A RESI N BOUND TYPE MAGNET AND | TS PRODUCTI ON PROCESS Thi s | neest-vow’
relates to a resin bound type nagnet which is used for a mniature notor,
an encoder, a |inear actuator, etc. which are applied for electronics

i nstruments, etc. and its production process, especially for a cylindrical
or athin plate resin bound type magnet, and its production process by
usi ng an extrusi on noul di ng net hod. The resin bound type nagnet is
general |y produced by (1) -an |nject|on moul-di.ng net hod, (2). a press
nmoul di ng net hod and (3) an extrus : “‘:Ldgngfp&ocessﬂ‘”““ '
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TITLE OF INVENTION
A resin bound type magnet and ite production process

This -invention relates to a resin bound type magnet which is used for a

miniature motor, an encoder, a linear actuator, ete¢. which are applied

ﬁn3 QIQCtrifici inatruments, etc. and its production process, especially
lindr{ca.

- for a indrical or a thin plate resin bound type magnet, and 3its

production process by using an extrusion moulding methed.

The resin bound type magnet is generally produced by (1) an injecticn
moulding method, (2) a press moulding method and (3) an extrusicn

moulding process.

Among these moulding methods, the injection moulding method is to mould a
determined shape by packing a magnet compogition comprising a magnetic
powder and a thermoplastic rasin into a die by heating it at a

temperature at which a sufficient fluidity is attained. ¢ -

The press moulding methed is a moulding method by preseing after packing
a magnet composition comprising a magnetic powder and a thermosgetting

resin into a die of a press machine.
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ff and a thernoplastic resin into a die by heating it at a tenpgg&Fatireé
at whifch a sufficient fluidity is attained. The press noul ding rethod is
a moujpdi ng method by pressing after packing a magnet conposition conprising
a madgpeti c powder and a therrnpsetting resin into a die of a press machine.

The dktrusion noul di nmet hod i.s a noul dj met hod by, ch g a nagnetlc
.ﬁﬁtEHSP-anamPPhiagf’ge@e%a@eiByah@%‘#‘ﬁgnﬁ oo o1 CAERACHE: F CHABIREHS
3 t Kk t I
=%§ils9<>aﬁdt”r§yecom{' ot 5hRE &Y Rafing (merd ol a”}eé’.r% B Rihecic
t
L oe8 ko B 1T O TR SER TR [l RGBT
9815% bhalw 8hki B9 EBHbeEQnBElEOQhﬁPQ a press moul ding met hod

/ ding of a long sized nagnét of whic demand is recently being
rased, in case of the injection nmoul ding nmethod because of an
bsibility of packing of a nagnet conposition in a cavity and of taking
Pngoutese amiod@ingt methdds) Cohe oinjéetpimwsmomldihgg amet haHesi presa

| engt h of a noulded article is

fulding can mould a magnet having an anisctropy by applving a magnetic
leld in the die at the mouldihg gstep. However as for the injection
hulding method and a press moulding method for a moulding of a long
#zed magnet of which demand ig recently being increased, ir.case of the
;jection moulding method because of an impessibllity of packing of a
Jagnet composition in a cavity and of taking out a moulded article, etc
;nd in case of the press moulding methed gince a length of a moulded
erticle is determined by a stroke of a moulding punch, they have a defect
iFhat the length of the moulded article is limited. Especilally in case cf
ga moulding of a cylindrical magnet having a radiated anisotropy, there is
fa limitation on the length of the moulded article, and a magnet, of which
¥ an outerdiater (hereinafter called as D), an inner diameter (hereinafter
Boalled as d) and a length ' (hereinafter called as L) satisfy a

' Jélow-listed equation, can only be moulded.

20L / &% < 1

(Reference lliterature: Magaaki Hamano, an abstract book on the 9th
meeting of Injection Moulding Technolagy of High Performance Plastic
Magnet and 1Its Application Development, Plaatic Industry Technical

Committee 1986)
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¥ : .
det effmi ned by a stroke of a moul ding punch, they have a defect that . the.
Jlenggh-of the noul ded article is linmted. Especially in case of a.dulding
of ajcylindrical magnet having a radiated anisotropy, there is a’t¥nitation
on the length of the noulded article, and a magnet, of which an outer
fter (hereinafter called as D), an inner dianeter (hereinafter called
as df and a length (hereinafter called as L) satisfy a belowlisted
equgt i &l éy&qﬁ&#? 2 whi f literature: .

1 +(I nd}rr%ﬂ(')g]ae/no g%st ract ocoat<1 (%la%%z&%%#égg%r%?%[gﬁeh‘j ection Moul di ng
j ology(jbﬂﬂﬁﬂ333 fiormance Pl astic Magnet and Its Application
8 opnent, Plastic ndustry Techni cal Comm ttee 1986) Accordingly as to a

drd clindmoweie Wobehifablaf ies ondDwas &2 Sirlgle moulded magnet with an

fwever the aforementioned cylindrical resin bound type magnet and its
ioduction process have problems ligted below,

&

f) In order to get a high performance motor or an actuator by using an
fgotropic magnet or a magnet having a performance claose to the isotropic
$onet, the volume of the magnet to btas used has to be large, and a
fliniaturization and a light weighing of these instruments can not be

Ytisfied.

',2) In c¢ase that plural number of the magnets having a radicated

Inisotropy 1s stuck, there are following problems.

(1] The sticking ig weak against delamination and there ig a danger
5 SRR

of deatgrying the bond by a repeated hot and cold cyclel_ It has an

inferior reliability such as a variation of the sticking strength,

etc.

{2] A production cost is raised because of a step of the sticking in
a production process. Furthermore the stuck magnet has to ‘be

finished by a cutting fabrication, etc to ensure a dimensional
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oniy 2 kinds- were obtainable ie one was a single noul ded magnet with an.
J sgtropy or"with a poor magnet perfornmance and the other was a onez:whi k-
“"wagd prepared by sticking plural nunber of the nagnets having a radi‘at ed™"
anijsat r opy. However the aforementioned cylindrical resin bound type
magnet and its production process have problens |isted bel ow. (1)
Injorder to get a high performance notor or an actuator by using an

[ ORdefa: Lo tAaRENCHa LRI Re PREEAT FRAGCAC EARENGE AR a2’ UY the

e volune o e magnet to be use STto be large,
m ifi at usi@@iéOforNEodt | i ght wei ghing of these instrunments can not be
saffisfied. (2) In case that plural nunber of the magnets having a radi ated
anflsotropy is stuck, there are follow ng probl ens. [1] The sticking is

gk agai nst delam nation and there is a danger of destroying the bond by a
r effeat e hotn acdseotd thel éinlishhhy &hei cueting fabrdbativn afcithas moulded
vaffi ation of the sticking strength, etc.

