"A PROCESS FCR PRODUCI NG ‘A RESI N BONDED MAGNET STRUCTURE ThIS |nvent|0n
relates to a process for 5 produci ng a resin bonded: nagnet %B ?Uﬂq;‘
such as one used for a rotor in notors, by the direct formation
per manent magnet on the outer surface of < Bupporting nenber. Mre
particularly, it relates to a process for producing a resin bonded nagnet
siructure by fixing a 10 melt spun powder of a rare earth
el enént-iron alloy with a resin so as to have a bul k-1ike shape, and then
“direct{y integrating the"Ai RROCEBEt FERUPRODUC ING ROREgENW th a supporting
menber. 15 A netastabl e permanent nagnetrc natertat cam be obtai ned by
ul tra-quenching a rare ear t hBENBEBNMAGNEDNSRRUOYUREYh a mel t spinning
techni que.- The result- ing pernanent nagnetlc materral has a [err] phase 20
with a grain size of. 20 to 40 gggv\he(t\%o Ndan/or Pr. and TM sFe
and/ or Co), and an armrphmghgﬁa ’I‘_eﬁ process,

46(8), 15|f@rll (dfﬁﬂﬁcim% ﬁ9ﬁ¢siﬁ5bonded magnet sfhectarerldudh;as one
magnetically iso C rela S
typically, 7. éié)é)é rr%?g al—g%égr ﬂ‘ é §8§'§' kghﬁg‘?rrane magne d| C rrat erl al
obt ai ned by a rreIQ mmergttm‘qm@m Quker rsuxfage: G AN 8HPRANing

ri bbon or flake, mémlS@hSI Mord particurdrly, A€ Fdhitesd W prodeds for
bul k-11i ke pernanent £n bonded na net %PCh as one use

general, it is kﬂﬂﬁ% FaPot ReTRE t str ??gﬁﬁemﬁ?ﬂgéﬁgﬁﬂrFto

forma bulkalllqamemtnSbmnded powder of a rare earth element-iron alloy
with a resin so as to have a bulk-like shape, and then
directly integrating the fixed melt spun powder

W with a supporting member.

15
A metastable permanent magnetic material can
be obtained by ultra-quenching a rare earth element-
iron alloy with a melt spinning technique. The result-
ing permanent magnetic material has a R,TM;4B phase
20 with a grain size of 20 to 400 nm (wherein R is N4
and/or Pr, and TM is Fe and/or Co), and an amorphous
phase (R. W. Lee, Appl. Phys. Lett. Vol. 46(8), 15
April (1985), p. 790). '

o 25 The material is magnetically isotropic and
o has a relatively high residual induction of, typically,
7.5 kG or more. However, because the permanent magnetic

material obtained by a melt spinning technique is a

powder in the form of thin ribbon or flake, it must be

30 £ixed by a certain method to form a bulk-like permanent

' resin bonded magnet such as one used.in a motor. In
general, it is known that the melt spun powder is

fixed with a resin to form a bulk-like resin bonded

)



'-2- rmmagnet. The first exanple of the bulk-1ike resin bonded nagnet applied
to nmotors is a ring-shaped resin 5 bonded magnet with a smal;l, di anmeter,
which is used as a rotor in permanent magnet (PM type step notors for

of fice automati on systens. The reason for this applica- tion is as follows.
. 10 I n-order to obtain a rg ng-shaped resin bonded nmagnet, such
-as one made of an Sm Co all oy, having a radial nagnetic anisotropy and a
hi gh degree of orien- tation, the ring-shaped resin bonded nagnet shoul d pe
prepared by charging a conpound made of Sm Co al |l oy 15 powder and resi
into a cavit and then introducing into the cavity a given anmount of i
magnetic flu Mt'oduced by an exciting coil around a yoke. However, in the
case of a ring-shaped resin bonded rmagnet with a smaller dianeter, when the

magnet ¢ fluxes are i ntjige 29rge WeBHZIY % ENERAEYK-3 SLENELCAN!

anount of nmagneto- notive forces w nsurme eakage fruxes  because
of a snal | er bfindad aagnet reprhbied yto matorgcidsr & Fgngoshepedh mesiture, it

15 05 PoosL cham Al W e et e A e 01
ri ng- shape net wi a snaller di er ca US

produci ng a HYHRE gﬁau?eﬁmt nﬂPSP.etT&@a’gﬁcﬁﬁﬁeeffrﬁﬁ MAEOEFe AR k-1 i ke |

resin bonded ofifjroe aatmaicro spetems. The meagorhfiord tres mpikica-bonded

magnet with r t Y r di ameter, such as one used in a brushless
not or for hoqr%@p-%% \aggncefsél\%@ﬂs'an out put power of several watts, in which a

sintered ferrite nmagnet has been widely used so far. In this.

10 In order to obtain a ring-shaped resin bonded
magnet, such as one made of an Sm-Co alloy, having a
radial magnetic anisotropy and a high degree of orien-
tation, the ring-shaped resin bonded'magnet should be
prepared by charging a compound made of Sm-Co alloy

15 powder and resin into a cavity, and then introducing
into the cavity a given amount of magnetic fluxes
produced by an exciting coil .dround a yoke. However,
in the case of a ring-shaped resin bonded magnet with a
smaller diameter, when the magnetic fluxes are intro-

20 duced into the cavity, a significant amount of magneto-

' motive forces will be consumed as leakage fluxes
because of a smaller diameter of the cavity. Thus,
according to this procedure, it is not possible to
obtain a higher orientation and therefore the resulting

25 ring-shaped magnet with a smaller diameter cahnot be (™)
used for producing a high-torque compact motor.

The second example of the bulk-like resin

bonded magnet applied to motors is a ring-shaped resin

30 bonded magnet with a relatively large diameter, such as
one used in a brushless motor for home appliances with

. an output power of several watts, in which a sintered
ferrite magnet has been widely used so far. 1In this



-3- case, the ring-shaped. resin bonded nagnet is used as a-rotor which
passes through an axis and is held by a magnetic supporting-nmerber such as"’
~ lam nated cores. The reason for this application is as follows. 5 For

exanpl e, the ring-shaped resin bonded nagheg structure with a relatively

| arge di aneter is produced by the steps of: (1) adding a solid epoxy resin
and m crocapsul es which contain at |east one 10 liquid epoxy resin to a
- mel t; spun powder of a rare earth element-iron alloy to forma granul ated

el spun of a rare ea oy to f _
Wih o curi no agdrisendhél TiPyEREebd rdbEn bibdda RaShIYup ﬁ"f‘r@eﬁi‘

compound into a ceotoy whith passeshthroughiar axpgoend,@Eschedl % Been
provided; and (4)pgg/BteesisithpdiFt FREPMEMDEOMWEER' ol aiikotRENCazves.
supporting nenber. e resulting ring-shaped resgj bondmeé&fa%et structure
can be used directhe ¥RasOR £Q¥ ?Hﬁ%r!ﬂ?ﬁiﬁﬂﬁ*ﬁﬂ & 88 ARALMRE: i ng- shaped
resin 20 g bonded nmagnet structure with a relatively large diane- ter has
conplied wth the require t _of a high-t u o) - | bR N9
at least the total cost o%?o?‘ﬁ%‘ﬁ%tigﬁgf %&ﬁn‘ﬁgﬁéggan(}[e ?ﬂ b

In addition to theagnet Bdructurmiwithroprelatiyely largesfipmetesiis
bonded magnet Wi hrgaheled By VEhd stdlss b29e(Q) hedaling léoriagepoxy

ap

I
Ut o di anet 61 of FEBAG: 859 1M SHRFEPTH ML EOnE R Afode o T
readi |y bejgroduckiighi/d cepexgseesgnateoupmelt tsqnat her \povwdexr obHpmrrareg
menber at room terpELAt Ul Sinehel1 B85 EIT0F o Foth e Gl T RN (ffiterme-
diate material; (2) mixing the granulated intermediate
\ material with a curing agent and a lubricant to form a
compound; (3) £illing the compound into a cavity in
15 whicﬁ a magnetic supporting member has been. provided;
and (4) compressing the compound together with the_
magnetic supporting member. The resulting ring-shaped
resin bonded magnet structure can be used directly as 2
rotor in brushless motors. Thus, the ring-shaped resin
20 bonded magnet structure with a relatively large diame-
ter has complied with the requirement'of & high-torque
compact motor, while keeping at least the total cost of

motor production from increasing.

