conpound which exhibits acid
properties in an aqueous solution, for exanple, hydroxycarboxylic acid is
used as the dispersant, the resultlng slurry has a | ow p ccorcbi gy, it
is preferred to adjust the pH of the slurry as by addi ng J8WH48f& (anpound
along with the dispersant. 10 The preferred basic conpounds are ammoni a and
sodi um hydr oxi de. Ammoni a may be added as anmonia water. The use of a
sodium salt of hydroxycarboxylic acid is also effective in preventing pH

| oneri ng. When Ss@mtapd €aCrisgtgopddeshamslet,hétr asv pretferiably)mddnatigedse of

hy((jir g)&;gr ?OX)tl)l 'fnatﬁiedg%:eétl@&t&n% E{Eﬁé ?ﬁhcﬁs Eh&fla%lt&%r Sﬁnéaﬁ} lows Si.Cz
an o be carrie Wi e superpat an urry

mai nly during prBpHt 8ﬁ¥8’f’ ‘??é%bf“ﬁ?ﬁ‘breﬂ 5 & SR %b af%e‘iﬁlé’ﬁ of HcJ
and a | oss of thef cteaxxied play ftivenavient of 9o, l$¢t1tdIE-CpHa@DlQ),f the slurry is
increased as Dy pahdid zhREoRapd Qne%@ﬁ?@&mﬂ) tthh_esﬁaé rd/:rr@éﬁ&oﬁ”@ém@hé)f Si &z

and CaCO, is incr eas use iumsalt qof

T Gavonr boxyl s Badhe i 2en pf Skt HeEpE Tt st aE SRS, 1t i s
not ed that when ¢¢rdusdedcby oapiwiagi 8 Ia@mtﬁj:l@r fhhedh haviBhgsadsuffgdlent| s
used as the di spetsaith ghyaté®rdnage1ot. t ha Seh¥raandaCalmpnntients in the

magnet can be pr Ca e J S|red
co?rpom tion. V@erﬁ @L&t@%e?é’agg%ﬁgs‘c@hgéd?{%] %z;rgrjf/}p%ve%%%?ig‘b{z&

is little ast®rtHrhepmrdp F%rm‘?#?é‘r&lgov)élkeefs"dﬁlnﬁh@‘%Iﬁ?lmP?rPE‘l’fﬂ'ef er abI y at
pH 7 or higher, Beasuremenpr £$ ansde praferdbly tia the Alisepakt bfua aiadnieniit i s

| mposed on the type Ploxl BRabeU il floRdlilc ¥iedass: ged epat SR ¢ Agy. Of

cal cium sodium and ot her salts ma used a calciumsalt IS
preferably used FRR148%e B iSehe husq fngns’Bﬁ?iHﬁ I“ft Pgd%&é’d5§§°{’ﬂe

di spersant or amagrietiwvaféeldsapmided, &hmamamag6etidGeanpoesel®0Gamrbese

probl ems incisidi §grddi@acabbye MR ceﬁ:ieuwﬁﬂeeraxuger@&mts tR8dcérdd kel i hood
for a conpact or_si nterteldebgg teoS clgigclg is understood that a m xture of
two or nore 5 di speprsants nay PEust Jl’he anount of the di spersant added

is preferably 0.05 toF3509%6 bylinatgates mn exgreterdinse FveoCenHie. 0% by

wei ght based on témperawuiraseappdarlOVEES. 6126 &egmapTbintsmpdrdteedrsper sant

woul d achi eve an |ns fficient ment in the 10 degree of aqrientation.
Wth too much ar’rf)tﬂu"ht S§1-SPRe? g%@tn h?atjac’"cgnﬁﬁc%h iﬁf‘&?ed’%ﬂﬁ?'
likely to cragk.qld du&v@oaﬁdpfmtmﬂtfy Ebecﬂl%OQEﬁﬁé‘iaﬁlfre% COFfRO¥NE i oni zabl e
in an aqueous solutio exa an t he amount of

for ci.d alt,
the dispersant aGdetf |q§ FBWRLH ¢ ”gleé‘dn?ﬁr a‘ﬁ"ﬁ &'ﬁmperﬁ%ﬁ‘lﬁes ati {Richd ti on
anount i s cal cul shaxp aeclhne cpf)aragnetbzationyisthrthe hydtbgetﬁmma@nrﬁet al
ion renmoved. Wep,t I4S ydnat %gq iQn
calculated with ? elha\%as%gr Bg{ﬁ?%isé Z’ ?Pgastirlgen%ra %rggie orgegggr% V\hen t he
di spersant 20 us&eltiayscal Biush 'gltﬂeoﬂ%ﬂf@%ﬁéhyfdr@@dlﬂhéeaﬁ%ﬂﬁqsowiahmm is

cal cul ated ags a gidcyratenbOPatdilesO. THRERNELNE- @lléweseekng Stft geACL ONE Or
contains a lactone, the addition anpunt is_cal cul ated as

hydr oxycar boxyl a?‘eW‘?deFBUYﬁ’éosct H&att Hee |dq3idne Bf)éW“&Hz?'Si‘i"i s rings and
converts into a ha&rn@eyﬁ\aaeesyéj cnagt d.thEhe-ti servidh@rhbetslisdpwapl i s
added is not critical. ? di sp, sani3 be adggd du“iﬁlﬁ. dré coar se

pul veri zati on orc%‘fef’hé‘gﬁ Bpi’?a‘i t8f BARANEAL PRI Y ISTHTREE t 0 wet
pul veri Zaltl on, OThéxl‘delElt‘élrdEéh@Cn‘-t'n @ﬂ&vevtﬁﬂ‘hs)ﬁedﬁerdévﬁﬁa&a dllalﬂi#é\\g adayn
coarse pul ve zatlo i ni_n ortio urin verization.

Al ternati velélé t 7 (r]“q:pq?l ﬁ?cﬁﬁ?ﬁ 5& ﬂagfé ié?‘tgo H‘gg‘f‘f@f‘ wet

pul veri zation. AR{na¥ln ﬁbgempgm@mrtégnrmn@ IZﬁrQ heHepeth ngthylegr ry
containing the d nt, .t e t

acconpl i shed. | t*:%g&irjnst%e%gt gg% J'Erhfa e\MtRH \%B egrgegﬁ(ﬁe%grlﬂl gﬁgg?l othlalts

obt ai nabl e when #%e Wesp@%éﬁtwh%readbwcuw tu@‘BSJﬁm!“ 2PW3TAUEPRNEX to
pulbverl zation, eapaoiadd yoflryx COArEIOmPUbWBidEACofex | fo h@wbehl exegbxd, hat a
vibratory nl u oar v { nergy to
particles an%éel gg%t%egitgg%egn%e?@t %ﬁg gﬁ%tl (?P (ﬁfeg et ?ﬁ%gh{% al |

mll used for wet pulverization, so that the partlcles may take a
sufficient state for chem cal reacti on to-pvoceed. It is thus believed that
if the dispersant is added during dry coarse pul verization, a nore anount
of the dispersant is adsorbed on surfaces of particles and as a result, a
10 higher degree of orientation is obtainable. In fact, on measurenent of
t he amount of the dispersant remaining in the nmolding slurry (which is
deerred substantl aIIy equal to t he adsorption anmount), the rat| o of the

v - T - L I T



tenperature to about 100C) at which tenperature range the conpact is fully
dried. The heat treatnent is followed by firing, obtaining a sintered
ferrite magnet. The holding 30 tenperature during the firing step is
preferably 1,150 to 1,250C) and nore preferably 1,160 to 1, 220C, and t he
time of hol d| ng at the tenperature is preferably 0 5to 3 hours

previously described, the holding step is not involved in é(jntl %@g
furnaces or the Iike) and even in that case, 35 the ferrip of the

i nvention has satisfactory performance. 28 06 June 2003 The magnet of
the invention preferably has a nean crystal grain size of up to 2 Vim nore
preferably up to 1 Vim and nost preferably 0.5 to 1.0 Vim The nagnet of
the i nvention ex#ids.t sThe firtleyshctfore detveont sarmeat Whend tirngengedh cryst al
grain S} ze is ing ﬁ@@sel%scﬁfiel tdniPerd BEr& et ah glﬁélllrbvﬁalrze.eﬁﬁélrm:ﬁasig egzby
means of a scanning el egtron m.crosc e resjstivit S y m
or higher. It i s° %te&n h&te ir%tieﬁfgf"ggo mfé%g eréan ent éé&o%éjcgﬁ%’ed by

di si ntegrating talsei@spagivesy a Carisheemparathse 17c3 |°K’e,thel highe%i ng t he

granul es thr oight &hi@Iute §0d.eClihérd Mgk ﬁl@ax@ftwmgﬁﬁiéCtérﬁﬂrﬁth:éQnti ng

granul es having a an_particl e |ze f.a 1 |§[].q
shaping the fractfoi gﬁt ‘I ﬁge resgpne fIClg lcf’ Q;%%%;F 99# 3 n%(erl n ecause of
t he inclusion of £edneramet s-R candrelVlbythesﬂxﬁJJ‘aer prbeedra@net of the i nvention

