14 August 2003 1 DESCRI PTI ON METHOD OF MANUFACTURI NG RARE- EARTH- | RON BOND
MAGNET TECHNI CAL FI ELD The present invention relates to a nt4Aodusif2003
manuf acturing rare earth-iron bond nmagnet to forma down-sized :

- thin-arc-shaped magnet with high. densijy and dinensional accuracy. The
magnet is used for producing magnetic field in a small-DC notor to neet
the requirements of higher output wer operating current.
BACKGROUND ART I'n the prior art, P%gﬂgﬁg magnet used as a field
magnet: for a small DC notor has been formed mai nly of ferrite sintered
magnet and-ferrite bond nmagnet, and partly of rare earth-iron bond magnet

manuf actured by e ' m&% ﬁﬁlﬁﬁ n w@gﬁ net used as
a field mgnet ismggjmﬁé ¢ ﬁﬂﬁ‘é‘f@ 5&9[)0 notor. A
t hi ckness of conventi onal arc-sth not .less than 1 nm no
magnet having a thickness of les n S been avail abl e. Wen a
notor i s down-sized, therefore, a notor can not maintain output power
since a dianmeter of an armature nust be nade snaller. Especially, in case
of ferriteTHOHRICAREIReDIt is sintered or. bonded, output power of a .
- notor shows remnarkabl e decrease due to the d0mnsizing because enough

static mmgnet i oThbehsbsenoriveRbith] S6atdh G008 BRAAPSR Akl ahAIRANSh, eI N
I ron on

armature. Therefore, a thin-arc-shaped rare ear
awai t ed l%dittbusbnﬂﬂﬁﬂ magnet to form a down-sized thin-arc-shaped magnet with

high dens1ty and dimensional accuracy. The magnet is used for producmg
magnetm field in a small DC motor to meet the requirements of }:ngher -

h output power and Iower operating current.

BACKGROUND ART

In the prior art, an arc-shaped magnet used as a field magnet for a
small DC motor has been formed mainly of ferrlte sintered magnet and
ferrite bond magnet, and partly of rare earth-iron bond magnet
manufactured by extrusion molding.

Generally, an arc-shaped magnet used as a field magnet is disposea
optside of an armature for a small DC motor. A thickness of conventional
arc-shaped magnet was not less than 1 mm, no magnet having a thickness of
less than 1 mm has been available. When a motor is down-sized, therefore,
a motor can not maintain output power since a diameter of an armature
must be made smaller. Especially, in case of ferrite magnet, whether it is
sintered or bonded, output power of a mdtor shows remarkable decrease due
to the downsizing because enough static magnetic field is not applied to a
gap between a field magnet and an armature.

Therefore, a thin-arc-shaped rare earth-iron bond magnet is awaited



2 to provide enough static nagnetic field to a gap between an armature and
the bond magnet in a small notor. For down-sizing notors, Howeweast2003

fol l ow ng probl enms nust be solved to manufacture a rare-earth arc-shaped
magnet having a wall thickness of lessgthan 1 nmused as a field nmagnet in
a small DC notor. (1) Poor toughness of a sintered nmagnet causes breakage
or cracks easily. A magnet less of than I mmthickness is, therefore, hard
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uniformy. Mreover, nolding di amaged due to such a

~cavity of | esgl)t lFadr toughvésdidi.a {ifilertd MASIMCRRERIEREadtYorStabitg! ON
nol di ng, extruded magnetic conpound conposed of magnet powder and .
thermopl asti c res¢asilys A anagred ¢sssdf thbhermexthivkeess isptharefirbdhag ire head
~in case of a magnet of less than 1 nmthickness, which easily causes

def ormati on in t hleeinggntegrateddnts ameotort is hard to produce a magnet

having a wall thickness of Iess than 1 mm and having ) L
{2) To produce a magnet by injection molding, a molding die cavity

must be filled with injected magnetic compound éomposed of
magnet powder and thermoplastic resin. It is difficult, however, to
inject magnetic compound having much amount of magnet powder
into a molding die cavity of less than 1mm width.

(3) To produce a magnet by powder molding, a compressed powder is
formed first, using magnetic compound composed of magnet
powder and thermosetting resin, then heated to cure the
compressed powder. It is difficult, however, in powder molding, to
fill molding die cavity with the magnetic compound uniformly.
Moreover, molding die itself would be damaged due to such a cavity
of less than 1 mm width.

(4) To produce a magnet by extrusion moldjﬁg, extruded magnetic

. compound composed of magnet powder and thermoplastic resin is
cooled just after extruded from a molding die head in case of a
magnet of less than 1 mm thickness, which easily causes
deformation in the magnet. Therefore, it is hard to produce a
magnet having a wall thickness of less than 1 mm and having

dimensional accuracy which allows the magnet to be directly



di mensi onal accuracy which allows the nmagnet to be directly 14 August 2003
3 integrated into a nmtor. (5) As a nethod for produci ng an tarfgsbigood
magnet thinner than 1nm a machining into |ess than 1mmfrommore than 1
mm thickness may be a solution for a magnet originally formed by _

i njection mol ding, powder nolding or extrusion nolding as above nentioned
way through 2 to 4. However, machining will easily "cause fine cracks,
-which will make it dlffl uIt to integrate the magnet into a notor |ike the
case 1 of a sint el™g8Y @é %ﬂ%@%ﬁuently, for the above nentioned

Shown 1 n JapandSb Bad L gl heR P Bhea, e wé%i@”%%étﬁ iRper than
HO06- 236807, di scl nuf cturln ri.sing,the._steps of:
(1) filling a mol g B{W#DE{%Z)O o d d1OH guogmghrr??get
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t her mopl asti ¢ r eSirfledton m&&ﬁig F}ﬂﬁéc{&rnﬁfonm S e A LG HEURe

di scl-osed, for exanple, arc-sha magnet aV| ng a :
“be produced by exiretitiofBd R thiotkh M 2o deV%&@rohaﬁ%ﬂﬁdb@(ﬂa “%sﬁ?gnetlc

mat eri al conposed of 95 wt.%of rare earth-iron melt-spun | oy
fl akes and t her nogdusst ifigier emcksn&vhich vﬁnﬁﬁm&%dltoﬂlfﬁaunywr!ntég%aﬁeh'tﬁe“’ay,

however, nmagnet characteristics decrease accordingly, conpared with a
conpr essi on- nol dedtagaghittp admetemlike thue eakev blofi aesinfered magnet.
Consequently, for the above mentioned thin-arc-shaped magnet, a
method of suppressing deformation of magnet is shown in Japanese Patent
Non-examined Laid-Open Publication No. H06-236807, disclosing a method
of manufacturing compi*ising_ the steps of:
(1)} filling a molding die with molten magnetic compound composed of -
magnet powder and thermoplastic resin; and
(2) extruding magnetic compound while being cooled the temperature
in the molding die below the melting point of thermoplastic resin to
prevent deformation.
According to the method disclosed, for example, arc-shaped magnet
having a thickness of 0.9 mm can be produced by extrusion molding with a
deviation of + 30 pm using magnetic material composed of 95 wt.% of rare
earth-iron melt-spun Nd-Fe-B alloy flakes and thermoplastic resin mainly
composed of 12-nylon.
In this way, however, magnet characteristics decrease accordingly,
compared with a compression-molded magnet, due to reduced volume of
magnet powder included because molten thermoplastic resin must act as a

carrier of magnetic compound. Furthermore, magnetic material in molding

die must be cooled below the melting point of thermoplastics of magnetic



magnet powder included because nolten thernoplastic resin must act as a
carrier of magnetic conmpound. Furthernore, magnetic materiali4Angmsi2dosg

di e nmust be cool ed below the nelting point of thernoplastics of magnetic 14
August 2003 4 conpound and solidified ify order to forman arc-shaped magnet
thinner than 1nmw th di nensional accuracy of not nore than 30min

t hi ckness deviation. Therefore, the nethod has drawbacks of :
nol di ng- di e- wear rease in energy consunption because stronger
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powder - mohgiel regneirth-Stonceelhepuit flake Wtsﬁms{ e ceRe i s 55%
density. Therefore, thin-arc-shaped po ed magnet , vmth s hi gher

-magnet denasidt l;heanmsdttil@sdsbmdiormmlﬂeyﬁpdwgsrémmtrdemi&ndﬂji. dpprox. Ni. pH
. power pernmanent nagnet notor.
g/cm?d) to form a compressed powder by powder molding, followed by curing

by heating thermosetting resin.