_ 25 In addition to the excellent magnefic proper-
N ties, a ring-shaped resin bonded magnet with a rela-
tively large diameter has the following advantages:

(1) a ring-shaped resin bonded magnet with, for exam-

ple, an outer diameter of sbout 50 mm and a thickness

30 of about 1 mm can readily be produced by compressing &
compound together with a supporting member at room

temperature; (2) because 8 ring-shaped resin bonded

magnet is attached directly to the magnetic supporting

o



magnet is attached directly to the magnetic supporting -.-4- :nenber

wi t hout form ng any bonding |l ayer, its perneance coeffi.cient can be -
inproved; (3) a process for bonding a riﬁg?shaped resin bonded nmagnet with
a supporting nenber can be elininated; and (4) a process for cor- 5

recting the rotation balance of a rotor can also be elimnated. However, in
order to further apply a ring- shaped resin bonded magnet to a rotor in
vari ous notor smifiber wichoutmfcxpingaanysbonding lagesy, dtsppermesnce €. g,

brushl ess noto i er 0 f 0 t omatAon
systens with a%agﬁggﬁggggﬂggﬂ%#ﬁ¥?@ﬁ?&gﬂgfbf(%giésﬁ€%£§%ﬁd?égsh§9 ts, it
has been requi Be&Fingwwhapedhesin Hpndegr sagnat whthmd Buppaostingnent

in the resi duappembésicen P& clﬂﬁ&%dﬂﬂﬂ?ﬂih@Y(i?nﬁhbﬁg§§§§:§§g??§ﬁ-

stabilization of its higher |evel,; an | gprovengn ,

strengt ® of re§PﬁWe€£eﬁPﬁ‘§Wb;}??ﬂgnﬁ!nﬂ§r§, zotoxr Sohielsatben of
Its higher |eveliminated.ovenent in the shape flexi- 20 bility for the
formation of resin magnets having dif- ferent shapes such as a thick ring
or a deforned ring; and an achi evenent of the dinensional precision of

resin magnets. 25 .  Howeveweninoargesyiteesfurphercepply &rofingFng a
resin bonded nBaBpedsrestnlbende@ Raghetdtb"s £bebs ?B:vﬁilousaﬂ tBgs2
erature (Durran"s nelting

poi nt) 38 Terr FoRn BB RARITAPCES | HAER 81Bi8heR, CHNRRAPOURT: 8-t | cast
one al coholic bydstldsgrmopors fox Mne Wpplisdnceésadhd servomotors
for factory automation systems with an output power'of
from tens of watts to hundreds of watts, it has been
| required to solve the following problems: an improve- ;;
15 ‘ment in the residual induction of 1resin magnets by
densification, and a stabilization of its higher level;
an improvement in the integration strength of resin
magnets with supporting members, and a stabilization
of its higher level; an improvement in the shape flexi-
20 bility for the formation of resin magnets having dif-
ferent shapes such as a thick ring or a deformed ringé
and an achievement of the dimensional precision of
resin magnets.

25 The_invention brovides a process for producing a
resin bonded magnet structure, comprising the steps of: ;Q
(a) ~ adding a solid epoxy resin having a softening
30 temperature (Durran'g_ﬁelfihg point) of 65°C to 85°C and

comprising at least one epoxy oligomer having at least one
~alcoholic hydroxyl group on its molecular chain and

‘microcapsules containing at least one liquid epoxy resin to

-~



K . -5- .: . C
m crocapsul es contaiming*at |east one |liquid epoxy resin. to -5- anelt
spun powder of a magnetically isotropic rare earth el eménl-lron alloy to -
forma granulated internediate material; (b) mxing said granul ated

i nternedi ate materg aﬂ.eﬁ ;pmt hpowdencet aal ngnctj.whh! isotropim rareearth
f d; t t d
orm a conpound; ( maﬁ_gil Jo Sﬂf"ﬁﬁ?%lg Al mer% intérmedd ek an

conpr essi ng sai d a supp er to forma green
body of a resin bomaterifl: magnet |ntegrated directly with the supporting

menbers and (d) curlng@ ;pjf nf mrmmeamumm1
body by application of h to forma r|g|d st

rragnet integr&ted WAth %al’@l"%ﬁ%@rﬂlﬁ ingehgent ! ure%%g%&rﬁg fort '

enbodi ment,. the epgedpeandpner is of the fornula: [err] vvhereln [err] is -H
or [err] are mdepend%nt

I
having 1 to 20 8 car boﬁzbtorﬁha*ﬂ'ﬁ‘g e{d ‘?m[‘é?ﬁ r |nd| cat es %Jegbrfeea of
pol ymeri zation, anglold andi compressing saidncempOungem&theﬁpU thoigoners

of this type havi ngugpam héﬁib?ntﬁe%fﬁ ng* $af boay éraacresihibonded

- liquid state. Howeve I gonmers 25 . having
di fferent degt@es mgq?&l Wﬁ?ﬂ??tﬁdl direchiy a11§5 °5\§ SERPQTtiNg MRFhsTaeNdhe |

m xture is in the solid ﬁwt e éﬁriﬁgngimpeagiarenannimtdaepmeren@s in

tenperature said green body by application of heat to form a rigid
structure of said resin bonded magnet integrated with saia
supporting member.

15 .
s In & preferred embodiment, the
epoxy oligomer is of the formula:

. R, Re Rg | é R, R,}z & .
c;{;-c CH, -A- o cn,--'-cu, 0~ -A-ﬁ\o cu,-\/ca,

R; Rs R, 9 OH n R; 5R7 R" o]

wherein Ry is -H.or -CHz; Ry to Rg are independently

-H, =Cl, =-Br, or -F; A is an slkylene group having 1 to

20 8 carbon atoms, =-S-, -0-, or =503-; n indicates a

degree of polymerization, and is an integer of 1 or

.more. In general, epoxy oligomers ©of this type having

(O a polymerization degree of less than 1 are in the
. liquid state. However, a mixture of the epoxy oligomers

25 having different degrees of polymerization can also be

used, s0 long as the mixture is in the solid state at

room tempersature and has a softening temperature

#



- 6- (Durran's nelting point)of [err] In a preferred enbodiment, the
aforenentioned rare earth element-iron alloy contains 12 to '13 atom % of

Nd, 16 5 to 20 atom % of Co, 4 to=1% atom % of -B, and the bal ance of
Fe and inpurities, so that a densified resin bonded magnet structure wth
an i nproved residual induction can be obtained. 10 In a

preferred enbodi nent, the aforenentioned conpound contains 93%to 96% by

wei ght of the r(dutr:%wrs mel iy Point) o §5°T resi@5Anded magnet having -
not only an inproved strength of integration with a supporting nmenber bu@é

al so a stable level- of the inte- 15 gration strength can be obtai ned..
a preferred enbodi nent, mmaafpmaeﬁm&)uﬂboﬂunen&apﬁbenfmenbmmn at

| east one i qU'ArSFEQi-Xh r A3 mEntali o :F‘Hh&#'%ﬁ?éﬂ%t%'tBQWM%'#%k NPpél es
each com 20 posed substantially of single cel that a resin

bonded Sagnet H&AZAFLABL® i (psaft thdd Rl 2i9TcByrand 01‘ ¢ helIc8tion with a

supporting mermedr Faltard m;msmmﬁe Iiwed:h@é 4 @ehsl eoeat regiht bpnded can
be obtai ned. 25 (ﬁ(ﬂ{kf enbqQdi nent Oéegentloned

powder ed curlngﬁﬂﬁﬁﬁ ﬁgrgftpggsr Ve oﬁF&&ﬂﬁﬁi&ﬁ%
carboxylic aci casi bedoktiadnedani ne, and derivatives thereof. 30
In a preferred enbodi nent, the aforenentioned lubricant is a fatty acid

metallic soap having a hlgher neltln%9£0|nt t han the curing tenperatures of
the epod® resins, so thatita & preferzedeembodiments, the aforementioned

compound contains 93% to 96% by weight of the melt

spun powder, so that a resin bonded magnet having

not only an improved strength of integration with a )

supporting member but also a stable level of the inte- Q)
1s gration strength can be obtained. :

In a preferred embodiment, the aforementioned
microcapsules which contain at least one liquid epoxy
resin are non-thermosoftening spherical capsules each com—l

20 posed substantially of a single cell, so that a resin
bonded magnet having not only an improved strength of
integration with a supporting member but also a stable
level of the integration strength can be obtained.

25 In a preferred embodiment, the aforementioned
powdered curing agent is at least one selected from e
dicyanodiamide, carboxylic acid . s/

dihydrazide, amine, and derivatives thereof.