has a high coercivity an aahﬂ geggngp%ﬁig/bt&slp&ratthggga& PrQyi ded
that the inventive IS o conventional ferrit
magnets free of ?‘h‘ié’-’lr‘-’gleevah‘t‘e é?feﬁ"éﬁt §1f€?f§“|°ﬁv*éh‘t‘—¥%tr‘t’§§ﬁef~s W‘n]tﬂ?s*‘
generates a {@resIARE] Srddeduprd Sendsy, 16QN!t rikldLTur@el fRRLRIRARRES 1 N
the performance of applied products) for exarrpl e, the achi evenent of higher
torque in the catalbfinmyhersangen@ft RGO a‘@ﬁn@@e@erﬁreéﬁrébhﬂdﬂlﬂjaﬂol #yO0SG.t h

i nproved Ilnearlt due to. t Lee h BRgngl C case of
speakers or headp dAeLe Ege%raso étpg |e(§’ ptr o uc g ljlné’aé:elan<t31t\tllglet]Lﬁ}géasa
function as the ¢uriy tempefatune @frragn@t% M ttheedt?tmté:ll@msfermtq(n@ss) of
magnets can be r ggbdinner), contributing to size and wei ght
reductions (flattening). Al so, in the case of npbtors using wound

el ectromagnets as the TheetatimgoeyoRT heof3Ghkemaghet ivagnehs (chn stubidei t ut e
for the el ectronggnes s, utin h QHE\H n turing
process shortening an%emgg?é ’%uc |grr11£ ecasﬁsge%ﬁ er%m)gr g%e ?Eehr?per ature
properties of coeagnatizat{ieiJ)IRI) abezdifed sppesidriablyo0uSt tchaOfer mpre

magnets in | ow t gppenakl gelat.So %‘4‘ I QREEALS nARepLe FHMAR R0RE! 14€r rike
magnet s have the -29 June 2003 risk of [owtenperature demagnetization

(per manent denmagfibtdBIatlisohgss Tlh@nr 8- Pabilt thy gifpiethictte dstect ntheol d
districts angp hi glhrad ttelnpda ZORE Sl %hélmﬁdxcaeﬁbyrameowde Even when

firi ng conditions are I nggnb te%l’étd, ﬁh@ %@3&1?@ fp%q.lggté ﬁggllattelrgggnet S

havi ng excel | ent pr opertl es as mentione C¥p
scal e. The inven2PRARPSFRERS thegteatuEd mtnustitrert Fegddter eaialén as by
permtting the usas f mmleorphareO st rgasuferafamagndticalagnd@i foérdiite M nvent i on

is worked into tgfpeu%eq.%@t ex%,gg&pe m:fsltggaa@lw S eXaLhEL Ya (Hlurality

appl i cations_as crib ow. The ma nets are advant a eous used 1n

aut onoti ve ndt or & tOFrUEPMRRERIYTeSofET rﬁﬁ‘&mé}“%?ﬁfsphtai STEROBEE fover
steering) activeMsphEendsofstestesl bgr spndoviionet ky- 4y airidfmictm@ryrmt ors

for business rractah&estlﬁngoaﬂdaamwieuatneem RIZBBE i 54 v eFPD smpiyllers. VCR

capstans, VCR rotar reel s |_oadi ans
VCR canera rotar§ ¥ %‘gd’glqgvd%/(érﬁtgat?’gg Cl%\%ﬁ cgﬁ’g ra\{t(igcﬁét)r{eiap%n g’gette
capstans, CD, LDruehsr B Gurie tepipeghtureCds 2gol D amstvbaseadi ng, CD and
LD optical psekups; numokgefivdmrusehpbshanpkhansespdiitaonasofinetzandi tioner
conpressors, refgig,eéaﬁ oh CRIDE es%gr el £t 5ihc+LP s)arfeagﬁfg}&; \ave oven
fans) m crowave oven e rota nixer driving) dryer “fans aver
driving, and power toot hbru%’nes 1n§?0¥% a¥.for factory automation equi pment
such as robot shafts) connerti onodosv*es 10r @eet drives, nmachine tool table
drives, and machi ne tool elté drigyes, dyi s g&l aneous units including

not orcycl e generators, speake magne %pheadp one magnets, magnetron tubes,
MRl magnetic field generating 30 systens, CD-ROM cl anps, distributor
sensors, ABS sensors, fuel/oil |evel sensors, and magnet |atches. EXAVPLE
E)~cam|lp a 1 35 Powders of SrC03, Fe203, -$10Oz and CaC03 as raw materials
wer e bl ended, m xed and pul verized for 2 hours in -30 06 June 2003



a wet attritor, dried and classified, obtaining granules. The granul es were
calcined in air at 1,250C for 3 hours, obtaining a calcined material. The
conposition of the calcined material as determ ned by fluorescent x-ray 5
analysis is shown in Table 1-1. Next , SiQZ , CaC03 , |anthanum carbonate
La2 ( C0O3 ) 3 8HZO , and cobalt oxide (a m xture of Co304 and Co0O) as
post addi ti ves were added to the calcined material, and 0'8%$bﬁ g@b ht of
cal cium gl uconate added to the m xture, followed 10 by 20 HUE f dry
pul verization in a batchw se vibratory rod mll, obtaining a coarse

pul veri zed powder. Next, FeZ03 was added to the coarse pul verized powder,
foll owed by 40 hours of wet pulverization in a ball mll. By concentrating
to a concentration of aboutM:78%0al md &i ry¥15 sl urry was obtai ned. The

mol ding slurry vess«0BRM 881 it iRl dﬂ@lnvw&fetﬁ@rméfﬁang ewahehts herefrom
obtaining a conpact o nd 18, mm high. During the

nm
conpr essi on nol di ng, &hﬁnﬁﬁﬁﬁ|3§egeﬁf?9(ﬁaﬁgﬁobf 13 kOe was applied in the 20
conpression direction. The Al di dgtpridsatite was 0.4 t/cn2. Next, the
conpact was fgred into a sigtered. gnet ag@gd worked on the upper and | ower
surfaces. Then the nagnetlgwfropggt §4agg%5|ngfr|ng properties of the
sintered magnet relative to t'he oxygen pa refar pressure in 25 the firing
at nosphere were exani ned. P1r|ng°m%s“bérPFéd out in a mxed gas atnosphere
consi sting of oxygen and médt @gefegpedranbheatisn ) while the oxygen partia
pressure in the firing atmgpherg M@g,gﬁ@nged by controlling the flow rates
of the gases. The heating rate and coollng rate 30 in the firing step were
5 mn, the V*rlng t enper at®ir e wAs® £220& *and the time of hol di ng at the
firing tenperature (hol di ngret:i me36é was 9B howr . amkhe conposition as determ ned
by fluorescent x-ray anal ysi,s ofotyqxﬁgnggged nagnet mhlch was eval uat ed
for 35 magnetic propergles is shown in gyderstood t hat the
conposi tion shown in ThpHRe f?tegtt%tele@fnt ﬁGlsJJ:r?é’ 285 of"%™ é¥Pesanpl e
obt ai ned by fir |ﬂgn_a_taotvdung il by mdsralnronahgﬂeﬂﬂﬂ(@hfa@éslsdimuras 32 06

June 2003 ldl\éb Qwo 98 %181 M %Ifq':hl{a %ogfy l:\l c% ' ent %:Ps Qoo 19::5% ?I w

00 UODb a ro
U no M type ferrite would form or more nonmagnetlc phases
N\ MOr - | COLf IMANNGE-@R081F ¢, 1 - hsuld | £arm. * ~MaOPphbarfion idf-sitkbop€XR QQO~r | 1 -

\1N0f 1 IO~N:) glﬂm% NNWP&&%PQ@%& moéé\"}?@;f_@aﬂiﬁg%oqe%t

Uwo0000000a0a0 QUM ENCHVRAIVIRSTS &TRf oeaRyy- 100 afs. v\,lf the proportion of
Ot OMOl ~O~Nr G200t nshft indt'L QWNINN. A--1IsOVERINNSW NNBO G0 0Dd -edogie' 1inDRNGHIADD~| f 1NV1O

G0 -1'"-10a0 Ol Nicqudre! Bd4h lak fimbzblamdrd® AnUYLELMVNG mBlgRe £ 0241 i@n! 8ndl U 4a
UNN a significant improvement in coercivity. If the content of
element R is too small, the amount of solid solution of M
becomes smaller, and the magnetic property improving effect
25 becomes insufficient. If the content of element R is too
large, more nonmagnetic hetero-phases such as ortho-ferrite
would form. The magnetic property improving effect becomes
insufficient when the content of element M is too small or
too large.
30 In the inventive magnet, the atomic ratios of A, R,
Fe, and M are represented by the formula (I).
A, ,R,(Fe,;; M) .0y (1)
In formula (I), x, y and z are such that the atomic ratio
{A+R-(Fe+M)/12}/Si may fall within the above-defined range
35 and the atomic ratio R/M fall within the preferred range.
It is preferred that x, vy and z are in the range:

