~[1~~ VIl L1~~~ 1 e vl e~ ~ *159159* SPECI FI CATION  Ferrite
Magnet, and Nhkln thhod 5 TECHNI CAL FIELD This invention relates to a .
Uagnetoplu } xagonal ferrite magnet and a method for preparing
the sane. 1 ART Hexagonal strontium and bariumferrites of
t he magnet opl untshise type (Mtype) are mainly used as oxide pernmanent
magnet materials and they are manufactured into 15 sintered nagnets and
bonded nmagnets. Very inportant nagnet properties are renanence or residual
magnetic flux density (Br) and intrinsic coercivity (HcJ). The remanence
(Br) of a magnet is determ ned by gpirerdaeamiyN degree of orientation, and
20 saturation magnetization (47cls) mhlcglls determ ned by the crystalline
structure. Berrd ten Magnes Makdng, Me x degree of orientation x
density. Strontiumand bariumferrites of the Mtype have a 4nls val ue
of about_4.65 kG The density and degree of 25 orientation are limted to
about 98@60f the theory at maximumeven in the case of sintered nmagnets
provi di ng t MECHNICAES FIEaDUes of density and orientation. Therefore, t he

Br of these magne aI

i mpossible in the&§ﬁlo%kggbkg Fgg%%% % KS%SGmiyi kCinhe
i nvent ors phegegomalf @lerMWM‘@gmert @FldAallﬂetIlS’AﬂG@r é’rfeéﬁqltrkg

having a hi ghf.emanence and a high coercivity which had never been

achieved by prior art M type ferrite nmagnets. This ferrite nagnet contains
as a 35l0mj or phase a hexagonal magnetoplunbite type ferrite

BACKGROUND ART
. ' Hexagonal strontium and barium ferrites of the
magnetoplumbite type (M type) are mainly used as oxide
permanent magnet materials and they are manufactured into
15 sintered magnets and bonded magnets.

Very important magnet properties are remanence or
residual magnetic flux density (Br) and intrinsic
coercivity (HcJ). The remanence (Br) of a magnet is
determined by the density, degree of orientation, and

20 saturation magnetization (4nIs) which is determined by the
crystalline structure. Br is thus expressed as

Br = 4nls x degree of orientation x density.

Strontium and barium ferrites of the M type have a 4nls
. value of about 4.65 kG. The density and degree of

25 orientation are limited to about 98% of the theory at
maximum even in the case of sintered magnets providing the
highest values of density and orientation. Therefore, the
Br of these magnets is limited to about 4.46 kG. It was
substantially impossible in the prior art to obtain a Br of

30 higher than 4.5 kG.

The inventors proposed, for example, in JP-A 11-

154604, a ferrite magnet having a high remanence and a high
coercivity which had never been achieved by prior art M
type ferrite magnets. This ferrite magnet contains as a

35 major phase a hexagonal magnetoplumbite type ferrite
containing A, R, Fe, and M wherein A represents at least
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containing, A, R Fe, and Mwherein A represents at least -1 1 LIILII1I 111
VITESNELE VLD VL 1T 1l *G Onnm one el enent sel ected from anong Sr
Ba, Ca, and Pb, A essentially containing Sr, Rrepresents at |east one

el ement selected fromanong rare earth elements (inclusive of Y) and Bi, R
essentially containing La, and Mrepresents 5 Co or a mxture of Co and Zn
and wherein the proportions of the respective netal elenents, each in
total, are: A® 1 to 13 at% R 0.05 to 10 at% _Fe: 80 to 95 at% and 10
M 0.1 to 50BEUSBEEEAtoseLRETEAt FXOMIRRORE &F -t B nffal 3%t £ Al so,

JP-A 10- 1438%Qeﬂgilﬁh§l§§aogthihﬁhbe Ir:safag %&e%g?mfg a\lz:ﬂsieasttog?@i ti O|n
represented by rl . -.n e., - erein i §.af..| east
one eIenente%@W%BFeHGﬂPﬁﬁFEaFrN& %Hﬁngnggﬁi%?r P&fgpng e‘éﬂﬁia Ve

sel ected frem ¥, aga, Blli, RndssAntialdyl eontaindngy Land andsM irepresends : | ~
x 1~ 0.5, (x/(2.2n)). '~y = fx/(:1.8n)), YAV wd N
the i nve'ﬁt i éﬂ &sér %’%é‘&ufﬁ toﬁi gor)é gair ezglc)g?ndt %’gglfg%'?lo%héc rIr% sp%r% |n%8 otfo a
magnet i ¢ nothet respectddei medal 2iemeats.| eacd dacttodali,s angsl aced by
another element (the aRove M pgviRgsggsneller magnetic nonent than the Fe
ion 25 or being nonmagnetic in order to inprove saturation nmagnetization,
and the Sr site is repl B¢ced b§-8RotRet0 8td&ment (the above R) for electric
charge conpensation in pgrdergpotpessraich,t Rgadevel opnent of a

het er ogeneous phase. 30 DI SCLOSURE OF THE I NVENTION I n the course of

i nvestitfiting opti mum c¥rditi 8nd t@ndePt®hich the ferrite magnets discl osed
in the abovBased on the entire amount of the metal elements.

‘ Also, JP-A 10-149910 discloses a ferrite magnet
having a basic composition represented by
(Sr; R,)0°n[ (Fe, M ),0;]
15 wherein R is at least one element selected from La, Nd and
Pr, M is at least one element selected from Mn, Co, Ni and
Zn, and letters x, y and n satisfy:

0.05 < x £0.5,
{x/(2.2n)} <y < {x/(1.8n)}, and
20 5.70 £ n € 6.00.

In the invention described in this reference, the Fe ion
corresponding to a magnetic moment oriented in an
antiparallel direction is replaced by another element (the
. above M) having a smaller magnetic moment than the Fe ion
25 or being nonmagnetic in order to improve saturation
magnetization, and the Sr site is replaced by another
element (the above R) for electric charge compensation in

order to restrain the development of a heterogeneous phase.

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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patent references are manufactured, the inventors has found that nmagnetic
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
elenment. -2 Nanely, it has been found that even such fluctuations in
firing conditions that do not cause magnetic properties to vary to a

noti ceabl e extent in the case of ferrite magnets which do not contain Co,

Zn, etc. and rare earth elenents, 5 can cause nmagneti roperties to var
to a noticeNBMelYexidnhas, begd fovpdyithad, gven ﬁg’&%’eé%ﬁ‘%&%"d’rﬁ aith co, y
Zn,b tet ;:_. ?Eg_rfi«ii@efc%@@il‘ti@n_%ﬁ&lhfaﬂ:. dSpel\?ﬁf iccaldey marmhethowproperdti@s F0 a
substanti a rop. of coercivi occuyrs en . the _ox art.ial pres ein
the firing éﬁar'r'éfgﬁﬁ’eraenf(ylﬂ a ,ené:nd'npglthtei &ﬂsﬁlﬁﬁn\i&%ﬁﬁ%e “gigﬁ“geen
partial pr lerh&uhledbemrtes:dm Cogn Znn @tc. landhasarsd sarsereements t hat
coercivity |l arge varies when the fjr.ing.,te r f . In
manuf actur ﬁ&n‘f &a&islee"\?g&r%tlsc, B e&cﬁg?%n tﬁa%&é’f‘%l% &Aeéégje;%&lﬁ t he
firing at noepltend per pdeuglase fdfuderatide magnets miedh dangasiref o duid t o
the absor ptiQn O‘én‘&XX:%% tecc'ng:'}glo'@lteﬂ@nt‘g.t hsﬂ@ﬁ%ﬁl@él?&?“a@“@h%%bﬁt ion of

the bi nder ~“and dispérsan | the absorption and rel ease of oxygen
concomi t ant F#Gt-h 5¢h&@n §ad sdrantia ly Aroke © fo lCAeFHTEViittiYe RCDF | &hednd

structural ghadees paSitica e swed rwntdle filrticig aitnsdgel y differs

dependi ng on _various conditions . including the.conposition qf. a material to
be fi re’o‘? t B UCIYESS ’OP%@W%I- dr‘?&etneg:hl%t ¥ A 13 nace, and
tEe type angreseuiie Gecatdis ilser tthian dirf faioul t ITtohasnaidsle Reesudcloundat

t he oxygen rtial pressuyre.i I %3 % tas Al SO, [ 4

t erature c OO hla\s'/rzg?ell%s a;%{%rwgl%?ﬂc%%rgé;ifnlgﬁ@g d%\itfe agnéc%d% a

naterial toflectuatesd.froma heat source, the height of the material to be
gt st | e Foaticdon, 216 U,8e Wi rid 0 3fbddrmasa e ch
15 pressure in the firing atmosphere perpetually fluctuates
during the firing step, due to the absorption of oxygen
concpmitant with decomposition and combustion of the binder
and dispersant and the absorption and release of oxygen
concomitant with changes of the valence of constituent
20 elements and structural changes. Since the spectrum of
fluctuation largely differs depending on various conditions
including the composition of a material to be fired, the
amount of the material admitted into a firing furnace, and
the type and amount of additive, it is difficult to control
. 25 such that the oxygen partial pressure is always kept
constant. Also, the firing temperature fluctuates with
various factors including the distance of a material to be
fired from a heat source, the height of the material to be
fired from a furnace bottom, and the gas flow within the
30 furnace which changes with the loading situation of the
material to be fired. It is then difficult to control such
that the temperature transition pattern is always kept
constant. Therefor, in the case of ferrite magnets of the
composition whose properties are sensitive to fluctuations
35 in the oxygen partial pressure and the temperature during
the firing step, it is difficult for the magnet to




material to be fired. It is then difficult to control such 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 consistently
develop their intrinsic high coercivity. Especially continuous furnaces,
which are effective in inproving the yield dunin%tnass-scaLe_nanufacture,

allow for goostistentdyt deveded ithedie ipbrdasigandiol coedsdyidYand 5 the

tenperat ure transgkpaBiBalyetentiatolat Fithsedsyr Mhaeh arEOkseatiie, the
tenperature transition pattern in the batchw se fuyrnace incl udes d%finite

heating, hof# AFPERY1nGoHhen g i&téh SUkHEG 9SS & SSRERTIE & U P s,
the pfl_t ter ?o&U@&%&h &tﬁ&alﬂ_mdt@@tsotnrse ioltthen@xstgem pacttdali peessife and

ransition fromthe heating,step.,tq the ol ing,ste I . ,
furnace;sre&&@rFﬁ&pﬁrﬁﬁwr€b§quﬁlHHQH ﬁ§¥%ﬁﬁﬂ}igégﬁé%ﬁﬁﬁﬁfﬁgé§§§§¥@%ﬁg "
]'Eype utilizireg telkamplleni ttheoftenfpeaiatinre Hemnishd i paddegas dmurtiieng

urnaces, o en_I.s nsuned . [ i r.nin fuel . xygen
15 parti al ﬁ%&g@wgeﬁ %%trﬁleacfeurl(ri{lg{:l@r%surcq%ualﬁétsmed?laegﬁlﬁl ;P.O-E'IH'Ith}lg r(5}‘?‘c()i(r)e?/g\/\,hen
conti nuous foeoddngs s tiepsnivigfaas deesaned cadrimuaysu FUnasRses ¥ t he

bur ni ng U BAGR AP St i1y 1REL PHe b Idng: SRl idrt Eanaieci ch s
Il nsensitive'to

uctuations in'the oxygen partial pressure and the 20
t enper atQr e t@@NisAGioRe FHOM AdS MERt A% FHRReHq %E’Fé’c’g]é‘é"r? r?aa‘tfé’ t he
abOVe;”ﬁnt!@ﬂ%@eﬁpiﬁibﬂEtiﬁCQ&rnagdsiE&qﬁhk&ﬁb S lba reostf fottufdéranberrite
magne avi a hi re ence. an i coerGi.vi.t y. whi B ' t he
‘i ation o%ﬁg@%@?‘\p&%%qceef cﬁfg t[i‘oeggg'qel t}lgljtl\t}a z|ylon élhﬁe f1ri ngnegs%{Ig
condi ti ons. flkils faxd heldteingualt saargasttwiriey Huarteceny @rygan Mhich is
defined bel QW a%infel) du 1t el ot iGld de STRANCt THRK RAeNBXFgRRal ferrite

as a
15 partial pressure in the furnace fluctuates drastically.

Therefore, when continuous furnaces, burning furnaces and
continuous furnaces of the burning furnace type are used, a
need exists for a ferrite magnet which is insensitive to
fluctuations in the oxygen partial pressure and the

20 temperature during the firing step.

The invention has been made under the above-mentioned
circumstances, and its object 1s to manufacture a ferrite
magnet having a high remanence and a high coercivity while
suppressing the variation of magnetic properties due to

‘. 25 fluctuations in firing conditions.

This and other objects are attained by the invention
which is defined below as (1) to (8).