30 In a preferred embodiment, the aforementioned
Jubricant is a fatty acid metallic soap having a higher
melting point than the curing temperatures of the epoxy
resins, so that a resin bonded magnet having not only



-7- .an inproved stredgth of integration with a supporting nember but also a
stable level of the integration strength can be obtained. 5 '
In a preferred enbodi nent, the aforenentioned supporting nenber is a

| am nat e of magnetic steel sheets. Thus the invention described herein
makes 10 possi bl e the objectives: l 9rOV|d|ng a process for producing
a.densified resin bonded magnet structure’wth an i nproved stabl e residual

i ndugtiron; (2) provid- ing a process for producing a resin bonded magnet
structlre with an inproved integration strength of the 15 resin bonded
nmagnet with the supporting menber; (3) prOV|d|n% process for producing a
resin bonded nmghedmpmoved atrgngth afiapategsa épnlﬂwthnat$mpp©rﬁﬁnaon of

different shapegempe sﬁtaatlmtskarb%m aed@‘prasdtwenginéé%gﬂeybﬂl ng a
process for producin bo ded magnet structure w hi gh

L n
di mensi onal preEF§FBg (ﬁfnpgﬁv gtﬁé nN&%process for producing a resin bonded
magnet structure wth inproved character- istics by selecting a particul ar

- solid epgxy resin; (6) prexlqlpgegeegggeaabéggmaﬁedUfpggaioggmaakwaﬁea5

hi'gh-torJue resin bonded ragne ructurée w ring Shape,
whi ch can be wi guppartingf M@Qﬁpﬁ@ aslanipadie  afpmagneticesreedrs
for office autogrbe®g.systens; (7) providing a process for producing a
resin bonded nagnet structure with a rela- 30  tively large-dianmeter ring
shape, which can be wi dely used, for exanple, as a rotor in high-torque
conpact brushl ess notors mhwaEthmtﬁuVeptﬂem deseriball hextedin makes

10 possible the objectives: (1) providing a process for
producing a densified resin bonded magnet structure

\ - with an imprdved stable residual induction; (2) provid-
ing & process for producing a resin bonded magnet

structure with an improved integration strength of the

15  resin bonded magnet with the supporting member;

(3) providing a process for producing a resin bonded

maghet structure with a shape flexibility for the

formation of different shapes, such as a thick ring and

a deformed ring; (4) providing a process for producing

20 a resin bonded magnet structure wifh a high dimensional
precision; (5) providing a process for producing a

resin bonded magnet structure with improved character-

istics by selecting a particular solid'epoxy resin:;

) (6) providing'a process for producing a miniature
P 25 high-torque resin bonded magnet structure with a
small-diameter ring shape, which can be widely used,

for example, as a rotor in PM-type step motors for

office automation systems; (7) providing a process for

_ producing a resin bonded magnet structure with a rela-

30 tively large-diameter ring shape, which can be widely
used, for example, as a rotor in high-torque compact

brushless motors with an output power of several watts

for home appliances, thereby keeping the total cost of

wt



for home appliances, thereby keeping the total cost of .:--8 - notor
production fromincreasing;, and (8) providing a process for.:producing a.
rgsin bonded magnet structure which can g widely used, for exanple, as a
rotor in-brushless notors for honme appliance and servonotors for 5

factory automati on systens with.a higher output power of fromtens of watts
to hundreds of watts, thereby attaining a consi der abl e expansi on of
applications. BRI EF DESCRI PTI ON GS 10 This.inventi.on may be .
Dot er undor st JBREGRPFOBUREAER AXoRARGTRARLRGY o) aiPagegrqmqniqse&m;
apparent to thqsﬁoeésbl £0ri prioducirig lzy red 1 ammdeo hhgnecccmmm

Thet negrat o itEh £8n x¥ ifidels Sedfy B mANEE, s hosRRR R "
structure of theushlessinotory for home applnwmunm@mrem ng
the rel agi onshi ggebsyeaitbha tieh! Wd’%ﬂfe:[ﬁﬁﬁté”ﬁigﬁeihBu%ﬂdtd mwey .

resin and the di pensional reC|S|o ration Stren

bonded magnet X% uf¥aMet f watts to fypdgeds; of, ’Qﬂ‘g‘ﬁﬁv sRBLRPY he

rel ati onshi ps hstvetming he wmmlemﬁaomwrmmtmw.er a- tion
" C4 and the density of the resin bonded magnet. Figure 4 is a graph show ng
the relationshi ps 30 betmeen the anDunt of nelt spun powder and the
di mensi onal precision and BR ‘ i NGBS bonded nagnet
structur 0 _

This invention may be better understood and
its numerous objectives and advantages will become
'apparent to those skilled in the art by reference to -
the accompanying drawings as follows: o/
15 ' ' ' .
Figure 1 is a series of echematic views show-
ing the integration step (c) in the production of the
resin bonded magnet structure of this invention.

20 Figure 2 is a graph showing the relationships
between the softening temperature of the so0lid epoxy
resin and the dimensional precision and integration
strength of the resin bonded magnet structure.

25 Figure 3 is a graph showing the relationships
between the pressure applied for compreesion in opera-
tion C4 and the density of the resin bonded magnet.

_ Figure 4 is a graph ehgying the relationships
30 - between the amount of melt spun, powder and the

dimensional precision and integration strength of the
resin bonded magnet structure.



Figure 5 is a graph show ng the relationshi ps between the amount of :

| ubricant and the di nensional precision and integration strength of the ..
resin bonded nagnet structure. 5 In the ne=t 9oct for producing resin bonded
magnet  structures of the present invention, a granulat- 10 ed
internediate material is first formed by adding a solid epoxy.resin
conprising at |east one epoxy oligomer and m crocapsul es which contain at

| east; one |iquid epoxy resi Filgure rselits aor aiphVghlowding? tihed ellistdldnships

S0t e Sk e he! BB Y T

sol i d- epoxy resinﬂmn:ts&nﬁtundrtptegq:xtnnuaxtéhgthubs thét regipoibondeds

[err]. Exanples of, oner having at |east 20 one al coholic
~hydroxyl grqup in t nnlecu ar chai n 't hereof which can be used in this

I nvention irtlude those of the glycidyl ether-type represented hy the

following formu- la: [err] wherein [err] is -Hor [err] are independently

25 -H, -d, -Br or -F, Ais an alkylene group having 1 to 8 carbon

atons, -S-, -0-, or [err] and n indicates a degree of polynerization, and

is an integer of 1 or. - Th -ther method for producing resin bonded

magnet structures of the present invention, a granulat-

10 ed intermediate materisl is first formed by adding a
solid epoxy .resin comprising at least one epoxy~oligbmer and
microcapsules which contain °~ at least one liquid epoxy
resin to a melt spun powder of a magnetically isotropic rare earth

Nt element-iron alloy. The epoxy oligemer has at least one alcoholic_

15 hydroxyl group in the molecular chain thereof and the
s0lid epoxy resin has a softening'temperature (Durran's
melting point) of 65°C to 85°C.

Examples of the epoxy oligomer having at least
20 - one alcoholic hydroxyl group in the molecular chain thereof
which can be used in this invention include those of the
glycidyl ether-type represented by the following formu-~-

la:

| ?l Ra Re Re Re il Rz Rs é
,. CH;-C-CH,+0-Q)~-A-0~0~CH, -l,-CH, O-Q)-A -0 -CH, - \-,CHz
~ \0 Ry Rs Ry Ry OH n Ry Rs Ry Ry Y

- wherein R; is -H or -CHz; Ry to Rg are independently

25 -H, -Cl, -Br or -F; A is an alkylene group having 1 to
8 carbon atoms, -S-, ~0-, or -S0,-; and n indicates 2
degree of polymerization, and is an integer of 1 or



The epoxy oligomer of this type can be ob- tained by ‘the: teaction of

epi chl orohydrin with a po- 5 | yhydric phenol. . Particularly preferred
exanpl es of the polyhydric phenol includgqgi-sphenol s obtained by the

reacti on.of a phenol and an al dehyde or ketone. Typical exanples of the

bi sphenol s i ncl ude bi sphenol A which is 2, 2'-bis(p-hydroxyl phenyl 10

. propane), bisphenol F and bi sphenol S. The solid epoxy resin nmay be nade of
a single epoxy oligomer or may be a m xture of epoxy oligoners having
different degr ™% pol ynerization, so long as 15 the resul ting epoxy
resin is solid, and has at |east one al coholic hydroxyl group in the

nol ecul ar chain of any e dﬁﬁk | Aty ¢
(Durran's nelting poi nt)m?w Q#b??”?ﬁél se %f?f)ﬁtg GE? a soﬁpgéegoﬂ)’(
resinis conceﬂﬂiﬂ%ﬂthYtﬁE°e§§9ﬁﬁ%9“:&f 3P#EHGPN9H¥Q%§?hH%tB PeQQT
magnet g ruct ungyHpsiibaphendl .an Pat fvelasl¢bpeefarred exanplieisobHy

densifica- tiong, (2 | % tabl.e in ration strength of the resin
bonded nagnet:ﬁhélé?égbﬁgg%gtﬁﬁﬁﬁﬁgnﬂ@Faupég a shape flexibility for the
formation of dikiifsphenolds obt:&uq;bsbysﬂm maetiﬂ:cﬁfranphsnolaadﬁ @mred
ring; and (4) jd¥ e P I %dﬁi IS
added to the mell’aéﬁsy‘m rB:‘i"rqpowder tao t er vmth tlhe nq?grﬁg‘ctapsu es eadgh of
whi ch cont ai ns dCluss; bisphenal,id % Hmn2 Wmm}lml

intermedie 30 propianep! dispheridle BSaddl bamptgemﬂslm is used typically at a
rati o of 2% by melght or nore, preferably about 496by melght based on the

wei ght of the nelt spun powder.
The so0lid epoxy resin may be made of a single

epoxy oligomer or may be a mixture of epoxy oligomers o~
having different degrees of polymerization, sp long as o
15 = the resulting epoxy resin is solid, and has at least one alccholic

hydroxyl group in the molecular chain of any epoxy
oligomer, and has a éofﬁening femperature (Durran's
melting point) of 65°C to 85°C. The selection of such a
s0l1id epoxy resin is concerned with the éssential

20 requirements that a resin magnet structure must have
(1) an improved stable residual induction by densifica-
tion; (2) an improved stable integration strength of
the resin bonded magnet with the supporting member;
(3) a shape flexibility for the formation of different

25 shapes, such as & thick ring and & deformed ring; and
(4) a high dimensional precision. When the solid epoxy
resin is added to the melt spun powder together
with the microcapsules, each of which contains at least
one ligquid epoxy resin,'to form a granulatéd intermedi-

30 ate material, the solid epoxy resin is hsed typically
at a ratio of 2% by weight or more, préférably about 4%
by weight based on the weight of the melt spun
powder.