-12-



a~ b NC O-33 06 June 2003 Wth respect to the magnets of the
conposition shown in Table 1-2, the relationship of nagnetic properties
(coercivity HcJd, remanence Br and squareness ratio Hk/HcJ) to oxygen
partial pressure p02 during firing is shown in 5 the graph of FIG 1. As
seen fromFIG 1, within the conposition of the inventive Exanples, that
is, the conposition in which the atomc ratio {A+R-(Fe+|\/p/0é?/8i d Si 02
Uge 2805+t 10

content fall within the specific ranges, magnetic properti
conparable to firing in air are obtained even when firing is done in an

at nosphere having an oxygen partial pressure of 0.05 atm) and little
degradation of magnetic properties was ascertained even when firing is done
in an atnosphere having an oxygenxparoieal pressure of 0.01 atm Mre 15

illustratively) when the oxygen ﬁarti al pressure_is decreased from 0. 20
atm to 0.01 atm, a coerci %% JI¥op bfO nE@efhatadb 209 of -i°s

ascertained with the conposphtgan,ig which, g ther one of the atomc ratio
{A+R- (Fe+M/ 12}/ Si and Si 02 content falls outside the specific range. In 20
particular, for the conparabives exanple conposition with which a coercivity

surpassing that of !he Buepbiye GxauRf £8MARILEN QLR hed al an
oxygen partial pressure o : atm, a coercivlty drop as |arge as about
1500 Ce as a restpfieating sRetieg BJrusktigeh ‘i}aﬁ"leinél Rpr@é“sﬁ‘t‘"@“f‘g e

ascertai ned. In eohidasilutiihe eherl@mentyMdwiih abheobedderhali thrrhee i nventi ve

exanpl e_conposi t p@fnés deLSncklePAhaln _@hﬁedimgr&m&n% ggMmanence is
found. These results denpnstrate. the I Vveness . o

> effe he i nventi .. 30
Exam in a 2 S nt BPEEFHAoMEoREC 1 100N BON T G LoRLS R4 G IATHER By 1614
fluorescent %0rayithatysilgrgshownlues Pibke lemendr B pampdy sybgsitwteeoanpl e
1 egce% tha}] caggiﬂae@l dHAler k8l st Qfn tilﬂﬁtﬁ@nm&igtoinﬁm _ﬁélﬁhV!ftei,nfEEhbi@g?a'nr]; wer e
used. e ot her C . i t r re in the
firing at m)spher8r\1/:v§&s(—f%(felggafgﬁg%?ig%’mglgﬁ%ﬁ% ﬁg %‘%?’%an‘%r %??%H 06 June
2003 t enper at ur e SaaErEkqrefagegtizatgenjynteoeglier i vatugsr gf ¥ olef®t t@ o " N
OUOOMN OM @Qeds {mfzoveefXyv 11D sdthfafién 'maghdtizatiach @and/686 O ~ 0 O~

OH~D NN r,50 Ehkggfkopic magnetic field. With too larger values of y,
element M cannot substitute or form a solid solution in the
hexagonal ferrite, and substantial losses of anisotropy

constant (K;) and anisotropy field (H,) occur even when

element M can substitute and form a solid solution. Too
20 smaller values of z increase the amount of a nonmagnetic
phase containing strontium and element R to detract from

saturation magnetization. Too larger values of z increase
the amount of o-Fe,0; phase or nonmagnetic spinel ferrite

phase containing element M, also lowering saturation

25 magnetization.

If x/y in formula (I) is outside the range, a valence

equilibrium would not be established between elements R and
M, with a likelihood to form hetero-phases such as W type
ferrite. When element M is a divalent ion and element R is

30 a trivalent ion, x/y = 1 is generally set from the
standpoint of valence equilibrium although an excess of R
is preferred as previously mentioned. The reason why the
permissible range of x/y is greater when x/y is in excess
of 1 is that an equilibrium in valence is established

35 through reduction of Fe’" to Fe® even if y is small.
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06 June 2003 For the magnets of the conposition shown in ﬁpl e ?% t he
rel ati onship of magnetic properties to the firing tenpera d4ng Qﬁovvn in
the graph of FIG 2. As seen fromFI G 2, the conparative exanple 5
conposition experiences |large variations in coercivity when the firing
t enperature was changed. The inventive exanple conposition, that is, the
conposition in which the faronile (& irepfAseh{ia-hel 2bhShs Hridngi tFe cont ent
fl gllthvvi tPihn the %Bﬂtﬁl:a{'i&f roa:r}gleﬁ @dpeertio_elt@s:% igte,ﬁsvth\i;@hi af.%m foR egt@_rci vity
an e conparative exanmple co sition at .1 s e c ition in
whi ch either one S&P lfli*nleo"éet)%ﬁ'l cc?’g??%iq{lﬂﬁ-‘ﬂg(?—%t-rﬂ PEIFP SRS qglp& Soht ent
falls outside thdivpéerti @llaRgeara FmVaApRe, K S dt-epBd fraydet STRE t he
conmposi tion (8s @ambeRi dEbxRyehl 806mscaARLe)-with ahel ¥9be)oshpwiadi R dmdl e

3-2 were prepare S, 1 e e t ot cal.ci ' . t he

conposi ti gn ghom%hlgnvﬁiz}b%%g?%'véfr eg%ﬁaggd. ’E}Eeéreo?%e%fgtg Eg}tgg%%?%%l% t hat

t he oxygen parti &hapr exedaie vefapates ihg A§Eht YRpHéee fhadng iakawsabere 05 at m

and t he f}ri Ing t egpacaidl) Eovasxamybe, aFuﬂ.t}?eﬁQﬁ.r_el,tftlﬁhcn@Edrbhais t2 ge R
t ene : : e ro

o e Sach sty Yo AUnCaE, BESLEVIA K Ciele A0, 20, 0ol

of Exanple 3A-1, 1 npar at xanpl e group B of
Exanpl e 3B- 110ExRREFEPRELY IRat Chipmrckenge Bxapiadess, oandf i d8ptC of
Exanpl e 3C- 1, Exaapkrc8Edimandliarpdsatiye S8@osSsdbplitBGhathithe ¢lmmeatount
of Ca was changegh tackhangevhie avatdd ti¥sobafetd tRELRtQEse Gatidhces,
{A+R-(Fe+N®/12}/§hé proportion of oxygen to the metal elements varies.
Although it is assumed throughout the specification that
15 the number of oxygen atoms is 19 independent of the type of
R and the values of x, y, and z, the actual number of
oxygen atoms may somewhat deviate from the stoichiometric
compositional ratio.
The composition of magnet can be measured by
20 fluorescent X-ray quantitative analysis, for example. The
presence of the above-described major phase 1s confirmed by
x-ray diffractometry, electron diffractometry, etc.
In order to increase the saturation magnetization and
coercivity of the magnet, element A 1s preferably at least
25 one of strontium (Sr) and calcium (Ca) and most preferably
strontium. The proportion of Sr+Ca in A is preferably at
least 51 at®, more preferably at least 70 at%, and most
preferably 100 ats%.
Element R is preferably at least one of lanthanoids,
30 more preferably at least one of light rare earth elements,
further preferably at least one of lanthanum (La),
neodymium (Nd), and praseodymium (Pr), especially with
lanthanum being essential. The proportion of lanthanum in
R is preferably at least 40 at%, more preferably at least
35 70 at%¥. For improved saturation magnetization, it is most
preferable to use only lanthanum as R. This is because

-14-
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June 2003 For the mpgneats .Qf (108, :GRAROSIHdORLShOMND o Be TR Em3dg {64 _
rel ati onship of magnetic properties to the atomc ratio {A+tR-(Fe+M/12}/Si

is shown in the graphieof Wt haxagmgltHetynsl eFHHEhitS B RAEGReti c

properties to the,CalsS L£0nkePte $IQWBrEibd Re TaaRlan0h FA G 4. tds sagn from
FIG 3, a conparison of rragneti]gﬁ)r oEerti es anong groups. B and C reveal s
&P

. A,
that a very hisgh %8efRe¥A% yEi &° BHShES RnedHWPdnPe 1RE°85P2I 32 W't hi n
the specific rangecpresgidnked Eye taheuhbventsoend ddlaitibs,ofldf chenonvwenti on
ensures that the magnet has a hj gh coerci vitg when fired at .a | ow oxygen

partial pressureiPREFRTTT F§°t 0™ HEALSRT cHRA f“ygré?%lp%%?pﬁté AP e “ca0
content of Conpalegteve. Exarpben3itidds ukesst thamuthe(Binventadrmangraapise in
composi tion of gﬁ;%gguéiig%J%eggggétgﬁ%ncg éﬁ&i%%egé&ﬁg;a%égngﬁa sinteraing
10 temperature can be lower.