(1) A ferrite magnet having hexagonal ferrite as a
major phase, comprising A, R, Fe, M and Si as metal

30 elements, 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 at least
one element selected from the group consisting of Co, Mn,

35 Al, Cr, Ni and Zn; and wherein the content of SiO, is 1.3
to 2.0 mol% when the contents of metal oxides are



maj or phase, conprising A R Fe, Mand Si as netal 30 elenents, wherein A
represents at | east one elenment selected fromthe group consisting of Sr,
Ba, Ca and Pb; R represents at |east one elenent selected fromrare earth
elenments (inclusive of Y) and Bi; and Mrepresents at |east one el enent
sel ected fromthe group consisting of Co, M, 35 Al, O, N and Zn; and
wherein the content of S02is 1. 3 to 2.0 nol% when the contents of netal

oxi des are -4 determ ned provided that the el enents are present as
oxi des, anddekermipgfcpraviged ¥Batpyheametal ehﬁgﬁﬁfﬁléfFSPreg§ réf 1.1

to 1.9. 5 (8*15E§,fahﬁlEﬁe”&ﬁ@ﬁthEa&lb wheeai byt he proportions of netal
elenents A, R Fe, and ?g h in tohi/ ? g3 A 1to 13 at% R 0.05 to 10
at% Fe: 80 to 95 at% 10 KF V] }8 é 4t % based on the entire anmount
of the netaliselresmntisl ¢3) 1The ferrite magnet of (1) or (2) which has at

| east t di stinc ' t c a hene'
4800C and differ k?gﬁ#égcﬁgggﬁ&g QSEetWQE 1&s%h§8%}h %? gga ﬁgglégg He
preparing tbé frertailt eLemgndis Aaf, QnyFeon@ndf M(l)eapb i) ; °@@H’pr@§leng the step
of firing a nnldaﬁ_ body @f E3rg%@nater|al powder to forma sintered
magnet, during i'ch step the oxygen partial pressure in the firing 20
at nosphere fluctuBtes. 0595The A8t B8&-of (4) wherein the oxygen parti al
SLEqugﬁ in Eﬂe ;yglng g?n@gpbgrgt@owgﬁadeIOM/0 15 atm for at |least a

| in e firing step A_method for preparing the ferrite nmagnet
of any 1®5 one of M¢1) t8- @3} éoﬁﬁ?|5|ng t he steppof f?rlng a nol ded gody
of a raw nabasied opowle endifrer mmuwitntoEr dlhemmgitatl, elements.

‘ (3) The ferrite magnet of (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

15 least 5°C.

(4) A method for preparing the ferrite magnet of any
one of (1) to (3), comprising the step of firing a molded
body of a raw material powder to form a sintered magnet,
during which step the oxygen partial pressure in the firing

20 atmosphere fluctuates.

(5) The method of (4) wherein the oxygen partial
pressure in the firing atmosphere lowers below 0.15 atm.
for at least a duration in the firing step.

" (6) A method for preparing the ferrite magnet of any
25 one of (1) to (3), comprising the step of firing a molded
body of a raw material powder to form a sintered magnet,
during which step firing temperature fluctuates.

(7) The method of any one of (4) to (6) wherein at
least one compound containing at least one of the magnet

30 constituent elements is added to a calcined material or
particles containing hexagonal ferrite as a major phase,
followed by molding and sintering.

(8) The method of (7) wherein the at least one of the
magnet constituent elements is at least one element

35 selected from the elements R and M.




during which step firing tenperature fluctuates. (7) The nmethod of any one
of (4).to (6) wherein at |east one conpound containing at |east one of the
magnet 30 constituent elements is added to a calcined material or
particles containing hexagonal ferrite as a mgjor phase, followed by

nmol ding and sintering. (8) The nmethod of (7) wherein the at |east one of
the nagnet constituent elenents is at |east one elenent 35 selected from
the elements Rand M -5 FUNCTI ON AND RESULTS According to the invention

t he el ement FUNCEAONVANDe RESYEES t 0 nagnets in order to acquire a high

remanence and a Ri@Bra9fgCiy the IhehRYBRL Okhehalem@ntgorebed Mhalred
ferrite magnets having the elenents R and M added b@g&g%% experien%f very
|

| arge vari a@PgRé tR mEgREtSc 1pr OFEFE &9 a5EVIEs A PREENTS % i% i ng
cogd:c tions hlti@@ﬂ %b&@i&hﬂ:y.OXTﬂénimﬁtaﬁs phaseudéscoavebedf thahg at nosphere
an I ring enper at ure) .as.conpar Wi prior art ferri.t 10 free
of the efendfEL 1%eamg etss haydng; ?glﬁ‘l Fh-&m&?&gr iRm?ﬁ'tda?lr ﬂﬂgg&n&gﬁﬁﬁ:ﬂ G 5.
It has beenekpendenkteat vieay dampeevairigtisnsh inamagniedds pwxopegrideisc due
properties, ,it ds i ff.ecthve t.o.optim . il and the
atomc rat itcc)’ f&gﬁ%kilétét%%n 1 /%lh\é fégﬁgl%pfgvhﬁiglt}g@%éggﬁﬁb%gg%%?ﬁﬁ te
magnet s conoxiygeng partid.ad] aressyrR dnd thieafd nda@wa the sphergr anoHFASi&g |t

s unknown ihale e AT ixdl IR ardaTRARE! piiRORSH! irRTrd4R agrfdiuct uations
in firing conditions_becone exagger ated en the elenents R and M ar
added. 19 i £rgesefufbsosiemerts R 889 Miel st (?eﬁ‘p;’;rré’g‘s%e Wr&ﬂ%ﬁ?i n

magneti c prepeillites.in HIG.sisl.i c08 nestBeénafduhliethtontorr atippressing
(AtR- (Fe+tM /12)/ Si__.have to .be contralled so_as Wi he ranges

@scri bed BYThean OnSn 1MAMEgnedd S REORES &e:?gvf.%:‘ l&usn@q]%%tv\hen a
met hod of 2Ffelttdivei gy aptEgrete khepisdlficom mpndend] @ndedheatadranic
ratio {A+R-(Fe+M)/12}/Si.

15 As previously described, ferrite magnets containing
the elements R and M are known in the art. However, it is
unknown that the variations in magnetic properties due to
fluctuations in firing conditions become exaggerated when
the elements R and M are added. It is also unknown that in

20 order to suppress the variations in magnetic properties,
the silicon content and the atomic ratio {A+R-(Fe+M)/12}/Si
have to be controlled so as to fall within the ranges
prescribed by the invention.

Also the inventors have found that when a method of
" 25 obtaining a magnet by pre-forming a calcined material
having as the major phase a hexagonal ferrite containing at
least element A, adding at least one element of the magnet
constituent elements, especially at least one element
selected from elements R and M, and then firing (to be

30 referred herein as post-addition method) is used, the
influence of fluctuations in firing conditions during the
firing step becomes outstanding. It has been found that
the control of the silicon content and the atomic ratio
{A+R~-(Fe+M)/12}/Si according to the invention is effective

35 especially in this case. The ferrite magnet produced by
the post-addition method usually has two or more Curie



havi ng as the major phase a hexagonal ferrite containing at |east el enent
A, adding at |east one element of the magnet constituent elements,
espeC|aIIy at | east one elenent selected fromelenments Rand M and then
firing (to be 30 referred herein as post-addition method) is used, the

I nfluence of fluctuations in firing conditions during the firing step
becones outstanding. It has been found that the control of the silicon

content and the atomc ratio (A+R-(Fe+N} 12?/Si accor o thﬁé%nvention
i s ef fecti veeBperapureat | yThe, magnete gent BPrGq 128 d by

the post - adghﬁ'ﬂQvﬂE&h@QoUéHahbfeh@ﬁri&Dt@mpaEaeuEHSIQs 1ﬁprevpdranures
The magnet contalning Co as,the ngﬂ g hgv gg %ﬁﬁe nore Curie
tenperature@ag§thﬁrBV@BeFﬁleﬁaﬁﬁEF ﬁr@ﬁg magnet of the
sane CO”DOSbbm98s1bﬂbnhauuﬂghaﬂhngounlﬁUone Cunperaempera$urne

post - addltlon method is es& Pf% H?gggé %; dégé§lpeﬁhhﬁhJﬁa§ hatd open on

July 21 1999 or ¢ePOthe asi c application (Japanese
Patent Applpsalsowhiioh waslma348ppen whi dhlyhdlpr 4988t oxppfitest tbs is

based. Hovekgty bl obs 9! pgsr bBBY1bArhBR RYlbheaEkOpatnthal | e

vari ations roper uations in flrlgg %nditions
become furtAgplleaaggarHpedllhéﬁ3BH§)pé§tW&é&htFaﬁ RECRSALi @PRIEFATANR t hat

the siliconigogleph. rgow@eft o 015 340 d4BrPEEMALERE SubBteatponrol | ed

so as to faﬁ e ranges prescrib 15 % Ehe i.nvention. BRI EF
DESCRIﬁI}CNtEFtTHEeDRA%FNG&opﬁG}nImPgn&tQFaBﬁogﬁ WHeS GRE Hgnetic
properties @fiuctuhtebad HRJEEKSngs candindbnen befcomee funfder partial 20

pressure in the firin ere. FEl I t TRagR&t i C
perties SFaggﬁﬁﬁéfgdwhﬁ Eg ESE gagéFﬁgﬁ g%t%%%'?Ff?%ﬁﬁkegﬁgaature
FI'G 3 is atpeaphlikowni ngnttleatrragldettlh@ ptopdct radier {(dnR-d¥FedMiddtet /$3as a

function OfaEQecghggbﬁleﬁt%% as to fall within the ranges prescribed

15 by the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graph showing the magnetic properties of
sintered magnets as a function of the oxygen partial
20 pressure in the firing atmosphere.
FIG. 2 is a graph showing the magnetic properties of
sintered magnets as a function of the firing temperature.
FIG. 3 is a graph showing the magnetic properties of
sintered magnets as a function of the atomic ratio
. 25 {A+R-(Fe+M)/12}/Si.
FIG. 4 is a graph showing the magnetic properties of
sintered magnets as a function of CaO content.
FIG. 5 is a graph showing the coercivity HcJ of
sintered magnets as a function of the oxygen concentration
30 in the firing atmosphere.
FIG. 6 is a diagram illustrating how to determine two

Curie temperatures.

BEST MODE FOR CARRYING OUT THE INVENTION
35 Sintered magnet

The ferrite magnet of the invention has hexagonal



25 (A+R-(Fe+tM/12)/Si. FIG 4 is a graph showing the magnetic properties of
sintered magnets as a function of CaO content. FIG 5 is a graph show ng
the coercivity Hcd of sintered magnets as a function of the oxygen
concentration 30 in the firing atnosphere. FIG 6 is a diagram
illustrating howto determne two Curie tenperatures. BEST MODE FOR
CARRYI NG QUT THE I NVENTION 35 Stntered neonet The ferrite magnet of the

i nventi on has hexagonal -7 magnetoplunbite type (Mtype) ferrite as a

maj or phasemagneétopdtmbise AYPR (Me tyme)af@rsiites afehmagioddhase .cattent A

represents abnhedsls @nerel ¢genty,senRcisad oy aidtaloRA edlent?a, ECamand RD.
El enent R represents at |east one elenent 5 selected fromrare %grt%
a,

el enents (i AEPFSSERLS ap) 1gaFtpione Blsment MelEstese fro™ AMORE S

an
el ement sel egt gehaf PO BIBMENEOR MBpréken€s, abi 1aadtZonel elehenitnventi ve

magnet, _when _th ontents of metal oxides.are .det I_J)e rQAVi 1 hat
the metal elsgrjrgﬁtetf%a%gc’ﬂlr ES&& ez?é‘%&( i (?gl,enttﬁe%ég‘rﬁlgr’#%%(ﬁ @ }fg.‘edljslia . g to
2.0 nol % pEdemealtl 1 Tepriesent® mil Keamwid onchelementc sedidareg igreomy JA + R

- (Fe+tM/12)/Si fr 1.4t . Qs bl y_f 7 di
to the inve |8ﬁ,%PHe9@%n éﬁtqg% 3?1?%%%%?2 %% gggbéngeégégffpgéﬁgsglin%+R

i's in exceswhen (he+Montenten®f metadedrddest anedetemninnd ATawded the
silicon conteel tﬁghﬁr%%aqh@l%d’ﬂé“'ﬂez%ﬂé&d@% Sxidd Atin cdnt@anet i c
properties en the oxygen partial pressure or tenperatur fluctuates, and
in part}@ul &, Sd0gnisi tadt kY 3uPpPedd. aPPOLPERRLY n4oF°c§ePcW9ﬁ%y Bﬁger a
| ow oxygen Ral! iadlomildy estile gikvercitrast, if the content of S 02 is too

@ L BrOPerty gy qug Langel fyyany ien Tl uctuations in - the oxygen
is from 1.1 to 1.9, preferably from 1.2 to 1.7.
According to the invention, the content of silicon is
15 above a specific level, A+R is in excess of (Fe+M)/12, and
the degree of excess is correlated to the silicon content.
These choices minimize the rate of variation of magnetic
properties when the oxygen partial pressure or temperature
fluctuates, and in particular, significantly suppress a
20 reduction of coercivity under a low oxygen partial
pressure. In contrast, if the content of SiO, is too low,
magnetic properties can largely vary when fluctuations in
the oxygen partial pressure and/or firing temperature occur
during the firing step. Inversely, if the content of SiO,
. 25 is too high, the proportion of a nonmagnetic component such
as glass component in the magnet becomes high, resulting in
poor magnetic properties, especially a low remanence. If
the atomic ratio {A+R-(Fe+M)/12}/Si is too high or too low,
magnetic properties can largely vary when fluctuations in
30 the oxygen partial pressure and/or firing temperature occur
during the firing step.

