1 DESCRI PTI ON METHOD OF MANUFACTURI NG RARE EARTH-1 RON BOND MAGNET 5
TECHNI CAL FI ELD The present invention relates to a nethod of manufacturing
rare earth-iron bond nagnet to form aldown- si zed t hi n-ar c- shaped magnet
with high density and di nmensional accuracy. The magnet is used for
produci ng 10 magnetic field in a small DC notor to neet the requirenents of
hi gher output power and | ower operating current. BACKGROUND ART In the
prior art, an arc-shaped nagnet q@ﬁﬁ{@SAﬂH el d magnet for a 15 small DC
not or has been fornmed mainly of f GRESI e magnet and ferrite bond
magnet, and partly of rare earth-iron bond magnet manufactured by
extrusion nolding. Generally, an arc-shaped magnet used as a field nagnet

i's disposed out si W X hi ckness of
conventional 20 @T?{%};@)ﬁ%ﬁ%\é@ﬁ §S Tha T%&%\% magnet havi ng
a thickness of less than 1 nmhaism ' | e. When a notor is

down-si zed, therefore, a notor Can not Nl ntai n output power since a

di anet of an armature nust be nade smaller. Especially, in case of
ferrite magnet, whether it is sintered or bonded, output power of a notor
shows ren&fjgegnqlgggr due 25 to the downsi zing because enough static
magnetic fireld 1s not applied to a gap between a field nmagnet and an
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earth-iron bond magnet to form a down-sized thin-arc-shaped magnet with

high density and dimensional accuracy. The magnet is used for producing
10 magnetic field in a small DC motor to meet the requirements of higher

output power and lower operating current.

BACKGROUND ART
In the prior art, an arc-shaped magnet used as a field magnet for a
15 small DC motor has been formed mainly of ferrite 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 disposed
outside of an armature for a small DC motor. A thickness of conventional
20  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 motor shows remarkable decrease due
25 to the downsizing because enough stétic 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



to provide enough static magnetic field to a gap between an arnature and
the bond magnet in a small notor. For down-sizing notors, however,
fol | owi ng probl ens nust be solved to Fanufacture a rare-earth arc-shaped
magnet having a wall thickness of 5 less than | nmused as a field nagnet
in a small DC nmotor. (1) Poor toughness of a sintered nmagnet causes
breakage or cracks easily A magnet |ess than 1nmthickness is, therefore,
hard for ei ng.inte r i.nto a npt (2) To roduce a na net b
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magnetic c ound conposed of net powder and thernoplastic resin. It is
difficult %&Ng gu?ﬂjsé‘}?cu Fetic corrpound havi ng much amunt of
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extrusi on nol di ext magnet| c und ose

and thermopl asti Cohgey N A tha Q’c)ié%Q Hﬁtln?ﬁltﬁ%lﬁigséw%ﬂe%feﬁ %a?@k?&‘ ng die
head in case of a nugnet of |ess than 1 nmthicknes Ich easily causes
25 deformation i npbhify i ked T L0ty It IS hard to produce a nagnet
having a wall thickness of |ess than | nm and having dinensional accuracy

whi ch al | ows t hg)migpesdice dmagneeby lidjection molding, a molding die cavity

10 must be filled with injected magnetic compound composed 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 Imm width.

(8) To produce a magnet by powder molding, a compressed powder is

15 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

20 of less than 1 mm width.

(4) To produce a magnet by extrusion molding, 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

25 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



3 integrated into a notor. (5) As a nethod for producing an are shaped
magnet thinner than 1mm a machining into less than Inmfromnore than 1
nm thickness may be a solution for a ®agnet originally formed by 5

i njection nolding, powder nolding or extrusion nolding as above nentioned
way through 2 to 4. However, machining will easily cause fine cracks,

which will make it difficult tointegratethe magnet into a notor |like the
case 1 of a sinter m%gget equently, for the above nentioned
t hi n- ar c- shaped ﬁ%’f m ’(')d of suppressing deformation of magnet
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nm can be produced”by ext ru3| eviatio m usi ng
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Nd- Fe-B al l oy fl akes and thernoplastic resin minly conpo nyl on.

In this way, howe¥fiise fRENGacks)awhEdIeWifll kel BC APRRA1tAEE Shsbighaitey the
conpared with a conpression-nol ded magnet, due to reduced volume of 25

magnet powder i nchisgedt betwaliRtoblikethd baye Dot 8interdEmiagnstist act as a
carrier of magnetic conpound. Furthernore, magnetic material in nolding

Consequently, for the above mentioned thin-arc-shaped magnet, a

10 method of suppressing deformation of magnet is shown in Japanese Patent
Non-examined Laid-Open Publication No. H06-236807, disclosing a method
of manufacturing comprising the steps of:

(1) filling a molding die with molten magnetic compound composed of
magnet powder and thermoplastic resin; and

15 (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

20 deviation of + 30 pm using magnetic material composed of 95 wt.% of rare
earth-iron rapidly-quenched 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