Element M must contain ccbalt. The proportion of
cobalt in M is at least 10 at% and more preferably at least
20 at%. If the proportion of cobalt in M is too low, the

15 improvement in coercivity becomes insufficient.
Boron oxide B,05 may be contained in the magnet.

Inclusion of B,0,; is effective for lowering the calcining
and sintering temperatures, which is advantageous in
manufacture. The content of B,0; is preferably up to 0.5%

20 Dby weight of the entire magnet powder. Too high contents
of B,0; would lower saturation magnetization.

The magnet powder may contain at least one of sodium
(Na), potassium (X), and rubidium (Rb). The total content
of Na, K, and Rb is preferably up to 3% by weight of the

25 entire magnet powder when they are calculated as Na,0, X,0,
and Rb,0, respectively. Too large contents of these
elements would lower saturation magnetization. Provided

that these elements are represented by MI, the ferrite

contailns MI, for example, in the form of

30 ST, 3.2aRM a0, aF€1; Mg 30y,
Preferably, letter g is 0.3 < a £ 0.5. Too larger values
of g would give rise to problems that the saturation

. . I
magnetization lowers and more of element M  evaporates



15 conpositions of groups B and C. That is, the Ca0 content of Conparative
Exanpl e 3C is not excessive or short, as conpared with the inventive
exanpl e conpositions. It was believed in the prior art that the coercivity
of strontiumferrite nmagnets is largely affected by the 20 content of Ca0
as an additive. It is seen fromFIGS. 3 and 4 that when fired at a | ow
oxygen partial pressure, the coercivity wdely varies de glqu§g%t
atomc ratio {A+tR- (Fe+tM/ 12}/ Si rather than the Ca0 conte f ound
that when Bi substitutes for part of La 25 in the strontiumferrite nmagnets
in the above Exanples, the addition of Bi is effective for |owering the
calcining tenperature. That is, the calcining tenperature at which optinum
properties are obtainmlHiecing.shifted to a | ower tenperature side without

substantial degradatiaf QhadPi&Pe% Cltﬁéta‘bov% @gﬁgng f %te§etﬂa§ hs, above
Exanpl es were found when sintered gnets of the composition In which part

of La was repl acEOPIRINEMst AEF §XA"® §arf'?| eﬁr’em&ﬁt’ Y&r &Y%r dpar 88: %Rt KBugh
| ant hanum car bon¥t eNlan®acoBbl tADxiWde andrido 35 adddd farn.heThealanntedts

materials as §heopogleaddinbhi¥Rss ) %aheﬁlmeaﬂﬁm,@fae Yem lar effects to
t he above Exanpl

f t t
of these corrpounﬁg %é}lé’"ﬁgaéﬂ ?%"ptcﬁg%%?’ér t?’?’?g%ﬁamrfglbé’ %ﬁgf %’%gﬁ :;m'tjﬂes
post - addi ti ves. Holhkium oxtife. el ¢t Stwey ewsslidhghof yindigmn oadet hap pgostl $

addition. 5 The sini&ifpd asagnﬂtrsnﬁr eraged 4 tbhg%abpmllémrrak &fadMys@ um

measured for Curle enper at u the follo PLO dure. Sty t he
si ntered magnet vvasérfaéw %edgignlf’ywel Lt %sa Qr chcﬁe' 8 § mo aycyl i nder

havi ng a di at®t eFedghs afmtakanumeixdae . ofP %5 3r‘hﬁ°Y eiphitdiofegiveaniom ¢
axis. 10 Next, tbeig&/pipe tvass magnetighedontgedmanym \(Sildey, apptyisg by
magnetic fiel d OLefQP&‘tonQiKQ?xidh t l&g gbrﬂ:tﬂyoﬁ § h’E d?"v%na ’o:é’!dteh the

magnetic field generatln% current win Zero netlc
field of about 5BPCE® v ﬁeﬂﬁf%ﬁted’fbi?i?h’eu'? é’§ﬁlﬂﬁal W@tl b t‘I"
magneti c 15 pol etantalvam ogdddualp Mgﬁetbzaddi@htobftmns@mwl exide t p to

direction of1& axksppneilghe BP”&%@%&HV Sx e %6”?4%3)/%@ gheastired at the

sane tinme. A a-T,curve as heatin of t he
sanpl e was carri Eﬂn%ﬁe’bfxégﬁea?rb‘? Ui §ﬁo§%e\(ll¥’%'al’”8€l§%ﬂt %nu"Th gatl ng
rate was 20 abou he a-T curve thus obtained, Curie

t enperatures were det ereraatned ra@mfddbmgpfépéﬂagab@aaﬁ@aﬁrﬂ bedd@g&ﬁ%ure As
a result, the magnets e&&ggﬁgj 5 1dE ttg% nq:llg)ﬁa e}\{s@% fogp t Q. have two
rie al PI

Curie tenperatures ower era ure t he
range of 430%%0 ﬁﬁB@%r?d“‘Pl’r@eﬂltg‘?‘i’é’r °éuP|’éa‘f é‘}?ﬁéFé?hr@“fd&F] tﬁgf‘i”ﬁ“ e range
of 450 to 460C. $hetemd magaktaRT) of the magnetization (al) at the | ower

Curie tenperature to g %Gﬁsalczfatplrgaaf )a %szégtéﬁ%lzpbﬁdép%s @t
anal ysis by x- ray

fract r wer e, f.ound M 30
B iy el ol R Pt £ R TS Al PP e Bt & o
t he conposition Qﬁemei% t’{léiblleh&%depbafé@m@@ﬁlpn % gadicddathen athédy
strontium 352§ er ai &6- fFR@IH taONdRintitRgd Ler ailirceh¥hhaPsypahediHyndthdd- 40

08 aune 2003 poskeRCildd:odoTROLEL, eldkl 89 J4R+58R LYk Byd, m xed gas
at nosphere consi St ﬁP NIt rogen gases atm) ile the
oxygen concentraffd ‘Fﬁ‘gt ﬁéef’rrlﬁﬁflataﬁﬁgf)here was changed by controlling
the flow rates of the Bagases.materiaiygare cixeanandtitemn icaltimked iimtoga

at nosphere is pl ghigfhdd ol 5pheTlaS§@1§adﬂtb%a§dim&%%e&fa@edf%qsured for
coer ci vi ty ( Jﬂne 003 a~ a

J thter | t own
E | | )EPT‘ in ESLI = %PF E?%FEVHS Cpgecfaw matFria

The raw material powder is molded and then fired.

Even when the oxygen partial pressure in the firing
atmosphere and/or the firing temperature (holding
temperature) fluctuates during the firing step, the

35 inventive magnet having the above-defined composition
undergoes minimized variations of magnetic properties,
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oNIl ro~, aow.cU~O~~dpsd00OCo0rri MN+~ HHOWNtr~ OG ~d
N+~ .~""", rl ONUE1NOWUO Ha~n -42 06 June 2003 As seen from
FIG 5, the coercivity of the Sr ferrite magnet containing La and Co wi dely
vari es depending on the oxygen concentration in the firing atnosphere
whereas the coercivity of the prior art Sr ferrite magnet free of La 5 and
Co little depends on the oxygen concentration in the fi riﬁg mkg)@gere

is noted that the LaCo-contai ning magnet shown in FIG 5 sJ

ratio {A+R(Fe+M/12}/Si outside the specific range prescribed by the
invention. 10 As is evident fromboth the results shown in FIG 5 and the
results of the above Exanples, the control of Si content and atomc ratio
(A+R- (Fe+M / 12}/ Pspesealsy & uﬁhmméﬁ fvagtiaendy othedeappyied, rcanf:emiatrec

Rgnel s contai 0l g LGB! Soft Ak M: 47 on O JHREL 0%l I 1

ferxite magnet havin exag onal rertit e iT si ng A R
Fe, Mand Si as g aé‘l”(-:frﬁamn V\)h%rcéiyﬁe?-\ Pé’ﬁ)‘?@erﬁ’ﬂ@sﬁ‘t‘r? ée{bt snéisingrent
sel ected fromt heatgwetReroOns sbi Bg ®f155atmBa, esgrecdadlPbup Ra epreseth s at

| east _one el eqeninsql el e JhRThhale £ARLA 6L AIRNLE G 86 LHHRs0kaY) and

Hi; and Mrepresents t ement m xture consistin Co and at

| east one 10 el efSiRaER| ¥4 b B thﬁPoﬁﬁr'&’d”r?m%FFﬁ‘ér%f I'ﬁsAl AlEe and
N, wherein the phepénvemticwf i€osuecedsfnlain|relsimiznat the vardakheriaf t he

content of Si Oz ixm g;aeglé%z%pgr@EQ mcﬁgﬁlfom&%%igflwt@l 0X' des are

determ ned provided that, the are presen S and
the atonmic rati océ’e\ll'gﬁvbffy{ﬁ"-ﬁnl?e’her( I’—tg’fl\/ﬁfi'i}?%l Mo P by f? 35 2. The
ferrite nmagnalp ofovelrathe lraMiRr 0EnNsddee pPoL P& dnipras 20 of rret al elenents A,