On the other hand, magnet density of injection molded or extrusion
molded bond magnet is, generally, less than 5.7g fcmS3, since much amount
of thermoplastics (for example, 12-nylon true density : about 1.1g/ cm3), at
least 5 wt.%, is needed, which decreases magnet density. A magnetic
characteristics of such a magnet is not preferable for a small DC motor to
apply a powerful static magnetic field in the gap between an armature and a
field magnet, compared with powder-molded magnet, since the
characteristics depends only on magnet density.

Therefore, thin-arc-shaped powder molded magnet, with its higher
magnet density and dimensional accuracy, has been demanded for a high

power permanent magnet motor.

DISCLOSURE OF THE INVENTION
This invention has been devised in view of the above-mentioned prior
art, aiming to provide a thin-arc-shaped magnet having thickness of less

than lmm, with high performance for both dimensional accuracy and



DI SCLOSURE OF THE | NVENTI ON Thi s i nvention has been devised in view of the
above-nentioned prior art, aimng to provide a thin-arc-shdgdédigosiRoes
havi ng thi ckness of less than Imm wth high performance for both

di mensi onal accuracy and 14 August 2003 5 magnet density, to provide a gap
between a field nmagnet and an armature of a small DC notor with strong
static magnetic field, and its manufacturing nethod. In accordance with one
aspect of the invention, there is provided a nmethod for manufacturing a
rare earth-iron bond magnet conprising the steps of: conpressing a powder

conpri si ) f a h having a particle dianeter  of
o0 1 han gDl UAHER 8 el L R o PER Mg AR e B ot o R Haall
granul ar : | S| a _nxture rare.earth-_.iron nelt-spun flakes
havi ng a%ﬁﬁ*g?@@%@ r&gP%IIB%%H?L{h%ﬁﬁi‘?’:’oarl'ffétﬁdnﬁnuffﬁcﬁ%ﬂg IP?)tthr m a
conpressed powder; and heating the conpressed powder to formthe rare
earth-iron bond g‘_rla%net. I n acgcordance with second aspect of the invention,

there is provi delf #ccpidanceavith pperaspssl dathretinventipn; therg impeovided a
earth-iron r@)i dly-quenched flakes, a binder, a curing agent and a fatty
aci d metBethed fonmanmiasiuringp aarsepish-irembond mageetytemotising the stepsheh
0.5g and a thickness of |less than 1 nm BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a grapfOBREGisiBe R Pemer sipthprining aamixivserofod granniiimgompiomad
for gr arﬁjl ar conpound having different particle-diameter upper limts and
a yi el d.Dgjiag o pastigle dipmetaronf dessathan 250opnbendee rfatiyrensl onethallac sonpcy
of ar c.-shaged .magnet and a particle-dianmeter upper limt of granular
conpoundPowder in a mold, the granular compound comprising a mixture of rare earth-

iron melt-spun flakes having a particle diameter of less than 150 pm and a

binder, to form a compressed powder; and

heating the compressed powder to form the rare earth-iron bond

magnet.

In accordance with second aspect of the invention, there is provided a
rare earth-iron bond magnet, comprising rare earth-iron rapidly-quenched flakes,
a binder, a curing agent and a fatty acid metallic soap powder, said magnet

having a weight of not more than 0.5g and a thickness of less than 1 mm.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graph showing a relation between a number‘of grinding
times for granular compound having different particle-diameter upper limits
and a vield.
FIG. 2 is a graph showing a relation between dimensional accuracy of

arc-shaped magnet and a particle-diameter upper limit of granular compound.



14 August 2003 6 FIG 3 is a graph showi ng a wei ght change of conpressed
powder of continuous powder nolding production. FIG 4 is ¥4 4uaysi200®dw ng
a demagneti zation curve of nagnets. FIG 5 is a graph showing a relation
bet ween a back side cutting angle and cogging torque. 14 August 2003 7.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS This invention is aimng at

provi di ng a thin-arc-shaped magnet, for6 exanple, having thickness of |ess
than 1nm wth high dinmensional accuracy and magnet density, to provide a
gap between a field magnet and an armature of a small DC notor with strong
static magnetic field and its manufacturing nethod. Present invention

di scl oses th&IacB ishatgrmphuphewihgn twelghpachdrides of db@ipressed! paiates! 8f
conpound has great influence on dinensional accuracy of a thin-arc-shaped
magnet wienimiwisgpawdearmoldipgummbdiecticar.med of a uniform m xture of nagnet
powder of rare earth-iron nelt-spun flakes, a specific epoxy oligoner and
a st abil i zed FIShoy inatgraphishiolveing » deseiindtinativd onrel 6 tpr oduction
conditions for the granular conpound for a stable supply of a

t hi n-arc- shafd@.nfdsei ghaph showihigck rekaici beersehnabadk Bk titink i al
| evel . In other words, the nmagnet of the present invention is manufactured
by a pamdecogging togquet hod - basical ly conprising the steps of:



(1) formng a granul ar conpound of not nore than 250 Wnin dianmeter with
rare earth-iron nelt-spun flakes having a dianeter of not rdAagtstd003is50
jim the flakes being coarsely ground if necessary, and binder; (2)
dry- bl endi ng the granul ar conpound withyfatty acid netallic soap 14 August
2003 8 powder; (3) form ng conpressed powder by the granul ar conpound
dry-m xed with the fatty acid netallic soap powder, by powder nvol ding; and
(4) heat-treating the conpressed powder to a tenperature higher than  a
thermal |y dissociating tenperature of stabilized isocyanate. Especially,

magnet powder conpr.i rth-iron nelt-spun flakes including RE2TML4B
phase (RE denotes @gﬁﬁﬁﬁ%%ﬂ RREFE EMBODIMINTSor e t han 300
nm wth specific coercive force Hci of 8 - 10 kCe and

resi dual - magneti zation of 7.4 - 8.6 kG Binder conprises epoxy oligomner,

ol ecular charts neeath LIS’ pirild 4 BRoRiRand) ok idned i mabnet trin o
consi ot 1 g ayible, davils hithnss GHloel iR BhaC AR R8T SRR ARoRAEEeGER s or
Solulions oy RO S¥nfly, B MENG X8R R o ST R AC 88T fn e
Purthor Tore. Tt 1y achd netall e Somp Bowior £chane oapislh SAMPEHTlite i g
of granul mamdapoiring treetivoddch 0.2 - 0.5 parts by wei ght of cal cium

stearate powder is added whose particle dianeter is not nore than 5 gm
Especi al |y, Presegitaimieationonipsniosksi shedfacst Hehtt anhappeaphaiienst gansdley of

diameter of granular compound has great influence on dimensional accuracy
of a thin-arc-shaped magnet when the graﬁular compound is formed of a
uniform mixture of |

(1} magnet powder of rare earth-iron melt-spun flakes,

(2) a specific epoxy oligomer and

(3) a stabilized isocyanate.

F‘urther, present inve.nt.ion discloses production conditions for the
granular cbmpound for a stable supply of a thin-arc-shaped magnet having

thickness of less than 1 mm in an industrial level.