25 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



di e nust be cool ed below the nelting point of thernoplastics of nmagnetic 4
conpound and solidified in order to form an arc-shaped magnet thinner than
Imm wi t h di nensional accuracy of not nre than 30min thickness deviation.
Therefore, the nethod has drawbacks of nol di ng-di e-wear and increase in
energy consunption because stronger extruding force is required 5 and
extrudi ng speed decreases. Cenerally, so-called powder nol ded magnet

includes 1.5 - 3. .9%.0f. resin and,has magnef depsit f.5.9 -.6.1
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magnetic C Cs of such a magnet is not preferable for a snmall DC
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armature and a fragnet, npar e er-nol ded magnet,” since the
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t hi n-arc-shaped powder nolded magnet, with Tts higher nagnet density and
di mensi Onaﬁsi%écwrécéfarthéﬁorb%%cﬂgﬁ%ﬁeﬂed FakdsNifeh exBMME, RRlDRARMy: TRgNet
not or. DI SCLOSURE OF THE | NVI I 25 This invention has been devised in
vi ew of t hp58h/kus) wadt ileifdsoitins redh! (foroéximple, @pBkp residr Bruehdehsitye- shaped
magnet havi ng thi ckness of |ess

10 approx. 1.15 g/em® 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 fem®, since much amount of
thermoplastics (for example, 12-nylon true density : about 1.1g/ cm®), at least

15 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.

20 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
25 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 1lmm, with high performance for both dimensional accuracy and



than 1mm wi th high performance for both di nensional accuracy and 5 magnet
density, to provide a gap between a field magnet and an armature of a
smal|l DC motor with strong static magnéic field, and its nanufacturing

met hod. In other words, a nagnet of this invention is manufactured by a 5
powder nol di ng nmethod basically conprising the steps of. (1) formng

granul ar conpound having a particle-dianeter of not nore than 250 m using
bi nder and rare gart_h-i ron rapidly- quenche%ﬁiﬁ{:akes having a di aneter of
not nore tHagRELAensithdo prerided garybeliveen 4 Iglewagney and g gymaurewfendi ng

the granular c nd with fatty acid netallic_.spap owder; (3) formng a
compressed SHHALD GmetOr Bth SlFaneattatic seRRic sl ek S up phuiagh g | g
netallic soa wder, by powder nolding; and 15 (4) heat-treating the
conpr essed™§ r to a tenperature higher than a thermally dissociating
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type epoxy ol i goner
quenched flakes having a diameter of not more than 150 pm and

coarsely ground if necessary;
10 (2) dry-blending the granular compound with fatty acid metallic soap
powder;

(3) forming a compressed powder with the granular compound dry-
mixed with fatty acid metallic soap powder, by powder molding;
and

15 (4) heat-treating the compressed powder to a temperature higher
than a thermally dissociating temperature of stabilized isocyanate.

Morxe specifically,

(1) the magnet powder comprises a rare earth-iron rapidly-quenched
flake including RE,TM, B (RE denotes Nd and Pr, TM

20 denotes Fe and Co) phase of not more than 300 nm, with specific
coercive force Hci of 8-10 kOe and residual-magnetization of 7.4 -
8.6kG;

(2) the binder comprises epoxy oligomer which is solid in room
temperature and having an alcoholic hydroxyl group in its

25 molecular chain, more specifically, a bisphenol type epoxy oligomer
with softening point of 85-95 °C;

(3) curing agent comprises stabilized isocyanate consisting of one mol



wi th softening point of 85-95 C; (3) curing agent conprises stabilized

| socyanate consisting of one nol 6 of 4-4' diphenyl nethane diisocyanate
and two-nol s of nethyl- ethyl-ketone of me; (4) grinding a solid-state

bl ock fornmed by wet bl ending organic-solvent solutions of those materials
and rare earth-iron rapidly-quenched 5 flakes, and then cl assifying
granulate in size. Furthernore, the fatty-acid netallic-soap powder

conprises 100 weight parts of granul a.. conpoynd to which.0.2, - wei ght
parts of calci umpgt‘}éér 3{@%{}@%&?&9 %{?Q@’%ea ‘ng‘?:'méﬂ%IiérrE’cegh%'s 5 m
or |less. Especial Lﬁ/ tt%e (granul_ar conpound i s adjusted to have apparent
density of 10 2. 7% %llf?%?‘ A4 1d powder fluidity of 40 - 45 sec/50g. A
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showi ng a rel ation a nu grindi 'mes for granul ar
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FIG 2 is a grap ow nd a relatlon between di sl onal accuracy o
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cont i nuousc4leiEhesteirhtl PewdePds @ldded whose particle diameter is 5 pm or less.
Especially, the granular compound is adjusted to have apparent density of

10 2.7 - 3.0 g/lem® 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.

15

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 an yield.

20 FIG. 2 is a graph showing a relation between dimensional accuracy of
arc-shaped magnet and a particle-diameter upper limit of granular
compound.

FIG. 3 is a graph showing a weight change of compressed powder of
continuous powder molding production.

25 FIG. 4 is a graph showing a demagnetization curve of magnets.

FIG. 5 is a graph showing a relation between a back-side cutting

angle and cogging torque.