The nelt spun powder ‘of a rare earth ele- nent-iron.-aklioy which can be
used in this invention preferably is a netastable pernanent: nagnetic '
material having a [err] phase with a grain size of 20 to 400 nm (where- 5
in Ris Nd and/or Pr, and TMis Fe and/or= @}, and an anorphous phase. The
“melt spun powder is prepared by ultra-quenching a rare earth
~elenent-iron alloy with a nmelt spinning technique. Since this material is
nmag- Tnetically isotropic, it is not necessary to give a 10 magneti c

ani sd‘t‘fopy thereto, when tHrthemeltaspis fi xquowderh of reestare cad:txlmae-

bul'k-1ike.esin bg Qrﬁ%ﬁé)ﬁ, C&f’caﬁlﬂ%cé %(‘gqnnmlgr m‘}en@?;q ?ﬁéefer%y Y ot

hi gh residual induction o nore
magneti c propert @gnem:msmm mmeusr magnetic msteriad d?#ﬁ#ngh@ '

bul k-1i ke resin gw t ¢ ﬁj@mt He¥e~
al.l oy contains 1?‘?‘*’1& at om %'E%ﬁ(e‘ 6%[{% éz%‘%%fn%?cﬁ‘& t:;fyabi om %

of ‘B, and tRe baltmHR ¥ and/prpPxi.¢ ond T A8 ke aﬂ“§6°r QPI)Gy
conposi tion exhi txmarpmmlbmet herha! melebi sptiy det pbmudﬂnypremewm

oduct

Chauction (1 e, « REuytitiqudithind G e al adddeiastn 3 Yeen
amount of from 93%m taspinning teshnique \h&inas dhimmetEnisl &8 pag-of
the melt spun powsbfiealqaﬁ%sébfoba%ll 1991 §CROR tmdessweéosa&%twe

will not hav asuff|C|ent stabl e integration trenth t he resi n bonded
magnet wi t hiPhe JRFRAHIG PRSP TReRE M em#’@és 35 Lixesh, by
weight 30 of ‘theltiel & s@s8n to fomo\uiesulle-nﬂe@l résenr bondednmagritn

bonded magnet StiAGILr e iidd G0 MG {dY KIS d SEIRAVETY g ¥dd GRia1
L ' induction of, typically, 7.5 kG or more, relatively
, excellent magnetic properties will be maintained during

15 the formation of_ the bulk-like resin bonded magnet.

Preferably, the rare earth element-iron alloy
contains 12 to 13 atom % of Nd, 16 to 20 atom % of Ca, -4- to 11 atom %
of B, and the balance of Fe and impurities, because an

20 alloy of thie composition exhibits excellent thermal
'stability determined by a maximum energy product (i.e.,
(BH)pax) &nd a temperature coefficient of residusl
induction (i,e., ABr/Br). Also, the melt spun
‘powder preferably is used in an amount of from 93% to 96% by-
25 weight. When more than 96% by weight of the melt spun
\_/ powder is used, the resulting resin bonded magnet ’
structure will not have a sufficient stable integration
strength of the resin bonded magnet with the supporting
' member. On the ather hand, when less than 93% by weight
30 of the melt spun powder is used, the resulting
resin bonded magnet structure will not have the desired
magnetic properties.



- 12 - Exanples of the microcapsul es, each of which contains at |east one

| i qui d epoxy resin, are spherical capsul es conposed .substantially of a .
single cell and having a dianmeter of fromseveral mcroneters to tens 5

of m cronmeters, which are prepared by an¥n=situ pol y- nmerization process
to contain a liquid epoxy resin as an internal material, and a formal dehyde
condensation resin as the single cell. The spherical capsules can he

di spersed honpbgeneously in the conpound, because each is 10 conposed
substantially of a singl Exsmiplesof xhe ahicrocepsutessseachi of whicht y\gﬁ

Softent ng. dpon CORUILAL BG denbE oT¥ Hagyid $Poid FRBAN; Ho8 pha%cad™
resi stance to mapmujescconposed shibgtantiasllyaofasiBingleoteddt andr the
sol i-d epoxy re :l.n U5 a¥laetebCod gi& t%ﬂd&%l "l?fék&ﬂe‘!\@fﬁhtsoﬂbﬁlsns at

| east one I|qU| esin, are ad the nelt un powder together.
with tfe solidofp %@Wﬂtmé«hﬁfml&r@mﬂmnbmoeg ABC SR -of t he
Cﬁ||s llTheremeaiéukign phecegsuag ebnghad|gnmxhuxn»0pcﬁylzecmhtabned in
the cells can 0 us

t he epoxy rem% oﬂfé&qi%fi 3}:%%1%2 %Fs%nﬁia%\@%bdéﬁg# %%t
conmpound prepamilm qs‘]éil'ta)lﬂimﬂlr&g qﬁldoesghﬁasp&emim Cgpéﬂégé sﬂabbbl ty
25 The liquid ¥epe tﬁg N - Sund, 26EiRME Ehch {d gher

e o 0 gt ] Shiene B T 0
a hlgher crosswhdﬂdmpskﬁtnkgnguntnéﬁtﬁgofuthd formaddehyde wwhhew§d41
epoxy resins. T;*l% O:té'}ﬂt; ‘the cells can be prevented from softening .
upon being heated_and can also have an improved chemi- o
cal resistande to an organic solvent which is used as a
15 solvent for the solid epoxy resin. Thus, when the
microcapsules, each of which contains at least one
“l1iquid epoxy resin, are added to the melt spun
powder together with the solid epoxy resin, the liquid
epoxy resin does not flow out of the cells. - Therefore,
20 the amount of the 1iquid epoxy resin contained in the
' cells can be increased up to 80% to 90% by weight. -
Moreover, because the epoxy resin contained in the cells
is not polymerized naturally, the compound prepared in
the following process'has a higher storage stability.
25 '

The liquid epoxy resin is used for the pur- _;;;
pose of achieving a higher integration strength of the
resin bonded magnet structure and maintaining its
higher level. This is because the liquid:epbxy resin

30 can provide a higher crosslinking density upon being
Qured, as compared with solid epoxy resins. The form of
the microcapsules plays an important role in the integra-

tion with & supporting member to ensure the powder



the mcrocapsul es plays an inportant role in the integra- tion with a
supporting nenber to ensure the powder 13 - fluidity and: storage
stability due to polynerization inactivity of a conpound. Moreover, because
a viscous |iquid epoxy resin contained i neal3m-crocapsule flows out by the
mechani cal rupture thereof occurring when 5 . t he conpound charged into
the cavity of a nold is com pressed, it is also possible to decrease the
conpries- sive stress and provide an adhesion to the supporting member. 10

The safid epoxy resiaa3ad, dKa T €62890°8ab1 1006 dile BbCPolq el fifation

| east one liquid sin, are t he nel t
of arare earth el@ﬁﬁ%#vitﬁnOSIﬂoﬁKWKWNQQH Qﬁﬂﬂ&ﬁmupﬁqéhﬁﬁmﬁ H#ﬁgeus

na\tAgrl ald The gramhtalade Mﬁﬁ ?di}ﬁﬁhed i 43, dmi%'( méfeitmuéh a
owdered curin ent .an ant . to.forma conpoun es, 0

Bowdered curi ng aggﬁt bﬁn%&? C’B%"ﬁgéa FnRtyze ??Sn°PEE'I r¥ipg when

di cyanodi&ni de 20the colpound chiargedt Mmuaﬂw}amf charmahl i®&scom-
thereof, various QEEP%}%' &t\i&ereﬁ Cu%é&éf‘ﬁfa 28! 38%:? QJHé’ %&&gi‘&é-

thereof . A m xtur agents can a

A preferred. exanﬁﬁﬂeoPtFﬁésl @8pg; c:ﬂﬂmﬁ@ﬂa &'ht&%hﬁfciﬂ!‘ rﬁ& aﬂP@ c‘%ﬁaﬁrﬁ&\wng
a higher nelting gemBerthan the curing tenperatures of the epoxy resins,
because the use of such a fatty acid netallic soap can inprove the
conpactibility of the conpound. Moreover, 30 the use of such a fatty
acid nmetal®ic soap can ensuTheasolid epoxy resin and the microcapsules,

each of which contains at least one liquid epoxy resin,
are then added to thé melt spun powder of a rare .
A\ earth element-iron alloy to form 2 granulated interme-
| diate material. The granulated intermediate material is
15 then mixed with a powdered curing agent and lubricant
to form a compound.

Examples of the powdered curing agent which
can be used in this invention include dicyanodiamide
20 having a latent hardenability and derivatives thereof,
various carboxylic acid dihydrazides, amines and deriv-
atives thereof. A mixture of the powdered curing agents
can also be used.