_In other words, the magnet of the present invention is manufactured by a
powder molding method basically comprising the steps of:

(1) forming a granular compound of not more than 250 pm in
diameter with rare earth-iron melt-spun flakes having a diameter of
not more than 150 um, the flakes being coarsely ground if
necessary, and bindér; '

- {2) dry-blending the granular compound with fatty acid metallic soap



2.7 - 3.0 g/cnB and powder fluidity of 40 - 45 sec/50g. A conpressed powder
having a plurality of arc-shaped sectional views is manufad#uéugdst2003
necessary, for a rare-earth bond nagnet having a weight of not nore than
0.5 g and the nmaximum thickness of lesg than 1 nm The conpressed powder
is then heat-treated for not less than 2 minutes at 160 - 200 Cin the air.
14 August 2003 9 The rare earth-iron nelt-spun flakes used in the present
invention are, for exanple, disclosed in "Rare Earth-Iron-Boron Materials;
A New Era in Per PAWESE; Magnets” by J. F. Herbest in Agn. IR'E\é"f”SPI' Vol - 16.
1986). The flakes are produced by rapid guenching and solidifying a

§m| te?] alloy & n?%@mﬂgcqmplﬁésgi wesdey @tﬂb@ granwap comppnnd, deghthikedit i ng

tallj Nd2Fel4B. ph . Nd2Fel4B phase i s, acceptable if
"t has & singl e’ Wlbitbé fetnghe meCAILE Seap ROMASS, BY PAvHIeRSIIdiIE o800 nim
B 0kG and speci i YeiblEatng IR tmpasied, poguer 10 oy entiret B dighenitian
Howe , 1t I |.t.- spup fl akes, . ncl ud due to heat
reatnent, for el dscibling iRl o s MG RaN AR i ng. Fedt

Lype ST, e ekemacheb phAEeLoR oy id SOEEENINChe g0t BgR o

phase or the lik han I goner having

hydroxyl @ictugling REFPVEILAASE (15 AeAltbs Rd SOl Pr PAEaREL RG] Rpykp Such

as bisphenol type epoxy oligomer and stabi |;ed I socyanate are used to
bi nd aboveotentieotteth 3009nsi, withesfrifid ebaeiv ficdIgh &t 8 Agprkedhasi on. As

the stabilized 1isocyanate is an isocyanate conpound added with
act i ve- hy desideal-umgpetizatioth @f if.éhadle ke Binleratmhprige®epoks| dasatbrdy
thermal disg]?c(lj Cai.tatai'?Qor:ae?gr}n;erature, having an alcoholic hydroxyl group in its
molecular chain, more specifically a bisphenol type epoxy oligomer with a
softening point of 85 - 95 °C. Curing agent comprises stabilized isocyanate
consisting of one mol of 4-4' diphenylmethane diisocyanate and two mols of
methyl-ethyl-ketone oxime. Pulverizing solid block formed of organic
solutions of above materials and rare carth-iron melt-spun flakes in wet
process, and following classification provide the granular compound.
Furthermore, fatty-acid metallic-soap powder comprises 100 parts by
weight of granular compound to which 0.2 - 0.5 parts by weight of calcium-
stelarate powder is added whose particle diameter is not more than 5 pm.
Especially, the granular compound is adjusted to have apparent density of
2.7 -3.0 g/cm? ‘and powder fluidity of 40 - 45 sec/50g.
A compressed powder having a plurality of arc-shaped sectional views
is manufactured, if necessary, for a rare-earth bond magnet having a weight
of not more than 0.5 g and the maximum thickness of less than 1 mm. The

compressed powder is then heat-treated for not less than 2 minutes at 160 -

200 °C in the air,



with an al coholic hydroxyl group to cross-link by a urethane bond. In this
case, a part of released isocyanate group reacts w th water 14 adgosti2e030n
magnet fine-particle (netal) surface, and forma substituted urea conpound
and make a chelate bonding with nmetallig-oxide surface. Furthernore, since
thermal dissociation of stabilized isocyanate does not occur at a room
tenperature bel ow 40 C, polynerization reaction with epoxy oligomer does
not occur ,even if the stabilized isocyanate is uniformy mixed wth epoxy
ol i goner. 'ﬁ}? balsefasibrisen melgspunpiakies usodtini hhengr@eanuié_e?lﬂm ﬁhmguﬁtdZOOB
10 conpound can be .adjusted to maintain the inactive condition which does
not gﬁangeé‘aﬁﬁaﬁ JP i1 {'Rapg 1 Barthtlseadiorpnr Masedals;, fedes Fime ipr esent

er
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i ‘ ' ' ' t 20 - : nmagnet .powder
ontar s’ Bestohiicld NdiPe B bl MBI pilse aorBBdll i AR N aghr
initial caaghdtismaiyb&gGeaNtiNs JOkg: %P?%‘%;h%ﬁeﬁgmgﬁn T‘%agi-;&g{r(:'aggy than

150 Am is ground at 1312 r.p.m in a 20 _ m xer
ni nut es iﬁsmopibtﬂamwaﬂmaéﬁaaapmé@ﬁmaﬁoﬁMfw.@'-dsfékc%ﬁﬂﬁpe er not

greater than 150 mand nunber of coarse-grinding tine fpr magnhet powder
not smal | eoetdienict6e Huinof 8As1@ kerr arfermrefértiblel abl e, the yiel d reaches to not
ess than 90 I-(I)/c(r)“?gve;',e i?:eig1 tallsnogacceptable if the melt-spun flakes include, due to heat
treatment, for example, alpha-Fe and nano-composite system including Fe3B
type soft magnetism phase and NdoFeisB, and SmaFe17N3 type hard
magnetism phase or the like.

On the other hand, epoxy oligomer having an alcoholic hydroxyl group
in molecular chain and is solid at a foom temperature such as bisphenol type
epoxy oligomer and stabilized isocyanate are used to bind above-mentioned
magnet fine particles with much stronger adhesion. As the stabilized
isocyanate is an isocyanate compound added with active-hydrogen compound
beforehand, the isocyanate group released by thermal dissociation reacts
with an alcoholic hydroxyl group to cross-link by a urethane bond.

In this case, a part of released isocyanate group reacts with water
adsorbed on magnet fme-par_ticle (metal) surface, and form a substituted urea
compound and make a chelate bonding with metallic-oxide surface.
Furthermore, since thermal dissociation of stabilized isocyanate does not
occur at a room temperature below 40 °C, polymerization reaction with epoxy

oligomer does not occur even if the stabilized isocyanate is uniformly mixed

with epoxy oligomer. In other words, magnet powder containing granular



coarse-grinding three tinmes or nore. Mreover, although too finely ground
magnet powder causes a density decrease in conpressed pompen4ﬂmgmﬁd069
powder nol di ng, pul verized powder not greater than 53 pmis sel dom
produced, as clearly shown in Table 1. §ab|e 1 Particle D aneterNunber of
Coarse Ginding Tine (mlnitial 1234 <5% 441.581. 001. 911. 12 53 -

759.493. 772.394. 376. 61 75 - 10618.928.985. 779.1012. 77 106 -

12528. 0720. 6515. 021,85 14 August 200311 125 -

15039. 695?.03513?711131% %’G gslipstedsy mggﬁeasmgmomg@oadggorsmmsﬂozwot
35099. 7999, 98100. 0 Ylelqﬁag %%g 8%81. 99 9 2994, 5%)150n1[Preparat|ons of
bi nder cofPAEEE PoWcTRoldability f@§§ﬁ§ﬁ8? O HRECEHFERATS! | goners as shown in

Table 2 and hem cal ,f.ormul.a 1, eah hav i fferent |ting point, and
stabilized i BE%SFB%HVEWI%A& h%ngﬁPng &mor%‘ﬁﬁéﬁﬂlﬂ@t Mane

gihiar%pgg?n %r&rjrlu?g%%}e ar’e mQ’nggéhgﬁmgil@kﬁYt&[ﬁi EI rre astétsgg\émsljlnut I on of

50 % concentration. The ratio between -NCO group of a stabilized _
i socyanate and sum of the alcoholic hydroxyl group in nolecul ar chain of

- bi sphenol [#14pRepRNIePhhd W¥eoarse grinding]

| Magnet powder used in this invention is a product from Magnequench
International In, Co. (Trade Mark: MQP-B), which is a rare earth-iron melt-
spun flake with a thickness of 20 - 30 ym and having alloy composition of
Ndi2Fe77CosBs, and magnetically isotropic NdsFei4B phase with crystal
particles having a diameter of 20 - 50 nm. The magnet powder contains
39.7% particles in weight which passes 150 pm sieve at their initial
conditions. Subsequently, 10kg of magnet powder, not smaller than 150 pm,
is ground at 1312 r.p.m. in a 20 litre Henschel mixer for 5 minutes in a
nitrogen atmosphere.