R, Fe, and M each in total,  axe: tQ 10 at-~s ,
Fe: 80 to 95 ate, and r&ﬁ’x th?opﬁe%reragscﬁﬁgje%"@n Pﬁdern"frllircé1 gpmunt of the
met al el ements. EnWhéiY%quw@tnﬁgmnuéﬁcé}laﬁnaFeoﬂGECW% has at | east
two distinct Curie tenpes altaresngWdiddribak| used tdie bRD@E wiwaéde, ter 480C and

differ from eaChep%ufaQE'F btyf aéom%%h%@%ﬁf& s::onvt%ﬁ: #LGQ% gQPg’es up-ggefgﬁfﬂd te

magnet of any on al ns erein rrlte CO 05|t|on I's
represented By t HETF 8KABN g CPSP%‘?%“(I)“YQP’,%:FSFS( BafonifgAtes.) e | ) 5
wherei n 0. 045x<_(nedn Padicleydiam@tex) BSrhy<startdmg Ba¥éridlls 1@ Bot A et hod

for preparing thefigikhi Car@dugh 2fmédly paPeioie WidindBet &0 fhoueObPii&d N
the step of fixing a nolded body of a raw material powder to forma

sintered magnet, M g Wﬁf(ﬁ¥r§tiep MR g o YRS pAF PP X it dSuPEEf Sratiy

firing atnosphereif ltuet g or 45£6ne HowaeRt WSk Ofpramaiin Parienesn the
oxygen parti al pressure inthe firing atm)sghere | owers _bel ow Q.15 atm for

at least a difat iRfefeRabhe Have agnerparsgcre HNaRstREIOF AP gPefalfng t he

ferrite magnet ofesavigiey Qfp &babl® p@m t Opd tHPERREEELNG nidterghep of firing a
nol ded body of a raw material powde o forma sintered nmagnet, during

whi ch step firinfPeApBRIAY LFr1€'“IePGcf‘uaFl é’é’drg"léf?lé:’rrré’taﬁBﬂn%'fe dfy one of
clainms 5 to 7 whansiferably esstd shececipdsntiigioly stabdg durirsastoyage of t he

magnet constituent el eﬁEﬁﬁudt&oﬁdﬂﬁ%é&rﬁlifd&dﬂ@.d:d”@ﬁ@rirﬁ'anobx@éﬁir@ es

g?m 2”‘;}39 NeXA00NAoshRELL ! GRS eFalTH OF 232 PRAIR4 ARG QNG (RYn 0L 1gaNd
critical although the holding temperature 1s usually 1,000

to 1,350°C and the holding time is 1 second to 10 hours,

especially 1 second to 3 hours. The calcined body has a

ferrite structure of substantially the magnetoplumbite type
30 and its primary particles preferably have a mean particle

diameter of up to 2 um, more preferably up to 1 pum, further

preferably 0.1 to 1 um, most preferably 0.1 to 0.5 um. The

mean particle diameter may be measured by means of a
scanning electron microscope.
35 In the practice of the invention, Si0O, is preferably
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06 June 2003 -~6 9. The nethod of claim$ wherein the at | east one of the
magnet constituent elenents is at | east one el enent selected fromthe
elenments Rand M 5 10. The ferrite nagnet substantially as herei nbefore
described with reference to the exanples and fi gures.
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additives preferably have a mean particle size of about 0.1
to 2 um.
The amounts of post-additives are described in more
detail. For example, when it is desired to produce a
20 sintered magnet containing
Sr:La:Fe:Co = 0.8:0.2:11.8:0.2,
raw materials are admixed in a ratio:
Sr:Fe = 0.8:9.6 (= 1:12),
the admixture is calcined, post-additives are added to the
25 calcined material in a ratio:
La:Fe:Co = 0.2:2.2:0.2,
and the mixture is fired, whereby a sintered magnet of the
desired composition is obtained.
Alternatively, raw materials are admixed in a ratio:
30 Sr:Fe = 0.8:11.8 (= 1:14.75),
the admixture i1s calcined (resulting in a two-phase state
of M type strontium ferrite and o-Fe,0,), post-additives
are added to the calcined material in a ratio:
La:Co = 0.2:0.2,
35 and the mixture is fired, whereby a sintered magnet of the
desired composition is obtained.
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10PPq8r Kr rr s2t x\the=LCuryje ggpmgr@}uze depends on the percent substitutions
15 of La and Co, especially the percent substitution of La, it
is believed that the presence of a plurality of Curie
temperature reflects the presence of a concentration
distribution of La and Co within crystal grains.
Next, the molding step and the preceding step of
20 pulverization are described.

For the molding of the raw material powder, a wet
shaping method is preferably utilized. Wet shaping is
carried out using a molding slurry containing a raw
material powder, water as a dispersing medium, and a

25 dispersant. In order to enhance the effect of the
dispersant, a wet pulverizing step preferably precedes the
wet shaping step. When calcined powder is used as the raw
material powder, a dry coarse pulverizing step for coarsely
pulverizing or disintegrating the calcined powder

30 preferably precedes the wet pulverizing step because the
calcined powder is generally granular. It is noted that
when the raw material powder is prepared by a co-
precipitation or hydrothermal synthesis method, the dry
coarse pulverizing step is generally omitted and the wet

35 pulverizing step is not essential although the wet
pulverizing step is preferably provided in order to further
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surface area of about 4 to 10 m?’/g. The pulverizing means

is not critical and use may be made of, for example, dry

vibratory mills, dry attritors (media agitating mills) and

dry ball mills, with the dry vibratory mills being

15 preferably used. The pulverizing time may be determined as
appropriate depending on the particular pulverizing means
used. When some starting materials are added subsequent to
calcination, they are preferably added during the dry
pulverizing step. For example, it is preferred to add at

20 least parts of Si10, and CaCO, (which converts to Ca0O upon
firing) during the dry pulverizing step.

The dry coarse pulverization is effective for
reducing coercivity HcB by introducing crystal strains into
the calcined particles. The drop of coercivity restrains

25 agglomeration of particles, improves dispersion and also
improves the degree of orientation because of becoming
magnetically soft. The particles once turned to be
magnetically soft will resume intrinsic hard magnetism in
the subsequent sintering step.

30 After the dry coarse pulverization, a pulverizing
slurry containing the pulverized particles and water is
prepared and subjected to wet pulverization. The content
of the raw material powder in the pulverizing slurry is
preferably about 10 to 70% by welight. The pulverizing

35 means used in wet pulverization is not particularly limited
although ball mills, attritors and vibratory mills are
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Concentration may be effected by centrifugal separation or
the like. The amount of the raw material powder contained
in the molding slurry is preferably about 60 to 9%90% by
weight.

10 In the wet shaping step, the molding slurry is shaped
in a magnetic field. A compacting pressure of about 0.1 to
0.5 t/cm* and a magnetic field of about 5 to 15 kOe may be
applied.

Although the use of a non-aqueous dispersing medium

15 in the molding slurry is preferred because a high degree of
orientation is obtained, the present invention favors the
use of an aqueous dispersing medium for reducing the burden
on the environment. To compensate for a drop of degree of
orientation dque to the use of an aqueous dispersing

20 medium, a dispersant is preferably incorporated into the
molding slurry. The dispersant used herein is preferably
an organic compound having hydroxyl and carboxyl groups or
a neutralized salt thereof or a lactone thereof, an organic
compound having a hydroxymethylcarbonyl group, or an

25 organic compound having an enol type hydroxyl group
dissociable as an acid or a neutralized salt thereof.

Understandably, when the non-aqueous dispersing

medium is used, it is obtained by adding a surfactant such
as oleic acid to an organic solvent such as toluene or

30 Xxylene as described in JP-A 6-53064. The use of such a
dispersing medium allows a high degree of magnetic
orientation of about 98% at maximum to be accomplished even
when difficult-to-disperse ferrite particles of submicron
size are used.

35 The above-described organic compounds are those
having 3 to 20 carbon atoms, preferably 4 to 12 carbon
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atoms is 2 or less, the effect of improving a degree of

d with an oxygen atom. If the number of carbon

5 orientation becomes insufficient. Also, the effect becomes
insufficient with organic compounds of at least 3 carbon
atoms, but having hydroxyl groups attached to less than 50%
of the carbon atoms other than the carbon atom forming a
double bond with an oxygen atom. The bonding proportion of

10 hydroxyl groups is limited for the above-described organic
compounds, but not applied to the dispersants themselves.
For lactones of organic compounds having hydroxyl and
carboxyl groups (i.e., hydroxycarboxyllc acids) as the
dispersant, for example, the limited bonding proportion of

15 hydroxyl groups is applied to the hydroxycarboxylic acids
themselves, but not to the lactones.

The basic skeleton of the above organic compounds may
be chain or cyclic and be saturated or contain unsaturated
bonds.