25 FIG 4 is a graph showi ng a demagnetization curve of magnets. FIG 5 is
a graph showing a rel ation between a back-side cutting angle and coggi ng
torque. 7 DESCRI PTION OF THE PREFERRED7EMBODI MENTS 5 This invention is
aimng at providing a thin-arc-shaped nmagnet, for exanple, having

t hi ckness of less than 1mm w th high dinensional accuracy and magnet
density, to provide a gap between a field magnet and an arnmature of a
small DC notor with strong static nagnetic field and its nanufacturing
met hod. 10 Present invention discloses the fact that an upper limt of
particle diameter of granular conpound has great influence on dinensional
accuracy of a thin-arc-shaped nmagnet when the granul ar conmpound is forned

of a uniform m xt -

rapi dl y- quenched fﬁ?&@lﬁ@wmwﬁwmmﬁm (3) an
stabilized i socyanate. Further, present invention discloses production
conditions for the granular conpound for a stable supply of a
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armature of a small DC motor with strong static magnetic field and its

manufacturing method.
10 Present invention discloses the fact that an upper limit of particle
diameter of granular compound has great influence on dimensional accuracy
of a thin-arc-shaped magnet when the granular compound is formed of a
uniform mixture of
(1) magnet powder of rare earth-iron rapidly-quenched flakes,
15 (2) a specific epoxy oligomer and
(8) an stabilized isocyanate.
Further, present invention discloses production conditions for the
granular compound for a stable supply of a thin-arc-shaped magnet having

thickness of less than 1 mm in an industrial level.

20
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 uym in
diameter with rare earth-iron rapidly-quenched flakes having a
25 diameter of not more than 150 pm, the flakes being coarsely ground

if necessary, and binder;

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



(2) dry-blending the granular conpound with fatty acid netallic soap 8
powder; (3) form ng conpressed powder %¥ t he granul ar conpound dry-m xed
with the fatty acid netallic soap powd by powder nol ding; and (4)
heat-treating the conpressed powder to a tenperature higher 5 than a
thermal |y dissociating tenperature of stabilized isocyanate. Especially,
magnet powder conprises rare earth-iron rapidly quenched flakes including
RE2TML4B phase (RE denotes Nd and Pr, TM denotes Fe and Co) of not nore

t han 300 nm mnthp§$a€¥f|c coercive force Hci  of 8- 10 kCe and
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than 5 m Especially, the granul ar cdrrpoun IS adjusted to have apparent
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conpressed powder having a plurality of arc- shape sectional views is
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wei ght of not nore than 0.5 g and the maxi mumthickness of |less than 1 nm

10 epoxy oligomer, solid at a room temperature, 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
15 block formed of organic solutions of above materials and rare earth-iron
rapidly-quenched 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-
20 stearate 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 - 8.0 gfem® 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
25  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.



The conpressed powder is then heat-treated for not |ess than 2 mnutes at
160 - 200 Cin the air. 9 The rare earth-iron rapidly-quenched fl akes used
in the present invention are, for exandl e, disclosed in "Rare
Earth-1ron-Boron Materials; A New Era in Permanent Magnets" by J. F.

Her best in Ann. Rev. Sci. Vol-16. (1986). The flakes are produced by rapid
quenching and solidifying a 5 nolten alloy containing Nd: Fe:B nearly at a
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bef orehand, the isocyanate group released by thermal dissociation reacts
20 wi th anvRigaetieAlly isbteeps ¥lakek Avith lresidhiad Snhsibtization J¥ of Tape ggl@. I n

this case, a part of released isocyanate group reacts with water adsorbed
on magnet Ahdepdvafié bédreivieBi@ Meisefr§-aCk® k@& drd preferatislbst i tuted urea

conpound and nmake a chel ate bonding with netallic-oxide surface.

Furt helOore, siHowetdiglitnd allostaepiabiloif tHe sdpitily-quenthed dialeasainelwlizes not
due to heat treatment, for example, alpha-Fe and nano-composite system
including Fe3B type soft magnetism phase and Nd,Fe, B, and Sm,Fe,,N3
type hard magnetism phase or the like.

On the other hand, epoxy oligomer having an alcoholic hydroxyl group

15  in molecular chain and is solid at a room 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

20  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 fine-particle (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

25  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



25 occur at a roomtenperature below 40 G polynerization reaction with
epoxy oligoner does not occur even if_the stabilized isocyanate is
uniformy mxed wth epoxy oligoner. 19 ot her words, magnet powder

contai ning granular 10 conpound can be adjusted to maintain the inactive
condi tion which does not change powder-noldability after storage for
several years. The present invention is explained by follow ng enbodi nents
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Subsequgently, 10kg of magnet powder, not snaller than 150 gm is ground at
1312 r.p.m in a 20 litter Henschel mxer for 5 mnutes in a 15 nitrogen

at onospher ' f owder not greater than 150 gm
p M%?xmt%o’w&é}%ﬁl b 8bsks8 gﬂ?g?g%ﬂp g g

and nunber coarse-grinding tirme gnet powder not snmaller than 150

gm As clear fyREhbhfowdbt fised REtHE BhebdteALROS pddudd Frone MagddtfieBbh % by

repeating coarse-grinding three tinmes or nore. Moreover, although too
finely grolntdrfticRdnBi, COWITFaded Mek: sMGPB)! ywkieh' Ragerdre carthriesaed

powder forned by powder nolding, pulverized powder not greater than 53 gm
I s sel dom rapidliyugeshched fihleariyh shahivkinesd 2120 1.30Takl entl having alloy
10  composition of Nd,,Fe,,Co,B,, and magnetically isotropic Nd,Fe,,B phase
with crystal particles having a diameter of 20 - 50 nm. The magnet powder
contains 39.7% particles in weight which passes 150 um 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 litter Henschel mixer for 5 minutes in a
15 nitrogen atomospher.
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
20 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