Table 1 shows yield of magnet powder not greater than 150 pm and
number of coarse-grinding time for magnet powder not smaller than 150 pm.
As clear from the table, the yield reaches to not less than 90 % by repeating
coarse-grinding three times or more. Moreover, although too finely ground
magnet powder causes a density decrease in compressed powder formed by

powder molding, pulverized powder not greater than 53 pm is seldom

produced, as clearly shown in Table 1.

Table 1
Particle Diameter Number of Coarse Grinding Time
(um) Initial 1 2 3 4
<53 3.44 1.58 1.00 1,91 1.12
53 -75 9.49 3.77 2.39 4.37 6.61
75 - 106 18.92 8.98 5.77 9.10 12.77
106 - 125 28.07 20.65 15.92 20.10 21.85




~is specified as 0.8. Table 2 Sanpl eDegree of Ml ecul ar Epoxy Melting point
Pol yneri zati onWei ght equi val ent AO0. 1380190Li qui d B2. 090050061 Abgust 2003
C2.6106065075- 85 D3. 7140095095- 105 E8.829002250115- 125 Chemical fornula 1
17-CH2 O ~C)y U OCH-C-CH2 0 ASpH O CH2-Cg-CH2 0 14 August 2003 12
Chemical formula 2 C=N--CN 3HCOH/CB .NCN=C1 !1 " HO CH3

[ Preparatian of granul ar conpound]
125 - 150 39.69 51.62 37.91 40.50 49.09
150 - 250 85.73 99.00 99.60 99.58 99.51
250 - 350 99.79 99.98 100.0
. Yield ‘
(<150um) 39.7% 70.8% 81.9% 89.2% 94.5%

[Preparations of binder composition]

7 kinds of bisphenol type epoxy oligomers as shown in Table 2 and
chemical formula 1, each having different melting point, and stabilized
igocyénate which consists of one mol of 4-4' diphenylmethane diisocyanate
and two-mols of methyl-ethyl-ketone oxime as shown in chemical formula 2 |
are dissolved in acetone to make an acetone solution of 50 % concentratioﬁ.
The ratio between -NCO group of a stabilized isocyanate and sum of the
alcoholic hydroxyl group in molecular chain of bisphenol type epoxy oligomer
is specified as 0.8.

Table 2
Sample Degree of Molecular Epoxy Melting point
Polymerization Weight equivalent
A 0.1 380 190 Liquid
B 2.0 900 500 65-75
C 2.6 1060 650 75-85
D 3.7 1400 950 95-105
E 8.8 2900 2250 115-125

Chemical formula 1

n

_ I o :
CR-CH-CH,[O- @g@ GC&-q{-CHz 0- @ (cf} - o-CHz-CL{-qiz
N\ o CH OH CH o



97.5 wei ght % magnet powder, not greater than 150 pmand 2.5 weight %
acetone solution of epoxy resin are nmixed in wet process usitsgugusti2§ad

bl ade type kneader. Subsequently, the m xture is heated at 80 - 90 Cto
evaporate acetone to obtain a solid bl ?k at a roomtenperature. The bl ock
is ground into granule by a cutter mll, and the granule is classified
directly by sieves of 500, 350, 250, 212 and 150 pmrespectively. Fig 1
shows a rel.ation Petween a nunber of grinding tines for granular conpound
and a yi el(hemigal fosgHard i cl e- di aneter upper linit of 500, 350 and 250 m

respectively. Were, line Ain the figure shows a relation between the
nunber of grinding tines and the yield for the granul ar conpound havi ng
particl e-di anmeter upp limt of 250 gm The granul ar conpound is fornmed

by grinding a solid b conpri si ghet ppser, not gr,w.sgr than 150 m
as disclosed in the pr eserﬁ=ﬂmel¢h@qg% @ nes¢aN&gl ng bi sphenol type
epoxy ol i gomer (neltingpoint p 95. 5 N thgp gther ™wand, lines B - D

show a nunber of grin g times gnd yields for grapupar codﬁbynd havi ng
particle-dianeter upper limt of 500, 350 and 250 pm The granul ar

- conpounds are formed by grinding a solid block conprising nmagnet powder,
in which 50.3 weight %of particles are not snaller than 150 pm (See Tabl e
1) and epoxy resin using bisphenol type 14 August 2003 13 epoxy O i gomer
(nmelting point : 95 - 105 C). As is clearly shown in the figure, granular
conpound having particle- diameter upper limt of 250 m as disclosed in
the presedfrepafation ehgratadapeompeunidhed i n good yiel d by using the nmagnet

powder upper limt of 150 gm Additionally, in the exanple explained
bel ow, nagnet 3?\1\%8‘?3@%02’ @F@&?t&ow‘gﬂaﬁmﬂ{&eWT thayps d g0tHan fesrdn?-Gr weigh r

conmpound |8/§1 ValcB ntehgolgl%{o%' & gpgilryageeéigr are mixed in wet process using a sigma

blade type kneader. Subsequently, the mixture is heated at 80 - 90 °C to
evaporate acetone to obtain a solid block at a room temperature. The block is
ground into granule by a cutter mill, and the grenule is classified directly by
sieves of 500, 350, 250, 212 and 150 pm respectively. '

Fig 1 shows a relation between a number of grinding times for granular
compound Vand a jield, varying particle-diameter upper limit of 500, 350 and
250 pm respectively. Where, line A .in the figure shows a relation between the
number of grinding times and the yield for the granular compound having
particle-diameter upper limit of 250 pym. The granular compound is formed
by grinding a solid block comprising magnet powder, not greater than 150 pm
as disclosed in the present invention, and epoxy resin using bisphenol type
epoxy oligomer (melting point : 95 - 105 °Ci. On the other hand, lines B- D
show a number of grinding times and yields for granular compound having
particle-diameter upper limit of 500, 350 and 250
pm. The granular compounds are formed by grinding a solid block
comprising magnet powder, in which 60.3 weight % of particles are not

smaller than 150 um (See Table 1) and epoxy resin using bisphenol type



upper lim-t of 250, 212 and 150 gmrespectively. [Effect of faAtgusee2dss
nmetal lic soap] -The granul ar conpounds, having the particl e-di anmeter upper
limt of 500, 050 and 250 pm each, arB uniformly nmixed with 0.2 - 0.6
parts by weight of fatty-acid netallic soap at -a tenperature bel ow 40 C
with a V shaped "m xer The effects.of fatty-acid netallic soaps are

eval uat ed epoxylélBciact &ng}tin%l\%bﬁﬁt: oY . g6gpg ar conpound having 250 m of
i . .

particle-diameter upper Iim usi ng bi sphériol type epoxy oligoner (nelting

poi nt: 95 - 105 @) oYl BHoAnAnid RENES dNnWBhAMm ARl FAL: e A8l ooZ! n°

stearate, calciumstearate, alum nunt stearate, gnesiu

respect i vediamé&enaggieenithit, of F50 [91&1“EEﬁi@&ﬁ%@iﬁpﬂlgﬁfeseﬂ@%%g%ﬁatgﬁﬁ%aﬁlhﬁm 75

m shows preferable increase in f1 ui dity of granutar co PYittle

change in dpimin@dlﬁnCgemdiﬁi&‘ldﬁﬁ&Qisingttﬁbasﬂﬁgn@f‘ﬂo%@q{cﬁ}érvﬁﬂt bEWshgguct 1 on

in radial crushing strength. On the other, hand, cal ¢ci'um-stearate ‘ponder, -

not snal | eAdditiomally, ninj therekamplé teaplAinb8 AISE, hiagﬁi?e?';i'f)d’w&@ﬂaﬁ(?bt gx[sédctéf)m
a

granul ar compound. Stearic acid and zinc stearate are not sul e Since

-both have thswel50rpht ismsetoionfosmt hamulabheowpbnd HeARS RS Pastitibtfafmetand
show, especially, large decrease in radial crushing strength. 14 August"
2003 14 [I\MEQl‘rfémprﬁ 5@l Znahdi 60! lith weppedtivgirenol type epoxy ol i gomer]
Tabl e 3 shows. a relation between a nelting point of bisphenol type epoxy
ol i gomer and apparent density (JIS Z2504) and fluidity (JIS Z2502) of a

granul ar ound having particle-dianeter upper limt of 250 gym which
i ncl ude oﬁ%&??ngmi@metwmmum stearate powder as fatty-acid