. 25 | A preferred example of the lubricant is a
N _ | fatty acid metallic soap having a higher meltiné point
than the curing temperatures of the epoxy resins,

because the use 0f such a fatty acid metallic soap can

improve the compactibility of the compound. Moreover,

30 'the use of such a2 fatty acid metallic soap can ensure a
reliability of the rigid strength by integration of the

resin bonded magnet with the supporting member, as well

as a higher dimensional precision of the resulting



reliability of the rigid strength by integration of the resin bonded magnet .
with the supporting nenber, as well as a higher dinensional precision of

"~ the resulting - 14 - resin bonded magnet structure. In the case of a
fatty acid metallic soap having a lower nelting point than the curing
tenperatures of the epoxy resins, it nil4 be nelted or vaporized in the

heat treatnment to integrate 5 .the resin bonded nmagnet with the
supporting nmenber by curing the epoxy resins. The nelted or vaporized fatty
acid metallic soap fornms a high concentration. |ayer between the resin rx#
bonded nagnetr@sint bondefpmagnes strbeturéhe Iorroite wasd ofich fatsyer -

| eads to a de- ease t bll h by v
mtograti on_chotfempsaii Bl hede AExARd A e Haivins Bt £RAR"
well as a |omthedcuehsgommppreturemoﬁ tlle epoxy resins, .'n:ewtbilrpband is :
then charged j, hg..C a ﬁgﬁgﬁk e
supportlng nen%%?e§08fo?éFg*é?%gnigp |nte rate dlrectﬂg iﬁ@ﬁg¥%tg
suppor® i ng nehBer regin; honded imagnet, %#tbr QQUFEPHH§§¥ﬂQHWRERSEIE¥ each
01;] whi ﬁh lconteufnsngt theaepoxpe rédins. |'1'Ihiuélmtm)bzl‘ eﬁaﬁbrﬁﬁsdrﬂﬁtﬁyﬁd hso
that the lig p W e a_hi gher
fluidity. A s%giﬁh%aqﬁ%g ES%’VS és%%svxﬂ Eﬁigﬁ (ﬁﬁg"gc%ﬁ?rP§iE§‘ef FYEE,
provi di ng an betweierertie see&nnbonéegr@agngMyam&jthe suppetthggnenber.
Then, 25 tﬁémﬂ&%e“fﬁghqéfmﬁgﬁbﬁdokoéﬂﬁﬁfé fEPX! %%'%b(é 8e- the
SO|Id epoxy resin and ul epox resin ere orn1n a resin
bonded%magnetckepge in the reliabil ty of the rig strength by
integration of the resin bonded magnet with the sup-
~porting member, as well as a lower dimensional preci-

sion. . - o/

»

15 The compound is then charged into the cav;ty
of a mold, and compressed together with a supporting
member to form a green body integrated directly with
the supporting member. By thé application of pressure,
the microcapsules, each of which contains at least one

20 liquid epoxy resin, are ruptured, sd that the liquid
epoxy resin flows out, and the CQmpoﬁnd will have a
higher fluidity. Also, the liquid epoxy resin which
flowed out is useful for providing an adhesiveness
between the green body and the supporting member.'Then,

25 the green body is heated to cure the epoxy resins
(i.e., the solid epoxy resin and the liquid epoxy
resin), thereby forming a resin bonded magnet struc-
ture. The cured liquid epoxy resin has a higher cross-
linking density than that of the cured solid epoxy

30 resin. 1In general, cured epoxy rxesins having a higher
crosslinking density exhibit a higher strength. There-
fore, the liquid epoxy resin gives a higher strength to
the resin bonded magnet structure. Also, because the



ture. The cured |i-quitd epoxy resin has a higher cross- linking density than
that of the cured solid epoxy 30 resin. In general, cured epoxy resins
havi ng a hi gher crosslinking density exhibit a higher strength. There-

fore, the liquid epoxy resin gives a higher strength to the resin bonded
magnet structure. Al so, because the --195--liquid epoxy resin is
adhesive, the resulting resin bonded magnet structure has a higher
inteq;gtion strength of the resin bonded magnet with the supporting nenber.
5 Thi¥ invention will be further illustrated by reference to the follow ng

exanpl es, mn tE;iﬁp? r§§¥a£§s?ﬁé dﬂéﬁﬁ@giPQ r%ﬁé'f&s&ﬁ%iﬁ 5?%%13

i nventi on. W ng exa various 1 esi bon
magnet suwmtuuﬁwmdﬁﬂrmésaﬁﬁ aﬁaug&#wae@a31eah#nkeamﬁntegtgiion

The suppor ting NgERghg¥AcHENEREl FelSh BohdUAMbGnet WELROLRE bapbBsringhape
with an outer dianeter of 48 mmand an inner dianeter of 8 nm Wwhich are
stanped out fron™®®BBEtic steel sheets 0.5 nmin thickness. Wth the use of

this suppor®i ng nenber, 20 thin ring-shaped resin bonded magnet structures

wer e produced, in each of kch . pg-sh Skn e Lth a

t hi ckness of 1.10. mm was iﬁ?%%r% é“ﬁ??ﬁ ?ﬁggs%%p%?f?ﬁggngﬁgggegﬁt%ﬁegguter
surface thereof . r@gerence to thghfolhgwingcexamples, fbutpthesei ayampies
magnet s throughogte! HS8C1R¥EABEESto2LeSEHIEL S¥RE 2pPEfent invention.

10 Examples
- In the following examples, various resin

iﬁg bonded magnet structures were prepared and examined in
various aspects.

15 The supporting member used herein was a
laminate of 22 cores having a shape with an outer
diameter of 48 mm and an inner diameter of 8 mm, which
are stamped out from magnetic steel sheets 0.5 mm in

~thickness. With the use of this supporting member,

20  thin ring-shaped resin bonded magnet structures were
produced, in each of which a ring-shaped resin bonded

magnet with a thickness of 1.10 mm was integrated with
the supporting member on the outer surface thereof.

\ 25 The ingredients used for preparing resin
' magnets throughout these examples, although explained
more specifically in the respective Items below, were

basically blended in the following ratio.



nore specifically in the respectlve |tens bel ow, were' bas1caJIy blended I n
the follow ng ratio.. - 16 - Ingredient T Anount
(wt %9 Solid epoxy resin - - 4.0 Nblt spun powder of a
rare earth elenent-iron all oy 93.7 N&crocapsules,.each of whi ch
contains at |least one liquid epoxy re5|n 1.3 Powdered curing agent

0.6 Lubricant . 0.4 The resin bonded magnet -

structures were produced .as follows: (a) the solid epoxy,resin in.a
appropriate sol vent IRGZeRALNL o ocapsul es, each of Mhlchéggih&hégg—gd Iad%t
one liquid epoxy resolidngépoxy Tesim particle size of 10 t o420 pm were-
added to the nelt s owder particle size of 53 to 300 pm
and a thickness of Bﬁat pm aﬁ%apﬁ%ggglvent was -renoved fromthe

m xture by drying to fnrrn:ebhecth elsnentadroncaldoyund afd+3i zed into a
granul ated 10 i nt er yadralcaoiR@s Alesbhl bROwWRIBA EhAkB1RsZe Of 53 L0 500 pm

(b) the granul ated I'nternedi ate faterial was m xed with li nt am ne-type
powdered curing agent B&vii8d®si °EFeﬂégﬁiﬂaPPpéfér§F§9 of 10 and a
| ubri- cant having mwemﬁg @lgenti ze of 6pmto form 0.55 conpound;

(c) while being co t he conpound was integrated wt he supporting
menber whi ch had bggﬁgﬁ gﬁpﬁhsly heated at tenperatures hi g e? t han the

softening tenperature of the solid epoxy resin, thereby directly formng a
green body; and (d) theq40X¥esin bonded magnet structures were

produced as follows: (a) the solid epoxy resin in an
appropriate soclvent and the microcapsules,-each of
which céntainéd at least one liguiad époxy resin and had .
5 a particle size of 10 to 25 ym, were added to the melt A4
o ' spun' . powder having a particle size of 53 to 300 pm
and a thickness of 20 to 30 ym, and the solvent was
removed from the mixture by drying to form a block,
which was then ground and sized into a granulated
10 intermediate material having a particle size of 53 to
= 500 pym; (b) the granulated'intermediate_material was
mixed with a latent amine-type powdered curing agent
having an average particle size of 10 ym, and a lubri-
cant having an average particle size of 6um to form a
15 compound; (c) while being compressed, the compound was
| integrated with the supporting member which had been
previously heated at temperatures higher than the
softening temperature of the solid epoxy ;esin, thereby
directly forming a green body:; and (d) the epoxy
20 resins contained in the green body were cured by heat-
ing at 120°C for 20 minutes to form a rigid resin
magnetic structure composed of the resin bonded magnet
integrated with the supporting member.



20 resins contained in the green body were cured by heat. tng at [err] for :
20 minutes to forma rigid resin nagnetic structure conposed of. ‘the resin .,
bonded nagnet integrated with the supporthg,ngnber. - 17 - Figure 1 is
a series of schematic views show ng the intégration step (c) in the
production of the resin bonded nmagnet structure. As can be seen fromthis
figure, conpound 1 obtained in step (b) is charged 5 into the cavity of

a nol d toperation C ); magnetic supporting ne t he

mol d (*o/éer ation C2); support“r%“ﬁerrt;erii ps 88 FeH‘éo‘Fﬁﬁﬁpﬁﬁgccéﬂif?