When the contents of metal elements in the magnet are
determined by converting the metal elements into theilr
ordinary oxides, iron oxide, strontium oxide, barium oxide,

35 calcium oxide, rare earth (RE) oxide, bismuth oxide, cobalt

oxide, manganese oxide, aluminum oxide, chromium oxide and




during the firing step. Inversely, if the content of S 02 25 is too high,

t he proportion of a nonmagnetic conponent such as glass conponent in the
magnet becones high, resulting in poor magnetic properties, especially a
| ow remanence. If the atomc ratio {A+tR- (Fe+tM/12)/Si is too high or too
| ow, nagnetic properties can |largely vary when fluctuations in 30 the
oxygen partial pressure and/or firing tenperature occur during the firing
step. Wien the contents of netal elenments in the nagnet are  determned by
converting ehdigeRapxdfenanescprAcylaked, asofgtar proki L. iGaSh &E:He,

strontium 0¥éﬂeepﬁapkg@g ObeePr35cé@1 G 3 dsﬁxd rey,0, egdt i RE)BD)D, de,
bi snmut h oxi de, cobalt oxid gfnese oxi de, gg&ggn1OX|de chrom um

oxi de and 803|MP90nA&x(PadeC§|2Q3'c 154 % §§SP8§ Y©, BaO, CaO RE203
(except PrA for Ph, theO2nientee ﬁagnEh4OEhboat5hﬁp Ba2@81R/@0@s MO,

A12031 CX2031 i vel h

Fati o R | BESERTaPLIAEYT Porh 6°7 L8 1. bt Ty Bk VEECRRE E ~\RCERT " ©
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later. By '”Cg&pﬁr Aty gy beﬁeﬁéccgis OEX %4& b ofm:fﬁgﬁﬁ_oint BgcbByegEi on are

augnent ed. ¥ Pects ™o I'nventio out st i ng when 10 the
i nventive nMgntshehaffgctiseqdt theo lavention @Eﬁl@uQN@ﬁﬁéﬂatures whi ch fal

in the range of 499etafé%eQ§ a@dthI&BQ@nE&@ﬁl%@%bmetb@&shhn@ﬁn@b&gbute
val ue of at | east C. net is structure plurality
of curk® t§ﬁﬁe|1&ﬁ’t9pé§vet ﬁ'é‘rgé‘ﬁg bagniat deasity tlwr%%dwﬂtﬁélct%hg:a %esquareness
k/HcJ and %Qﬁlg %?J[x'i:%sr %‘i@ﬁ (£39 1C9R! @S :c%fngee&e'l%'OVQ:oCQB@’d BnaThe

rie tenpera the tenperature at "which a nmagnetic materia
nges fr odiE&erofamgmeiasin Dcthep“alba?rr@@n@thsﬁiautﬁc Vaé-u@eﬁuraé?d lgpsdever al

TeUhots,  Z0pRRL L Al d0 1% EARELEI R SRS AEI A DAHARLAY os
Curie temperatures, thereby 51gn1flcantly improving the

15 squareness Hk/HcJ and enabling to reduce the contents of
expensive Co and R.

The Curie temperature (Tc) is the temperature at
which a magnetic material changes from ferromagnetism to
paramagnetism. Tc is measured by several methods.

20 Particularly in the case of a magnet material having a
plurality of Tc, a magnetization-temperature curve is
depicted while the temperature of a sample under test 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 in 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



depicted while the tenperature of a sanple under test is ‘changed by neans
of a'heater, fromwhich Tc is determ ned. For the nmeasurenent of

magneti zation, a vibrating sanple 25 nagnetoneter (VSM is often used
because there is easily available a space for installing the heater in
proximty to the sanple under test. The sanple under test may be a powder
or a sintered body although the powder nust be bound with a heat 30

resi stant adhesive or binder. In order that the entire sanple be uniformy

heated duri €yeRtasd aferanisqtnopigsamplced it ifaF aifFalze maonate 28yl e
as tshmal | as ino%%f k18- et drP <>t<-.>45‘t<:f ayie) Al id amd éiiéﬁ.s)foi‘h%’ﬂs'wg i nsof ar
as the accuracy of neasurenent of magnetization js i nsured._ The sanple
may be ani SRS AATLWot re rqqps?.}ﬁemqrg: é'\férdm}ﬁ Jéhq%‘rﬂ (saagtrreocp SXanpl e,
i ]E i s prefedbley axgnet Tnedhei evehe difr ant ientebpdcasampiki,ch is the axis
of easy _magnetizatiqn bhef.ore ne r nt, .i_s e 44 | rectd of ¢
axis. Int hg"atg;1 Z5¥ lé)%’ ilsso'?r}eoapsi%?ésd:rrp et,HeB Sﬂagrgéne %r}%éﬁggl iagscr#erg%ur ed in
the sanme di magniedrizasiidre dineptstdivat Megnegtigetion. ofhgneampaei 48 of a

sanmple is } 4 4G, T b G 4
strength gr %%trh(@aﬁ;b%ttt%;hn% %?904%‘13&12‘} a| ,H a ﬁslgtcrrp jje%flhs %g%betaﬁ z%e%ﬂalt%lfég%tm
t enper at ur e staehathe angptay Ahann K. 180t genezAdl e d §AMPASUAEd whil e

rai sing theplenpanaldd &t NS WaiPtat irdBdhdrafemdyne t iz dtivombsence of
a magnetic field or under a weak magnetic field Qf lower than 0.1 T if
appl i ed10 Thithe SARIRSS RIGHF AP NEETERE B rSPeRfidiSic fiel d
applied, a prRaFEGHIRINT 1060 MpOTe Prafurdrel v 5 reftec tatts eabmy eoft hee nAgrietic

@uot ot e I A TR g e R S RIS R FSn e
graph of tempaldtad.e Thds ishbdeghsisiesspoandeggyremendt vodex an streng
ordinate, SROWMi® field applied, a paramagnetic component can be
15 detected above the Curie temperature so that the Curie
temperature becomes indefinite.
FIG. 6 illustrates an example where two Curie

temperatures appear. FIG. 6 is a graph of temperature T on

the abscissa and magnetization ¢ on the ordinate, showing a

20 o©-T curve in proximity to Curie temperatures. The o-T
curve is upward convex near the temperature at which a
sharp decline of magnetization starts. As the temperature
is raised from this point, the magnetization ¢ changes as

" follows. First, the magnetization rapidly decreases with a

25 rise of temperature. Then the o-T curve turns to be
downward convex so that the decline of magnetization
becomes moderate. Next, the o-T curve turns to be upward
convex again so that the magnetization rapidly decreases.
Thereafter, the o-T curve turns to be downward convex again

30 so that the decline of magnetization becomes moderate.
Finally the magnetization reaches zero. Herein, three
tangents at the inflection points on this o-T curve, that

is, the points where the curve turns from upward convex to
downward convex or from downward convex to upward convex,
35 are designated I, II and III from the lower temperature
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20 cr-T curve in proximty to Curie tenperatures. The a-T curve is upward
convex near the tenperature at which a sharp decline of magnetization
starts. As the tenperature is raised fromthis point, the magnetization a
changes as follows. First, the nagnetization rapidly decreases with a 25
rise of tenperature. Then the a-T curve turns to be downward convex so
that the decline of nagnetization becones noderate. Next, the a-T curve

turns to be upward convex again so that the nmagnetjzation rapi

decreases. sifer eaTlll‘érJ,-n"EfFTe';%Fqi%r%t‘f‘%ﬁlhstqlbgeg‘ét dtﬁﬁérﬂa%%%@gxfﬁgai n 30
so that thegdggki RecatiBrgamppbzaties PecosrstHBdROREE. tempaahlyurehe
magneti zati on reaches zero. '

. rein, thre t angent s_at e_|nf tion
poi nts on tﬁﬁgea-¥néuF9§,1PHSFseP§}°Phgeg8FﬁPsgﬁﬂgﬁggtﬁggcapgekﬁgrns from
upward convgkskt@ssaoyivwasdacaayes eempesatdpenteldonothexhighepward convex,
35 are designated I, Il and Il fromth r NREL a4 U 5 Lde. The
intersecli ogeﬁ‘gﬁ\ﬂ@éﬁrﬁaﬁégﬁf I&lﬁ%ﬂetn&‘}r’]ﬁ%n#?% t‘é;‘:ves %&Jﬁ%e%gﬁgggﬁt ure
Tcl on the kswst,téhperaspeetivedEurindtenperatirsscerdnbsefigEerMiagdent
1l and the abscissa gives % ﬁ%rie tenperature §%2 on the higher 5

t

t enper at ur eEEPAe th@nard FHFY n3 RONEIPFePERTSETAPires  exist, the
respective Curie fyggper at pnagatanybefdeteis nemspefaturebeeaiftcuthe by a
simlar procedure. Wiere a plural ity of Curie,te es exi.st e

absol ute vaPB&odtenyadies QEeEE‘E fiﬁérfgﬁgf‘\ﬁ?eﬁhfaggg?rt %gét isl ltSd'EatstaiEnd
preferg@y ab ',es'ﬁ{a E,PQEerJBfgeagJiegstem.at rhesef @ulrien temperangeesl 400
to 4800C, preferably 400 to 4700C, and nore preferably 430 to 4600C. It is

ngt ed that teha1l @urithet capgeabr d00f ta @BOECM pyetesabdnt 406 ter A70%Ci s
asut 4650C. 15 The ratio (al/aRT) of the magnetization atlztéﬂ at_ the Curie
t enper at ur e and moxel presereddyerddure $i6QeCt o tthels rfﬁb‘?%‘ii t oP] arRT) at

250C is pre | ¥ Dt R ra0%r O LRireP MeftGpRDIS rbnit@ ud Keraid f uist her
preferably E;%tf;g_%l%(% pI Tfh o
about 465°C.
15 The ratio (ol/cRT) of the magnetization (cl) at the
Curie temperature on the lowest temperature side to the

magnetization (oRT) at 25°C is preferably 0.5% to 30%, more
preferably 1 to 20%, and further preferably 2 to 10%. If
61/GRT is less than 0.5%, it is difficult to detect the
20 Curie temperature on the higher temperature side.
It is believed that a plurality of Curie temperatures
appear because the texture structure of ferrite crystals
' has a multi-phase structure of magnetically different M
type ferrite phases. Understandably, even when a plurality
25 of Curie temperatures exist, the single phase structure of
M phase is detected by conventional x-ray diffractometry.
When the post-addition method described above is employed,
a plurality of Curie temperatures generally exist, and the
number of Curie temperatures is two in most cases.

30 In the inventive magnet, the proportions of metal
elements A, R, Fe, and M, each in total, are preferably:
A: 1 to 13 ats,
R: 0.05 to 10 at#,

Fe: 80 to 95 at%, and
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al/aRT is less than 0.5% it is difficult to detect the 20 Curie
tenperature on the higher tenperature side. It is believed that a plurality
of Curie tenperatures appear because the texture structure of ferrite
crystals has a nulti-phase structure of magnetically different M type
ferrite phases. Understandably, even when a plurality 25 of Curie
tenperatures exist, the single phase structure of M phase is detected by
conventional x-ray diffractonmetry. \Wen the post-addition nmethod descri bed
above is enployed, a pPUraIipy10F°C§rP§%tenperatures general ly exist, and
the nunber wisddirde A irE efinduntt WE ithedtLaselemaéltd N the i nventive
magnet, the propor&&li ons of metﬁafl e&ements A R Fe, and M each in total,
are preferably: Ane Moye Prefprred Fande dSig a0 Fe: 80 to 95 at% and
11 M 0.1 to 5 at% based on Bh&oentli m&tgnount of the netal elements. The
nor e pregerred range is, A 3 tg %% %t% g O R 0.2 to 6 at% Fe: 83 to 94
at% and™ M 0.3 to 4 a%%) Thg‘nnst prefierred range is: A 3 to 9 at% 10
R 0.5to0 4 at% Fe: 86Fec 9383t %o &ddat®t. @n8l to 3 at% If the content of
element Ais too small, \no M igyRe +f Qr Liglke woul d form or nore nonmagnetic
phases such as (x- 15 Fe203 would f_ orm |f the content of element Ais too
| arge, no Mtype The mastyppefesiad Ganegs éSfonnagneti c phases such as
SrFeo3-, would f orm The propokl ®Nadfy,strontiumin A is preferably at

| east S%Oat% nore pref %r.abl yoat5 It%as&t

ats,
Fe: 86 to 93 at%, and
. M: 0.5 to 3 at%.