20 Illustratively, hydroxycarboxylic acids or
neutralized salts thereof or lactones thereof are preferred
as the dispersant. Especially preferred are gluconic acid
(C=6, OH=5, COOH=1) or a neutralized salt thereof oxr
lactone thereof, lactobionic acid (C=12, OH=8, COOH=1),

25 tartaric acid (C=4, OH=2, COOH=2) or a neutralized salt

thereof, and glucoheptonic acid y-lactone (C=7, OH=5). Of
these, gluconic acid or a neutralized salt thereof or
lactone thereof is preferable for the augmented effect of
improving the degree of orientation and low cost.
30 Sorbose is preferable as the organic compound having
a hydroxymethylcarbonyl group.
Ascorbic acid is preferable as the organic compound
having an enol type hydroxyl group dissociable as an acid.
It is noted that citric acid or a neutralized salt
35 thereof can be used as the dispersant in the practice of
the invention. Citric acid has hydroxyl and carboxyl
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The degree of orientation achieved by magnetic field
orientation is affected by the pH value of the slurry.

More particularly, at too low pH, the degree of orientation
becomes lower and the remanence after sintering is affected

5 thereby. When a compound which exhibits acid properties in
an aqueous solution, for example, hydroxycarboxylic acid is
used as the dispersant, the resulting slurry has a low pH.
Accordingly, it is preferred to adjust the pH of the slurry
as by adding a basic compound along with the dispersant.

10 The preferred basic compounds are ammonia and sodium
hydroxide. Ammonia may be added as ammonia water. The use
of a sodium salt of hydroxycarboxylic acid is also
effective in preventing pH lowering.

When Si0, and CaCO, are added as the raw materials,

15 the use of hydroxycarboxylic acid or a lactone thereof as
the dispersant allows SiO, and CaCO, to be carried over
along with the supernatant of the slurry mainly during
preparation of the molding slurry, resulting in a drop of
HcJd and a loss of the desired performance. Also, if the pH

20 of the slurry is increased as by adding the basic compound,
the carry-over amount of SiO, and CaCO, is increased. By
contrast, the use of a calcium salt of hydroxycarboxylic
acid suppresses the carry-over of 5i0O, and CaCO,. It is
noted that when the basic compound is added or when a

25 sodium salt i1s used as the dispersant, any shortage of the
Si0, and CaO contents in the magnet can be prevented by
adding Si0, and CaCO, in excess of the desired composition.
When ascorbic acid is used, the carry-over of Si0O, and
CaCO, is little ascertained.

30 For the above reason, the slurry is preferably at pH
7 or higher, and more preferably at pH 8 to 11.

No particular limit is imposed on the type of the
neutralized salt used as the dispersant. Any of calcium,
sodium and other salts may be used although a calcium salt

35 is preferably used for the above reason. If a sodium salt

is used as the dispersant or ammonia water is added, there
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arise problems including the carry-over of auxiliary

components and a likelihood for a compact or sintered body

to crack.

It is understood that a mixture of two or more
5 dispersants may be used.

The amount of the dispersant added is preferably 0.05
to 3.0% by weight, more preferably 0.10 to 2.0% by weight
based on the raw material powder. Too less amounts of the
dispersant would achieve an insufficient improvement in the

10 degree of orientation. With too much amounts of the
dispersant, a compact or sintered body is likely to crack.

It is noted that if the dispersant is a compound
ionizable in an aqueous solution, for example, an acid or
metal salt, the amount of the dispersant added is

15 calculated as an ion. That is, the addition amount is
calculated as the organic moiety with the hydrogen ion or
metal ion removed. When the dispersant is a hydrate, the
addition amount is calculated with the water of
crystallization removed. For example, when the dispersant

20 used is calcium gluconate monohydrate, the addition amount
is calculated as a gluconate ion.

Also, when the dispersant is a lactone or contains a
lactone, the addition amount is calculated as a
hydroxycarboxylate ion provided that the lactone opens all

25 its rings and converts into a hydroxycarboxylic acid.

The time when the dispersant is added is not critical.
The dispersant may be added during dry coarse pulverization
or during preparation of a pulverizing slurry subject to
wet pulverization, or in divided portions, with one portion

30 Aduring dry coarse pulverization and the remaining portion
during wet pulverization. Alternatively, the dispersant
may be added under agitation after wet pulverization. Any
of these procedures results in the molding slurry
containing the dispersant therein, with which the effect is

35 accomplished. It is understood that a higher degree of

orientation is obtainable when the dispersant is added
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during pulverization, especially dry coarse pulverization.

It is believed that a vibratory mill used for dry coarse
pulverization imparts greater energy to particles and
elevates the temperature of particles higher than a ball

5 mill used for wet pulverization, so that the particles may
take a sufficient state for chemical reaction to proceed.
It is thus believed that if the dispersant is added during
dry coarse pulverization, a more amount of the dispersant
is adsorbed on surfaces of particles and as a result, a

10 higher degree of orientation is obtainable. In fact, on
measurement of the amount of the dispersant remaining in
the molding slurry (which is deemed substantially equal to
the adsorption amount), the ratio of the residual amount to
the addition amount is higher when the dispersant is added

15 during dry coarse pulverization than when the dispersant is
added during wet pulverization. It is noted that in case
the dispersant is added in divided portions, the amounts of
respective portions are determined such that the total
addition amount may fall in the preferred range.

20 After the wet shaping step, the compact is dried and
heat treated in air or nitrogen, preferably at a
temperature of 100 to 500°C for fully decomposing off the
dispersant added. The drying and heat treating steps may
be continuously carried out. If the compact is rapidly

25 heated before it is fully dried, cracks form in the compact.
It is then preferred to slowly heat the compact from room
temperature to about 100°C, at which temperature range the
compact is fully dried. The heat treatment is followed by
firing, obtaining a sintered ferrite magnet. The holding

30 temperature during the firing step is preferably 1,150 to
1,250°C, and more preferably 1,160 to 1,220°C, and the time
of holding at the temperature is preferably 0.5 to 3 hours.
As previously described, the holding step is not involved
in continuous furnaces or the like, and even in that case,

35 the ferrite magnet of the invention has satisfactory
performance.
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The magnet of the invention preferably has a mean
crystal grain size of up to 2 um, more preferably up to 1

pm, and most preferably 0.5 to 1.0 pm. The magnet of the

invention exhibits a fully high coercivity even when the

5 mean crystal grain size is in excess of 1 um. The crystal

grain size can be measured by means of a scanning electron

microscope. The resistivity is usually 10° Om or higher.
It is noted that a sintered magnet can also be
obtained by disintegrating the compact by a crusher or the
10 like, classifying the granules through sieves to collect a

fraction of magnetic field orienting granules having a mean

particle size of about 100 to 700 pm, and dry shaping the
fraction in a magnetic field, followed by sintering.
Because of the inclusion of elements R and M, the

15 ferrite magnet of the invention has a high coercivity and a
high remanence. More particularly, provided that the
inventive magnet is of the same shape as conventional
ferrite magnets free of the relevant elements, the
inventive magnet, which generates a more magnetic flux

20 density, contributes to improvements in the performance of
applied products, for example, the achievement of higher
torque in the case of motors, and the achievement of sound
quality with improved linearity due to the strengthened
magnetic circuit in the case of speakers or headphones.

25 Also, if applied products may have the same function as the
prior art ferrite magnets, the dimensions (thickness) of
magnets can be reduced (thinner), contributing to size and
weight reductions (flattening). Also, in the case of
motors using wound electromagnets as the field magnet, the

30 ferrite magnets can substitute for the electromagnets,
contributing to weight reduction, manufacturing process
shortening and cost reduction. Because of the improved
temperature properties of coercivity (HecJ), it becomes
possible to use the ferrite magnets in low-temperature

35 environments where conventional ferrite magnets have the

-29-



10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--x[>n4d4a la 10%p& ()--a
10%p& ()--a 10%p& ()--a 10%p& ()--Mgde n44a 10%p& ()--a 10%p& ()--a
10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--X[>n44a la
10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--Mgde n44a 10%p& ()--a
10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a
10%p& ()--xVvVan44!a 10%p& ()--'a 10%p& ()--a 10%p& () == z?]
10%p& ()--M qde xV444!a 10%p& ()--'a 10%p& ()--'a 10%pP&June.4093
10%p& ()--'a 10%p& ()--'a 10%p& ()--sQ 444'a 10%p& ()--('a
10%p& ()--(a 10%p& ()--Mgde !'a
risk of low-temperature demagnetization (permanent
demagnetization). The reliability of products used in cold
districts and high altitude zones is significantly improved.
Even when firing conditions are inconsistent, the invention
5 permits ferrite magnets having excellent properties as
mentioned above to be produced on a mass scale. The
invention provides a great contribution to cost reduction
as by permitting the use of a continuous gas furnace.
The magnet of the invention is worked into the

10 desired shape and finds a wide variety of applications as
described below.