_(altoeratitog CS%;h C YHANTHE i lmétpﬂaagﬂsﬁstdn( enebaf(cqniﬁfl)twrpr@dmtbnd;m -

integrated w mag- eti c supportin ease 0

nol d (operation C@?" nesin, 3@@% Hﬁ@ﬁte SFH%B"Fhe bgsﬁkbgﬁdggux g#e’?

structure was det anlisndigure; tiompoundadt obtaibed ihoateph(hinds mhengede

| ami nat e ofg magne t e ar d
Inelre 9@& éplﬁ‘rgﬁt HF% Aol B° (BRI £TMe dgﬁnétxe

and a | oad mas unitorm 0 one en resin

net
at a cross-head rmbﬁrfd-’?ﬂﬂ nembe® Jdrneks onBRaGRei sidh | &et é?‘l'r“rriﬂed
as a rate of chan%p%&atidremrzsw@bdr&m menber @i sgeteansferrell into

resin bonded nagn the te of ch €.LNn -
di aneter size 019 %‘@ rﬁfﬂ‘ﬂ °pl§frf% 883 %I%i\p% q%tg ﬁéd &%@*maferl al
25 . | € Wer@Hheaadl gueepobpd&ea dntegratedidetithomsge
mel t spun 10p0“d%%€ﬂﬁwfﬁﬁp$§%1ﬁ§iﬁéﬂﬁbrlﬁtig'f&fﬁ&?ﬁhafﬁdﬁﬂfﬂéabold

cannot be forned
{operation C5).

o The integration strength of the resin bonded
magnet structure was determined as 8 shear fracture
15 load obtained when the laminate of magnetic steel

sheets used as the supporting member was fixed and &
load was uniformly applied to one end face of the resin
bonded magnet at a cross-head rate of 10 mm/min. The
dimensional precisibn is determined.as a rate of change

20 (expansion) in the outer diameter size of the resin
bonded magnet, the rate of cbinge being based on the
internal diameter size of the mold used.

Effect of granuiated ;ntermediate material

- 25 In cases yhere the solid epoxy resin is not

\_/ _ added to the melt spun powder in step (a), & granu-
lated intermediate material cannot be formed. The melt

spun powder which was not granulated remains in the

form of a thin flake having 20 to 30 um thickness. When

30 this melt spun  powder is charged into the cavity of

'8 mold in step (c), even though it has a relastively
larger particle size of 53 to 300 pm, it will pass into
> : the clearance between the mold and the molding machine



spun povvder whi ch was not granulated remains in the formof athin.
fl ake having 20 to 30 pmthickness. Wen 30 this melt:spun pOV\del"IS
charged into the cavity of a nold in st'éplﬁ cJ, even though it has a

relatively larger particle size of 53 to 300 [err], it will pass into the

cl earance between the nold and the nol di ng machi ne parts, interrupting a
snoot h conti nuous operation. The anmnount of the solid epoxy resin added is
preferably at |mts2%b‘9emﬁgmnarw smocth reontimiqus Operation. We'l'ght i *
order to form e n : Wm

particle size Za @ﬂﬁutalko‘ré\hé EB ;55&,-5:3#15%% id ecause rmst of the
nmelt spun powd %aﬁ(sn&“altw “&\#Ghé: smémpsesmaéerahéaro# ougs 4% byos :

[err] over a vmde:gwemfoi-h@noafél b s eegﬁamwéaoanﬁ@emawmteon of

anmlt sm e form of ul ated. e dlate
mat eri al makes ’b‘bgifg?gd %%&W# 8L@Pr%tﬂ?ﬁ£’og %ﬁ% éf Jg Bo o5
in step (c). Eféfcthefmedftt espog tenpowders bécanbedmem:xp:& @hen nelt

- Th lid t | yci dyl
et her type' bi s SREREPHISHET Serdhatll hafl W BpfeatSl dnfhad dide v bt Y1, O,

[err] and an av‘E‘PaQeoéf m2/g everha ‘6!“236°th the P#ﬁté%%( size
ture has al cohagisthyBueivh. gw&cmaﬁbmﬂulﬁélehaspuhhereoéoﬁaérhas a

sof t eni ng tenpe ur Dusran' s nelti.n err The solJad

resin was Wsed {Wgan%é‘%p %on%of ﬂm%ﬁ%“é&’sﬁht tl[ﬁ’ %‘H‘EE e%ﬁﬁ%@ggf t he

sol vent are makes possible the continuous repetition of opera-
tions C1 to C5 in step (c).

: Effect of softening temperature of solid epoxy resin W,
15 . ' . L —
The solid epoxy resin used in this example was a
mixture of diglycidyl ether type bisphenol A of the
formula: '
. R2 R4 Re R¢ R» R,
CHz-C CH; b\ O CH2 ---%--CHz 0- \ -ﬁ\ O~ CH,—&\-/CH,

\ ) R; Rs ﬂR;R;R,R', (o]

wherein R; to Rg are <-H; A is -C(CHgz)5-; &nd an
average of n is in the range of 1.6 to 2.4. This mix-

20 ture has alcoholic hydroxyl groups in the molecular -
chain thereof and has a softening temperature (Durran's )
melting point) of 65°C to 85°cC. '

The solid epoxy resin was used in an appro-

25 priate solvent. Preferred examples of the solvent are

ketone-type solvents such &s acetone and methyl ethyl
ketone.
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vents Such-as acetone and nethyl ethyl ketone. - 19 -
ed magnet structures were prepared using 4% by wei ght of
y resins having different softening tenperatures (i.e.,

and 5 [err] and having al coholic hydroxyl groups in the
thereof. Figure 2 is of «chl@ acteristic curves show ng the

etween the softening temperature of 10 ‘the solid epoxy

resim'apd the integration strength and di mensi onal precision of the resin
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¥ bﬁ’ég&ﬁ"r ié"?i‘g‘[ﬁ‘ %’i‘ertemg;;at ion step (c), particularly

cannot be rep SNMDO and continuously. Effect of
xyl group of solid epoxy resin As a conparative exanpl e,

‘nmagnet riguitd \7 4 9\SE BHrdEteri 8tiEN6usoER BRBRANGAS

the relationships between the softening temperature of
the solid epoxy resin and the integration strength and
dimensional precision of the resin bonded magnet struc-
ture.

As can be seen from the figure, when the
solid epoxy resin having a softening temperature of
65°C to 85°C is used, the resin bonded magnet structure
obtained has the most excellent integration strength
and dimensional precision. When the softening tempera-
ture of the solid epoxy resin is less than 65°C, the
granulated intermediate material in step (a) and the
compound in step (b) cannot be satisfactory prepared
from the solid epoxy resin, respectively, because the
solid epoxy resin has a tendency to cause blocking at
room temperature of about 30°C. In addition, the inte-
gration step (c), particularly operation Cl, cannot be
repeated smoothly and continuously.

Effect of alcoholic hydroxyl group pf solid epoxy resin

As a comparative example, a resin bonded
magnet structure was prepared in the same manner as
described above, except that a novolak-type solid epoxy
resin having a softening temperature of 65°C to 85°C
and composed of epoxy oligomers having no alcoholic

a



described above, except that a novol ak-ty @ sol i d _epoxy iesin having a
softening tenperature of [err] to [err] and conposed of epoxy oligoners
havi ng no al coholic -20- hydroxyl groups in the nol ecul ar chain thereof
was used in place of the solid epoxy resin described above. The resulting

Which o the sadbdnabit @iing “fh it TMeGUIY cHiSE ce¥edt il Useh 070
this invention. shvplace of cthe malid tepoxpyaesin dascribed MﬂorM-_-h;\s M
an epoxy roup GRIGETEIRL FeesP BehddaSaphits stiictire MRagohl d1auaisy

resin used in thi's 1 nvenlion, egratlon strength of the resylti 10
resin bonded nad#tenal rhﬂ%@%@ﬁtﬂkﬁ“ﬁ@/ﬁ&km%m (f%aﬂ(? gf, ¢t
Cﬁrmar ed §0 genesﬁltua€4gf3%d<qiehﬁntilseguai Regnutc Gtrygoturst odcithiias of
this invention. Jhis is bec e t sol | I &S X i S
havi ng al cohol i é'ﬁW%iW‘ gra‘g%&'sﬂ?f tﬁ?%ﬁg%r&%w%%??%r%
provi des an enh#pe¥y Xésdsi das oanhepompGroup concentration; gwo &® nate
- of magnetic st_eeénmeéﬁebegﬁ&eeoeftﬁi sorid dpoxy Fesanhased nihameon
may ensure satis actorx handl .1 ng, of the |ntegrate égEﬁi ggdy |n1££§? _
producti on proceBVEntEpay ﬁ%g’(’b‘}‘;gﬁﬁti_‘mp TG I?/Po P EEaY 8 +t0
slt Fp (d).1@f 1;] ectre@éinl bopded mapneto 3tructite swee aboutpéNdcdebreased
illustrate the e a ~EONMMOSi 1 | O fepn tructure
was prepared in {1%@?23%9%%633&??5;&8@&&@5%5%9 ?ﬁ%&gaﬁggﬁjﬁ?g‘%ﬁ%‘ at a
nmelt spun resincbonfed magnetamtrusturetofrthisl doyentdcn.niThis2 to
13 atom % of Nd, 3§ SEEE\:%&&& 88218 eputPeesth BF (EPdxgoRI2ighnrs
having alcoholic hydroxyl groups in the molecular
15 chain thereof provides an enhanced adhesion to the \)
supporting member (i.e., the laminate of magnetic steel
sheets) because of its polarity. The enhanced adhesion
may ensure satisfactory handling of the integrated
green body in the production process of from step (c),