If the content of element A is too small, no M type

ferrite would form or more nonmagnetic phases such as o-

15 Fe,0, would form. If the content of element A is too large,
no M type ferrite would form or more nonmagnetic phases
such as SrFeO,, would form. The proportion of strontium in
A is preferably at least 51 at%, more preferably at least
70 at%, and most preferably 100 at%. If the proportion of

20 strontium in A is too low, it would become impossible to
acquire both an improvement in saturation magnetization and
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 Dbecomes 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 Ry (Feq, M) .0y (I)
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, y and z are in the range:
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70 at% and nost preferably 100 at% If the proportion of 20 strontiumin A
Is too low, it would becone inpossible to acquire both an inprovenent in
saturation magneti zation and a significant inprovenent in coercivity. If
the content of elenment Ris too small, the anpbunt of solid solution of M
beconmes smaller, and the magnetic property inproving effect 25 becones
insufficient. If the content of elenent Ris too |arge, nore nonmagnetic
het er o- phases such as ortho-ferrite would form The magnetic property
i mproving effect becone®.odnsukf ccDefitt when the content of element Mis too
small or too large. 30 In the inventive magnet, the atomc ratios of A R
Fe, and Mare represent &dOky <t He<f &r ful §SPRPialAy. OROAFE| ¥-5) 0089 | n
formula (1), x, y and z are<§uch Lh t thﬁ atomc ratio (A+tR-(Fe+M/12)/S
may fall wthin the aboPe8d&f FA&d<r ang8"%35 and the atomic ratio R'Mfall
within the preferred range. Qslpreferred that x, y and z are in the
range: -12 0. 04 :!~ x :I'="0. 9, 0.04 :5y :5 1.0, especially 0.04 vy :5
0. |5 0.?8 x/y :5In foxtula {1).<witlb toe fsprahiler Malmesh afox smal | er
val ues of x . indj i | d &V rfS RN fe RdRNtR R fsmunteef  solid
dqq;a‘rﬁ%%"fdﬁirg ahexagon?ﬁfj ofd R L1 el L

sol ution of & ene _ ferrite cannot be increased,
| eadi ng to Iseddd medovtdmntof iedemanituthtidh fdith ie%3dqshL firpoite

ani sot ropi ¢ JRERAL ine fiklibasky Widnd gy 1125 aRSsy Alnhowinent £l aent R
cannot substitute or forma solid solutjon in the hexagonal ferrit
forming an SEEUFREIAN MAINTZR MYy W RERIG RIS aghefc sél’t%e]f%t i on
mi?net Itmt I m-thT;tfboS R dfr \év;ﬁm £ W | efitbnient |Rssanmpr curetntsute or

sgt uration neti zat.i.on and/.or 15 ani.sot ' ic..fiel ' o]
Iéger val ug:'g’q"gf %/,Soléd;rﬁeoﬁtuﬁocnanlﬁ‘o& l}seubﬂs?%%%cfr{e?%rp %lt)l?lrrgéa' s%?li‘rpc(iyrss%l%l?i on

in the ortho-ferrite containing element R to detract from

saturation magnetization. Too smaller values of y lead to
less improvements in saturation magnetization and/or

15 anisotropic 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 (Hp) 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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hexagonal ferrite, and substantial |osses of anisotropy constant (KI) and
ani sotropy field (HA) occur even when elenent Mcan substitute and forma
solid solution. Too 20 smaller values of z increase the anbunt of a
nonmagneti ¢ phase containing strontiumand elenent Rto detract from
saturation magnetization. Too |arger values of z increase the anmount of

a- Fe203 phase or nonmagnetic spinel ferrite phase containing element M

al so lowering saturation 25 magneti zation. If x/y in fornmula (1) is outside
the range, a val eAse fogguiliai K urﬁ%@%%%é%%ﬂ%%t\ﬁé@n el enent s

Rand M wipthad ideeldxRees (@) tnfetiey a-dhagascrs uadhmts Wy athe ferrite.
When el enent Mis a divalent ion and elenent Ris 30d§}tr|V%L§F% lon, x/ly =
I

1 is gener alsibpishiomedmicheomposiddanal A cetedhan it #ifough an
excess of Rgjk@1mndf eaiad s d¥eerauwsdlen®ntd angd,. ake A easion why t he

perm ssible range of x/y is greater when x/y .iS.in excess f_1.i.s that an
equi | i brP umPHREE Sifc ©XYIEs A VT 1§ t"‘?‘?‘rtﬁhaﬂ"%‘ SRS i%Bn Dgfa% %fr{ Fe
t2;; evenn{)f ytufes valRids (of- 3 hn fawand.a Chereepseadsbi agpoblssibddpdyi ti on,

e nunber oxygen (Q). atons is .19, [ stllemg for | S0 tric
conpositi on&l%artato?;%gdﬁnvé)r?c Ten- Al Iso'ﬁvglearflg; "ﬁ%‘lnva enff,ug']lrfé %tmac}t 'té;:'f%/g[{%nt ,
X =y, and zedutinghe Bomenampls. oXygéhezmore v aditdought AroRe iSype of M

and R and e M3lWesiffarenty 1A tthe M HRIE fer@l 60, amnssifi ldty that
oxygen vacancies be left when the firing atnpsphere is reducing, for

exanpl el0 Fupossiddd tya thadughran sihange tes divatent o shtffsrehe M type

ferrite, the/dnted fHInPOSThRIrk ti¥ bhab &’ pBseidiga tiyo thiataltde! element
different valence form Thengﬁ%glaLso a ossibiIML# tg t the el.ement
¥ ances,

M
@h as cob¥ SHHRAT GHRE Nl HARES Vit Sar Ml SRS TSI B ron of
oxygen to thhtegiripoitarantct wiygsn Al ttheugle idl i slemsnune dvatiesighout t he

sheci I cati o iigr! 3¢ S MURHe L b OUHbAL Ve | Spdch 4 {EPRIINHaET (e
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 is confirmed by
X-ray diffractomefry, electron diffractometry, etc.
In order to increase the saturation magnetization and
coercivity of the magnet, element A is 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 at%. |
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
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R and the values of x, y, and z, the actual nunmber of oxygen atons nay
somewhat deviate fromthe stoichionetric 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 najor phase is
confirmed by x-ray diffractonetry, electron diffractonetry, etc. In order
to increase the saturation magnetization and coercivity of the magnet,

I t Al f bl t |east 25 f stronti d cal cj
(. Ca) "and oA GHETER % U FoRRRS WP PR OTATEh O Rheaiins wLid

preferably adoldiensi wiltlatBexdagsaprnef eypd| fenmtiteasd démpdasedand nost
preferably 0 at% Ele

nt, Ris preferabl t_Jl.east one .of. | ds,
30 nore prefEREREPLR - | HasthS R YOX TR ?%rga%gﬁrhu%liéhne}gtls%apégu??%T
preferably athéd easdumneodHfsdaid haoilunt{dm)of ik ochmmaetn Yedincreris ¢d aaddyni um
(Pr), especially wth | a bej S ' oLt
| ant hanuth i f® F?li%orbﬁ%qlé%g%]y a I%gé\?nﬁogﬁ%%ﬁn%r%&gf%%?a%#yﬁg% Itla%tst 35
70 at% For bempirovezhsed ureei onibigaking athemagnet ke ipeepeptef erabl e to
use only | antlaM A Seeddl s theehttihea Wbd UM Ram@S (519 highest when
the limt of orm gs?d 0

ol solution wth hexagonal Mtype ferrite is
conpared. TRAVaIRICOYs ImPOTRGIREIORPFAYSH HRETRITIRES too low, the

aLmunt of So‘itérﬂbefs%wf?rbﬁ ﬁl%:@él\\;lmtgbeeﬂlp%f@asﬁl @d‘lddﬁeaBoWeﬁo_nSeq_uenceh

t he anmount of solid solution o an e jncreased too, .miiigating the
magnet i ¢%property Eli?ﬂﬁ‘bﬁli’ﬁgl%fq ‘?rﬁrlﬁ]tey c%tf“rbjf‘?e%t S O?Pb?%%:{% %? i s
advant ageousand pimsuCinpn deperisal Ihewtth ceobhabt beinperessemt bal. silieer i ng
tenperature ¢ | o t ' y,at t,ON f bal t
@ and SRS S Ee L Ly PREELEIER af podge 1006 flakd
proportion cloxmipteferadly sapritast?§ atd| eddt the amperdiqroed
preferably aiolepsti?Maidbedd 16@, PERROLhbFSv&hent in coercivity

15 becomes insufficient.

Boron oxide B,0j 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 by 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 (K), 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, K0,

and Rb,0, respectively. Too large contents of these
elements would lower saturation magnetization. Provided

that these elements are represented by MI, the ferrite

contains MI, for example, in the form of

30 Srl.B-ZuRaMIa-O.3Fe11.7M0.3019'
Preferably, letter a is 0.3 < a < 0.5. Too larger values
of a would give rise to problems that the saturation

. I
magnetization lowers and more of element M evaporates
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cobalt in Mis too low, the inprovement in coercivity 15 becones

I nsuf fi ci ent. Boron oxi de B203 may be contained in the magnet. |nclusion
of B203 is effective for lowering the calcining and sintering
tenperatures, which is advantageous in nmanufacture. The content of B203 is
preferably up to 0.5% 20 by weight of the entire nmagnet powder. Too high
contents of B203 would |ower saturation magnetization. The magnet powder
may contain at |east one of sodium (Na), potassium (K), and rubidium (Rb).
The total cdurdpng farimg- K, and Ro is preferably up to 3% by wei ght of the
fgsgggltirselﬁggr\?t @lﬁv\aaai\e/ﬂstﬂ Tttbexfhfar talﬁaabcahlahedtas Nnaeg fﬁ&@lbeand Rb20,

. Too |l arge conten 0 ese engnt s _\wou r satycation
magnet i zat i RMPABFCdedOF SFREP hegé'eﬁgweﬁ}s e F8pr §én2§§ g%'N#%'the
gerrgtg CﬁrtaNbng%” s, asgnpl,eandnMohdnf oxidef £8@m. The contents

ri.3-2.R M- e3.3.. 7MD 3019 .Pref.erab | et:tsar iIs 0. 3 <a !~
0. 5. T Igfggpe§§lﬁ gmegggé éF&lﬁﬁég F%SE%F0°§%§%|8%B that the
Zat ur at :c on stedohtiometirde lcompos iddennoageofipeltondht by weigpdr &fes - 15
uring firi Ln.addi;ti.on to.the.abav | S 4 be igned,
for exanple?géé}ﬂphggéﬁf'wﬁ% 6&,%?i?923?§8§?e%3,1“9?%ﬁg°§$§?'sﬁfp§£%qﬁ? and
N? intoxiﬂngOMEFQhWeO@Odﬁéhﬂ§m506ﬂdﬁhe§@ &0eRen by, Wedohl feMagoesidMhyi de
o] st oi chi i C igt | lg® U R £t igeht uf |3 i oxi de,
Up o 3% by aacelic U Doy pcegh B Goplieky %g’"&e“?’ Crof Ligthi.um oxi de.
up to 3b8 by wRdighkt off tidGRdIm REIGE g &P ?Fﬁ 2§ 5% Bt E SATESBEM oxi de,
up to 3% by o%kQ desi 1 I N iweDght OE, germanido oxidel,ghip dfo B% dani.um

. il
5 : ; . : .
e Up ST SER SafSr T TS B et T Bt 1
oxi de, up t ap3%obsiwmbiyghweight of niobium oxide, up to 3% by weight of
tantalum oxide, up to 3% by weight of antimony oxide, up to
15 3% by weight of arsenic oxide, up to 3% by weight of
tungsten oxide, and up to 3% by weight of molybdenum oxide.

Next, a method of preparing the magnet is described.
The method of the invention includes the step of
20 firing a molded body of a raw material powder to form a

sintered magnet.
The method of preparing a raw material powder is not

critical. For example, the raw material powder may be
prepared through solid phase reaction by calcination or by

. 25 a co-precipitation method or hydrothermal synthesis method.
_Reference is mostly made to a method involving the
calcining step, hereinafter.

Starting materials are mixed and then calcined into a
calcined body. The calcined body is disintegrated or

30 pulverized into a powder, that is, the raw material powder.
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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tantal um oxi de, up to 3% by wei ght of antinony oxide, up to 15 3% by wei ght
of arsenic oxide, up to 3% by weight of tungsten oxide, and up to 3% by
wei ght of nol ybdenum oxi de. Preparation nmethod Next, a nmethod of preparing
the magnet is described. The nmethod of the invention includes the step of
20 firing a nol ded body of a raw material powder to forma sintered
magnet. The nethod of preparing a raw material powder is not «critical. For
exampl e, the raw material powder may be prepared through solid phase

h
reacti on by eFiatIHre FRipimdzed arinbteni eht FOAT FEYHEY oFORGOPSEARE nal
sylnt hesi s rr;eﬂh@ﬁbwifi@f e;u?m@ﬂﬁ%dﬁts_stdﬂ ﬂl}ﬂjiﬂxﬁérﬁti@i m&déwmd&;@hg theI - ed
cal cining step, hergjnafter. arting materjals are mxed, an n cal ci ne
Thto o cal CPRLEL TGRS T RS St L PR SRR S B T BT LRY | zog
into a powdedtmédptiers,i$ hép reov L ®rath. poysiescialhe Gpweoed £10 aatmowder
S nDIdeg aq@bthe fired._Fven when the qé¥ en partial ﬁ essure in_the
firing t no reamtd?ort TR 117 i % 'Eee% atif eo% hd1 & mﬂ%‘ﬁ%e?%?ure)
fluctuat es dimrmace hin fwhicly shepoxyden 3var ti/aht pres seoe el overws ng Also
above- def i ”eﬂnﬁgm&éﬁ{i 1ANAGLG0ESeH N iﬁ(fiix?{;'ﬂfﬂé 9&4@9{‘8{1& Cof
properties, - especrally a mnimzed variation of~ coercivity,
concomi t ant MaGRe &iF tProNPkt 89 ecesPeriahly i thenvavhabiennef nore

out st andi ng YheFciVerPXYaRen PXidn aﬂ:hé”ﬁf&':[r?%i felhperdtird 1 e rRepEgre is
up to 0.15 atm, especially up to 0.10 atm Then the invention is suited

on use 80 a o itheusanes of UsOTsce fior whiagtpltehe oxygen partial pressure
| owers. Also the &é}y@ntér@aéﬁseyéﬁeeésééﬁqi&& |‘m&élngﬂﬁi1 VaLd ations of

netic properties; €spec varlatlon o coercivity, "even when the
di ng t enpEreentive Inrgnet ebs IemiEactured aane ddseoteed{ or exanpl e.