The magnets are advantageously used in automotive
motors for fuel pumps, power windows, ABS, fans, wipers,
power steering, active suspensions, starters, door locks

15 and mirrors; motors for business machines and audio-visual
equipment such as FDD spindles, VCR capstans, VCR rotary
heads, VCR reels, VCR loading, VCR camera capstans, VCR
camera rotary heads, VCR camera zoom, VCR camera focus,
tape cassette capstans, CD, LD, and MD drive spindles, CD,

20 LD and MD loading, CD and LD optical pickups; motors for
household appliances such as air conditioner compressors,
refrigerator compressors, electric tools, fans, microwave
oven fans, microwave oven plate rotation, mixer driving,
dryer fans, shaver driving, and power toothbrushes; motors

25 for factory automation equipment such as robot shafts,
connection drives, robot drives, machine tool table drives,
and machine tool belt drives; and miscellaneous units
including motorcycle generators, speaker magnets, headphone
magnets, magnetron tubes, MRI magnetic field generating

30 systems, CD-ROM clamps, distributor sensors, ABS sensors,
fuel/oil level sensors, and magnet latches.

EXAMPLE

Example 1
35 Powders of SrCo,, Fe,0,, Si0, and CaCO, as raw
materials were blended, mixed and pulverized for 2 hours in
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a wet attritor, dried and classified, obtaining granules.

The granules were calcined in air at 1,250°C for 3

hours, obtaining a calcined material. The composition of
the calcined material as determined by fluorescent x-ray
5 analysis is shown in Table 1-1.

Next, SiO,, CaCO,, lanthanum carbonate La,(CO,),*8H,0,
and cobalt oxide (a mixture of Co,0, and Co0O) as post-
additives were added to the calcined material, and 0.6% by
weight of calcium gluconate added to the mixture, followed

10 by 20 minutes of dry pulverization in a batchwise vibratory
rod mill, obtaining a coarse pulverized powder. Next, Fe,Q,
was added to the coarse pulverized powder, followed by 40
hours of wet pulverization in a ball mill. By
concentrating to a concentration of about 78%, a molding

15 slurry was obtained.

The molding slurry was compression molded while
removing water therefrom, obtalning a compact of 30 mm
diameter and 18 mm high. During the compression molding, a
magnetic field of about 13 kOe was applied in the

20 compression direction. The molding pressure was 0.4 t/cm?.

Next, the compact was fired into a sintered magnet
and worked on the upper and lower surfaces. Then the
magnetic properties and sintering properties of the
sintered magnet relative to the oxygen partial pressure in

25 the firing atmosphere were examined. Firing was carried
out in a mixed gas atmosphere consisting of oxygen and
nitrogen gases (1 atm.) while the oxygen partial pressure
in the firing atmosphere was changed by controlling the
flow rates of the gases. The heating rate and cooling rate

30 in the firing step were 5°C/min, the firing temperature was

1,220°C, and the time of holding at the firing temperature
{holding time) was 1 hour.
The composition as determined by fluorescent x-ray
analysis of the sintered magnet which was evaluated for
35 magnetic properties is shown in Table 1-2. It is
understood that the composition shown in Table 1-2 is that
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With respect to the magnets of the composition shown
in Table 1-2, the relationship of magnetic properties
(coercivity HcJ, remanence Br and squareness ratio Hk/HcJd)
to oxygen partial pressure pO, during firing is shown in

5 the graph of FIG. 1.

As seen from FIG. 1, within the composition of the
inventive Examples, that is, the composition in which the
atomic ratio {A+R-(Fe+M)/12}/Si and SiO, content fall
within the specific ranges, magnetic properties at least

10 comparable to firing in air are obtained even when firing
is done in an atmosphere having an oxygen partial pressure
of 0.05 atm., and little degradation of magnetic properties
was ascertained even when firing is done in an atmosphere
having an oxygen partial pressure of 0.01 atm. More

15 4llustratively, when the oxygen partial pressure is
decreased from 0.20 atm. to 0.01 atm., a coercivity drop of
more than about 400 Oe is ascertained with the composition
in which either one of the atomic ratio {A+R-(Fe+M)/12}/Si
and SiO, content falls outside the specific range. 1In

20 particular, for the comparative example composition with
which a coercivity surpassing that of the inventive example
composition is obtained at an oxygen partial pressure of
0.20 atm., a coerclvity drop as large as about 1500 Oe as a
result of a lowering of oxygen partial pressure is

25 ascertained. In contrast, the coercivity drop associated
with the inventive example composition is less than about
150 Oe, and no drop of remanence is found. These results
demonstrate the effectiveness of the invention.

30 Example 2
Sintered magnets of the composition (as determined by
fluorescent x-ray analysis) shown in Table 2-2 were
prepared as in Example 1 except that calcined materials of
the composition shown in Table 2-1 were used. The other
35 exception is that the oxygen partial pressure in the firing
atmosphere was fixed at 0.05 atm. while the firing
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For the magnets of the composition shown in Table 2-
2, the relationship of magnetic properties to the firing
temperature is shown in the graph of FIG. 2.
As seen from FIG. 2, the comparative example
5 composition experiences large variations in coercivity when

the firing temperature was changed. The inventive example

composition, that is, the composition in which the atomic

ratio {A+R-(Fe+M)/12}/Si and Si0, content fall within the

specific ranges experiences less variations in coercivity

10 than the comparative example composition, that is, the
composition in which either one of the atomic ratio {A+R-
(Fe+M)/12}/Si and S1i0, content falls outside the specific

range.

15 Example 3
Sintered magnets of the composition (as determined by
fluorescent x-ray analysis) shown in Table 3-2 were
prepared as in Example 1 except that calcined materials of
the composition shown in Table 3-1 were used. The other
20 exception is that the oxygen partial pressure in the firing
atmosphere was fixed at 0.05 atm. and the firing
temperature was fixed at 1,220°C. It is noted that the
amounts of elements other than Ca were substantially equal
among
25 group A of Example 3A-1, Example 3A-2 and Comparative
Example 34,
group B of Example 3B-1l, Example 3B-2 and Comparative
Example 3B, and
group C of Example 3C-1, Example 3C-2 and Comparative
30 Example 3C,
while the amount of Ca was changed to change the quantity
of A and the atomic ratio {A+R-(Fe+M)/12}/Si.
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For the magnets of the composition shown in Table 3-

2, the relationship of magnetic properties to the atomic
ratio {A+R-(Fe+M)/12}/Si is shown in the graph of FIG. 3,
and the relationship of magnetic properties to the CaO

5 content shown in the graph of FIG. 4.

As seen from FIG. 3, a comparison of magnetic
properties among groups A, B and C reveals that a very high
coercivity is obtained when the atomic ratio falls within
the specific range prescribed by the invention. That is,

10 the invention ensures that the magnet has a high coercivity
when fired at a low oxygen partial pressure. Referring to
the coercivity graph of FIG. 4, the CaO content of
Comparative Example 3C is less than the inventive example
composition of group A, but more than the inventive example

15 compositions of groups B and C. That is, the CaO content
of Comparative Example 3C is not excessive or short, as
compared with the inventlive example compositions.

It was believed in the prior art that the coercivity
of strontium ferrite magnets is largely affected by the

20 content of Ca0O as an additive. It is seen from FIGS. 3 and
4 that when fired at a low oxygen partial pressure, the
coercivity widely varies depending on the atomic ratio
{A+R-(Fe+M)/12}/Si rather than the CaO content.

It was found that when Bi substitutes for part of La

25 in the strontium ferrite magnets in the above Examples, the
addition of Bi is effective for lowering the calcining
temperature. That is, the calcining temperature at which
optimum properties are obtainable is shifted to a lower
temperature side without substantial degradation of

30 coercivity. Similar effects to the above Examples were
found when sintered magnets of the composition in which
part of La was replaced by another rare earth element were
prepared.

Although lanthanum carbonate and cobalt oxide were

35 added to the calcined materials as the post-additives in
the above Examples, similar effects to the above Examples
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10%p& ()--la 10%p& ()--'a 10%p& ()--'a 10%p& ()--a 10%p& ()--x*8+M gde
la 10%p& ()--'a 10%p& ()--'a 10%p& ()--'a 10%p& ()--nL*'a 10%p& ()--'a
10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a

10%p& ()--x*nL*M qde 'a 10%p& ()--'a 10%p& ()--'a 10%p& ()--'a

10%p& ()--_=*Mqde!a 10%p& ()--'a 10%p& ()--'a 10%p& ()--'a

10%p& ()--a 10%p& ()--a 10%p& ()-- #xV=*M qde! a 100/¢‘)p!aqﬁl LZ%)SP --la

10%p& ()--'a 10%p& ()--'a 10%p& ()--'a 10%p& () - - #$9%& = ela

10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--Mqgde ()*+,-./ nAMa

10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a

10%p& ()--a were found even when the same amounts of these compounds

were added to the starting materials rather than as the

post-additives. However, the effects were slightly less
than the post addition.

5 The sintered magnets prepared in the above Examples
were measured for Curle temperature by the following
procedure. First, the sintered magnet was machined into a
test sample in the form of a cylinder having a diameter of

5 mm and a height of 6.5 mm in the direction of c axis.