Particle D aneter Nunber of Coarse Ginding Tine (gm 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 2d165 15.92 20.10 21.85 11 125 - 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 (<150 m 39.7% 70.8% 81. 9% 89. 2% 94. 5%
[ Preparations of binder conposition] 7 kinds of bisphenol type epoxy
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hydr oxyl group in nolecular chain of blsphenol type epoxy oligomer 10 is

specified as 0.8. Table 2 Sanpl e Degree of Ml ecul ar Epoxy Melting point

golzygerlloég %a&%&i@ﬁéoﬁﬁi‘ﬁd@%’eﬁ%e&%ﬁ 380 190 Liquid B 2.0 900 500 65-75

7 kinds of bisphenol type epoxy oligomers as shown in Table 2 and

chemical formula 1, each having different melting point, and stabilized
5 isocyanate 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 aceton to make an acetone solution of 50 % concentration.
The ratio between -NCO group of an stabilized isocyanate and sum of the
aleoholic hydroxyl group in molecular chain of bisphenol type epoxy oligomer

10  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

gm0 @" (0)-0-can-cp @ ?@ O-CHz-C*{%



D 3.7 1400 950 95-105 E 8.8 2900 2250 115-125 Chemical fornmula 1 G -CH
Q~Q (-CGECG _CHa(r) 0" t7-CTz-G- z 12 Chemcal formula 2 /c"3
C_NCGNHJI-GCGNC~1 1 I z11] > 348 0 HH 0 CH3 [ Preparation of
granul ar conpound] 97.5 wei ght % nmagnet powder, not greater than 150 m and
2.5 5 weight % acetone solution of epoxy resin are mxed in wet process
using a sigma blade type kneader. Subsequently, the mixture is heated at
80 - 90 C %) evaﬂﬁ r at cetone to obtain a solid block at a room

t enper at ur F%%ﬁ s ground into granule by a cutter mll, and the
granule is C|aSSIerd directly by sieves of 500, 350, 250, 212 and 150 m
respectively. 10 Fig 1 shows a relation between a nunber of grinding times
for granular conpound and an yield, varying particle-diameter upper limt
of 500, 350 and 250 mﬁ9§§pectively ere, L A |n the tx%ure shows a
rel ation between the nunbeg=RLcaf g G 3 or the
granul ar conpound haV|ng’part ﬁle- e 0*;250 Am The
granul ar 15 conpound i 8@ orne grinding a soli b ock cﬂﬂg{|5|ng magnet
powder, not greater than 150 n1as di scl osed in the presen i*nvention, and
epoxy resin using bisphenol type epoxy oligomer (melting point : 95 - 105
C). On the other hand, lines B - D show a nunber of grinding tines and

yi el ds for

[Preparation of granular compound)

97.5 weight % magnet powder, not greater than 150 pm and 2.5
5 weight % acetone solution of epoxy resin 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 granule is classified

directly by sieves of 500, 350, 250, 212 and 150 pm respectively.
10 Fig 1 shows a relation between a number of grinding times for
granular compound and an yield, 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 pm. The granular
15  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 °C). 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
20 pm. The granular compounds are formed by grinding a sold block
comprising magnet powder, in which 60.3 weight % of particles are not

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



granul ar compound having particle-dianmeter upper limt of 500, 350 and 250
20 m The granul ar conpounds are formed by grinding a solid bl ock

conpri sing magnet powder, in which 60. 3 e ght % of particles are not

smal | er than 150 m (See Table 1) and epoxy resin using bisphenol type 13
epoxy oligomer (nelting point : 95 - 105 C). As is clearly shown in the
figure, granular conpound having particle- dianmeter upper limt of 250 m
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The ef fxect £q @ity 1A GhE @%1 i : %g:%% lgr{lﬁwei&?aléa%fg_ widr 180t %@éét%rby 15

wei ght “of ‘granul ar™¢onpound In part i i amet er Opper limt

usi ng bi splgREi56 %lgﬁs%eaxo Frnd ulﬁ%bﬁlgaanaqia@iﬁg‘?éw é&ﬁl@llﬁa%t@ﬂdi ng

‘0.2 - 0.6 parts wel ght of sCearic aci zinc stearate, calcium
stearate, ygphdrTiRNGAFRRALANETIED IBORRPbstNGIy.carate respectively.
Consequently, calciumstearate powlder, not greater than 75 gm shows
preferable increase 20 in fluidity of granular conpound nost, little change
I n apparent density after storage, and conparatively few reduction in

radi al cr uEffeey of Eittyatid mekallicheap) her hand, cal ci um stearate powder, not
smaller than 75 mis not suitable because it easily separates from

gr anully conpoubbe gEamaar compiotinds, having the particle-diameter upper limit of

500, 350 and 250 pm each, are uniformly mixed with 0.2 - 0.6 parts by weight

of fatty-acid metallic soap at a temperature below 40 °C with a V shaped
mixer

The effects of fatty-acid metallic soaps are evaluated on 100 parts by

15 weight of granular compound having 250 um of particle-diameter upper limit

using bisphenol type epoxy oligomer (melting point:95 - 105 °C) by adding 0.2

- 0.6 parts by weight of stearic acid, zinc stearate, calcium stearate,

aluminum stearate, and magnesium stearate respectively. Consequently,

calcium-stearate powder, not greater than 75 pm, shows preferable increase

20  in fluidity of granular compound most, little change in apparent density after

storage, and comparatively few reduction in radial crushing strength. On

the other hand, calcium-stearate powder, not smaller than 75 pum 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

25  the curing temperature (160 °C) and show, especially, large decrease in radial

crushing strength.