Next, the preferregh&anditi Oy miideFi ¥ Qsdd'%re oxide powders, or
powders of compounds which convert into oxides upon firing,
15 for example, carbonates, hydroxides, and nitrates. The
mean particle diameter of the starting materials is not
critical although a mean particle diameter of about 0.1 to
2 um is preferred. Among others, iron oxide is preferably

in the form of a fine powder whose primary particles
20 preferably have a mean particle diameter of up to 1 um,

especially up to 0.5 um. As the starting material
containing element A, a hydroxlde or carbonate is
preferably used since it is highly stable during storage.
. Calcination is generally carried out in an oxidizing
25 atmosphere, for example, air. Calcining conditions are not
critical although the holding temperature is 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 um, 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, SiO, is preferably
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i nventive magnet is manufactured are described. The starting materials used
are oxikde powders, or powders of conpounds which convert into oxides upon
firing, 15 for exanple, carbonates, hydroxides, and nitrates. The nean
particle dianmeter of the starting materials is not «critical although a
mean particle diameter of about 0.1 to 2 ~tmis preferred. Anong others,
iron oxide is preferably in the formof a fine powder whose primry

particles 20 greferably have a nean particle dianeter of ug_to 1 ~t)
especi al |y upSed @5 Bh&tstapbingematarifhgt At RFPUEA1IRgnEALACRT - el nt A,

a hydroxi de may cioé lhﬁihaé@ dzsthpdseﬁefabllcarusﬂgi ﬁhgéﬁihlsi prhbghty stable c
during storage, Lalcination i ener carried out in an Qxidizing 2

i rospher o FateiBafife of wiBedfIen ke SAIEIFEREon o7 57 Fviefen

al t hough t heptot tomg peiperandr subsegsent | o 1c806inabidn350IHe aefif édies
hol di ng i nme_ts S 10_ho . PeC] S nd ' urs. The
cal ci nedtﬁbodcf/JIE h%llée afr?‘?%?‘#?% %Jf?u{):l%ﬁ?%angé gﬁ%@%%ﬁ%t%gl %/Bi %‘eé gandgdne opl unbite
type 30 and prioprtosfiriagti (fesfyrtdier aylhance cthe mflfeglos taL | the di anet er
of up to 2 refer u : r raQky 10 1
~im nost pre %fﬁ%ﬁ%ﬁb.%gtggég% g 9%%%8H%eéﬁé%§f%P%?eg%$éng%e?ggﬁfjge
measur ed by PRefRraply added pybeegeenbntei eabetppkions | n the practice of

t he !gvent i an_ ) 02A1'S.'§O&£;e§1%ﬁ@%ﬁ{g m&ﬂzﬁ@ﬁh@&? Mé%%*%ﬂa@ﬁ ﬁﬁ?ﬁr{s_@dlaz for

pI‘OVI | SI11Ccon. | ma e . mxe W e er s rtirn erirals, prior
bo  cal APnaert dioS hR BHERY PELRE) B9 Gt I GHRBT PR il MEROhtt | THEH | or
and subsequamtrtions ar nall oof fThe eéspettibe ofompeundyestbsagaertobdai ned

i @sof ar as S ' .o PL ring. To further enhance the effects
P

the invention, ron, preferably all, of Si02 is
preferably added sihsseawgidmad tef cddinatstarting miterial i agnpenrds al

conpounds otdigle NHlar $£0,1 S utReuiit BQ R4 ¥tiYn ! AHA GiNAlPdyt- A

met hod ?E a%ﬂ&&ﬁtion method involves the step of first preparing a
calcined material having hexagonal ferrite containing at
least element A as the major phase. Next, compounds to be
later added (post-additives) are added to the calcined
material after the calcined material is pulverized or

20 during pulverization. The mixture is'then molded and

fired. To produce a magnet having a plurality of Curie
temperatures as mentioned above, the compounds to be later
added are selected such that the post-additives contain at
least one element selected from elements R and M,

. 25 preferably at least both of elements R and M.

The amount of post-additives is preferably 1 to 100%
by volume, more preferably 5 to 70% by volume, most
preferably 10 to 50% by volume based on the calcined
material. An oxide of R may be used as the compound

30 containing element R although the R oxide has the problem
that it can be leached away during wet molding since its
solubility in water is relatively high. Also the R oxide
can cause weighing errors because it is hygroscopic. For
this reason, a carbonate or hydroxide of R is preferred as

35 the R compound. The post-additives of other elements may

be added in the form of oxides or compounds capable of
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portions or all of the respective conpounds subsequent to calcinationis
accept.abl e. The nethod of adding starting material conpounds other than
S 02 subsequent to calcination, that is, post- 15 addition nethod invol ves
the step of first preparing a calcined material having hexagonal ferrite
containing at |least elenent A as the major phase. Next, conpounds to be

| ater added (post-additives) are added to the cal ci ned naterial after the
calcined material is pulverized or 20 during pulverization % m xture is
t hen nol dedcanvertingdinte prbaaEcuRORREHELNAaVPHE aB|EP5PPP9 §F EiFi e

t enper at ur egya@soReaELEONed above, the conpounds to be later added are

sel ected suc% ﬁat the post-additives é | east g%§ at

sel ect ed fron1e|eﬁ%ﬁtgiﬂpaﬂﬁeﬂ4t§8 BP8 e? 8&515?5|35§ta% ﬁ 0 gFenents R
and M The apeupt calcpaatiafddahivbefbrepsdheratihy.1 Preddodblyythel une,
nore preferab 0,70% by _vol p %D\ oV BleUMe
based or? thBoﬁgrépﬁéalVﬁﬁt Fa?ggeﬁ gﬁ?%ng %ﬁh hg?béglggég 3¢ hgocg%pound
30 cont ai ni agserebeat 1Rtekrt holmdt ¢dd Gio&d@bn%atotﬁ@ep@%%?éﬂ?dthat it can

be | eached augk | "9BChoER. dhd c3vBEemblyS vesalBil iy che aireridles

relatively # can cauSe weli %aerr rs b cause it is
hygr oscopi chafang hekagopadofierzitgr 5eR*RANdRIHAdr IL1 &Serred

as sa ke RtﬁQ”@Q!BQ pﬂﬁ%epoﬁibaq@bﬁ'%QstQE @bhgte@h@ﬂﬁh&&omameﬂh@da@ded in
t he form of | npounds ca -18 converting into oxides upon

f|r|ngJibuchYd§°@BP5@ﬁét§§H§H&51ﬁy5@5 Oées The time when the
post - addi tives arWi@ﬂdesﬁawtbeo aflementaRciomaMi, ontadealsef 808 ,si nt eri ng.

eferably the 5 t-a d| AMaTs} | éd2|iqg ﬁlteep to be
(‘CI‘I bed | QFBP°1gﬁr %dlsﬂ ?q%% %a Ci nekh%r?&#g\rﬁ;
post - add|tlmagnﬁmyibeda&dedbﬂg Bﬂde@aﬁﬁl¢MG5Poﬁév@ﬂglﬁéW§gonHFtPerr|te
cont ai ni ng a%sb%%%tt%l %%nEeﬁaiﬁlng elements, the amounts to be added
15 as post-additives are not particularly limited. The post-

additives preferably have a mean particle size of about 0.1

to 2 pum.
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 is 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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the maj or phase, produced by the co-precipitation nmethod or 10 hydrot her nal
synthesis nethod. Wth respect to element Ror M at |east 30% especially
at least 50%of its entirety contained in the nmgnet is desirably added as
the post-additive. Wth respect to the remaining elenents, the anbunts to
be added 15 as post-additives are not particularly limted. The post-

additives preferably have a mean particle size of about 0.1 to 2 ~tm The
anounts of post-additives are described in nore detai|. For exanple, mhen

it is desired to PREdFERsPLEYNY & &idFeRsshMaMG ATAdNFedsbY £h&: oo

0.8:0. 2: 11. &2 addidt SRRt e AAliueedl ity doff aiMie t%mﬂiﬁ:ftx&&s 9 6
(= 1:12), the adm xture is calcined, post-additives are ed to

cal ci ned mattd@augh et wekl gindersto 15 explained Sa %JQP@ i s
fired, wher &mt@ﬁmj Lenehdtpiettales rzﬂachas:ermbe:mrqmmitnm maste.]hitaall ned.

Al ternat|] veI erials arge .adm a ratio: . 3:11.8
(= 1:14. iﬂ]’r’é‘q & Itgq'?eé:e és tql}%sq nanadgo%&%tphadsdeﬁl%t‘g%%' of
Mtype st roﬂnunjmg‘ eotre tprovebs - FEhere pos -fadmiad \Westyre efeitlicte t o t he

ey ooy o o mRmlodd rihyd Gis I and’ o Occﬁwegﬁmdiéﬂe i grde 1120

whereby a sitn desir lon 1's obtain 19 The
reason why &eqimitte dlpn‘hilglm hawae depvhyla [an &%tcmﬂﬁﬁﬁiiﬁa%d has a

plurality ofgfdusies dAMRE Hadfiting HHHIL Undvdd i%ﬂdﬁ{ét&?élh-a&dﬁm}@é ned
as follows. Upon sinteri ng:hf reaction takes place between cal CIJ[‘E}"T mat eri al

5 partitfes HAAURE LMarheheGete iRl St atfrfitgh Rart $ig the
process, thegiaige Jiorteaing ! vine fvdlieved 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 temperature 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 fhe
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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portions having high La and Co concentrations and Mtype ferrite portions
havi ng. | ow La and Co concentrations. Specifically, assumng that La and Co
Lln 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 substitutions 15 of La and Co, especially the fercent

substituti ohngrepse the degseri efc@rigatatienpr ebRnkle cFOLLAVLRG ity of

Curie te”pﬁééEHE5t585|eEE%eEQﬁcBrQ%eﬂﬁﬁeOantﬁ@n@ﬁbbﬂihbﬁﬁ wliegkinbut i on
of La and Co within crystal grains

e noldin ep and.t he
precedi ng sFé&céped29aEGPFéPFzéFFoHsgﬁ a§e§ fi bay. mPgPrﬁﬁg RBV&FﬁgaBP t he
raw nmat eri akhpow#gr coarwe! puikepizdnoeshesd andpwetepaliprivingzetep\Vét
shapi ng %wa carrle out using a nolding slurry containing a raw nmateri al
powder, at 8F€a§ H ¥&€8er sing medium and a 25 dispersant. In order to
enhance t he effecmnothehdrydcspessapulvarweungubtephzpngvsrépapieheiably

P eer e Loggnbthl1] BopgaLeR oHIS] FRECERAC BANIRH ] SuiTatels blC 167

material powd ry coarse VEri zing step coarse verizing or
d|S|ntegratungrehsedaDWIne@aQGWGepf3@préférébl90pre%bdb%etﬁ@ wef

pul veri zi ngp3i6RrRgaRYSE e GAtiRAdsPoMdetrbb19eRava by mieanular. 10 is
not ed t hat en fhe raw'material powder Is prepared by a co precipitation

or hydrnahepamklsyathazesoﬁeam@@t Ohd doyl gwaesd puBEdr sperdfdcep is
generally onm tted and the we 5.,pulveri zeng s
P‘CSUF\JITSE" o.f tbou;?: 4 "IE ‘i ?n \P%dﬂ%tl X Oed“nleaxins

hough t hé rizZing step is prefera [y pro rder to
f t her -2®5|nomeasétﬂwgld@@ﬁe@S@fm@N’@@tmﬁﬂ@nthanﬁeeﬂémPém ngry

descri pti Onv1b§fa%§§-5}cﬁu'ﬁs”a@1‘%yt %tttli‘it% mgm@aata \é(@&&%'t&ngcﬂahqll%@d and

particles are use he raw material po dry .coarse
pul veri zi ngd&¥epadddmiddspumidhy thgy dyeyibratory milis 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 SiO, and CaCO,; (which converts to CaO 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 weight. The pulverizing

35 means used in wet pulverization is not particularly limited
although ball mills, attritors and vibratory mills are
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5 are enployed. In the dry coarse pulverizing step, pulverization is
general ly continued until the BET specific surface area is increased by a
factor of about 2 to 10. At the end of pulverization, the particles
preferably have a nean 10 particle size of about 0.1 to 1 [imand a BET
specific surface area of about 4 to 10 M2/g. The pul verizing nmeans is not
critical and use may be nmade of, for exanple, dry vibratory mlls, dry
attritors (nedia agitating mills) and dry ball mlls, with the dry

vi bratory nipnefers 15568k dife Aty qasas . TRBepRMIEErizdfn g itiPendpyple

determi ned afptARPHRIY A QRGNS Adeddiita df Wi gudsrid g means
used. When sone starting materials are added subsequent to calcination,

they are prdPefVaiizIRHALANT iYPYhe dry pul verizing step. For exanple, it
is preferred to agdd athe?2@rEaFE Wt tphlelerS 2% iannd @) puerizerdnverts to
CaO upon_ firin uring the dr ul verizing step. .The dry coarse

pul veri zat i Y Yes secciqq\):eenfeto"'raélerdgdﬂtﬁ%ga é‘bog'r%'\ﬁoti}%'by i ntroduci ng
crystal stra@orecenttmatitdre megt dien ek ferttad Igs .ceftaridiuga lofs epagrati ant yor
restrains 23,0000 Arh@n afbud! LECLRS raiPhaxesidhsBRiRean At ansa

| nproves the degree of "orientation because of becomn magnetically soft.
The parti cl g diive moldiow LWy riesyiagfenabl s gthoud 160 e BR2 iB¥ ri nsi c

hard magnet i gpdyt. t he subsequent sintering step. 30 After the dry coarse
pul verization, "a pulverizing slurry containing the pulverized particles

and wat&f is pregdr dheawets hasing steRwetheumadding ighrephat hanrd of
the raw mat e & mAMirid rEidiRl puly ebmpadd 18gubliessarep ol aballty oahottio 10