: article, there is a pogsibility of a deterioration of the magnet
performance by the f£inish. |
K) As for the injection mouldihg method and the press moulding method,
reguires a fixed cycle of a packing, a moulding and a taking out of a

Agnet composition to/from a die in the moulding proceédsd, and the

stem. It is, therefore, dlfficult to achieve a reduction of the

ffroduction cost.

giél As for the conventional extrusion moulding method, it is a major

'Tethod not to apply.a magnetic £ield at the moulding stage. Howevelr an

Hisotropic magnet can only be attained by this moulding method.

|
Accordingly the extrusion moulding method, which has a very high

f. vductivity due to an ability of a continuous operation from a supply of
a4 raw material to a receipt of a moulded article; and is able to easily
mould a long sized magnet, becomes popular.' Particularly there are nany
researches to improve the magnet performance, especially regearches on an
extrugion moulding method in a magnetic field in order to reform the

! magnetic property which has been considered to be poor.
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B production cost is raised because of a step of the sticking in a
gBti on process. Furthernore the stuck magnet has to be finished by-a-.
‘ého fabrication, etc to ensure a dinensional accuracy of the rzalded:.
i68e resulting a further increase of the production cost. [3] In case

%- finish by the cutting fabrication of the noulded article, there is a

pility of a deterioration of the nagnet performance by the finish. (3)
As fi#r the injection noulding nethod and the press noul ding nmethod, it

3 eeTdNG Redethed to ghpagri &g hagnaflicdifiplahrt taki Aguddingr sfep.. as
gt conposition to/froma die in the noul ding process, and the
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for a cylindrical magnet, there are methods shown in Japan Patent

#$id-0Open Sho 58-21970% and Japan Patent Laid-Open Sho 61-121307.

ich of these mathods were to form a magnet by orientating an anix of
;sy magnetization of a magnetic powder to a direction of a magnet:c
4.eld by charging a magnetic £ield in a die of an extrusion “ifachine while
magnet compogition was being passed through the die. However E£cr
#xample in a method described in Japan Patent Laid-Open Sho 61-121307, a
;ylindrical magnet mhagnetized and orientated in a die was cooled by a
.;ooling unit outside the die, a direction of the anisotropy was only
-gformed in one direction and a moulded article having a radiated
Hanisotropy in a diameter direction could not be obtained. Moreover, when
the moulded article was extruded from the die, its temperature was still
Hhigh resulting a deterioration of a magnet performance by a disorder of
i.n orientation of a magnetic powder. Asg a result . it 1s not attainable
‘ + get a cylindrical magnet .having a high magnet performance radiated

anisotropy even if this method is applied. _

Moreovaer there are below-listed problems in the aforementioned production

method.

{1) In the conventional extrugion moulding method in a magnetic £field, a

electromagnetic coil is merely inastalled on the die and no congideration
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”&ngly the extrusion noul ding method, which has a very high

Accor
prodgtivity-due to-an -abidity of a conti nuous operation froma squIy -of
a ra¥fgmaterial to a receipt of a noulded article, and is able to e%grlyﬁ:-

nnulé:a | ong sized nmagnet, becones popular. Particularly there are nmany
resegfches to i nprove the magnet perfornmance, especially researches on an
g6i on noul ding nethod in a magnetic field in order to reformthe

extrd
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B0Nfls1l magnetism in a moulded article, it is very difficult to handle
¥ .nhe post process such as an adhesion at a cut etage to a cutter or
,’er magnetic¢ materials. Further when a predetermined magnetization is

ried out for the magnet, the residual magnetism give an unfavorable
&

) As an example of a moulding method in which the demagnetization of

e extrusion moulded article is conzidered i1s disclosed in Japan Patent

£hid-open sho 60-217617. However since the demagnetizagion coil is

|
*}quipped at a front end of a die in this case, it results an extremely

¥ aw material compound in the die is long, the mouldinhg speed ig glow and

?jarge die and a mouldability is poor. Especially since a passage of 2

3ﬂtbe moulding itself is also difficult.

;‘(3) When a cylindrical magnet having a radiated anigotropy isg moulded, 2
length of an orientation section on which a magnetic field is& charged due
#8 to a constitution of a magnetic circuit 1 determined by an inner
B iiameter of the moulded article.. However since a considerably high
~agnetic field is generally required to orientate a -rare earth magnet
powder, the length of the orientation has to.be relatively shért in order
to charge a sufficient magnetic £ield at the orilentation section.
Consequently it is essentially not able to mould a cylindrical magnet

with a high magnet performance having a gmall inner diameter.

(4) When a column type or a sheet type magnet is moulded, the length of

the orientation section can bhe made long in a certain degree. However a
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B a report by R E. Johnson ("Devel opnent in The Production of Bonded
ft h-Cobal t -Magnets. " 5th International Wrkshop on Rare

Rar e
Eart bbal t Magnets and Their Applications, 1981). and as for & irm. aza-
cyli cal magnet, there are nethods shown in Japan Patent Lald‘ﬁpeﬁ Sho

105 and Japan Pat ent Lai d- Open Sho 61-121307. Bot h of these
were to forma nagnet by orientating an anix of easy magnetization

;w QegnedeEnpiamescﬂamnnetthammnde techgherehidue atoragnatechanical
‘o tlon was being passed through the die. However for ‘exanple in a -
met hile - siedtyd Sece i anzhpdmPdteris raitd-abpen t8hd neT-eBEE3GY hegnetiicn diliedal

* nagnetlzed and orientated in a die was cooled 2{ a coollng uni.t

‘E;eharﬁﬁ qiat QPQMQ%*RHQﬂFkﬁnthPeﬂiQﬂﬁr &fe the

out

dir#ivlon {;ﬁi lﬁﬁ d ar |cIe havi ng a radlated anlsotropy |n a dlaneter
di r g Mor eover, when the noul ded article was
extwfoed fromthe die, |ts tenperature was still high resulting a
det"‘loratlon of a magnet performance by a disorder of an orientation of a

§/StRaERSHLEL! rebf"o) at@eg&abhs 8, Speghar o

{ ?a%aw ng a pertornmance radl a ani sotropy even |

A
-

Jeront end of the die. When a thermogetting resin is used as a resin,
] are methods to mould by a solidification with cooling after
f@ntating at the front end o¢f the die as same to the thermoplastic

g.n, and to mould by a curing with heating after the orientating.