10 Next, the sample was magnetized at 25°C by VSM by applying

a magnetic field of about 20 kOe in the direction of c¢
' axis. Next, with the magnetic field generating current

flow in the VSM set zero (a magnetic field of about 50 Oe
was generated by the residual magnetization of magnetic

15 poles), the residual magnetization of the sample in the
directlon of c axis and the temperature of the sample were
measured at the same time. A o-T curve as shown in FIG. 6
was depicted. The heating of the sample was carried out by
a heater disposed around the sample. The heating rate was

20 about 10°C/min. From the o-T curve thus obtained, Curie
temperatures were determined according to the above-
described procedure. As a result, the magnets prepared in
the above Examples was found to have two Curie

temperatures, with the lower Curie temperature falling in

25 the range of 430 to 445°C and the higher Curie temperature
falling in the range of 450 to 460°C. The ratio (cl/oRT)
of the magnetization (ol) at the lower Curie temperature to

the magnetization (oRT) at 25°C was 2 to 10%. On analysis

by x-ray diffractometry, the samples were found to have a M
30 type ferrite single phase.

Reference Example
Sintered ferrlte magnets of the composition shown in
Table 4 were prepared. It is noted that the strontium
35 ferrite magnet containing La and Co was prepared by the
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10%p& ()--/01468sQ nAM a 10%p& ()--'a 10%p& ()--'a 10%p& ()--a
10%p& ()--M qde 8: =@EGxV44M !a 10%p& ()--'a 10%p& ()--'a 10%p& ()--!a
10%p& ()--'a 10%p& ()--'a 10%p& ()--Gd IJKLMsV944M 'a 10%p& ()--a
10%p& ()--a 10%p& ()--Mqgde 'a 10%p& ()--MNOSX[ __=4M!la 10%p& ()-- 'a
10%p& ()--'a 10%p& ()--e'a 10%p& ()--a 10%p& ()--a
10%p& ()--_cghj kn4=4M a 10%p& ()--a 10%p& ()--Mqde 'g 1 fyl%gga 6% -la
10%p& () - -kl mopgrn4M a 10%p& ()--a 10%p& ()--a 10%p 6( u 0
10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--rstuwxw8ndM a
10%p& ()--'a 10%p& ()-- Mqgde a 10%p& ()--a 10%p& ()--xyz{|}~-nQ4M a
10%p& () --a 1Q9/R&athit 8ol O@PR{d.) -Ffring was carried out in a mixed

gas atmosphere consisting of oxygen and nitrogen gases (1

atm.) while the oxygen concentration in the firing

atmosphere was changed by controlling the flow rates of the

5 gases. The oxygen concentration in the firing atmosphere
is plotted in FIG. 5. These sintered magnets were measured

for coercivity (HcJ), with the results shown in FIG. 5.
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10%p&
10%p&
10%p&
10%p&
10%p&
10%p&
10%p&
10%p&

--a 10%p& ()--a 10%p& ()--a 10%p& ()--wZ=ndM a a 10%p& ()--a
--Mqgde a 10%p& ()--a 10%p& ()--nAM a 10%p& ()--a 10%p& ()--a
--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--wZ=nUM a a
--a 10%p& ()--Mqde a 10%p& ()--a 10%p& ()--nAM a 10%p& ()--a
--a 10%p& ()--a 10%p& ()--a 10%p& ()--a 10%p& ()--a

--wZ=n@4M a a 10%p& ()--a 10%p& ()--Mgde a 10%@%‘}9&)--0%
--ndM a 10%p& ()--a 10%p& ()--a 10%p& ()--a '2(9--a

--a 10%p& ()--a 10%p& ()--wBndM a 10%p& ()--'a 10%p& ()--

NN NN NN
N N N N’ N N N

Si0,

MnO Al,0, Cr,0,

Co0
2

Content mol%
81.7
5

Fe,O,
1

Ca0O | La,o,

Table 4

BaO
0.1
0.1

Sro
11.0
13

LaCo-containing Sr ferrite

Sr ferrite
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M qgde a 10%p& ()--a 10%p& ()--}[>4M aa 10%p& ()--'a 10%p& ()--'a
10%p& ()--a 10%p& ()--'a 10%p& ()--'a 10%p& ()--A>4M a

10%p& ()--Mqgde a 10%p& ()--'a 10%p& ()--'a 10%p& ()--iL*!a
10%p& ()--a 10%p& ()--a 10%p& ()--'a 10%p& ()-- a 10%p& ()--a
10%p& ()--a 10%p& ()--Z=iL*Ta 10% 10%p& ()--Mqgde a 10%p& ()--a
10%p& ()--a 10%p& ()--_=*la 10% a 10%p& ()--'a 10%p& éé -la
10%p& ()--'a 10%p& ()--a 10%p& ()--a 10%p& ()--x*=*M HHdung 2003
10%p& ()--'a 10%p& ()--'a 10%p& ()--'a 10%p& ()--dB*M qde !a
10%p& ()--a 10%p& ()--'a

10

As seen from FIG. 5, the coercivity of the Sr ferrite
magnet containing La and Co widely varies depending on the
oxygen concentration in the firing atmosphere whereas the
coercivity of the prior art Sr ferrite magnet free of La
and Co little depends on the oxygen concentration in the
firing atmosphere. It is noted that the LaCo-containing
magnet shown in FIG. 5 has an atomic ratio {A+R-
(Fe+M)/12}/Si outside the specific range prescribed by the
invention.

As is evident from both the results shown in FIG. 5
and the results of the above Examples, the control of Si
content and atomic ratio {A+R~(Fe+M)/12}/Si exerts a unique
effect only when applied to ferrite magnets containing
elements R and M.

~43-



10%p& ()--'a 10%p& ()--a 10%p& ()--a 10%p& ()--} B*Mqgde !'a 10%pé& (a
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10%p& ()--a 10%p& ()--'a 10%p& ()--pa 10%p& ()--a 10%p& ()--'a

10%p& ()--sVAH*M a 10%p& ()--a 10%p& ()--a 10%p& ()--Mqgde 'a

10%p& ()-- } >Mala 10%p& ()--a 10%p& ()--'a 10%p&' ) --!a 0

10%p& ()--a 10%p& ()--'a 10%p& ()--sve>*M Y 10%& () - 1% J98%p%%) - - M qde
a 10%p& ()--'a 10%p& ()--' CQUVWKYf| obU4 3"10%R& ()--101010 F; 10%& ()- P"
109 ()-3 " 10%& ()-3 Y'10%& ()-zfD 1k{Z9bU4  10%& ()-T 10%R& ()-T
109R& ()-T a s mMO%u& ()- !s mlo%i&'(zd wW

CLAIMS:

1. A ferrite magnet having hexagonal ferrite as a major

phase, comprising A, R, Fe, M and Si as metal elements,

L

wherein A represents at least one element selected from
the group consisting of Sr, Ba, Ca and Pb; R represents
at least one element selected from rare earth elements
{(inclusive of Y) and Bi; and M represents the element
Co or a mixture consisting of Co and at least one
10 element selected from the group consisting of Mn, Al,
Cr and Ni, wherein the proportion of Co in M is at
least 10 at %; and wherein the content of Si0O, is 1.3 to
2.0 mol% when the contents of metal oxides are
determined provided that the metal elements are present
15 as oxides, and the atomic ratio given by
{A + R - (Fet+M)/12}/si
is from 1.1 to 1.9.

2. The ferrite magnet of claim 1 wherein the proportions
20 of metal elements A, R, Fe, and M, each in total, are:
A: 1 to 13 at%,
R: 0.05 to 10 at%,
Fe: 80 to 95 at%, and
M: 0.1 to 5 at%

25 based on the entire amount of the metal elements.

3. The ferrite magnet of claim 1 or 2 which has at least
two distinct Curie temperatures, which fall in the
range of 400 to 480°C and differ from each other by at

30 least 5°C.
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4. The ferrite magnet of any one of claims 1 to 3, wherein
the ferrite composition is represented by the following
formula (I):

A;-«Rx (Fe1z2-My) -0 (I)

5 wherein 0.04<x<0.9,
0.04<y<1.0,
0.8<x/y<5, and

0.7<z<1.

10 5. A method for preparing the ferrite magnet of any one of
claims 1 to 4, comprising the step of firing a molded
body of a raw materia} powder to form a sintered
magnet, during which step the oxygen partial pressure
in the firing atmosphere fluctuates.

15

6. The method of claim 5 wherein the oxygen partial
pressure in the firing atmosphere lowers below 0.15

atm. for at least a duration in the firing step.

20 7. A method for preparing the ferrite magnet of any one of
claims 1 to 4, comprising the step of firing a molded
body of a raw material powder to form a sintered

magnet, during which step firing temperature

fluctuates.

D
vl

8. The method of any one of claims 5 to 7 wherein at least
one compound containing at least one of the magnet
constituent elements is added to a calcined materaial or
particles containing hexagonal ferrite as a major

30 phase, followed by molding and sintering.
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