T oy P TS 2 Shuigounds, having he parle-dinmetsr uppor loatt of

" 500, 350 and 250 pm each, are uniformly mjxeﬂ'with 0.2 - 0.6 parts by weight
of fatty-acid metalliq soap at a temperature below 40 °C with a V shaped
mixer : '

The effects of fatty-acid n%gt'allic soaps are esfalugated on 100 parts by
weight of granular compound having 250 pm of particle-diameter upper limit
using Bisphenol type epoxy o]igomér (melﬁng point:95 - 105 °C) by adding 0.2
- 0.6 parts by weight of stearic acid, zinc stearate, calcium stearate,

' alu_minum steérate, and mégnegium stearate respectively. Consequently,
calcium-stearate powder, not greate?: than 75 pm, shows preferable increase
in fluidity of granular compound most, little change in api;}arent density after
storagé, and comparatively few reduction in radial crushing strength. On
the other hand, calciuim-stearate powder,_‘ not smaller than 75 pm is not
suitable because it easily separates from granular compound. Stearic acid
and zinc stearate are not suitable since both have lower melting points than
the curing temperature (160 °C) and show, especially, large decrease in radial

crushing strength.



oligoner, liquid at roomtenperature, has poor fluidity. However, every
gragul ar corrgound using bi sphenol type epoxy oligomer, which4ifagsstizog3at a
roomtenperature, shows an acceptable powder fluidity for powder nolding.
Then, 1kg of these conpounds is calmy4fjlled into steel containers with a
bore of 50 mmrespectively, and the apparent density and fluidity of each
conpound after 240 hours at 40 C are investigated. As a results, although

0 e Mo hd TR o baneh sty Bt o2 55
25 T LA ok bl eon o nd o LA b
G roms  ondiP Sk SR Y RRRR ST GE R S aigh B 2208 cse
W ih the narfie cobbind Milinb bl Bl Eagmelst R oniE 2P 8oty ovigher o
I T Y e
o Shat o SPRL RS ko, O il sl R
5 o, miomes e o snp gl rdd MBR0T HoyEATU
t enper at uigsantlaratanopeun Chising S6pheneb t3R*ObpdBLallE e which is solid at a
room temperature, shows an acceptable powder fluidity for powder molding.
Then, 1kg of these compounds is calmly filled into steel containers with a
bore of 50 mm respectively, and the apparent density and fluidity of each
compound after 240 hours at 40 °C are investigated.

As a results, although bisphenol type epoxy oligomer, having the
melting point of below 75 - 85 °C, shows little change in fluidity, apparent
density changes to 2.95 - 3.05 g/cm3 from initial value of 2.75. In other
words, bisphenol type epoxy oligomer having a melting point of higher than

, '95 - 105 °C is preferable for granular compound used in powder molding with
high dimensional accuracy.

On the other hand, as to magnet density and radial crushing strength
also shown in Table 3, bisphenol type epoxy oligomer with the melting point
below 95 - 105 °C shows preferable results. Where, density (JIS Z2505) and
radial crushing strength (JIS Z2507) are measured for bond magnet which is
manufactured the following steps:

(1) filling a ring shape mold cavity having an outer diameter of 12.8mm

and an inner diameter of 10.5mm with granular compound;

(2) applying pressure of 8 ton/cm? to form a compressed powder of 10



Fluidity 5457.244.141. 340. 940.5 sec Apparent density

CnB2.232. 752. 752. 852. 85 Magnet density CnB6. 16. 06. 06. 05. 9 RetAagust 208hi ng
strength mm®25. 044. 874.674. 763. 67 [Curing conditions for bond magnet] Table
4 shows radial crushing strength at a ygom tenperature on bond nagnet
manuf actured by the follow ng steps: (1) Adding 0.2 parts by wei ght of
calciumstearate to 100 wt parts of granular conmpound, having a

particl e-di aneter er limt of 250 gm using bisphenol type epoxy

ol i goner (n‘eltingmfrgﬁﬁ]éh 95 - 105 O ; (2) filling a ring shape

mol di ng die h outér d a inner dianeter
of 10. mﬁﬁﬁ‘ﬁaﬁl& %ﬁ%%reé B‘BIW er Qﬁ'i E‘“(ﬁ]%‘i’nieg e powder of 10 nm
hei ght by applying conpression of 8 ton/cnR; and (3) heating the
conpressed powder for 2 - 20 mnutes at 80 - 200 C. Radial crushing

strength becomes four times |arger t@meg?orrpressed powder by heating for 2

mn at, f = anﬁii e 1w30rec gsthg—a—pyStem—gonprStRg—a—bi-sphenrel—typ
epoxy ol i gqﬁw Bt ZedLibarey pnase7shi|chys sens| sos-106 qnejsmbsof 44
di phenyl r Fl =i natle and twh-nnss offi 14 Augukt 2003 16
ui
W eossoq | 572 | 441 | 413 | e09 | 405
Apparent densi |
23 e?;’/‘?ms} 223 | 275 | 275 | 285 | 285
Magnet densi
B e omy | 61 6.0 6.0 6.0 5.9
Redial crushi
strength  (kgjmmz) | 50% | 487 | 467 | 476 | 3.67

[Curing conditions for bond magnet]
Table 4 shows radial crushing strength at a room temperature on bond
magrnet manufactured by the following steps: |
(1) Adding 0.2 parts by weight of calcium-stearate to 100 w/t parts of
granular compound, having a particle-diameter upper limit of 250
um, using bisphenol type epoxy oligomer (melting temperature: 95
- 105 °C);
(2) filling a ring shape molding die cavity having outer diameter of 12.8
mm and a inner diameter of 10.5 mm with the granular compound
to form compressed powder of 10 mm height by applying
compression of 8 ton/cm?; and
(3) heating the compressed powder for 2 - 20 minutes at 80 - 200 °C.
Radial crushing strength becomes four times larger than compressed
powder by heating for 2 min at, for example, 160 °C using a system
comprising a bisphenol type epoxy oligomer and stabilized isocyanate which

consists of one mol of 4-4' diphenylmethane diisocyanate and two-mols of



-ethyl -ketone oxine. In."addition, the sane |evel of radial crushing
g?ﬁgﬁgtﬁtrgquires 20 mnutes heating at 130 C_ Therefore, préPepadti2@08uri ng
conditions for bond magnet of the present invention is to heat for nore
than 2 minutes at 160 - 200 C. Table 4 ¥féneCuring Tenperature G
(m n.).80100120130140150160200 21.171.742.682.822. 404. 424. 814. 85

- ,902.512. 934, 345. 195. 054, 88 (3.06
51 65( >. 1613 i eIBSPLShesdias , Troadddaoms dicoaryme devebef esdirbasuaing
1.15) 1. 992, f42 844 344 934 864 50 201 512. 363, 88,4, 81 5. 415. 705, 625. 15
(1.-31()2. 05) f‘%%ﬁ ?ﬁ%ﬂ%‘%)]%%( JOrgas S‘%%"%@g ajty 1338)0-Un|r1‘the?fﬂf0f€%/ preferablel ues -
DA !y R SERGPDED Beed EEMnLEE
accuracy Oh&l}éiﬂﬁa%rf@ﬁggggafigﬁ% powder] Fig. 2 is a graph, in which
nes I

deviation in thic arc- onpressed powder are plotted for

: : >0 : ¢
each particle-dianeter upper limt af geat ed to cure for 2 mn, a
160C. pConprpQde powder is forned of %19 arts by weight of granul-ar

conpound, p‘galemge particle-di aneter uhpengMefperadire 80P, 350, 250, 2TZ]and-

- 150 m respectimirl)y, | usog |bigghehoiapype 1900Xy 140 T 90R8H (T[4 E%ﬁﬁb\' fr25

- '105C) t Wn!__ch 0. part3 Rype CITIU g teat R AT
magnet - di nensi éns arﬁ.elﬁ féram&%ﬂ} aﬁ%ﬁ { %(ZSUS(ALIEE) 3'&2&”

the maxi TTETPOLR2 11907 281 | 9.93 | 4.34 | 519 | 5.05 | 4.88
(1.06) | (1.65) | (2.18) | (2.54) | (3.77) | (4.51) | (4.39) | (4.24)