and zinc stearate are not suitable since both have | ower nelting points
than 25 the curing tenperature (160 C)_and show, especially, |arge decrease
in radial crushing strength. 14 [ Mel Hng poi nt and nol dability of

bi sphenol type epoxy oligonmer] Table 3 shows a rel ation between a nelting
poi nt of bisphenol type epoxy oligoner and apparent density (JI'S Z2504)
and fluidity (JI'S Z2502) of a granul ar conpound having particl e-di aneter
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for granul ar conpound used in powder nmolding wth i gh di mensi onal

accuracy. @anller %ﬁﬁéuﬂ@%@in%ﬁisbﬁeﬂﬁ%@b PRy ioligomied, whiklnls solidshi A9

strength 20 al so shown in Table 3, bisphenol type epoxy oligonmer wth the
mel ting pordoin tdx@poritive,-shb@s dh abapsalbleaiosvduyl fauidityubi powdbe meolditgnsi ty
(JI'S z2505) and radial crushing strength (JI'S Z2507) are neasured for bond
magnetlOnahi Then,s1kgrefithest comgothds tokilmiynfilled épto 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
15  density changes to 2.95 - 3.05 g/cm?® 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
20  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 an ring shape mold cavity having an outer diameter of
25 12.8mm and an inner diameter of 10.5mm with granular
compound;

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



(1) filling an ring shape nold cavity having an outer dianeter of 25

12. 8mm and an i nner dianmeter of 10.5mmw th granular conpound; (2)
appl yi ng pressure of 8 ton/cnR2 to form & conpressed powder of 10 15 nmm
hei ght; and (3) heating the conpressed powder for 2 mnutes at 160 C.
Table 3 Melting tenperature Liquid 65-75 75-85 95-105 115-125 of oligoner
O FIuidity sec/50 57.2 44.1 41.3 40.9 40.5 Apparent density 2.23 2.75
2.75 2.85 2.85 /cm ne de S|ty 6.1 6.0 6.06.05.9 (9/cm Redial
crushing 5. 04 4. 870m, strength (kg/mm) 5 [Curing conditions

for bond magnet ] bl e 4 hows rad| C ST room

t enperature on ﬁﬂ ahiag %8@3&0@@] 01('% %?gﬁpﬁgbs eps: (1) Adding
0.2 parts by wei ght of calciumstearate to 100 w't parts of 10 granul ar
conpound, having a particle-diameter upper limt of 250 m using bisphenol

type epoxy oligonmer (nelting terrperat;i,r . 95 -105 C; (2) filling an ring
aﬁ'fn‘%te

shape nol ding_di e _cavity having outer r of 12.8 mmand a inner
diameter of giﬁ%ﬁf"mggw 9 A0S 6575 | 75-85 | 95-105 | 115-125
Fluidity 572 | 441 | 413 | 409 | 405
(sec/50
Apparent density 223 | 275 | 275 | 285 | 286
(g/em®)
Magnet densgc wy | 61 6.0 6.0 6.0 5.9
Eng;tfus(lﬁ?imz) 504 | 487 | 467 | 476 | 367
5
[Curing conditions for bond magnet)
Table 4 shows radial crushing strength at a room temperature on
bond magnet manufactured by the following steps:
(1) Adding 0.2 parts by weight of calcium-stearate to 100 w/t parts of
10 granular compound, having a particle-diameter upper limit of 250
pm, using bisphenol type epoxy oligomer (melting temperature: 95
- 105 °C);
(2) filling an ring shape molding die cavity having outer diameter of
12.8 mm and a inner diameter of 10.5 mm with the granular
15 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 crushiﬁg strength becomes four times larger than compressed
powder by heating for 2 min at, for example, 160 °C using a system
20 comprising a bisphenol type epoxy oligomer and stabilized isocyanate which

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



15 conpound to form conpressed powder of 10 nm hei ght by appl ying
conpression of 8 ton/cnR; and (3) heating the conpressed powder for 2 - 20
mnutes at 80 - 200 C. Radial crushingl®&trength beconmes four tines |arger
t han conpressed powder by heating for 2 min at, for exanple, 160 C using a
system 20 conprising a bi sphenol type epoxy oligoner and stabilized

I socyanate which consists of one nol of 4-4' di phenyl net hane diisocyanate
and two-nols of 16 nethyl-ethyl-ketone oxine. In addition, the sane |evel
of radial dreBwileihykketengiaximequilnaddigon; the sampdavelnef rdiaborushing

Therefore, preferable, curing .conditions for ng magpet of the present
i nvention i¥TMBRERAMERS 290?‘8“?-%312&%1%%%51%& Q(:iﬁo epefores, preft @ 4

Time Curng Tepperature (' (m.n.) 80,100.120 130 140 150 160Q 200 1.17
1.74 2.68 FWHD! fos f%épnal. e%tgn(e&.oglt}w(ar.eg&ﬁw mv%éaoqzsgaﬁleeé.fé@ 3. 84
4,18 (4.21) 5 1,.22 1.90 2.51 3.,4,.34 5.19 5.05 4.88 (1.06) (1.65) (2.18)
(2.54) (3. 7"?‘?"@(@%’1%“&1& a“(i‘.“ga?éol ©1.33 2.29 3.04 3.27 4.99 5.65 5.59
5.17 (1:15) 1.99 (2.64) 2.84 (4.34) 4'§9f(]1§4 86) (4.50 20 1.51 2.36 3.88
4.81 5.81 5.70 5.62 5.15_ (1.31) (2.0508%7)" (4.18) (4.70) (4.95) (4. 89)
(4.48) Unit ifmMilke/ mp2.. Val ues in bCaeiri Terh tapd 0y to conpressed powder
as 1 [Rel atimnget &8p Par fippl €- dj e ei3yppe§4b|jlmﬁt15gf grﬁ;@pl arogenpound

and di mengi _ona'ria(,,u y 0_1'1 .M'l! = ~STREEd THNRTES % sisg ]ZPéfT . 2
is a graph| in2wich (i%qsc‘tdl%l)l nlz‘ )Ckfg.gi) )f(2‘ 9c- sﬁ ﬁd 4.18) | (.21
122 | 190 | 251 | 293 | 434 | 519 | 5.05 | 4.88