5¥case of a method with the golidification with cooling by using the
ff:mosetting resin, it is necessary to heat i1t to cure the resin after
?e moulding. Anvhow.even if the moulding is done by eithr methods, a
icnet moulded is extruded continuously, and it is ﬁﬁ%iﬁﬁﬁéy to cut the &
gagnet moulded in a predetermined 1length. For the cut, mechanical
¥ ing methods namely a guillotine cutter system or a rotary saw-tooth
system ware utilized in the conventional method,

Howaver the conventional cutting methods had below-listed problems.

in case of a mechanical cutting method such as the guillotine cutter
system or the rotary saw-tooth system, a force and a vibration are
charged to a magnet to ba cut. When an uncured resin bound type magnet

Mmoulded by a solidification with cooling by using a thermosetting resin
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. 1! (1) In.the.conventional extrusion noulding nmethod in_a-nmagretic
fieHe, "a electronagnetlc coil is nerely installed on the dle*ﬁﬁd 1ia.
Ji:deration is paid for a demagnetization of a noul ded article produced,
there is a residual magnetismin a noulded article, it is very
gicult to handle in the post process such as an adhesion at a cut
stage to a cutter or other magnetic materials. Further when a predeug ned

Mets zag}cq &T?lsi*bamiﬂéwetﬁﬁ ﬂfsanecmec%r@rcettehrit zZgs bYs 8 £
d eca%elﬂq;afﬁé‘cnéré@ma o he oR aR o bRs s LREr ob nFb) RBomerca %g% ;%e@h
Reo-oTH. Enbloysr 18N B BHES %, o 3 S5 oridbe "B, FhElknbBl o the,

lg%(geetgge inthis case, it results an extrenely-large die and a

3 lity is poor. Especially since a passage of a raw materi al
a-ound in the die is long, the noulding speed is sl ow and the
il ding itself is also difficult. (3) When a cylindrical nagnet having

Hadicatlert 1aniwodt apywobum@utgieth &f | Engt haghetiic opbrdéat LAN aseekiian boundn
#ch a magnetic field is charged due to a constitution of a magnetic

palintagne tetterinamsheaed dn iomdar to improve a performance of the magnet,
i) volume ratio of the resin decresases and the aforementioned problems
dg to happen further easily because of a reduction of bonding force of
resin with the magnetic powder. Moreover in case of thd “mechanical
gtting method, a cut dust is unavoidably produced. In case of a rare
;rth magnet, especially a R-Co type magnet, & treatment of the cut dust

' extremely impartant because cobalt has a bad effect to a human bedy,

f d it requires a recovery unit of the cut dust.

urther among the conventional moulding methods by using a thermosr ting
Fesin, a press moulding was a general, but an injection moulding and an
Xtrusion moulding were not widely used and a thermoplasgtic resin was

ommonly used,

‘Accordingly only a few methods were available to-cure an uncured magnet
by héating moulded. by the injection moulding and by the extrusion
oulding, and the method was to secure a cylindrical ahape of the magnet
with -a centrifugal force by rotating a Jjig after fixing its outer

dlameter to the jig.
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o of "the oukded article. However since a consi derably hi gh nmagnet.i c
dield xs .general ly required to orientate a rare earth nmagnet pawger;::-
j\gth of the orientation has to be relatively short in order €6~ =~
chargefa sufficient magnetic field at the orientation section. Consequently

It pssentially not able to mould a cylindrical nmagnet with a high
nmagne performance having a small inner dianeter. (4) When a col um
type £ n?o!?f@lﬁé b Pengny ed@s EPU EE ool Pent £HUT mcﬁmﬁyeﬁ@témamea
sectigh can ong In a certain degree. However ‘a gap between *~

8 C665. can not be made too short due to a mechani cal strength of

, and thus it is not able to increase a magnetic field to be charged
 ; orientation too high. The magnet performance of the noul ded

| @fe therefore drops. In case that a thernoplastic resin is used as

Hecly ttelaf 8r ygenvfonedhermopdren Licoreding foet motlding mowabnet isy an

'-d out by a solidification with cooling of a nolten m xture after

i acthop atoubding opnd chile opxtIRE LR mwlgchirag t heFhREdeT e redke @ shagret

§f esin, there are nethods to uld by a solidification wth cooling

M?@n?’ét BnFRATAGR a6t Bf tPhPegiuEadd & fi¢en o8t ha tbrﬁémﬁﬁﬂtégtﬁ ca-
I th heat ft th t

flond” AR \Eed it HebberaRusR Fasoltengbsy A€ AARE or mofe.

'ﬁéxeéérggarﬁﬁgﬂetié p%wQ%%e%ﬁ%H&ed with the regin ig exposed at such a

;meerature.

&

fien a rare earth magnet, esgpeclally a R-Fa~B type magnet is uged as =
#agnetic powder, a deterioration of a magnet performance of the magne:
jappens due to an oxidation of the magnetic powder at a high temperature
fh-ove 200°C since the magnetic powder iz easgily to be oxidized.
!oreover. the thermoplastic resin has problems on heat resistance and

§lsolvent resistance when compared with a thermosetting resin.

4 Next, methods of the curing by heating. after moulding by using cthe
?:thermosetting resin are pointed out. For a moulding by uging the
. .ermoéett;ng resin, it requires that the resin possgessés a thermoplagtic
Property in a certain temperature region. Noverﬁheless this temperature
region 1is8 lower or higher than the thefmcsetting tempefature, it is

necessary to secure the shape once moulded in order to cure it.

In order to achieve {t, methods in the conventional technology are
available. However in a conventional production process of a cylindrical

Tesin bound type magnet, since the inner diameter is not fixed, a fixing
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.moul ding i 5 'done by “éi t'her” met hods, a magnet noul ded is extruded zg=.