20 particularly operation C5, to step (d);
Effect of slloy composition of melt spun powder

To illustrate the effect of alloy composition, a resin

bonded magnet structure was prepared in the same manner as _

25 described sbove, except that & melt spun : 'powder of
a rare earth element-iron alloy containing 12 to 13"atomv% of Nd,
6 atom % of B, and the balance of Fe (not containing
Co), was used in place of the melt spun = powder of a8 .o/
rere earth element-iron alloy containing 12 to 13 atom %

30 Nd, 16 to 20 atom % of Co, 6 atom % of B, and the balance of:fe.

Figure 3 is of characteristic curves showing
the relastionships between the pressure applied for



Co), was used in-placé of ‘the melt spun pomdér of aware earth
el ement-iron alloy containing 12 to 13 atom % 30 ~Nd, :16 ,to :20 at om % of
Co, 6 atom % of B, and the bal ance of Fe.-RYwe 3 is of characteristic

curves showi ng the rel ati onshi ps between the pressure applied for - 21 -
conpression in operation C4 and the density of the resin bonded nagnet
obtai ned. As can be seen fromthis figure, when the 5 melt spun

powdei .of a rare gsmphedsABGW 10 opetd BhohNCEhigHY atRar AetisfEyi 6f the
substPut ed by Co i s, used tge densjty of the resin bonded magnet obt ai ned
is in- creased due®® i pande Fmﬁg?ﬁﬁnﬁkﬁﬂﬁﬁﬁ fty. This is because the nelt

spun powder with a partial substi- 10 tution of Co for Fe can readily
be destroyed mechani- cally, by e e e [ o] essiqn,
t her eby enhancing a densif i% tf%ﬁ (ﬁut?ﬁégée%oﬁg@% %&%' I\g?ggvetr!fei n
the case 0f the meeltspepun popeedenfof & waresarticielanantriremiakloy
orr] Britr val ue o i re oy orp of X6 £ MbiplGitad by Gfits Used, W€
to [err] (mheret¢épﬁh§ﬂtﬂ the & riﬁh“FQQd&ﬁQQ&Ed?Ptﬁiﬁkﬂo*@,Q&%
partial substitu-cteesedf due fto Fesi highexricompressdbiil fity. anThis cbse
20 in the anp td I use | Tl Cacedy he
resin bonded mg%?%%%%o’h%{r algr?ﬁ} p%@gﬂn%pnﬁvﬁp%?ﬁ%ﬁgn%%%%ﬁﬁty
~of magnet i 80pr opevutiprsofno ForhFensammesdily rbagdastzoyed meahanif
nelt spun POVERI 1@ NBYNEhEl Presires app128ar #okCidohipresEiionrS NN

enhancing a densification of the resin bonded magnet.

' Moreover, in the case of the melt spun- powder of a
] - rare earth element-iron alloy containing 16 to 20 atom % of
15 Co substituted for a part of Fe, the ABr/Br value of

the resin bonded magnet obtained is changed from
-0.12%/°9C to -0.07%/°C (where the absolute value
thereof is decreased). Therefore, the partial substitu-
tion of Co for Fe is effective not only for an increase

20 in the amount of magnetic flux caused by the densifica-
tion of the resin bonded magnet, but also for an im-
provement in the thermal stability of magnetic proper-
ties and in the mechanical strength.

25 Effect of melt spun powder amount
Figure 4 is of characteristic curves showing
the relationships between the amount of melt spun
powder and the dimensional precision and integration
strength of the resin bonded magnet structure.

30
As can be seen from this figure, when the
amount of melt spun powder is 96% by weight or
less, 1; is possible to ensure both the dimensional



t he rel ationships between the amount of melt spun’ powder and the

di nensi onal

structure.

preci sion and integration strength of :the resin bonded magnet

30 As can be seen fromthis Tl%ﬁwb when the anmount of melt spun
~powder is’ 96% by wei ght or |ess, it I's possible to ensure both the
di mensi onal

-22- preci-sion of 0.10% or less and the integration strength

of 00 kgf or nore. However, when the anount of nelt spun powder is
decreased fromgféebyioncofhd, 10%coxli hessi amd| the cntegratiom@trangth c:;
significantly i aged 5ygit WETRP! t amolintX d

decreased. There 0?0 g %%Dunt of i %eﬂaﬁﬁs h|ﬁ|s pr.ef -fseralb‘fy set

p
in the range of shurm 939PPYEesy AR, mrgmsetffm Sﬁ‘nph'r o¥eightes thaich of
whi gh 00{1}1 ai ns aiméﬂsxbeﬁat ﬁf@c%kﬂ&?d wﬁwtrﬁléta mdiﬂﬂcdntn@(ﬁr{fS'tE
used in this e s i functiongl novo Pe epoxy resin e
for nul a: [érr] gng** aRauURt; RE; é"d%"é’ee’?ﬁ %%?W‘f
zation and is rmherefare,l tﬁéeainoqntdofpm)ltrespun has @Mez\n:lss:qmegﬁ- of 14

to 20 poise (atg) &} 8¢ {RSeRE F&’Rﬁ& @f‘%i@i %QEO g6y ¢ %u, S en‘t t han

general, the novo

type epoxy resSin has epoxy

that of the glycidyl ether type epoxy re5|n, so that a higher crosslinking
density based oslfra&t%f affck SiilllebC ¢dcHB Al aﬁdchTménéaahw @t

contri bute
bonded nag

18, °

15

20

rOVeENEN elneralonsreng ere

cast one guia epoxy res S
The liquid epoxy resin used in this example

was a multifunctional novolak-type epoxy resin of the formula:

q:fcnz _ rd//CHz \ '//nﬁz g
CH \\\CH Q\\CH _

CH, CH, CH,

o

CHz-———-Ega:;-CHZ—
n R
\ /
wherein R is =-H, and n 1nd1cates & degree of polymeri-
zation and is more than 1. The liquid epoxy resin has a
viscosity of 14 to 20 poise (at 52°C) and has an epoxy o/
equivalent of 172 to 179. In general, the novolak-type
- epoxy resin has a smaller epoxy equivalent than that of
the glycidyl ether type epoxy resin, so that a higher
crosslinking density based on the oxirane rings can be

obtained. This feature contributes to an improvement in
the integration strength of the resin bonded magnet

T

B



-23- structure accordi'ng 't'o this invention. The m crocapsul es, each of
which contains at |east one liquid epoxy reg&n, are preferahly. .
non-thernosoftening 5 - spherical capsule$®conposed substantially of a
single.cell. The spherical capsules are prepared from for exanple, a

f or mal dehyde condensation resin. \Wien the condensati on degree of a

f or mal.dehyde condensation resin is reduced, the spherical capsul es capable
of 10y & being sosttuetune perprding| terthéaninventieand. These
thernﬁg%ftening spherical capsules can readily be at- tacked by an organic

sql vent used in dissolving ﬁng ggh%d epox resini|1ég;§hé£%.%§$¥§&g;hgt
| i qui d epoxy resin containe n ’ GﬁﬁghL )

t hereby causi ng a lé¢e$t iopal 1iquid epoay giesdn} lace qaeperetdyi mors thdrmbgdftening
particul arlgy oper gl . [ t
_prepared f rsc/)m sucﬁb ir‘ngg. |" galcgﬁiﬁﬁ%&e%$%+g§\thﬁgggﬁg élgggggtof eéig% ﬂgﬁge
liquid epoxy resi@eliks Fhewphericadncapsples] arer pxepsved froms fore

di mensi onal preci gkafpaelca td;aﬁnu@éndfmteaﬁbbnﬁtdsar 2253% .0y whdnrcire of
ten, as conpared wt Eaﬁ§€§8|n bonde

nmi crocapsul es, eaffR °Boﬂ95"r%eag¥?g§t§tg%{\€£§giﬁg g%%r %O é\ﬂg
i s conposed substaesiwlgscte@uééd,ltﬁamﬁphezthMMugpsuﬂehecbg?hieretin
o the ot ha® handbiiibn spEteted b, S0 £87800°E ERR BE Horhdl, | Mnegel
least one liquid thexposgditerdng ispherigakdcepsulesocamreaddlly berat-
used, it can readgh¥kl@ "BAPt 4k CErPANIRE BRI Geht! Qe $5CAYBSANVIHY the
s0lid epoxy resin in step (a). Thus, the 1liquid epoxy
Y ‘resin contained in the spherical capsules flows out,
15 thereby causing a difficulty in charging the compound
in step (c), particularly operation Cl. Also, when the
resin bonded magnet structure prepared from such micro-
capsules, each of which contains at least one liquid
_ epoxy resin, is allowed to stand at 120°C for 100
20 hours, the dimensional precision after this treatment
will be decreased by a factor of ten, as compared with
the resin bonded magnet structure prepared from the
microcapsules,'each of which contains at least one
liquid epoxy resin and is composed substantially of a
25 single cell, wherein the latter resin bonded magnet
structure exhibits a dimensional precision of 0.01% or
- less.