6 (1.06) | (1.65) | (2.18) | (2.54) | (3.77) | (4.51) | (4.39) | (4.24)
10 133 | 229 | 3.04 | 327 | 499 | 565 | 559 | b5.17
(L.15) | (1.99) | (2.64) | (2.84) | (4.34) | (4.91) | (4.86) | (4.50
20 1.51 | 236 | 3.88 | 481 | 541 | 570 | 562 | 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

[Relation between particle-diameter upper limit of granular compound and
dimensional accuracy of thin-arc-shaped compressed powder]

10 Fig. 2 is a graph, in which deviation in thickness of arc-shaped
compressed powder are plotted for each particle-diameter upper limit after
heated to 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 pum respectively, using bisphenol type epoxy

15 oligomer (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 3.56 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
20 is raised up over the thickness (1.75 mm) of whole arc-shaped magnet to

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



conpressed powder are plotted for each particle-diameter upper limt after
heated to cure for 2 mn. at 160C. Conpressed powder is fornmed of 100
parts by wei ght of granul ar conpound, H&ving particle-dianmeter upper limt
of 500, 350, 250, 212 and- 150 gmrespectively, using bisphenol type epoxy
15 oligomer (nelting point:95 - 105C) to which 0.2 parts by wei ght of
calcium stearate is added. Were, magnet di nmensi ons are outer radius of
3.65 mMm inner Tﬁiﬁn of .3.55 nm t he t hi ckness_of 0.90 and

| ength of Hnds gmeﬁh%wpﬂg dey maldi iheny the) granylatcompenndis
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clear fromthe flgure and regression equation, if a"particle- dianeter
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deviation of the thin-arc-shaped magnet with a wall thickness of

10 relation of following equation (the correlation coefficient of regression is
0.988).

A =0.0003P% 0.0718P + 24.745

As is clear from the figure and regression equation, if a particle-

diameter upper limit of a granular compound is not more than 250 pm,
15  thickness deviation of the thin-arc-shaped magnet with a wall thickness of

less than 1 mm will become not more than + 30 pm or even not more than +

26 ym. The technical problem pointed out by JP06-236807, ie., the

difficulty of uniform filling of the magnet powder (or the granular compound

i the present invention) into molding cavity, is solved by the present
20 invention.

On the other hand, as an example for comparison, a thin-arc-shaped
magnet having the same dimensions is manufactured by the same method
indicated by JP06-236807, as follows:

(1) kneading magnetic compound composed of 5 weight % of 12-nylon

25 and 95 weight % of magnet powder whose particle diameter is less
than 150 pm as the same particle diameter as disclosed in this

invention, at 260 °C,



less than 1 nmw || beconme not nore than f 30 gmor even not nore than f
26 gm The techni cal problem pointed out by JP06-236807, i.e., the
difficulty of uniformfilling of the nﬁ@net powder (or the granul ar
compound in the present invention) into nolding cavity, is solved by the
present 20 invention. On the other hand, as an exanple for conparison, a
thin-are-shaped magnet having the sane di nensions is manufactured by the
same net hod ggxﬁgred by ? 2368Q7, as fQIIoms Hﬁ-) kneadi ng magnetic
conpound conpo mﬁnﬁéﬁﬁﬂie HSHre WHﬁ 1C 9apQ vvei ght % of magnet
powder whose p $|cle neter
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producti Orb:éti'uﬁéﬁ rimol'd‘?ﬂx@' icBfl e glanufRGueedDye SR e RiMiding, SWHigh TB&éneé 100
parts by wei ght of

denied due to a difficulty in the above Publication.

10
[Weighing accuracy for continuous powder molding}

Fig. 8 is a graph, in which weights of arc-shaped compressed powder
are plotted for 250 times continuous powder molding production at each
molding shot. The compressed powder is formed of 100 parts by weight of

15 granular compound, having particle-diameter upper limits of 250 pm, 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
radius of 3.565 mm, the maximum thickness of 0.90 mm and length of 15.5

20 mm. After a molding-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/fem® to form compressed powder.