10 133 | 2.20 | 8.04 | 8.27 | 499 | 5.66 | 5.59 | 5.17

(L.16) | (1.99) | (2.64) | (2.84) | (4.39) | (4.91) | (4.86) | (4.50)

20 151 | 236 | 388 .| 481 | 541 | 5.70 | 5.62 | 5.15

(1.31) | (2.05) | (8.37) (4.18) | (4.70) | (4.95) | (4.89) | (4.48)
Unit in kg/mm?.  Values in brackets show ratios to compressed powder as 1

5-'-1Relé.ti6n between particle-diameter upper limit of granular comi}ounﬂ and
dimensional accuracj'r of thin-arc-shaped compressed powder] |
Fig. 2 is a graph, in which deviation in thickness of arc-s]iaped
coimpressed powder are plotted for eac?h i;)article-diameter upper limit after
heated t.;o cure for 2 min. at 160°C. Compressed powder is formed of 100
parts by weight of granular compound, having particle-diameter upper limit
'.of 500, 350, 250, 212 and 150 um respectively, usiﬁg bisphenol type epoxy
6].igomer (melting point:95 - 105°C) to which 0.2 parts by weight. of calcium-
stearate is added. | ' |
Where, magnet dimensions are outer radius of 3.65 mm, inner radius
of 3.55 mm, the maximum thickness of 0.90 mm and length of 15.5 mm.
After molding die cavity is filled with granular compound, molding die
is raised up over the. thickness (1.75 ﬁam) of whole arc-shaped magnet to .

make granular compound sink into molding die cavity, which is so-called



After molding the cavity is filled with granular conpound, nmp4duggst@nesi s
rai sed up over the thickness (1.75 mm) of whol e arc-shaped magnet ' to
make granul ar conpound sink into noldingltie cavity, which is ao-called 14
August 2003.17 under-filling operation inh powder nolding. Then the granul ar
conpound is conpressed by 8 tonlcnR to forma conpressed powder.

Fur t her mor euntlesfilltemppessesh RO PEfdelk oSS e'T‘hEﬁ‘%ﬁbg%éﬂhﬂﬂ: gcglﬁp%@rix'{irgﬁs ding -

keepi ng hel d by upper and bottom punches. curvat ur I rension

die. is exacaithpressednsf 8rioadd tb ff@r:ﬁ%&ﬁ:&ﬁ'@é’ﬁ@@%ﬂ?@grﬁi Fﬁ&l{e@ﬁﬁﬁ*& the

di nrensions .are exactly transferred by préventin ound action

spri ng- backcomprsssed ppneles é6 relpavstE fr in® {AHRASER Whi i '
powder - nol di ng condition. Now, -devi atoi on range of Pﬂ%%&é?]é#jgeg%ma}r%gggﬁgﬁed
! 8kactly

magnet thi ckmésott@andppachés;| eAdvarmitare WIBRndioT 6f Bidflid Wa
compound are. in-the relation of follow ng equation (the correlation

coef fi ci enttrensfeerpdoni the tompheR4) poy@ée@.&ﬂ&%@ﬁes@d%gﬁﬁoﬁs%e7@§a&§i S
clear fromthe figure and regression equation, if a particle-.- ianeter
-upper | i ni tiransirtgdibyl preventipguraboundnadtidd o sphiai-b289 When tdBhIR8sST

devi ation of the thin-arc-shaped magnet with a wall thickness of = | eas.than
1 nmwill RS isoeleased intahoveldeserilred posden-moldingreentftésn.: b “26. m
‘The technical prqgblem pointed out by JP06-236807, i.e., -the difficulty of
uni form fil i ng Ne™ deviatipierapeaets: 38rumhef an ancishapedmagmnet thickhbes
present invenjion)., jnto nol.ding cavity,_is solved by the present

i nventi on. 3&# ﬁ#lﬁieﬁ‘i’r&%&“%e%MaRppﬁ af grapulayyacommpound are. inthe

thin-arc-s t having the s di rensions i s nmanufactured by the
sane net hQ&%P’ﬁ%n %?%ﬁowmg eqi jc'tfflo'n the COI'.'[r'TCS.atIOH coefficient of regression is

-0.988), o |
A'=0.0003P* 0.0718P + 24,745
As is élear. from the figure and regression equation, if a .particle-
~diameter upper limit of a granular compound is not more than 250 pm,
thickness deviation of the thin-arc-shaped magnet with a wall thickness of
;eés than 1 mm will become not more than + éO pm or even not more than :!:l
'26. pm.,  The technical problem pointed out by JP06-236807, i.e., -the
. difficulty qf uniform ﬁlhng of the magnet powder (or.the granular compound
-in the present invention) into molding cavity, is soived by the present
invention. | | | |
On the other hand, as an example for comparison, a thin-arc-shaped
magnet having the same _diménsions is manufactured by the same method
indicated by JP06-236807, as follows:
(1) kneading magnetic compound composed. of 5 weight % of 12-nylon |
and 95 weight % of magnet powder whose particle diameter is loss
than 150 pm as the same paiticle diameter as disclosed in this

invention, at 260 °C,



I ndi cated by JP06-236807, as follows: (1) kneadi ng nagnetic conpound
l:(r)urjrposed ofy5 wei ght % of 12-nylon and 95 wei ght % of mgn&AMéﬁowose
particle dianeter is less than 150 m ag the sane particle dianeter as
disclosed in this invention, at 260 C 84 August 2003 18 (2) forming a
pel l et using the magnetic conpound, (3) manufacturing a thin-are-shaped

in ' . ' ) di ng.di e head_t ture at 175
O ch i o nel otk Bng B S Mg erungaads ; ue on ol o g
’ icat i ' ' t ot I mum, t hi,ckngss potion o .
o red Socae e @ A 8nacth B ?@fﬂd?ﬁ%ﬁﬁ%ﬁ@%ﬂ@&wl JHing fhe ﬁfE‘Gh,S@&ﬁpﬁﬁ o
-shaped t M 5 ' r di nensi onal Gur ac n. extru
st e, 80 BN A AR SR B
o owdor ol ng) ey Bolithe EANyIN, BELAN SotukE el S0
powde ' , : . .
et on b oo abfabion! b dhidinegs bt I A HBRAEIR A OB 100
production a - ) ! _ T
' n - di ter upper _
Pt o 250 o ok NG oteca QR oot il fo G rrkafif bRt b Pitn o5 -
1050) to warebhfpéd pardghet byritki 8§taPll of Bhiphef* AiHdhaidh Sagﬂgﬁg,%_ Eﬂ&ﬁﬁ]

magnet di nensions are outer radius of 3.65 mMm inner Tradiu

t he maxi nuextrisidm esddidg Gaﬂ%qrmmﬁabﬁﬁﬁafbﬁbomé.mg}?mg B is once.
nol di ng-di e-cavity is filled with granul ar conpound, the “nolding dieis
rai sed up G¢miedidme tcha diffiesdty in fi5 abjve Biblibalienar e- shaped

| WVeigEing'accuracy for continuous powder molding]
Fig. 3 is a graph, in which weights of arc-shaped compressed powder
ave plotted for 2560 times continuous powder molding production at each
- -molding shot. The compressed powder is formed of 100 parts by weight of
granulai' compound, having p;':trticle-diameter upper limits of 250 um, using
bisphenol type epoxy oligomer (melting point:95 - 105°C) to which 0.2 parts
by weight of calcium-stearate is added.
Where the magnet dimensions are outer radius of 3.65 mm, inner
radiis of 3.55 mm, the maximum thickness of 0.90 mm and lenéth of 156.5.
“mm. After a 'mdlding-die-cavity is filled with granular compound, the
‘molding die is raised up over the thickness (1.75 mm). of whole arc-shaped
magnet to make granular compound sink into the molding-die-cavity, which
is so-called under-filling operation in powder molding. Then the granular
compound is compressed by 8 tons/em® to form compressed powder.
Furthermore, the compressed powder is released from the molding die while
keeping held by upper and bottom punches.
"In the figure, straight lines A and A' show 0.4636 g and 0.4379 ¢