5 . e . : . .
@ P Bl Koo R R SRR oK BbE, B AR B B Rl T
are -21 prefagmbled.used i n nost cases. The pul verizing tinme may be
determ ned as apprqucrﬂo%g% dc@fée'lfgé]g)fj% %%&éo‘if& %ispersing 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 due 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-agqueous dispersing
medium is used, it is obtained by adding a surfactant such
as oleic acld to an organic solvent such as toluene  or

30 xvlene 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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pul verizing means used. At the end of wet pulverization, the pulverized 5
slurry is concentrated into a nolding slurry. Concentration nay be
effected by centrifugal separation or the like. The amount of the raw
materi al powder contained in the molding slurry is preferably about 60 to
90% by weight. 10 In the wet shaping step, the nolding slurry is shaped

in a magnetic field. A conpacting pressure of about 0.1 to 0.5 t/CV and a

magnetic field of about 5 to 15 kOe may be applied. h
non-aqueouséﬁ@%@er@@@mﬁ?ﬁ%ﬂﬁnﬁYQEP¥Yﬂt%é958$d$ﬁga§?%?f%3i%Hgggégfrggg of @
?:gg‘::et ﬁe%ggtéﬂé;?é@ﬁb&ﬁ a@émeaﬁﬂié@nthan othai cedbon hat gneSenmingvant i on

. an_aqueous di spersi ng nedi | t d
the envi rorf@ple TRORNPLHI AR ¢ g%nd?g?)mbf ];J*rengghgéé I{(’)i orirkgfntégﬁ% dﬁg tgn
fggorggrgzeﬁﬂ?ﬂ?ugggg drng$§lnghQOeﬂﬁdCUnpfaiﬂpsp%isgn@ degpeef @fabl y

0 e nolding sl|ur The, di a Sk hdlcd

preferaBly © ﬁe%T'%gh?% B%ﬁ%’gﬁ%dl l%‘1%‘\1/|£%'EL;;C?=|€§F'(')xyl aén'dn’%:haérjboxy‘zlng'lr re%fjb%ﬁ%i a
neutral i zedisahffibterbf wbthaotganbonecompeunds af BEghfpst Eo%ﬁBHBB havi ng

a hydroxymet hylcar y. 2 ni u BN I
type hydrox??gﬁ?bu€89d+%g%§ya ¥§£%§9%nég§?g§o?€ggﬁgﬁ?ra?igggsng?ntﬁg?eof.
Under st andabf ythehearbon abamagotbes HhéBeFQFnﬁarhﬁﬂiﬁgPWs QERANYi R i s

obt ai ned bys;8ggi B9b8n§ Ui 8t ARt ofiY§BnagtENEI CTiRE i Soriding proportien| efnt

such_as to!uene or 30 xylene as described,in JP-A 6- h
a di spér si hgdredy ingEPPBRs 18 ﬁ?@ﬁgaégfgﬁ 5%gn§§ﬁ¥Frgg§g?§3?§t?gﬁggég;bgﬂfh

9892at|naxigyﬁpbapag,asaennbtsapﬂleeentommha diisperehntsothensedyesterrite
icles o suﬁn1 ron_ si.ze . US e - ked ani c
@oinas oref ReEoRRa, PiotsBRaLy S e e L e car bor
-22 carboxyl groups (i.e., hydroxycarboxylic 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=l) or a neutralized salt thereof or
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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atons, and havi ng hydroxyl groups attached to at |east 50% of the carbon
atons ot her than the carbon atomform ng a double bond with an oxygen
atom |If the nunber of carbon atons is 2 or |less, the effect of inproving
a degree of 5 orientation becones insufficient. Al so, the effect becones
insufficient with organi c conpounds of at |east 3 carbon atons, but having
hydr oxyl groups attached to | ess than 50% of the carbon atons other than
the carbon atomformng a double bond with an oxygen atom The bondi ng
proporti on cfrompshywxydoes dipls satishy tEre 1eeauheengnt cthrl RYHERRBE gani c

conpounds, byt 2P d echdred Neo 8 PEESANt 504 NSFBBAY ESarbd®lat @fis ones of
or gani ¢ conpounds haV|nq1hydrox | and carbox

| groups (i.e,, .
hydr oxycar b&Xe% Hhan§he LarRen Ry Ling # ?('ﬁlgjp‘l“ Pond iR, 3R
bondi ng pr opstgdger £fonS Mgsedtie 1¢s@ypthies efifeldte®f dnipgi®ving the
hydr oxycarboxyl i c acids . thenmselves, but not.to.the | actones. The basic
skeletongofdaéf%ﬂx) PN R ot RRCHRS 12 thai n or cyclic and be
saturated or cont domeurssfatthetmpre fdoret didpdrtdants adésetihed above are
hydr oxycar b i i ral i ereof or |actones thereof
are preferr g'f(;yldas'csuta#eed%itg%leorvggﬁ a%%%gﬁéﬁ%é%#%f erred are gluconic acid
(C=6, OH=5, COOH=l) or a neutralized salt thereof or |actone thereof,
| actobionic acid (C=12, OH=8, COOH=1), 25 tartaric acid (C=4, O+FE2, COOH=2)
or a neutralized salt thereof, and glucoheptonic acid 7-1actone (C=7,
OH=5). O these, gluconic acid or a neutralized salt thereof or |[|actone
thereof is preferable for the augnented effect of inproving the degree of
oLl entation and | ow cost. 30 Sorbose is preferable as the organi c conmpound
‘i‘ing a hydroxynet hylcar bonyl group. Ascorbic acid is preferable as the
organi ¢ conpound 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
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the invention. Gtric acid has hydroxyl and carboxyl -23 groups, but does
not satisfy the requirenent that hydroxyl groups are attached to at | east
50% of the carbon atons other than the carbon atom form ng a doubl e bond
wi'th an oxygen atom Nevertheless, the effect of inproving the 5 degree of
orientation is ascertained. Sone of the preferred dispersants descri bed
above are illustrated below by their structure. -24 D - gluconic acid a- D
- gl ucoheptonic acid y - lactone COOH HCOHO0O 0 HCOHHGCOHOHOH |

- U20HHCGCOH 1 L;HOH lactobionic acid COOH | ( RR tartaric acid

HCOHI HOGHGCOOH | | 0 HL;-UHdHOHO011-CG11 | | I1UHRL; H O< 0 L;
Uutl OH OH ascorbic acid L sorbose
D - gluconic acid a- D - glucoheptonic acid
v - lactone
COOH
H—C|3—OH 0O
HO—(ID—H (0]
H—G—OH
H—C—OH OH O
CH,OH H—<|3—0H
® H—C—OH
éHQOH
lactobionic acid
GOOH (R, R) - tartaric acid
H—C—OH
HO—G—H GOOH
H'—C'3 0) H—é—OH
H—(:D—OH CH,OH OH—(:)—H
HOHC 0 COOH
‘ OH
OH
ascorbic acid L-(-)-sorbose
o= C|3H20H
HO—C ¢=0
Ho—C ¢ HO—C—H
H_? H—clz—OH
HO—CH HO—C—H
(IDHQOH CHZOH
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O=C CH20H.!1 I CO HOOI 11 0O HOGH HOCi I I HGOH HCI1 | HOG11
HO-Cm! | UH2UH UH2UH -25 The degree of orientation achieved by nmagnetic
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 remanence after sintering is affected 5 thereby. Wen a conpound which
exhibits acid properties in an aqueous solution, for exanple,

hydr oxycarboxylic acid is used as the dispersant, the resulting slurry has
a low pH Accor diTh§l fedneq o5 rfiantatian aghiaveddpmagnatic figld” as

by addi ng adiasnta3amPuny £ fitted ty the disparsator dhelar st erred
basi ¢ conpounds are ammopni a and sodi um hydroxi de._ Anmmoni a:may, be added as
amoni a watéﬂreﬂﬂ§qﬁﬁ9u¥ﬂr¥¥gdﬂi&ﬁQxﬂqw(ﬁHhfﬂFb%VﬁHFﬁb%Vﬂqg%ﬁﬂ??ﬁ%?%ﬂso
effective i lfbel@oﬁié@5 tﬂﬁwmﬁd?\nﬁfeﬁdr@mawmb es'alfﬂ:aﬂcbidGﬂﬁﬁ.'rﬁ_:lfeLSidiﬁﬁbcﬁ&d hfe
raw materi al s, t use o roxycar.boxylic.acid _or, .a_|lactone thereo
he" The i o pbienshy ol ToRE & GomRRINE, ihichy bisbTp3F s, af L0y BFODER G 6 Snilh t he
super nat ant anf dguedisursolutaion y by iexpamplresp arypinony aeridwey ot digigl sisurry,
resulting i r f I [ r so, if
the pH 20 otr]]'1 Sféﬁicei aéot}:?lrey dligghe%[cg%engcs’e as(}tbeyé%}cf'?’% {Jﬁ“fe;:!ggsl{% Egca)rrprh'cbg”uﬁﬁi, " the
carry-over &rendigidly .0 tard QuEFenred g gt gihe @dhtafisthe tHanee of

a cal ci um sald 1Rf WA BLPY |ddmpound 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 SiO, 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
HcJ 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
aclid suppresses the carry-over of SiO, and CaCO,. It is
noted that when the basic compound is added or when a

. 25 sodium salt is used as the dispersant, any shortage of the
Si0O, and CaO contents in the magnet can be prevented by
adding SiO, and CaCO, in excess of the desired composition.
When ascorbic acid is used, the.carry-over of 510, 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 1ll.

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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acid suppresses the carry-over of S 02 and CaC03' It is noted that when
the basic conpound is added or when a 25 sodiumsalt is used as the
di spersant, any shortage of the S 02 and CaO contents in the nagnet can be
prevented by adding S 02 and CaC03 in excess of the desired conposition.
When ascorbic acid is used, the carry-over of S 02 and CaC03 is little
ascertained. 30 For the above reason, the slurry is preferably at pH 7 or
hi gher, and nore preferably at pH 8 to 11. No particular_ lLinmit is inmposed
on the typeaﬁisﬁhErOHéGWFaFPEéBdéQQttH§e835§YfE¥eHi8 ePUEMt 12ARy of
cal cium  sggingBhandsobhar asaliks1myoherosed abinpatghoz sahtewedsabtly35 is
preferably used for the above reason. If a sodiumsalt is used as the
di spersant 5P ShAGKira water is added, there -26 arise problens including
thetcarrybover ofIauxbLhadyrscouponhatsaammxaurekefihwodoromoaeconpact or
sintere o] to crack. |It.is understood that a mxture of two or nore 5
d|spersg%tsg%ﬁQeﬁﬁaﬂggdma¥hgeaﬁgﬁ§f of the dispersant added is preferably
?h05 to 3.0% bly Theghmpunbr efpthéeddbpgroantd @@dgﬂod@bprﬂéﬁgﬁPEYbaseé on
e raw mat gri owder. . s I a t e 1odi I §&n i chi eve
an insuffic?én?'?%ppgvgﬁé§ﬁgrnﬁ§§g ggggggﬁggyop'épigﬁfgf?gnﬁyvﬁghgh%o much
anounts of bmeeddpBpsheakaV Masexkpadt PEWASTnt cfRR 1SS FBOVRKR| 9Tt ER€r ack.

LglLfiggte?g?ggégﬁ%Pgh%oqﬁapﬁb§169eié?aﬁﬁﬁﬁFQﬂedﬁhQnEm@bbeePEnaniaq&heus

, , an acid or nptal, salt, the amount he di spersant
added X0 15degrea 9fc9rasniAtion. THLEN| §9° (MRCRATOTRRS aRbukitei s P
calcuISteahagsbﬁgsapganbccﬁmbabt oirt Binttereddboden iisod ikelynioalcriagcis .

r ved. en the_di spersant, i yd €34 AN i3S
@205 e i n Re a8 epRaR bRoR, f A nikBecaR0E 1h08 ABRLAES L e
di spersant id0@iuwsbdei $ncahnciagmeglsc sndusippnofipdr gramplee 28dRCiGh %Fhount

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 during 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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is calculated as a gluconate ion. Also, when the dispersant is a |actone or
contains a |actone, the addition anount is calculated as a

hydr oxycar boxyl ate ion provided that the | actone opens all 25 its rings and
converts into a hydroxycarboxylic acid. The tinme when the dispersant is
added is not critical. The dispersant may be added during dry coarse

pul verization or during preparation of a pulverizing slurry subject to

wet pul verization, or in divided portions, with one portiaon 30 dyring dry
coar se pul veurizg eylyesized iiod e afReFisddy GFY d:lml%@ \Bé’(l"pﬁﬁz'\}"@r%‘ﬁ?'i on.