25 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 g



15 granul ar conpound, having particle-diameter upper limts of 250 Jim
using bisphenol type epoxy oligoner (nelting point:95 - 105C) to which 0.2
parts by weight of calciumstearate i 49added. Where the magnet di nensi ons
are outer radius of 3.65 nm inner radius of 3.55 nm the maxi mum _
thi ckness of 0.90 mmand length of 15.5 20 mm After a nolding-die-cavity
is filled with granul ar conmpound, the nolding die is raised up over the
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resent in ' dovRneti ¢ characteristics of magnet] 10 A rare
garth-i ronﬁﬁ%yﬁg@ir?a‘énet havi ng a cylindrical shape of 5 mmin dianeter and
5 mlength is provided by powder nolding a conpressed powder, pressed by
8 tons/cnk followed by a heat-treatment for 2 minutes at 160 T. The
conpressed[lﬂagdeiﬁcélsaxfaoteﬁsﬁasfoflﬂ@gm]ts by weight of granular conpound,
having particle-diameter upper limts of 250 m using

10 A rare earth-iron bond magnet having a cylindrical shape of 5 mm in

diameter and 5 mm length is provided by powder molding a compressed
powder, pressed by 8 tons/cm? followed by a heat-treatment for 2 minutes at
160 °C. The compressed powder is formed of 100 parts by weight of
granular compound, having particle-diameter upper limits of 250 pm, using
15  bisphenol type epoxy oligomer (melting point:95 - 105°C) to which 0.2 parts
by weight of calcium-stearate is added. Then, applying pulse magnetization
of 50 kOe in height direction of the cylinder-shaped magnet, a
demagnetization curve is obtained using vibration sample-type
magnetometer (VSM) at a measurement magnetic-field of = 20 kOe.
20  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 the demagnetization curve is also
obtained. FIG. 4 is a graph showing the demagnetization curve of so-called
compression molded magnet formed of powder molding and heat-treatment
25  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.



15 bi sphenol type epoxy oligoner (nelting point:95 - 105C) to which 0.2
parts by weight of calciumstearate is added. Then, applying pul se

magneti zation of 50 kOe in height dirédion of the cylinder-shaped magnet,
a denmagnetization curve is obtained using vibration sanple-type

magnet oneter (VSM at a nmeasurenment magnetic-field off 20 kOe. 20 Further,
the extrusion nolded magnet is fornmed by nelting and curing the pellet

whi ch include 95 weight % of nagnet p and 5 i ght % of .12- nylon and
i s kneaded at 2 1€,°%X?‘R¥St ange uMﬂgﬁ%ﬁ Q%%P&néﬁ%td’ theipreset FI G
4 is a graph show ng the de neti zation . curve of, so-called, copprgssion
mol ded magABYeHhedhQyys pgwﬁg PRRERSHY Arhiraeteristics ; coppared Wit oﬁtﬁ essed
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Table 5
Specific Residual Maximum Squareness
Coercive | magnetization | energy product
force [BH]max
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Present 9.53 6.87 9.55 2.59
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[Advantages of arc-shaped magnet with a plurality of sectional shapes
longitudinally]
An extrusion molding method as disclosed in JP 06-236807 can not
provide an arc shaped magnet with a plurality of sectional shapes
15 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 strong static magnetic field in a gap between the field magnet and an
armature to satisfy both down-sizing and higher power output of a motor.
On the other hand, cogging torque must be low enough for an armature to
20 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



i nvention Conparative 8.66 6.58 8.30 2.24 Exanple 10 [ Advantages of
arc-shaped magnet with a plurality of sectional shapes |longitudinally] An
extrusion nol ding method as discl osed 2& JP 06-236807 can not provide an
arc shaped magnet with a plurality of sectional shapes 15 |ongitudinally.
However, a thin-arc-shaped magnet used as a field nagnet for a small DC
notor, the subject of this invention aimng, is required to apply strong
static magnetic field in. a gap between the field magnet and an arnature
to satisfycomet h down-si zing and hi gher power output of a nmotor. On the
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portion.  Ifiation 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.
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INDUSTRIAL APPLICABILITY
The present invention provides a method of manufacturing a thin-arc-
shaped magnet having a thickness of less than Imm, with high dimensional
15 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 present
invention can be applied for various shapes of magnet other than a thin-are-

shaped magnet with a thickness of less than 1 mm.



| NDUSTRI AL APPLI CABI LI TY The present invention provides a nethod of

manuf acturing a thin-arc- shaped nagnet having a thickness of |ess than
1mm with high dinmensional 15 accuracy2%nd nagnet density. The nmagnet

provi des, for exanple, a gap between a field magnet and an armature of a
small DC nmotor with strong static magnetic field. O course, it is

needl ess to say that the present invention can be applied for various
shapes of nagnet other than a thin-arg- hgped magnet with a thickness of
less than 1 nm 22 CLAIMS 1. A neth&ﬁdﬁéﬁ manuf acturing a rare earth-iron
bond magnet conprising the steps of: 5 (1) formng a rare earth-iron
rapi d- quenched fl akes of less than 150 gminto a granul ar conpound of |ess
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powder using the gr g&llfgr compound m xed 10 in dry blending with the fatty
acid nmet al | PR gg ‘?I?S‘Ef{;ppovxder nol di ng; and (4) heat-treating the
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rare earth-iron bopgyHBANRLYry Blen@isl;ng to claim 1, wherein the rare

eart h-iron rapidly-quenched I akes _
(3) forming of compressed powder using the granular compound mixed

10 in dry blending with the fatty acid metallic soap powder, by powder
molding; and |
(4) heat-treating the compressed powder to a temperature higher than

a thermally dissociating temperature of stabilized isocyanate.

15 2. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, wherein the rare earth-iron rapidly-quenched flakes
include pulverized rare earth-iron rapidly-quenched flakes not more than

150 pm by a coarse grinding using a Henschel mixer depending on necessity.