magnet to make granul ar conpound sink into the. rfDI_di ng- di e-pRAldust 20d8 ch
I's so-called under-filling operation in_powder nolding. Then the granul ar
conpound i s conpressed by 8 tons/cn2 tolform conpressed powder.
~Furthernore,: the conpressed powder is released fromthe nolding die while
keepi ng held by upper and bottom punches. In the figure, straight lines A

and A" showeBpdéiicely, avidcR. dt8shndl4o A%&g?i&: g%?@sél%?d I, ;ﬁﬁgg]&éﬁ/ e#' y go\'\”ﬂﬁ Pmm '

correspond to weight threshold val ues of eviation- h

t hi ckness aleviatonnfonf tiey enskiangsh TBHREkss ﬁcg}@?@gigﬁfﬁﬂa%h%@%ﬁfﬂgé%%ﬁtom y

maxi mum val_ﬁt:e of 0.461 g, the m ninumvalue o g, Tés
13 ny of diAdtamdmeighing diovey thmGKimidn kaLebYF OUB] . i3 Gaflaped
magnet of under 1 mmthickness can, be manuf acturgé gt’iqﬁ&g'ru%#%b evgilﬁzﬂgfi on

i n i ndust r G448 ¢ vesalbingpinnoely 18 mili B9 JIEE of at.ispvent i on.
[ Magnetic characteristics of rsrragnet% A rarfggﬂgér %%@P%ﬂ@ﬁ%’ lri%algr?e?’ i ng
a cylindri dhpt $hipereshspedmiagnadidrmidr Bakh GifndeNehD é?nﬁ&f&cﬁf%dby
powder nol ding a_conpressed powder, pressed by 8 tons/cn% ol T'owe y a

~heat - t r eat #Brft skable zonditioren andusifihl Goldine I PFowades e RENE Shethdd G iRd Of
100 parts by 'wei ght of -granular conpound, having particle-dianmeter upper
limts of Pﬁes%mﬁrgnﬁgn. bi sphenol type epoxy oligonmer (nelting point:95
105C) to which 0.2 parts by weight of calciumstearate is added. Then, -
appl yi ng pul se magneti zation of 50 kOe in height direction of the

cylinder-s ed et, a .demagnetization curve. is obtained using
vi brati on E%ng’?%@:a W%r?gtnéﬁgl(@kl\/p at a neasurement. magnetic-field
O 20 P FU A ode BB 4538 R e ghet Bavini S indsiont shoge o 5 o i
diaméeter and 5 mm length is provided by powder molding a compressed
powder, pressed by 8 tons/em? followed by a heat-treatment for 2 minutes at
160 °C. The compressed powder is formed of 160 parts by Weight of
v —--granular compound, haﬁt{g particle-diameter upper ﬁmité of 250 pm, ﬁsing
bisphenol type -epoxy oligom.er.(melting point:95 - 105°C) to which 0.2 parts
by weight of calcium-stearate is added. Then, applying pulse maénefﬁation
of 50 kOe in height direction of the cjlinder-shaped ‘magnet, a
- demagnetization curve is _ obtained wusing vibration saﬁaple-type
Igagnetometer (VSM) at a measurement magnetic-field of + 20 kOe.
Further, the extrusion molded magnet is formed by melting and curing the
pellet which include 95 weight % of magnet powder and 5 weight % of 12-.
nylon and is kneaded at 260 °C, and tﬁe demagnetization curve is also
obtained. FIG.4isa graph showing the demagnetization curve of so-called
compression molded magnet formed of powder molding and heat-treatment
of compressed powder of the present invention, and that of the extrusion
molded magnet for a comparison. Table 5 shows the magnetic

characteristics obtained from the demagnetization curves.



whi ch include 95 wei ght % of nagnet powder and 5 wei ght Abguat 20@3 .
g;: l)ﬁt and i s kneaded at 2609C, and the denagnetization curve is also e
obtained. FIG 4 is a graph show ng the2@enagnetization curve of so-ca fe
conpressi on nol ded magnet forned of powder nolding and heat-treatnment o
conpressed powder of the present inventlon, and that of the extrus![on_ i os
mol ded magnet f oks is obvipasifsem. PR3 £n3 TSNS %H@.e%e%oﬂ gglg:regrﬁbrous
obt ai ned from the demagnetization curves. 14 August 003 AsTTS;, 0
from FI G, 4 ianenfiahl ehbwst Heigherbesh sestic ofhdhRipiegent coﬂlg%iﬁzﬂi i i‘%’ﬁp%g
hi gher nmagnetic characteristics conpared W|_t_h the conparative exe .
Supposed! y,comparatizeberamgde hi @uﬁpobbdlzg thad 118 Bécaligégﬁ?éh p@mﬂh ?:] rhaﬁaﬂ%
possi bl e in powder nol di ng net hod of the invention. " On "the o _erh ,
too. finel ynpghetepowder enpossibiéi itepowdaneidiginPhafthall of tR83He8nMbA! Bn
strong shearing force at a hi gh-tenperature of 26Q F:r_ray ~decrease e
magnet i ¢ cibpaetha dands tdo timelyoppiveatiatke eihrdtidizedDeshdhetid ABbEeral
Maxi mum ercive Residual energy product. Squareness force nagneti zation
[BR ' max neaded with a strong shearing force at a high temperature of 260 °C may

decrease the magnétic characteristics of the comparative example.

Table 5
Specific Residual Maximum Squareness |
Coercive | magnetization -energy product | - '
foree . [BHmax | =

Hei kOe 4 alr kG MGOe Hk
_Present 953 6.87 - 9.55 2.59
Imvention - : ‘

Comparative 866 | 658 | 830 2.24

Example : M 5

[Advantages of arc-shaped. magnet with a plurality of sectional shz(pes
‘longitudinally]

An extrusion molding method as disclosed in JP 06-236807 can not
‘provide an arc shaped magnet with a plurality of sectional shapes
longitudinally. However, a thin-arc-shaped magnet used as a field magnet
for a small DC motor, the subject of this invention aiming, is required to
apply 'E;tro_ng static magnetic field in a gap between the ficld magnet and an
armature to sétisfy bqth down-sizing and higher power output of a motor.
On the other hand, cogging torque must be low enough for an armature fo
rotate smoothly. Although an armature having portions of different
diameters may be one solution to lower the cogging torque, it will result in

increasing an operating current easily by magnetic saturation in an iron



Hci kCe.4 '"Ir . kGV30e Present invention 9.53 6.87 9.55 2.59 Conparative
8. 666. 588. 302. 24 Exanpl e [ Advant ages of arc-shaped. magnet WHAugastH00Bal ity
of sectional shapes | ongi tudi nally] An extrusion nol ding nethod as

di scl osed in JP 06-236807 can not progilde an are shaped magnet with a
plurality of sectional shapes |ongitudinally. However, a thin-arc-shaped
magnet used as a field magnet for a small DC motor, the subject of this
|nvent|onc%§nng, is required to apply strong static magnetic field in a
gap between the field magnet and an armature to satisfy both down-sizing

be. 1 ow-enough. Fovas Biiable, SRS, of (18 figfel} ifnt %ﬁ?m SO s e

Coggi ngt orapee dagted (RECRLre SRR Rriol Cochiial Bkbrd Tl il T,

by magnet iy gédighhialg! &M ugheRrhrld QNowhr MHEHS! ardfifl3rif] GPRE- such a magnet,
magnetic resistance in magnetic pole surface can be varied with respect to a
rotaﬁng direction of an armature, and cogging torque can be reduced by
shaping a molded magnet appropriately. FIG. 5 shows a relation between a

back-side cutting-angle and cogging torque of an arc-shaped magnet where a

part of outer surface of the magnet has a cut portion.

INDUSTRIAL APPLICABILITY
‘The present invention provides a method of manufacturing a thin-arc-
. shaped magnet having a thickness of less than 1mm, with high dimensional
accuracy and magnet density. The magnet provides, for example; a gap
between a field magnet and an armature of a small DC motor with strong
static magnetic field. Of course, it is needless to say that the bresent
invention can be applied for various shapes of magnet other than a thin-arc-

_shaped magnet with a thickness of less than 1 mm.