X

to Ee t it to cure the resin after the noul di ng. Anyhom1even if the -

l\)(l

-
-~
v

1v) -

contihuously, and it is necessary to cut the nagnet noulded in a prédeteér:
m neds | ength. For the cut, nechanical cutting nmethods nanely a guillotine
cuttef systemor a rotary saw tooth systemwere utilized in the
convdgnt i onal net hod. However the conventional cutting nethods had

| 651 the poaltieen®ianetelrn iGastaiteaal Mettianacebkmplet ity smmhml 8heh saape

typeinagnet nmoul ded by a solidification with cooling by using a
t heri§o zxmq@ riti hsi difGtcaht 50t APArakRcikhes sunidettreatinanterfordloysa®t

I gh s cut, a Crﬁg¥ a breakage and/or a defornmtion of the
;~ﬂ%ﬁ% ig|&@§haén|mgq dIA% | PECRELSRE SEUGR 288 t FWEHREstERatFent

egg onéhgigggn%%ghgtb%oufdéd by an extrusion moulding method is also

‘.fficult, ete.

5(“cher in the past, as to a particle size of a magnetic powder in a

rurther in order to mould a magnet with a thickness of 1mm, 1t was

4] noulding one with the thickness more than lmm by a press moulding or an

tnjection moulding in advance.

}>However the particle size of a magnetic powder gives a large influence to

le thickness of a moulded article of an'anisotropiC';egin_bound type
magnet. Namely if the average particle szize of.a magnetic powdser does
not change, an orientation of one magnetic particle affects more to a
degree of the orientation of the magnet by thinning the thickness of the
moulded article, For example, when an anisotropic magnet with a
thickness of 0.5mm is moulded, if the average particle size of the
nagnetic powder is 50um, the influence that one magnetic particle gives

to the orientation is around 10%., Although the influence is reduced if

- 1 O -
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_ Particularly Vhen a volune rati o of the nagnetlc powder in a resin
Ind type hagnet is intreased in order to inprove a performance of ‘the.
ety the volune ratio of the resin decreases and the af orenentxBfied: >’
| ens tends to happen further easily because of a reduction of bonding
e of the resin with the nagneti c powder. Moreover in case of the

pani cal cutting nethod, a cut dust is unavoidably produced. In case of

mec

a.} beLRICkReEBOBE! nESREGI LA VaPe k{0 BILEdRY Hnn D (BAHLE Ene 1 Mueried
du IS extremely inp ecause coba as a bad effeet to a human .
bo eqgi K f du rtder rafke
t he C(S%\}%rﬁglteé{nagfl t?ﬁ%d?%h{gm%%édgb%gbhn&gng&gﬁuﬁ%% msggffﬁgipggyn 4 pt):?ess
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not widely used and a
ould relate to the thickness of the magnet moulded article.

rther by a conventional method to mould a magnhet with the thickness lmm

legs, 1t resulted a high production ceost, .etc becauge of the

abrication process required.

rther, a rare earth magnet, especlally a rare earth-iron-boron type
agnet was easily oxidized, and there was a problem of a formation of a

Fust during lts service.

tn order to solve the problem, a coating method of a resin on the magnet

dne

rculded, a metal plating and a coating of a ceramic or a resin on the

fizagnetic powder were invegtigated in the past.

icwever following problems are enumerated in the aforementioned
cnventional rust resistance technology of a magnet.

“he former method in which a resin ig coated on a magnet moulﬁed does not
# "3ve an effect to an oxidization of the magnetic powder during the
“dulding. In other words, when an injection moulding or an extrusion
*dulding is performed, the magnetic powder is exﬁosed under a high
‘tmperature during kneading of the magnetic powdar and the regin or
*oulding, and the magnetic powder can be oxidized at this stage resulting

0 1mp°881bility of the moulding and a deterioration of a magnet
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wer e .' ai tdbl e to cure an uncured magnet by heati ng noul ded by the '~_;_
i nj ec;_ on noul ding and by the extrusion noul ding, and t he net hod Vvas t26:2-
securéka cylindrical shape of the nagnet with a centrifugal force by
rotating a jig after fixing its outer diameter to the jig. The probl ens
of thg aforedescri bed conventional technology are sunmari zed as bel ow.

3 S hgr t [ r ngna 15 iy
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$k Jber efsmieiw, magnetic powder blended with the resin is exposed at such
oer at ur e. When a rare earth magnet, especially a R Fe-B type
3¢ s used as a magnetic powder, a deterioration of a magnet
perfrmance of the nmagnet happens due to an oxidation of the nmagnetic
i cansdderdnot chipesat IRuebdisnse 2te erkdttezi noethod niynwhichpondaretal
easiffy to be oxidized. Mreover, the thernoplastic resin has problens on
healfftngi @ ohceCBEHNG WL ERt ar 687 3NAAC e AWRER IBoBEFe NIt DATRELISS ROWART

f’ be a methed to solve the aforementioned problems.

ever the latter method still has a problem. The average particle size
magnetic powder iz several ten microns, 1if a £ilm is coated on it,
. thicknegs has to be 1 micron or less, and therefore there is a
#br-lem that the film coated has to be extremely tough and strongly
.. esive or it has to establish a production process not to remove the

$#lim coated.

* irther in the past, a thin plate state resin bound type magnet was
painly produced by a calendar moulding method, an extrusion moulding

pethod and an injection moulding method.

fi.c each moulding method, a mixture kneaded of a magnetic powder and a
thermoplastic resin iz used and in <age of the calendar noulding method,
the aforedescribed magnet raw material is made in a thin plate state by’

rolling with hot rollers.