20 3. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, wherein the rare earth-iron rapidly-quenched flakes
includes RE,TM, B phase (RE denotes Nd and Pr, TM denotes Fe and Co) of
not more than 300 nm, said flakes having specific coercive force Hei of 8-10
kOe and residual-magnetization of 7.4-8.6 kG.
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4. The method of manufacturing a rare earth-iron bond magnet

according to claim 1, further comprising the steps of; -
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I ncl udes RE2TM 4B phase (RE denotes Nd and Pr, TM denotes Fe and Co) of

not nore than 300 nm said flakes having specific coercive force Hci of
8-10 kOCe and residual -magneti zation of2%.4-8.6 kG 25 4. The net hod of
manufacturing a rare earth-iron bond magnet according to claim1l, further
conprising the steps of; 111 111111111 1 111121 11 11 1111111 * CL 23

m Xi ng organi c-sol vent solution containing a binder and the rare earth-iron
rapi dl y-quenched f] akes in wet process, the binder caonprising an epoxy

ol i gomer, which imixingjerganicssolwnh sdnponacentaining adinder andatherere c

hydr oxyl group i,n nol ecul ar chain, .and stabilized |jsq¢cyanate; and 5 form ng
the granul aﬁarghﬂmml Iy-gnenchedflakes 1o wekprocesy the&w?%r CHNPRERINEAYed by
the mxing. 5. The methog‘ f . ma facturing arare earé]tﬁ-iron bopd gnet
accor di ng tePORY Aligomeryfaich is sohed atiosepmyiergpeRatute,and haying 41 gigoho

t enper at ur 0 conprises by sphenol .ty e l.i goner with a softening
poi nt of 8333@&(’@%&’“??}8 ﬁﬁgr a%rfﬁ%a@%gﬁyﬁalﬁg‘?yépét% -iron bond
magnet .according to.claim]l erein th tabilj.zed i,sqcyapate is .conposed
of Jone ol of - aJamise, fagr iR serhanag bk ARindife nal SEERAhg  Solid

met hyl - et hyl,- 15 ketone oxine. 7. The nethod of manufacturing a rare

eart h-i ronytf‘}Sﬂﬁ?Wber‘&’yt %W{ﬂgﬁg to claiml1, wherein the fatty-acid

nmetal | i c-soap powder is calcium stearate powder having a particle dianeter
of not nore than 75 p.m 20 8. The nethod of manufacturing a rare

earth-iron bond yTegREt method of manufacturing a rare earth-iron bond magnet

according to claim 1, wherein the epoxy oligomer solid at a room temperature

10 comprises bisphenol type epoxy oligomer with a softening point of 85-95 °C.

6. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, wherein the stabilized isocyanate is composed of one
mol of 4-4' diphenylmethane diisocyanate and two-mols of methyl-ethyl-

15 ketone oxime.

7. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, wherein the fatty-acid metallic-soap powder is calcium

stearate powder having a particle diameter of not more than 75 pm.

20
8. The method of manufacturing a rare earth-iron bond magnet
according to claim 1 or 5, wherein 0.2 - 0.5 parts by weight of the fatty-acid
metallic-soap powder is added to 100 parts by weight of the granular
compound.
25

9. The method of manufacturing a rare earth-iron bond magnet

according to claim 1, wherein the granular compound mixed with the fatty-
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according to claim1 or 5 wherein 0.2 - 0.5 parts by weight of the
fatty-acid netallic-soap powder is added to 100 parts by wei ght of the
granul ar conpound. 25 9. The nethod of24ranufacturing a rare earth-iron
bond nmagnet according to claim1, wherein the granular conpound m xed with
the fatty [ 21 1 | t 111 1111 1111 01 1 11121111111 ~ ~ s 24 acid

netal lic-soap powder in dry bl ending has apparent density of 2.7 - 3.0
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ol di ng- di 364V fn Py volune weighing. 13. The nethod of manufacturing a
rare earth-1ron bond nagnet according to claim11, further conprising the
step of 20 releasing the conpressed powder froma nolding die while being
hel d by upper and bottom punches; and

11. The method of manufacturing a rare earth-iron bond magnet

according to claim 1 or 10, wherein the arc-shaped magnet has a plurality of

10 arc shaped sectional shapes longitudinally.

12. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, further comprising the step of compressing the
magnetic compound while being sunk in a molding-die-cavity, after the

15 magnetic compound being filled in the molding-die-cavity by volume
weighing. '

13. The method of manufacturing a rare earth-iron bond magnet
according to claim 1, further comprising the step of:
20 releasing the compressed powder from a molding die while being held
by upper and bottom punches; and

releasing the compressed powder from upper and bottom punches.

14. The method of manufacturing a rare earth-iron bond magnet

25  according to claim 1, wherein the compressed powder is heated for not less

than 2 minutes at 160 - 200 °C.
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rel easing the conpressed powder from upper and bottom punches. 14. The

nmet hod of manufacturing a rare earth-iron bond magnet 25 according to
claim1, wherein the conpressed powder 28 heated for not less than 2

m nutes at 160 - 200 C. till illt1111i121 |~12/212'!1111~ ,~ 25 15. A snal
DC notor integrating the rare earth-iron arc-shaped nmagnet according to
claim1, 10 or 11, wherein the conpressed powder conprises an arc-shaped
magnet with a wej ght of not re than 0.5 g and a thickness of |ess_than 1
e L LT 11161 A smell DG ppotor jqtpgrating they rare earth-iron arc-shaped

magnet according to claim 1, 10 or 11, wherein the compressed powder
comprises an arc-shaped magnet with a weight of not more than 0.5 gand a

thickness of less than 1 mm.
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