A powder nol ding, therefore, of the present invention, can provide an arc
shaped magnet with nore than two kinds of sectional shapes Héwgigustdional |y
by designing an upper and a | ower punch arbitrarily. Wth such a magnet,
magneti c resistance in magnetic pole surface can be varied with respect to
a rotating direction of an armature, and coggi ng torque can be reduced by
shapi ng a nol ded nagnet appropriately.,,FIG 5 shows a rel ation between a
back-si de cutting-angle and coggi ng torque of an arc-shaped nagnet where a
part of outer surface of the nmagnet has a cut portion. |NDUSTRI AL
APPLI CABI LI TY The present invention provides a nmethod of manufacturing a
t hi n-arc- shaped nagnet having a thiGHaIMss of | ess than 1mm w th high
di rensi onal accuracy and magnet density. The magnet provides, for exanple,
a gap between a field nagnet and an armature of a small DC notor with

0, say fhat the

strong static,magngt| Leld, cours it is needless tc

present i nvent on %ahggéégngFg%§P8?a9§?¥Hﬁ% Ih4pes SATRRGHEY oPW than a
t hi n- ar c-nsfrape¢ompgneingv ife atkebsckpess of |ess than 1 nm 14 August 2003
22 CLAIM5S 1 - A nethod for manufacturing a rare earth-iron bond magnet

conpri si ng t he CSMBPESBINg corprwdsst mpmpricidgr acouptisengf aangranukanf a
gr anul ar havi ng a r.ti.cl e .di anmeter of |ess thaggﬁgo mapd a
fatty aci #@%ﬁll avslélegp%b&é"e qi¢ _éilr?g'le&,ert f?gogltezf’ﬁulq}an gt}H[ﬁdE‘nC{1 _
conpri sing @altyt deedomatane iearddiy odwddt t 1 5PUN ndilgkesayiaggaparticl e
di aneter of less than 150 jimand a inder, to forma conpréssed powder;
and compound comprising a mixture of rare earth-iron melt-spun

flakes having a particle diameter of less than 150 um and a

binder, to form a compressed powdef; and

heating the compressed powder to form the rare earth-

iron bond magnet.

2. The method according to claim 1, wherein the rare
earth-iron melt-spun flakes are produced by coarse grinding

using a Henschel mixer.

3. The method according to claim 1, wherein the rare
earth-iron melt-spun flakes comprise a RE,TM;;B phase having
single domain-critical sizes of not more than 300 nm, wherein
RE represents Nd or Pr and TM represents Fe and Co, the
flakes having a specific coercive force Heci of 8-10 kOe and a

residual-magnetization of 7.4-8.6 kG.

4, The method according to claim 1, wherein the

binder comprises an epoxy oligomerx.



heati ng the conpressed powder to formthe rare earth- iron bond nagnet. 2.
The method according to claim 1, wherein the rare earth-ird#4Auglst-2008n

fl akes are produced by coarse grinding using a Henschel mxer. 3. The

met hod according to claim1, wherein the rare earth-iron nelt-spun flakes
conpri se a RE2TML4B phase having singPe domain-critical sizes of not nore
than 300 nm wherein RE represents Nd or Pr and TMrepresents Fe and Co,
the flakes having a specific coercive force Hci of 8-10 kOe and a

resi dual - magnebi.zat Thha ofethott 8aGek&didg The ratdied agcomgéRhin O t¢leai m 1,
wherein the binder conprises an epoxy oligonmer. 14 August 2003 23 5. The
met hod aceRfhgtt o cPhfphanoheprern ¢higonfhdeth s &9 tgshemnIpadmdxy

ol i goner %$:§5j§5xﬁdfﬂﬂ ng point of 85-95 C. 6. The nethod according to
claim1l, erein the granular compound is produced by the steps of: m xing
the rare earth-iron nelt-spun flakes, the binder conprising an epoxy
oligoner which_.is solid at a room tenperature _and having an al coholic
hydroxyl group®in iTRe H&IQH aRCERAFANTanEC a cd@dli | Lzedheximnabe curing

et P e gosRl 0 pleLLADLITEL HLUES, L Produce ¢ ol 10
" mixing the rare earth-iron melt-spun flakes, the binder
cOmprising an epoxy oligomer which is solid .at a room
temperature and having an alcoholic hydroxyl group in its
molecular chain, and a stabilized isocyanate curing agent
with an organic solvent;
heating the mixture to produce a solid block; and

grinding and classifying the solid block to obtain the

granular compound.

7. The method according to c¢laim 6, wherein the
stabilized isocyanate curing agent is composed of one mole
of 4-4' diphenylmethane diisocyanate and two moles of methyl-

ethyl-ketone oxime.

8. The method according to claim 1, wherein the
fatty acid metallic soap powder is calcium stearate powder

having a particle diameter of not more than 75 jm.

9. The method according to claim 1, wherein 0.2-0.5
parts by weight of the fatty acid metallic soap powder is
dry blended with 100 parts by weight of the granular

compound to produce the powder which is compressed.



granul ar conmpound. 7. The nethod according to claim6, wherein the
stabilized isocyanate curing agent is conposed of one nol e 14fAudugt'2003

di phenyl net hane dii socyanate and two nol es of methyl- ethyl-ketone oxine.
8. The method according to claim1, wherein the fatty acid netallic soap
powder is cal cium stearate powder ha@ﬁng a particle dianeter of not nore
than 75 pm 9. The nethod according to claim1, wherein 0.2-0.5 parts by
wei ght of the fatty acid nmetallic soap powder is dry blended with 100
parts by wei ghflOof The grerthudar acconddund to prloduce 1t heyipoweler Wech is
conpr essed, %4 Augugt 2003 24 10. The method according to claim1l, wherein
the m xtBFELRFS hel gr BRI afTeBHPBENICaRBCERe faRdy Bee d fatal laaidoap

e P e S

40 - 45 sec/50 g. 11.°T accord o claim

conpr esseg/ powder! aspbedtedfiotdiof dLSH t-harm 2eli/pyt gs at 160 - 200 C
12. The method according to claim1, wherein the rare earth-iron bond
magnet is an arc-shaped nagnet with a weight of not nore than 0.5 g and a

t hi ckness of |ggs t 13 hod acgcaor.ding to claim 12, wherein
t he arc-‘shapeg hagne% #Egm?dp|ﬁﬁgef?§gif éécf%ﬁﬁﬂ%dqéecw Ohat? s s
| ongi t udicaignessed powder is heated for not less than 2 minutes at

160 - 200 °cC.

12. The method according to claim 1, wherein the rare
earth-iron bond magnet is an arc-shaped magnet with a welght

of not more than 0.5 g and a thickness of less than 1 mm.

13. The method according to claim 12, wherein the arc-

shaped magnet has a plurality of arc-shaped sectional shapes

longitudinally.

14. The method according to claim 1, wherein the mold

includes upper and bottom punches for holding the magnet.

15. The method according to claim 1, wherein the
powder is filled in a mold cavity by volume weighing before

compression.

1l6. A rare earth-iron bond magnet produced by the

method according to claim 1.



14. The method according to claim1, wherein the nold includes upper and
bot t om punches for hol ding the magnet. 15. The nethod accor & AYo¥s 2803i m 1,
wherein the powder is filled in a nold cavity by vol unme wei ghi ng before
conpression. 16. A rare earth-iron bogg magnet produced by the nethod
according to claim11. 14 August 2003 17. Arare earth-iron bond magnet,
conprising rare earth-iron rapidly-quenched flakes, a binder, a curing
agent and a fatty acid netallic soap powder, said magnet having a weight
of not nore than.0.5 gaanrd satbheki®ss bohdl easgiddn tompPisid§. sl |l DC
nmot or conprising an arc-shaped magnet produced by the nethod of claim1,
sai d magnedT AL Fapdiddurauenched Bbrkeshan Bimler,arml eutitickamsd of | ess

than 1 m,4 4 fatty acid metallic soap powder, said magnet having a

weight of not more than 0.5 g and a thickness of less than 1

mm.

-18. A small DC motor comprising an arc-shaped magnet
produced by the method of claim 1, said magnet having a weight

of not more than 0.5 g and a thickness of less than 1 mm.