However the production process of the aforementioned thin plate state

T“egin bound type magnet haas below-listed problems.
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Jet hods-of the . curing by heating after noulding by using the . _ .
¥citing resin are pointed out. For a nmoulding by using the &= c:s-
thermgpetting resin. It requires that the resin possesses a thernoplastic’
propeffy in a certain tenperature region. Novertheless this tenperature
regiog.is | ower or higher than the thernosetting tenperature, it is
necesglary to secure the shape once noulded in order to cure it. I n

g0 oade o the celdndir imouldd mgpmahhtddnan tischusiniy mawl Gedidethiiale
Mr in a conventional production process of a cylindrical resin bound
pghetbe sPhtainad whadr adinengt @anth magnebdal powdexi kg pegdoBinee Lt
' |s rotated with a sa e _to cure the shape during the

g di anet e I e
3 taﬁﬁs?igi?i§°fSPaFHFsap@PﬁﬁggEst?ﬁﬁg ﬂﬁﬁépﬁe&heFd%H¥gﬁﬁﬂﬂaqqdi?@us
SEuUlt to e the.cyrin reatnent for lots of magnets by this
'Qn%ﬁop%fé)%rﬁ%bqfe %Jgﬁ#“a?gc &8038"‘119 treatnent for a long sized
it noul ded by an extrusion noulding nethod is also difficult, etc.
L in the past, as to a particle size of a magnetic powder in a resin
! Y€ WIRAR copc n ' ' n IsC P e
: h%gs congl%?ergg, %u?{ér"]aé;q,fg nsfgé?g??'%ggowfheéﬂpgr %nggi'zeggg {%\g%t

Eiﬁlé)oa@gjsé rOB el M WRAIHY Olvedy 'Pii“dh{‘%\%?.tﬁfnga paaitetagRldedar t idde

Br der ed. Further in order to nould a magnet with a thickness of
| fe dOSrIEDERNIY P tHKmduldletbuirtitle 18 inferior.

rehermore it requires a certain flexibility in the moulded article for
e moulding, and therefore an amount of a magnetic powder in a raw
?Zu:erial ¢an not be considerably large resulting a low magnet performance

i?£ rhe moulded article.

5.2) Iin case of a moulding of a thin plata state maghet by an axtrusion

ulding method, an unevenness of the moulded article is likely to happen

0

ic:e to a difference of the extrusjion rate between a central point and an
: citer point of the outlet of the die. Accordingly in order to produce an
Yen moulded article, a complicated design of the passage in the die is
--quired and the die becomes extremely expensive.
Rrthsr when the moulding is carried out in a magnetic fi;id, the gap
Setween pole pieces can not make very small because of a concern Of
Techanical strength of the die, and thug the magnetic.field to be charged

at the moulding can not be very high. Consequently a magnet performance

o’

rn

the moulded article is deteriorated,

- 13 -



ifcss by a cuttlng faprlcatlon after moul ding one with the thickness
#fhan 1mh by a press moul di ng or an injection moulding in advaéde. 27 .
(@r the particle size of a magnetic powder gives a |large influence to
tRi ckness of a noulded article of an anisotropic resin bound type

magne Nanely if the average particle size of a magnetic powder does not

changg, an orientation of one magnetic particle affects nore to a degree of
t he j |ﬁ,ntca;ts|eamﬂ)fat heulldgngt oy a hitim nplite. spacknmagnet tiye amuiection
arti For exanpl e, when an anisotropic magnet with a thickness of 0.6mm

) Hb@ad itf ishdidédcade par mould shee hafvinge aregratimegowieriom or less,

IS
50[ ¢ Im the influence that one magnetic particle gives to the orientation
i s &udd 989 Al ehgepRragionnefudnkeorsmevidind Py epecinsnEfheientfprapking

becormes 0.5mm or nore, the influence is, enlarged if

BB~ d
mbggfr“tﬁiégﬁﬂg ERrnRateriado FLHtF?g @‘ea§ avd the a%éﬁ%aﬁ i e §§‘£6}$’6955

Qt Eg;ngg @§35%$91 nerated Bat it gvpuld relat Ezt%géggg fng
] h I t It d hi gh
‘[?‘F?%ngggé?ﬂné?cgb§3é€§g¥§$é€%%£?%g;icgf?onlprggzgs ?eqﬁirgg.

nou
pra
Furgher, a rare earth nagnet especially a rare earth-iron-boron type magnet

basi |y oxidi zed, and
cher when an anisotropic magnet is moulded and if the thickness is

a moulding with a substantially isotropy can only be obtained
cause 0f an effect of a skin layer (a sgsection where the sratio of the

;fsin is high) of the magnet surface.

flriner a big moulding machine is required to mould a magnet having a

;fn:ge area, and it is digadvantageous from a moulding cost,

Jéhls invention, therefore, is to solve the ahove-discussed problems, and
g s objective is to provide a resin bound type magnet with a high magnes
ﬂ»erformance, especially a long sized e¢ylindrical resin bound type magnet
paving a radiated anistropy, and to provide a production process of the

net with a good productivity. T

§ firther the objective ig to provide a production process of a magnet with

! simple cutting method without a crack, a breakage and a deformation.

furthermore this invention aims to provide a production process with

Simplifying the production process and with reducing a cost, by improving

3 magnet performance of a magnet moulded by meana of establishing a

- 14 -
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-flas a_probl em of a formation of a rust during its service. An., .
i§0 solve the problem a coating nethod of a resin on the magpets. 5zo;
I, a nmetal plating and a coating of a ceramic or a resin on the =~

..

magnef§c powder were investigated in the past. However foll ow ng
5 are enunerated in the aforenenti oned conventional rust resistance
ogg of a magnet. The former nethod in which a resin is coated
Mrd oot DASWREBd ad gegnedii chpoedar ehdeax thickme®d M dtheomagnetie and by
;jxc powder during the moulding. In other words, when an injection ~
’!m;ngraawagnet by an extrusion with superior oxidation resistance and

i,her reasistance.

$te carth magnet.

I EXPLANATION OF FIGURES

b )

"gure 1 18 a sketch of an extrusion moulding machine used in Example cf

.8 invention.

igure 2 1s a sketch of a die structure for an extrusion moulding in a
agnetic field of a cylindrical resin bound type magnet used in Example

¢ this invention.

_xAVis invention.

figure 4 18 a sKetch of a pulse magnetization unit used in Example of

his invention.

figure 5 ig a graph showing a relation between a magnetic field for the
Poulding and a residual magnetic flux density of the moulded article for
tases with and without a magnetization of a magnetic powder prior to the

Moulding.

j¥7:gure 3 ig a gketch of an extrusion moulding machine used in Example of .