Al ternativelpt ilheediisR@ESaNat Y ibraaddgd nindefusi@ tiid @ryafdoarseet
pul veri zation. Any of these procedures results in the nol.din nSA urry

cont ai ni ng e VETIFEtIAR Wréﬁsn,g%attﬁ%n(ﬂ?gtyhé:oefﬁaércttiqlse%%

a(t:)tco_rrpl L)ishe%évtatﬂhe% g@@r@mdﬁmdg;mimh@z j_oddeg;r éri gifer drthiaantaatbadrl i s

obt ai nabl e e dispersant i.s added . -27 durl I |.Zadt |

especi al Py HP&r]té’é;regefs | V&S ?é%livtﬁ{lza&thns‘ 59 it ed&tlfhe\z;t &mébl% O il
ulsed for deta)marasauf}ﬁﬂoﬂmrﬂzaiﬁane ifigrarchenjosdt ereantsiiqyy to precdeed es and
el evates t t Lat ur f t, lLgher t;;,%kq: | 4 | Aseh

wet pul veri g‘ta ﬁ&@gf&h@g, t%gtq'et‘;hégd ;;daltﬁtleafgstg{r%afl a esadarpczulfpﬁc %:ql_ieéndt st at eé 19{)r
chem cal redo swansepmydeerizatians tahaenselamopsdt fatthe diPelsght sant

i's added durjidQqdrsheP¥rS SURHMRd 1 igibt it 18y ariltilta eddie: disper sant
I s adsorbed on surfaces of particles and _asgi)rre_sult, a ?{0 Ei her degree of
9 (A8 AR50

ori ent alP on highen fegnnce of PREATALPN ¢ &R it °8f "t he
di SDFrtsant rn@&ﬁéﬁldﬁﬁmtn oft RheTintbulg: Vfrthe (QaipEY dem tdemsmedirsirystiamt i al |y
egual to t adsqrpti on .anount) .tg‘e.rat'o of . th re"%%?i t t he
ﬂl tion ar Wé‘ﬁi“&@ﬁqﬁé’n et S5 desmed ssua(j.\locfcf:ea?]'1 dlLPglrgr)lchd]F ypocoar se
pul veri zat i dihel s oatperidrhendiwpe)r s aite iratiadddd the irepidualpanamt &9 on.
It is noted éﬂaatadc{lt&ao%ea cﬂﬁu@'iss[)q{iiﬁ{btr Iehetfdafh idu hasdiaok PO tidsa the
anounts of Tespective portions are determned such that the total
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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addition amount may fall in the preferred range. 20 After the wet shaping
step, .the conpact is dried and heat treated in air or nitrogen, preferably
at a tenperature of 100 to 5000C for fully deconposing off the dispersant
added. The drying and heat treating steps may be continuously carried out.
If the conpact is rapidly 25 heated before it is fully dried, cracks form
In the conpact. It is then preferred to slowy heat the conpact fromroom

tenperature to about 1000C, at which tenperature_ran t toi
fully dried. The KB&tmegB&Eneft the FBVP%&&%?“FFFP%? %Fa%ﬁﬁ%%a o

sintered ferL] : haledi.ng +30 ot e r | f itlol ste
IS preferabF§&%?ngg?§Enl¥ggSO%% g%dt%oEeﬁgpeﬁgﬁgbpgéf%fggl?gg ,5%6%%, ang

the time ofmhobdanfodt pherbeaBeyabuse tios 1pnefiar. ablye Omdghet 3ofiothe.  As
previously described, the holding step is_not involved in continuous
furnaces or inNentira, exhdbdiena Fuliyt hdghe cos% Siyd te AViee “ETh &2 %f t he

I nventi has _sat | sf ory...perf.qr C - e n of eah I on
preferag?y ngnacﬁggggﬁcp§?%glS&%&Fﬁgsﬁ?ée%%eE% fga% %?Hl E%?ecgggggﬁably
up to 1 ~tgradndstiuet caneber alklguieds byo meand efma Feanmigieeelecinan

i nvention exhibits a fully high coercivity even ﬁhe b 5 mean ﬁrxstal
grain size MICFRSERPEss Bhe1T Eﬁ?t#ﬁét¥r§ét3Fuab Xiﬂosi B 5n"He FBasur ed
by neans of a scafpi Bg abeelr @hatMaCEAnGeREed Magnedsican \&lisp ite usual |y 100

e o Phy e i e i a5, TS W) A bR
gr aﬂﬂ: Zx;‘o Lgai&ﬁt@hawﬁg\s&aﬂy&n?ﬂt:h@ctqmmrm itdrosfghnegrestasc tad el l@dter® i ng
B0 ng t noEArSdAToRE MR aeih Yrtind AR e ind W gk
of the incl pairencile @lieERIES aBoartd 10 te 700 far,r idndd rbgnethagfindhehe
:OPXS{‘Z.'GS”t E%ﬁ%@'o%h $S0% Glannit 3% 21 d) WU s M R L cularly,
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
welght 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
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i nventive ‘magnet is of the sane shape as conventional ferrite magnets free
of the relevant elenents, the inventive magnet, which generates a nore
magnetic flux 20 density, contributes to inprovenents in the performance of
applied products, for exanple, the achievenent of higher torque in the
case of notors, and the achi evenrent of sound quality with inproved
linearity due to the strengthened magnetic circuit in the case of speakers

or headphones. 25 Al'so, if applied products may have the sane function as
the prior sk of Low-regperatunee demaansteratdion Jafeaneit nagnets can

be reduced (ehayeithza¥A¥)i.ourhBdrb@isbieiagdorWBirglticteduskidonasn cold
(flattening). Aso, in the case of, tors usb&g woun .elqurom%%pets(fs

the fiel d nAgREEiatse and fdah o FORGP bt Pt G g POve
el ect romagneien whem rAiluing @ dndMaiop aredusidons i stenif adthe |ingreurtoices s

shorteni hg and cqQst reducgtion. Becayse .of the i.nprqv ture
properti®s BP% ci{ﬂﬁﬁtﬁﬁ—i&"ﬁqnqeﬁs E&Vd% exp?oeslg‘q)eoqoce%%oo ;%Je?é%%}sg %g(’ar rite
magnets i n menttioned ahove o deipmdved othey easen\esatlieonalheerrite
magnet s have Ll e ot il dls 1o WP UGS ANBRON ISRl Ak At dEnent
dematgnetizatlf1 r??‘.tlﬂ%’eprfﬁs‘}iia i iatycﬁq?gro ucts .user%gi n cold Cl&fstri cts and
high altituds byngenmitdiipd fihsamsey afg Gt inyRus dgfefYEH35Rr conditi ons
are inconsistent, I‘h*éeniagfﬁ%&t i theP8Midng i i worm@ et thawinyg excel | ent
properties as nentioned above to be produced on a nmss %§Iq3 The

i nvent i bh pdedidesd shanerndfHimdsig Hde Vaste e fiictd HERPHAFi tting
the use of Yee@HipadOWel1dns. f urnace. The nagnet of the invention is worked
igto the 10 desir ﬁﬁfha e gnd finds,.a w de vari g{. ' ' as
‘cri bed bel ow. H@?& &FE %Yfrﬂ\@aa@eeé)ﬁl%lf%see ilgpggu‘{tg&rr% ﬁ\r}ée not or s
for fuel pumetorsovier uelowsimpsBS,pdvwears,windseis, Alipﬁweﬁanﬁeevims active
SUSPENSI ons dw€¥1§¥é%rfﬂﬂ¥'Aé¥%§%:giéﬂghéﬂdﬂévwﬁtégﬁé¥§,deof“E%éE§s

machi nes ang audi o- Vi sua .

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 fleld 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,, SiO, and CaCO, as raw

materials were blended, mixed and pulverized for 2 hours in
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equi prent -such as FDD spindles, VCR capstans, VCR rotary heads, VCR reels,
VCR | eadi ng, VCR canera capstans, VCR canera rotary heads, VCR canera
zoom VCR canera focus, tape cassette capstans, CD, LD, and MD drive
spindles, CD, 20 LD and MD | oadi ng, CD and LD optical pickups; notors for
househol d appliances such as air conditioner conpressors, refrigerator
conpressors, electric tools, fans m crowave oven fans, m crowave oven

pl ate rotation, m xer dr|V|n yer fans, shaver drivin

t oot hbr ushes; Wﬁﬁt6F§rQS°F®rdF&SFoﬁydaﬁﬁﬁﬁﬁPF&ﬁ eqﬁpﬁﬁéﬁﬁngugﬁaﬁggfﬁbot
shafts, connecti 'Pférfléké{ﬁﬁleéoag}e 'f-d@ineﬁaﬁﬁ' gert gel 1t égbec dgdves, and

nachlne tool belt m scel Taneous units 1 ncluding motorc cIe
gener at or s, hepeakeobradgneéhg, aheadplioed matgmdad . nByeccemposibben

e S or s Ehd, HEIRIALA"RF0- X3 BHP e TR RENLA BYP 1 udi B! r%?”sor s,

ABS sensors | evel"Sensors, magnet “| at ches. EXAMPLE anple
35 Powdeér s sha®y608 isFeRhogn $nQZahahg ¢a¢n3 as raw materials were bl ended,

mixed and pul ver i gedy! 06418, N0, N 1anthaBuiteloadtiorialer Ladieed 88,0,
classified, obtalnln% ran *the granul es were c%%élned in air at

1, 2500C f or aBdheabal oBFécldﬁl rﬁ@ Ellé‘&PEPnQﬁ FReQy j3nd Jon of the

cal %i de T&I—ilaahehveg deter aaaed By ftheoraledhledx madprialanangsios 6i%s byhown
in apl e

' 02, .Ca 1 h b
cobal t OX|d@eﬁghﬁlQFuPéiSFu@0§gE°8ﬁg anﬁg%§agog&%teagﬁﬁP&ggikg?gﬁégééda?g
t he cakn)nedynabemnahteandde&%)pylvweughmmoh dal e hatghwdseavd baadedst o
Al CrghOhu RS ohlalnanl B MiGEReOpuibbite ov%gre'ron exe, bRcawi se

‘r at ory tarnrn a Coarse verl Ze FeZbS} was
ed to t hwasoadgedpmlov@hlez@@agr@mmulmmzme@%@em eddowedt bibE0

ggf%;’ e;' rZTIa).It hﬁBu!rB 3k BukverBratdOnCant Aala kf1a .copgentration of about
concentratlng to a concentration of about 78%, a molding
15 slurry was obtained.
The molding slurry was compression molded while
removing water therefrom, obtaining 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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15 slurry was obtained. The nolding slurry was conpressi on nol ded while
renmovi-ng water therefrom obtaining a conpact of 30 nm dianeter and 18 nm
hi gh. During the conpression nolding, a magnetic field of about 13 kCe was
applied in the 20 conpression direction. The nolding pressure was 0.4 t /
CM2. Next, the conpact was fired into a sintered magnet and worked on the
upper and | ower surfaces. Then the magnetic properties and sintering
properties of the sintered magnet relative to the oxygen partial pressure
in 25 the fPEi agtaskosphpie @b%él@ﬁérrbﬁeé.lrftpsi AgMRAS1Bgr FREHrYoErP PATa

m xed gas at p g~ Consi sty of oxygen and nitrogen gases (1 atm)
while the of gzngggr?'g Ep?é%é%?é in the firing atnosphere was changed by
controlling the flowrates of the gases. The heating rate and cooling rate
30 inthe firing step were 500/ mn, the firing tenperature was 1, 2200C,

and the tinme of holding at the firing tenperature (holding tine) was 1
hour. The conposition as determ ned by fluorescent x-ray analysis of the

si ntered magnet which was evaluated for 35 magnetic properties is shown in
Table 1-2. It is understood that the conposition shown in Table 1-2 is that
-31 of a test sanple obtained by firing a nmolding slurry in air at 1, 0000C
for 1 hour. -32 0+ 1. HCVI) Or-AODLOmM 054 NCNDwm C ucC00O0
MCIONT. Nco CY) r- 00 (7% (7)
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\

ri p.&400000 &) r~MN OHnt~-oNr-0 1-11100¢C-1; 05ri
4 0 r-i NO uW I U U U U - 33 Wth respect to the magnets of the
conposi tion shown in Table 1-2, the relationship of magnetic properties
(coercivity HcJ, remanence Br and squareness ratio Hk/HcJ) to oxygen
part|?I prgfzfri P02 ﬂuring f iring is shown in 5 the graph of FIG 1. . As
seen from , Within the conposition of the inventive Exanples  that
i's, the conpositi YathnTREPERtt ke tHﬁoWﬁSnPéﬁi8f(ﬁhﬁ-€P@PﬁfF%§P%g#iﬂm? S 02
content falliy Wahiien 1LHe $RRCINGtHidNesSp $EIRRIgne tilopardpeatiats | east 10
conparable to firing in_ air are obtained even when firin RS |- an

at mospher e K&PERGLINA tIxHgdn FEMENENCHr BLs S5 BS54t %atlé)ngﬁ{]ﬁcjl‘ﬂe

degr adat i on +of oxggest pariiene priessureapogsderingnetirtngnishshownriing is

done in an atnosphere ﬁh I ng .an oxygen partial pressure of 0.01 atm More
15 i 11 us?rafifel thhg ?ﬁéﬂo£ygen partial pressure is decreased fromO0. 20
atm to 0.01 atm Asasee@r €rom FIGr.op,owithin 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 illustratively, 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. In