On the other hand, when the microcapsules,

30 each of which contains at least one liquid epoxy resin
and is composed of two or more cells, are used, it can
readily be ruptured by mechanical forces because of an
increase in the particle size. Therefore, the ligquid



‘increase in the particle size. Thereforé; the liquid-

contained in

descri bed above,

| ubricant is

characteristi

the spherical capsules flows out in steps (a) and (b) as

-+ 24 - epoxy resin

thereby causing a difficulty in charging the conmpound in

step (c), particularly operation C. 5 Effect of lubricant The presence of

ef fective for repeating thgdoperations of step (c) snoothly
-and continuously in the process-of this invention. 10 Figure 5 is of

c curves showi ng the rel ationshi ps between the anmount of

——n

~
pr

| ubricant and the di nensional precision and integration strength of_thebuf

g?gg? Eq ettt P ..*gﬁét” ﬁgﬁ!é‘fiiwll%apsu%§af%§shaVi ng

resin bonded
a nelting po

out [err] 1s us ubricant.” W

an | NnCrease

e
in the amountout RphEtaps  (8hecalfméRi &f9eRcEiRedabOViE ) RREBDPYher cas

the ‘i nt egrat i gauSEHIRh d 5f feeuaasedinTich&rging otheulsompdundetni s
ferg?ly 0.4% by wei ght for the
on. On the other hand, when

ically 0.2%b ht or .2 |
burpose of en€ERPnicA: nPRREACHIAEHY, BRaFEHFER

steari® acid and various netallic soaps having different nmelting points 25

are used as ag gg kcagt LBraBaggount of 0.4% by weight based on the weight
of the conpoungr—éhe—rn%egragrun strength of the resin bonded magnet

structure has a tendenc¥heo RR&SeRGR

of the |ubricgapeaRefhfChs |dpeMaticonk UBE &Xép (c) smoothly and
continuously in the process of this 1nvention. '

10

15

20

25

30

Figure 5 is of characteristic curves showing
the relationships between the amount of lubricant and
the dimensional precision and integration strength-of
the resin bonded magnet structure obtained when calcium
stearate having a melting point of about 180°C is used
as the lubricant. With an increase in the amount of
lubricant, the dimensional'precision is increased,
whereas the integration strength is decreased. The
amount of lubricant used is typically 0.2% by weight or
more, preferably 0.4% by weight for the purpose of
ensuring a higher dimensional preéisibn.

On the other hand, when stearic acid and
various metallic soaps having diffe:eﬁt melting points
are used as a lubricant in an amount of 0.4% by weight
based on the weight of the compound, the integration
strength of the resin bonded magnet structure has a
tendency to decrease with a decrease in the melting
point of the lubricant. Particularly, when a lubricant
having a lower melting point than the curing tempera-
tures of the epoxy resins is used, the integration
strength of the resin bonded magnet structure is sig-
nificantly reduced. This is because the lubricant is

t Rubrdeantstsi affectiyei £8Tpoi nt

\;J

¥



30 having a | ower rmelti-ng point than the curing tenpera- ‘turés of . the
epoxy resins is used, the integration strgnggh.of t he resin :bonded nagnet
structure is sig- nificantly reduced. This 1S because the lubricant is

-25- nelted-or vaporized when the epoxy resins are cured in step (d), and
the nelted or vapored lubricant fornms a high concentration | ayer between

e ease bot h s hESSERE, 80 YPoraRRC GRS R Rilot" Vet il 46FE Guféa £n
strucdie and i n stepr(di)d #ntrthe melted Qrevappréd lwbrjcant LPIMstac
Sypporting memberp high ‘coficentril tFoh. lasfefrﬁﬁ%%%éﬂ”tﬂhowﬂﬂ Boreses

b6nded magnet strucfure, conprising the

_ ﬁé ng a SO|Id epoxy
resin having a soRsgnetyand é‘?ﬁﬁr%\'BPeer Aembd &chﬁcboF%ﬁ‘
85C and conpr§ si nerahsbem:ttmrm efivx YaDheneiohallapregisicoreat the resm

Conia i g x| erbpRaRE sibdf AREGEHRe Rl 1f Wbd FERIA BG Y of
magnetical | y i sot thei greencbodyt intégratednwithothel suppovting member.

granul ated internediate material; (b) mxing said granul ated internediate
material with a powdered curing agent and a lubricant to forma conpound,



Compr essi no sai 4 cospodnd t oget hor vk THES Suppor T Yh;yngﬁbirlmil Il HH

body of a resin bonded magnet |ntegrqgﬁglgﬁrec ly with t he suppor I ng s
menber; and (d) -quring sai d. sol.i ui.d epo res 20 said green
body by apptt catlsb xiﬂ% d’ﬁ%ﬂ%ﬂ%&%&f'ﬁi’h%% &F 1 esin bonded
magnet i nt erricthre { lcomprising the rq}:epsrtnf 2. A process according _

to claim1, wher sai revn

[err] is -Hor qkol d&{ﬁﬁ$¥l§#& I N dqg%¥ﬂaq§vfnai% Jﬁ;ﬂdnfﬂqi

an al ky|%n4gm¢m n@qrt@"am mtnmhlt) saf 6€5°C tp 857G |and

lAnglrggtegz ?cordl n :PE’: al tz‘géé el n élm are neé)f‘t‘éhh Igaé%;?\el §8n3 ’

al l oy cont &C]rﬁ" /f‘l': J‘ﬁéﬁ NEF"%%'P J%%ﬁ‘@b{‘ﬁﬂﬁqm f B, and the

gallﬁnce_ of ﬁcmchpm? t¢ontaining at Yessv e Himquidiieppiy résinn tio 5 or
erein sai _

melt spun pmﬁnft quur? pov %rocesﬁgﬁ%ﬁﬁt%é)any fn)éé %&ﬂ;ge 1ic))érl'écedl ng

cl ai ms, 1Ghkementsriron bioyste ctorm a rgranvlated dntermedatener i caI

capsules quﬁtéiigqy<:h I s conposed substantially of a S|ngle cell.

bowder ed cur  ng. dtnt  ALRANG @ald SRATBRe AnsAATe maﬁlc aci d
di hydr azi deritiisepowdelred curing agent and a lubricant ‘to form a
compound;
15 (c) charging said compound into the cavity of a
mold and compressing said compound together with a
supporting member to form a green body of a resin bonded W/
magnet integrated directly with the supporting member; and
(4) curing said solid and liquid epoxy resins in
20 said green body by application of heat to form a rigid
. structure of said resin bonded magnet integrated with said
supporting member. ' '

2. A process according to claim 1, wherein said epoxy
oligomer is of the formula:

?r Rz‘}4 R¢ Re
. C}-{:-/C-CH; O% A= O-CH, -é-CHa O~ 'AﬁO'CHz‘ \'/Cﬂz
25 O Ry Ry R, R, ) OH n Ry Rg R, ) O

wherein R; is -H or -CH3; R; to Rg are independently -H, - o/
Cl, =Br or ~F; A is an alkylene group having 1 to 8 carbon
atoms, =-S-, =0-, or =50,-; n indicates a degree of '
polymerization and is an integer of 1 or more.

30 3. A process according to claim 1 or 2 wherein said
rare earth eiément-iron alloy contains 12% to 13% of Nd, 16%
to 20% of Co, 4% to 11% of B, and the balance of Fe and
impurities. ' +
4.' A process according to claim 1, 2 or 3 wherein saia




10 derivatives theredf. 7. A process according to any one of the

preceding clains wherein said lubricant is a fatty acid metattirec—soeap
havi ng a hi gher nelting point than the curing tenpe epoxy
resins. 15 8. A process according to any one m ﬂmEHRBJﬂHJCI ai s,
wherein said supporting nenber is a | am nate of nmagnetl

A process according to claim1l substant &7l y as descrlbed W th reference to
any one of the acconpanying 20 draw ngs.

Ny compound contains 93% to 96% by weight of said melt spun
) powder.
5. A process according to any one of the preceding

claims, wherein said microcapsules are non-thermosoftening

5 spherical capsules each of which is composed substantially
of a single cell. |
6. A process according to any one of the preceding
claims wherein said powdered curing agent is at least one of
dicyanodiamide, carboxylic acid dihydrazide, amine, and

10 derivatives thereof. |
7. . A process according to any one of the preceding
claims wherein said lubricant is a fatty acid metallic soap
having a higher melting point'than the curing temperatures
of said epoxy resins.

15 8. A process according to any one of the preceding
claims, wherein said.supporting member is a laminate of
magnetic steel sheets.

9. A process according to claim 1 substantially as
described with reference to any one of the accompanying

20 drawings.