- 1s . This Sheet Has Been Replace
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: extrusion noulding is performed, the nmagnetic powder is exposed uhder

4
.a h%sh t enper at ur e durlng kneadi ng of the magnetic powder and t3ie“resin
or npulding, and the magnetic powder can be oxidized at this st age

per fprmance. Moreover if a slight pin hole is present in a coating film

aftef the nouldin there is a problemthat the magnet inside It is

oxi Abmeed § r b8t sketch. of oan @be.sat;@whgre héot pnotﬁ@wsitqre naui@ingethod

in ghich a netal plating or coating with a ceramc, resin, etc on the
i,u&ﬁiQﬂﬁ&ﬁ%drﬂﬁlﬁx&hiﬂnﬂﬂ@&@ @63§§Iﬁésﬁﬁeb§ﬂ6ﬂeﬁﬁﬁﬁlEﬁéﬂeﬁrﬁﬁﬁénén

B er the latter nethod still has a problem The average particle size of
) ©5J InVentIRferal ten mcrons, (if a filmis coated on it, its
ness has to be 1 mcron or less, and therefore there is a probl em

the filmcoated has to be extrenely tough and strongly adhesive or it

3 9. £Syahld SR ragy OQHSMRQ R ACEESc /Wt bBcWeERY a t BRghleleTCOR £
{ gnetizat1on before the moulding and a resudial magnetic f£lux dengit& of

B8 moulded article.

?tgure 8 is a sketch of an axtrusion moulding machine used in Example of

24

#:s invention.

sure 9 is a sketch of a die structure for an extrusion moulding in a

gnetic field of a c¢ylindrical resin bound type maghet used in Example

¢ <his invention.

‘jure 10 is a sketch of an extrusion moulding machine used in Example 16

-2 17 of this invention.

Ti3ure 12 1g¢ a sketch of a pragg unit for moulding of'a thin plate gtate

8Jnet used in Example 17 of thisg invention.

"“8 invention ig a resin bound type magnet and its production process as

“48cribed below,

- 1 6 -
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Kyr__i n.—-t-he bast -a.thin pI ate state resin bound type magnet was mai.nly
prodljed by a cal endar nmoul di ng method, an extrusion nmoul di ng netdrod. ané-
an ingection moul di ng method. For each nmoul di ng nethod, a m Xt U_r’e""

he cal endar noul di ng net hod, the aforedescri bed nagnet raw material is

akn athin plate state by roI ling with hot rollers. However the

2 i 0 i RAnd oﬁyne}mmnﬁemmdﬁémq i) mgr@ttécsmv@%éml mmw&d@

g% has Dbelow|isted problens. In case of the cahp m)ul drng
In ¥ROFELR, ob’Fc 1r$oul“€\ééld9¢t a8 eacéri-"tﬁrhey Bedybtidl ndd lcal

ear n&?ﬁh% sed since it is not possible to charge a rragnetlc
fiel ing, and thus a magnet perfornmance of the nagn

s B er because of a heating capacility of the rollers, it

IS | poss&)?e to us a resin havi ng a very high nelting point as a

bi i blhgelcalahBhs! 186¢ Thel NagmilldiCheldd (&) | andNtRE! Sbngen (L)

Fu more It requires a certain Iex L1 ylnt e noul ded artic or

Fd'ﬂé&neﬁﬁ‘d ARET QROT L1 80 has ATOHEMISfed HRUBEBLTODROVEIE' the Aiad¥ter
¥ ial can not be considerably large resulting a | ow magnet :

A compogition of a resin bound type magnet of the aforementioned

rention comprises a magnetic powder, an organic resin and an additive.

» A production process of a resin bound type magnet whersin a raw
aterial for the moulding comprising a magnetic powder and an owganic
¢sin 1s moulded by an extrusion by passing through a die in which a
gpianetic field is charged while it ig being cured, is formed % a single
iy in a cylindrical form satisfying a relation %
2oL / 4% 3 1 | &

}'l tnong the outer diameter (D), the inner diameter (d) and the length (L)
¢ the I FIAEETzE2 magnet and it also has a radiated anisotropy in
--¢ diameter direction.

5 A composii:ion of a resin bound type magnet in the production process

3! the aforamentioned invention comprises a magnetic powder, an organic

“e6in and an additive.

5 A production procegs of a ragin bound type magnet by an extrusion

Mulding of a moulding raw material comprising a magnetic powder and an

- 17 -
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.1

perfo€V=nce-of t he noul ded- -article. (2) I'n case of a noulding of a t:hin
pl ate §tate magnet by an extrusion moul di ng nethod. an unevenness Z&Fpfiil]
the nopl ded article is likely to happen due to a difference of the

extrusfon rate between a central point and an outer point of the outlet

die. Accordingly in order to produce an even nDuIded article, a

Al by A Rl 52 AT A PR s
1% o] WA VA Y 00

of thel

conpl i
becorgg

smal

magngsi &) dat® a 0 hoh. .
oo A1) S e RO B MRS S bl Mitehecson,
det glectromédhetcCaee 10fims Al lled Nék Ohn achiBeR RAticurtAaiichdBISEt th
an | ectlon moul ded, it is difficult to nould one havi ng a thickness

rpcas sxid tideq ganeiat inuldfedn pnora noyldndgibglanform by
|C|ent packi ng of thHe nmoulding raw material into the cavity of
hegiinfg themegnekhesEipddt Hinn, the ntke t hy thel dlestromagneftieréall haand
luidity contalnnlng a |l arge anmount of a nmagnetic powder.

r nowmbded n axvisder cﬁiﬁ%rﬁﬁgfgetsl sanaanesd zedd 2t the tfronhesnd of hithe

dlng with a
drels

n
3
G

R
&3

A Composition of the magnet of the aforementioned invention comprises
o ﬂ

aagnetic powder, an organic resin and an additive.