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 coercivity 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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nor e t han about 400 Ce is ascertained with the conposition in which either
one of- the atomc ratio (A+tR-(Fe+tM/12)/Si and S 02 content falls outside
the specific range. In 20 particular, for the conparative exanple
conposition with which a coercivity surpassing that of the inventive
exanple conposition is obtained at an oxygen partial pressure of 0.20
atm, a coercivity drop as |large as about 1500 Ce as a result of a

| owering of oxygen partial pressure is 25 ascertained. In contrast, the
coercivity 4eBpexasyEeatd® Va®%d-ne i nventive exanpl e conposition is |ess
t han about 150 Oe, and no drop of remanence is found. These results
denonstrate the effectiveness of the invention. 30 Exanple 2 Sintered
magnets of the conposition (as determ ned by fluorescent x-ray anal ysis)
shown in Table 2-2 were prepared as in Exanple 1 except that cal ci ned
materials of the conposition shown in Table 2-1 were used. The other 35
exception is that the oxygen partial pressure in the firing atnosphere was
fixed at 0.0.5 atm while the firing -34 tenperature was varied. -35 N 0O H
.rl1-1 to+to-vgaA 01-1 m19 0 OOP4. . . HHH O, HOtDOO
kD r-4 -0 Hr-I
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0Ofa pm(~C toCNCNO4CN 014 to00O0 4) 0 F H 43 .ri Ln
10 HNNN ri NOpgpg Dal uU-36 For the magnets of the conposition
shown in Table 2- 2, the relationship of magnetic properties to the firing
tenperature is shown in the graph of FIG 2. As seen fromFIG 2, the
conparative exanple 5 conposition experiences |arge variations in
coercivity when the firing tenperature was changed. The i nventive exanple
conposition, that is, the conposition in which E e atonm ¢ .ra&i

(A+R- (Fe+M) | 12) / SFoRnghe WadneheeAf thel CRMPRSHTLRR SEBSE‘i e Pgr’rﬁe%'
eXper'?n9652|e§ﬁeV§élaEh6ﬁ%hh@ QQemagnb&1c1®rbb&&thb@ tomtaeatfiivdngxanpl e
conposition, that is ﬁﬂ oslt her one of the atomc

i
ratio {A+R-tFWE$H?FT§?/§F g ' 62 5 gﬁﬁwg &Gt side the specific
range. 15 Exanpl eas Seahefedmnngset9,othbheompama$uveoRXQmpleetern1ned by

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 SiO, 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 Si0O, 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 3A,
group B of Example 3B-1, 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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fluorescent x-ray analysis) shown in Table 3-2 were prepared as in Exanple
| except that calcined materials of the conposition shown in Table 3-1
were used. The other 20 exception is that the oxygen partial pressure in
the firing atnosphere was fixed at 0.05 atm and the firing tenperature
was fixed at 1,2200C. It is noted that the anounts of elenents other than
Ca were substantially equal 25 anong group A of Exanple 3A-1, Exanple 3A-2
and Conparative Exanple 3A group B of Exanple 3B-1, Exanple 3B-2 and
Conparative Exanple 3B, and group C of Exanple 3C-1, Exanple 3C-2 and
Conparative 30 B e BC, whide[thHe andunt of (Ca wa nanged to change
t 1

C
the quantity of A pndmthe ataofficiratip (|A+R-(FetMf12)/Bi. -37 r~ N O CO
NONO1LNO IiIin v|m M ONWM-~OQr-|l e'{I+r) NJj1){01 | 1; VGHHN
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Cll 01 O- 0L U tHe Rdidtidrdnily Iof Radndtiic Igrdperties 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 inventive example compositions.

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

20 content of Ca0 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

-39-



O1LN Orl NQ'" rIl NrI NO pQ, iQ, MMmmmUUMOMMMMMM 0 U
WWU-WWUDQ U -38 For the nagnets of the conposition shown in Table
3-‘2, the relationship of magnetic properties to the atomc ratio
(A+tR-(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 fromFIG 3, a conparison of magnetic properties anong groups A B
and C reveals that a very high <coercivity is obtain when the atomc

ratio fall swarehEeundhevepewhenc then§amsr e80UNGSy oy Hhees FPIMABITS That
L eéoat h: lwg\slev%g%kyaaggeg%u:tml hatrtihg ﬁﬁ%@&tiall_&s ra thiegh theer @svithe when
artia ressur eterring . to t h | h
of FIG 4 PREtcABadAveR: RoWeiRpar LepyerERaNp uese PATpBEELTLEREY "7
gQ;ﬁgf;Vi56{ﬁgﬁ|QhepgﬁgQSFﬂbﬂﬁiﬁh.groug A, but nore than the inventive
conposi tiong r.oups B.an t .S h f
Conpar at? ve Exanpl 3351?"335%{1 W@E?gisvgrgpa} glr tJ'I,n gglte %g%gr é%g&vmit teh % ge
i nventi yte emflel feasmres tfican<urlite Wwaempeeiatered biyh thee fodilowing that the
coercivity _of strontiu ri kS I f i 0
content of Egﬁcggugﬁ'adg}%§§é.Eﬁ?n?gﬂgégﬁhf?g%?%?Ggég3E§%gngh¥ﬁgygwﬁen
fired at a ltestospgelepdn ithie Foxss@fe a ydindsa hawing i dhaperss &F

depending 0g, e AW HIH0 o At e 4 /ckd) diiractiear dihan dohies CaO
content. It was found that when Bi substitutes for part of La 25 in the

Z}E ][ gg: : Z\L/l%n ;Nfebiitt.e tileeg e lien wiadse mﬁé'-ilzmi’qﬂtes?,?tch Y ¥8Wi PYoAPELYANY; s
g oo SRR SRR AR T Bt O
r 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
direction of ¢ 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 (ocl/cRT)
of the magnetization (cl) 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 ferrite 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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tenperature side w thout substantial degradation of 30 coercivity. Simlar
effects to the above Exanples were found when sintered magnets of the
conposition in which part of La was replaced by another rare earth el enent
were prepared. Although | anthanum carbonate and cobalt oxide were 35
added to the calcined materials as the post-additives in the above
Exanples, simlar effects to the above Exanples -39 were found even when
t he sane anobunts of these conmpaunds e added to % tfﬁtang Eerials
rather thanpP@straddiféep. gﬁﬁpPFvesFl¥bﬂgv%?s TRETEF e%?s vier 8 tly |ess
than the Dogésaddmbbgneré thasisttiagedfmagyges pndpadédogent msglsoxké
Exanpl es were y Curie te y st.h olgls procedure.
First, the gFﬁtgegg ﬁgF w&ge ﬁ&cﬁlﬁgg %&ﬁoﬂ ﬁh %hk £ ?é ?ﬁ t he form of
a cylinder hembsghaerdi amst ehanfgedSbmmand:r@lﬂemghtth@f féow Fates (ofe the
directi of _c_axi S t t gﬁg h¥r¥SM by
3,” 2SRRE Rt ;S‘-Eh% #gé on E%g ﬁ'ggéﬁlw 1HHGH§ fl?ﬂné a Qp

appl yin direction of aX|a
Next, with tLhepieyted dnf F3Gd @eneTb?ﬁﬁgSéBFPEﬁ@ mFQBﬁFFnWFFE WSEFEEF zero
(a magneticbleLdoobighayt (BRoFE Men ERerUsed thy ohivi asi dud. S
magneti zation of magneti ¢ 15 poles), the residual magnetization of the
sanple in the direction of ¢ axis and the tenperature of the sanple were
neasured at the sane tinme. A a-T curve as showmn in FIG 6 was depicted.
The heating of the sanple was carried out by a heater disposed around the
sanple. The heating rate was 20 about 100C/ min. Fromthe a-T curve thus
obtained, Curie tenperatures were determ ned according to the above-
i'icribed procedure. As a result, the magnets prepared in the above

npl es was found to have two Curie tenperatures, with the lower Curie
tenperature-falling in 25 the range of 430 to 4450C and the higher Curie
tenperature falling in the range of 450 to 4600C. The ratio (al/aRT)
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of the magnetization (al) at the lower Curie tenperature to the

magneti zation (aRT) at 250C was 2 to 10% On analysis by x-ray
diffractonetry, the sanples were found to have a M 30 type ferrite single
phase. Reference Exanple Sintered ferrite nagnets of the conposition shown
in Table 4 were prepared. It is noted that the strontium 35 ferrite nagnet
con taining La and Co was prepared by the -40 post-addition nmethod. Firing
was carried out in a mxed gas atnosphere consisting of oxygen and
nitrogen gases (1 atm) while the oxygen concentration in the firing

at nosphere was chgangéd by controlling the flow rates of the 5 gases. The
oxygen concentrat|ogtie [fBe|firing atnosphere is plotted in FIG 5. These
sintered magnets Were reaspned for coercivity (HcJ), with the results
shown in FIG 5. {4F/Okb .n NHH OU O I'Il OWzoo i opr-i 00m
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a) 4a 4a U b)) 0 4) 40-H UNa) 04-1 Uayv) -42 As seen from

FIG 5, the coercivity of the Sr ferrite nmagnet containing La and Co

wi dely varies depending on the oxygen concentration in the firing

at nosphere whereas the coercivity of the prior art Sr ferrite magnet free
of La 5 and Co little depends on the oxygen concentration in the firing

has an atoni o rathe ERER. SEPRLRFEI25H SERBCCPHE LT AEYSRECEPP SFakgEE 1o
prescribed R¥ghBe cobAt8#hHAY 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
5 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.
10 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.
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10 As is evident fromboth the results shown in FIG 5 and the results of
t he above Exanples, the control of Si content and atomc ratio
(A+tR- (Fe+M/12)/Si exerts a unique effect only when applied to ferrite
magnets containing elenents Rand M -43 CLAIMS: 1. A ferrite nmagnet
havi ng hexagonal ferrite as a major phase, conprising A, R Fe, Mand S
as netal elenents, 5 wherein A represents at |east one el enent sel ected
fromthe group consisting of Sr, Ba, Ca and Pb; R represents at |east one
el ement sel E&RdYSEromrare earth el ements (inclusive of Y) and Bi; and M
represents at |east one elenent selected fromthe group consisting of Co,
Wvn, A, 10 Cr, N _and Zn; and wherein_.the content .of. $.02_is_1.3 .0
nol % when t Be con@eﬁF§rﬁFen@F§Pe5xg8§§ngr8e§8?8Pﬁ9n38rr6%SV|geg F%gprfhe
met al el enephasa,e compIdatings AQXiRjeFe ,aMl andh@€iawsnmme tadt ied-egiendis .by (A + R
- (FetM/12)/[Si 15 is from1.1 t .9..2. The.f Iyt e 1
wher ei n ?hez"’ﬁ‘reﬁﬁaf‘t f‘oﬁfprgfser?é:tsala%eﬁg%esﬁt S ,%erﬁ{—eé,t %r? M tga?ﬁoﬁnadtﬂtﬁ al ,
are: A | tarbldpatcknsiztiRg ©f051,0BR0 £/@Andr@b;:g® TepIesekS &fd M 0.1
to 5 at % ba n e | f Al et | . The

;%%sQ o@laﬁﬁg%bg& %%a%#%ﬁﬁh Tehdl RhIERhemetitsd

ferrite magnet of ] as at least two distinct Curie
t enper at ur e ingiusiviealof i¥) @nd Bdrigangt M aspresetsodE AFESH & from

each ot her léﬁfe%ﬂi?%%tle%%%d froth NIy dOmRERYiING 0Fe deer Mi e Alagnet  of
0

o 2" r 24 oG AL RAHAR L P ARG S (e FOREE: OF Ahdnahr oh Bt ep ¢ he
oxygen partizlo @ca%swHen ntHdadntdnts off mest@ieoxifdesctare eletermined
. provided that the metal elements are present as oxides, and
the atomic ratio given by
{A + R - (Fe+M)/12}/Si

15 is from 1.1 to 1.9.

2. The ferrite magnet of claim 1 wherein the proportions

of metal elements A, R, Fe, and M, each in total, are:

A: 1 to 13 at#%,

20 R: 0.05 to 10 at%,
Fe: 80 to 95 at%, and
M: 0.1 to 5 at#%

based on the entire amount of the metal elements.

' 25 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 least 5°C.

4. A method for preparing the ferrite magnet of any one
30 of claims 1 to 3, comprising the step of firing a molded

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

during which step the oxygen partial pressure in the firing

atmosphere fluctuates.

35 5. The method of claim 4 wherein the oxygen partial
pressure in the firing atmosphere lowers below 0.15 atm.

-44-



35 5, The nethod of claim4 wherein the oxygen partial pressure in the
firing atnosphere lowers below 0.15 atm -44 for at least a duration in
the firing step. 6. A nethod for preparing the ferrite magnet of any one
of claims 1 to 3, conprising the step of firing a nolded 5 body of a raw
material powder to forma sintered magnet, during which step firing
tenperature fluctuates. 7. The nethod of any one of clains 4 to 6 wherein

at | east one compound containing at |east one of the magnet 10
consti t uent ferepsnieass aJdogatdon da thredimdLd S4CPPor particl es
cont ai ni ng hexagonal ferrite as a major phase, followed by nolding and

sintering. 8. The_method of claim7 wherein the_at | n f kh% 15
magnet consBit uenf BPERLA: SOFs PAPPREALE gh@ %F@ﬁ%%@ %%%%ggtggoﬁP mthe
elements R afdchVaimé51 to 3, comprising the step of firing a molded
5 body of a raw material powder to form a sintered magnet,
during which step firing temperature fluctuates.

7. The method of any one of claims 4 to 6 wherein at

least one compound containing at least one of the magnet
10 constituent elements is added to a calcined material or

particles containing hexagonal ferrite as a major phase,

. followed by molding and sintering.

8. The method of claim 7 wherein the at least one of the
15 magnet constituent elements is at least one element
selected from the elements R and M.
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