1" A production process of a resin bound type magnet by an extrusion
sulding of a moulding raw material comprising a magnetic powder and an
;H;:;muc resin wherein ég‘electromagnetic coil is installed at an outer
fﬁgzucumference of a-Qi 7 1t is moulded In a cylindrical form by charging a
Bl :scnecic £ield in the die, an electromagnetic coil with an air-core is
A .30 installed in front of the aforementicned electromagnetic coil to
,;¢-aerate a magnetic £ield for demagnetization in the said electromagnetic

!'_‘
[} -l  and the moulded article extruded is demagnetized. -

? 8) A composition of the magnet of the aforamentioned invention comprises
! Jagnetic powder, an organic resin and an additive.
9 A Production process of a resin bound type magnet which 1is

"vAStituted by orientating a magnetic powder in a molten mixture of a

e
Shetic powder and a resin in a section where a magnetic field is

- 1g - e
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(a sectlon where the ratio of the resin is high) of the ﬁﬁgner_.
hce. Further a big noulding machine is required to moul d a

't having a large area, and it is di sadvant ageous from a noul di ng
This invention, therefore, is to solve the above-di scussed

and its objectlve Is to ££OVIde a resin bound type magnet with a

m‘gf?ae? e f gFﬁﬁﬁceembspéc idal 4 meNddéngediteybnndy-i e¥l irdEigabofisgm,

i Pnet havi ng a radi at ed anlstropy, and to provide a production
pr difesd

prd ¥iihel haffhen ﬂppﬂléggm Wiing tit wherddn (wasn hae oppgnetyve®
:Msut&gglcgge LR %ﬁro eﬁ%&%rﬁ&?‘?ﬁéi%t 3 FadRRE, ibhi 87 neaced <

i Nt i on ai s to prOV|de a ction process with sinplifying the
A8tion process and with reducing a cost, by inproving a nagnet
ormance of a magnet noul ded by neans of establishing a relation between

ﬁ gnetic powder and a thickness of the magnet, and by moul ding a magnet
§4°) OAl T prodlewibh SPPBERRE Of dal | @Rg1eSi 8haRGe fPfeVORddedt I Gt Ca

-position of the molten mixture of the aforementioned invention

“@k:orises a magnetic powder, an 6rqanic resin and an additive,

4.) A production process of a resin bound type magnat of the
crementioned (9) or (10) wherein the resin bound type mwmagnet is an
sctropic magnet moulded by an axtrusion in a cylindrical form without an

)r.entation,

-Au.z: A production process of moulding & resin bound type magnet ir a
s.indrical form by, an injection moulding or an extrusion moulding of a
disnetic powder and a thermosetting resin wherein in order to cure the
f ¥i.ten mixture of Qémagnetic powder and L resin by heating, it is cured
' heating with fixing the outer circumference of the cylindrical magnet

3 Jig and the inner circumference by an elastic material expanded by a

Y

$3]

A production process of a resin bound type magnet wherein a
“*aposition of the molten mixture of the aforementiohed invention

TSPriges a magnetic powdex, an organic regin and an additive.

- 19 This Sheet Has Been Replaced
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fger thrs |nvent|on-a|ns to provide a production process with a good

Nor ey

prodﬁit|V|ty for a high performance thin plate state resin bound type faf-e

eart;.nagnet Figure 1 is a sketch of an extrusion’ nDuIdlﬁg
ipe used in Exanple of this invention.

A production process of -a resin hound type magnet of the

s

jéementioned (12) or (13) wherein the aforementioned elastic material

A production process of a resin bound type magnet comprising a
the - ]
Rfctic powder and an organic resin wherein a mixture of & rare earth

ﬁﬁ_etic powder pramagnetized in a magnetic field which is stronger than

Bloercive force of the magnetic powder and m organic resin is kneaded,

the kneaded mixture is moulded by an extrusgion in a magnetic field.

20

S

6) A production procegs of a resin bound type rare earth magnet wherein

e R

composition of the magnet of the aforementioned invention comprises'a-

.

agnetic powder, an organic resin and an additive.

&
¥

27} A production process of a resifn bound type magnet by an extrus:cno

e o . eameme e e s s e

rculding with a die in a magnetic fieWof a moulding raw ma\.ex,.a_.

e’

PR . ]

WR— i

mpriSLng a magnetic powder and an organic resin)wherein it is mouldec

. - v adem
s ¢ ma oy . =T

ty an application of a slight vibration to the die at the moulding.

1:8) A preoduction process of a resin bound type rare ear;h magnet wherein
I 3 composition of the magnet of the aforementioned invention comprises a

lagnetic powder, an organic resin and an additive.

(19) A resin bound type magnet comprising a magnetic powder and a resin
Wherein an average particle size r of the aforementioned magnetic powder

satigfies

r ¢ 0.1t (t ¢ lmm) &

- 20 -
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O . A g

"2 is. a-sketch.of..a.die structure for an extrusion noulding in-a-- :
cgc field of a cylindrical resin bound type magnet used in Ex:aaa‘s}eg:of
_ventlon Figure 3 is a sketch of an extrusion noul di ng machi ne’
i Exanple of this invention. Figure 4 is a sketch of a pulse
magnet g zation unit used in Exanple of this invention. Figure 5is a
ihovm rel ati on_bet ween rragnetlc field for the nou n

b ot XRess uk QEnthe, MO A9 HHORA Gt OF (97| N HETERBRAS. TREIR dhpnd
netization of a ma netlc%owder prior t the m)ul di ng.

@a%e‘g %?'&?’é*ﬁ%ﬁigat}a?es% d Raqher ¥ o Parfie % ¥ng in8

e of thls |nvent|on Figure 7 is a graph showing a relation

ZAtd q}rbdg)ﬁ{ B #‘ler,ﬁé” Qézyf%u@é@%@ magnet

g& an e&bbaﬁu%oﬁo%é' %émﬁhbﬁsw%ﬁi 't&eEXaEBJ:emehtlBhéd' W:‘z@fbn

|s a sketch of a d|e 'structure for an extrusi on noul |ng in a

A production process of a resin bound type magnet comprisging a
*_ metic powder and a resin wherein an average particle size r of the
ifrementioned magnetic powder satisfies . o
| rg0.1¢t(tg lmm
», th the thickness t of the moulded article of an anisotropic resin hound
7{, pe magnet comprising the said magnetic powder and the resin, and the
¥hgnet is produced by an extrusion moulding withh a die in a magnetic

4f:eld.

'22) A production process of a resin bound type rare earth magnet wherein
2 composition of the magnet of the aforementioned invention comprises a
agnetic¢c powder, an organic resin and an additive.

(23) A production process of a resin bound tybe magnet comprisging a
noulding of a mixture of a maghetic powder and an organic resin by an

injection moulding or an extrusion moulding wherein a compound is

Drepared by charging in a kneading machine after making & viscogity ffof
the mixture of the aforementioned magnetic powder and organic resin in a
dtate of

® < 8 [Kpoise] (shear rate = 10000 sec” )y &

P/ // -";’.‘EIITI-? . .
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10 i s a sketch of "an ‘extrusion nmoul di ng nachi ne used in Exanphe 16

and Fgof thi's i nvention. Figure 11 is a sketch of Exanple to ZEE dnd
to mgge a thin plate state of a cylindrical resin bound type nagnet nmoul ded
by aw{ xtrusion in Exanple 18. Figure 12 is a sketch of a press unit

~|on This invention is a resin bound type nmagnet and its
gt i an grapission dummeadsed ofel aw.resin.( Bound esﬁwebolnanf-‘#pewhﬂgﬁw a
'gSi ng a nagnetlc powder and an organic resin wherein it is nmoul ded

'd;gr.eonoaaf i Bha aadnedr i 81 ther mianenaniiianed r dnyepbhons comprhses a

i
aS -!,;
d[erf [err% annn%iphe out er ,di anet er g & t he i nner dianmeter (d) and
t he JPrests PPYVASE .+ AR REGASLC XAGLP: aBfs@nnaddltive agi ated anisotropy in
the*e aneter direction. (2) A conposition of a resin bound type nagnet of

%% or enent i oned i nvention conprises a magnetic
4k A production process of a resin bound type magnet in the inventions

che aforementioned (23) and (24) wherein the surface of the magnetic

f der 1s ccated with a metal plating or ceramics.

.|5) A production process of a thin plate state resin bound type rare
g4rth magnet wherein a moulding raw material comprising a maguetic powder
‘1d an organic reein is moulded by an extrusion in a cylindrical magnet
pasging it through a die, then one or plural points on the

iccumference of the said cylindrical magnet is/are cut in a direction

-y

harallel with the central axis of the moulded article and the moulded

article cut ls spread to make it in a thin plate stats.

127) A production process of a resin bound type maghet wherein a

compogition of the moulding raw material of the aforementioned invention

i L

jcomprises a magnetic powder, an organic resin and an additive.

128} A production process of a resin bound type magnet in the inventions
°f the aforementioned (26) and (27) wherein the outer diameter (D) of the

cylindrical magnet to be moulded by an extrusion and the inner diameter
{d) satisfy a relation of

0.75 ¢d / D < 1. -

i



powder In organic resin and an additi ve. (3) A production process of a

.resin Bggnd type magnet wherein a raw material for the noul ding Toi-
conpri $ighg a magnetic powder and an organic resin is noul ded by an 2iE3: 231
extrusi @n by passing through a die in which a magnetic field is charged

while i g is being cured, is fornmed to a single body in a cylindrical form
satisfygng a rel ation of 2DL / d[err] [err] 1 anong the outer

dlane-i nner__di aneter_(d) t he Ien L) of, t net and
PR / PRI TR g T R e Tl 30T ?rs@épo%wq*ﬁ%sme fare

X f b t th d t
af onogifoagnet, RYRTeL °”£‘m¢%§g§ RO habArt 35 BhBPL L1 RG, B, RRERRcEE, bifger
é-‘.;?‘-{ LY Gor egﬁ %Biﬂd&%“ U e naafﬁié“wm%déyd?fgx{@@f@tfwl&“is
3 oﬁ’ I ng of a noul di ng raw — neterral conprising a nagnetic
1 B %B ABUAR @ EGAiiRdMIREe! RadndkChililg! W 8ali®at@@ULAIBELYSPY in the

leter direction by an extrusion, then one or plural points on the

f;allel with the central axis of the moulded article and the moulded

.icle cut 18 spread to make it in a thin plate state.

. F 4
'40) Further a production process of a resin bound type magﬁet wherein a

~raposition of the moulding raw material o¢f the invention of the
‘crementioned (29) comprised a magnetic powder, an organic resin and an

Aditive,

.

.31} A production process of a resin bound type magnet in the inventions
sf the aforementioned (29) and (30) wherein the outer diameter (D) of the

tylindrical magnet to be moulded by an extrusion and the inner diameter

.,...m.«.”m( S,

(d} satigfy a relation 051.

0.85 5, d / D < @, S

(32) -~ (41) are those in which the magnetic powder, the organic resin and

the additivef are limited for this invention.

As for a magnetic powder which can be applied in.this invention, a
ferrite family magnetic powder and a so-called rare earth magnetic powder
Such as a magnetic powdar composing of a rare earth metal and transition

metals mainly constituting cobalt and iron ag a basic composition, or a

T3 is Sheet Has Been Replaced
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gted that a front end of "a"mandrel section is projected in front of
of a outer die, '@~ magnetic circuit is fornmed between the said- :

mandrgf section, the outer die and an el ectromagnetic coil i nst aREEY at::
an outgr circunference of the said die, it is noulded in a cylindrical form
by clhaggi ng a magnetic field in the die by the electromagnetic coil, and

| ded article extruded is denmagneti zed at the front end of the

R ... pONdér CoBRpSELhe o £f a t PEreadiieth Qletidle, af et droneslcda Yy aid 19y
b¥' "a magneti ¢ powder, an organic resin and an additiwve. = (7) A
1.Q0tRAGCEBEN0ANA BE&ESR HOUAhAYNE BRI L IO etd rarse canumsi sbed. of
fi'"ng raw nmaterial conprising a magnetic powder and an organic resin
n an el ectromagnetic coil is installed at an outer circunference of
by it, it is moulded in a cylindrical formby charging a nmagnetic

ol ant AEGANAC Hesbhewbiohugdethe apRlisd tin Fhis rirvertianalsh can be
led in front of the aforenentioned el ectromagnetic coi| to generate

eti @ PNATMORasfdfghRstBalfro® | PheFROSer iRy cE8FdAngfAld ca8oitPr the
e ul ded article exfruded i s demagneti zed. (8 conposition o

gﬁgfaﬁggi’her&ﬁgpeneréq%neﬁx?m $ti of cé’ﬁﬁq% a;HﬁABnetaisc p%?\lﬁé?‘f‘{%ﬁ'
Fpypropylene, polycarbonate, polyphenylenesulphide (PP8), etc, an

%listomer such as chlorinated polyethlene, ethylene vinylacetate
colymer (EVA), etc and synthetic rubber are enumerated.

g
t for the thermosetting resin, for example, ethylene family unsaturated

“klyester resin, epoxy resin, etc are enumeratad.

fiurther as for the additive, a 1lubricant to reduce an extrusion
resistance at the moulding such as a metal socap (zinc¢ stearate, calcium

stearate), wax, etc can Dbe used, and as for the aforementioned

slosglinkable thermosetting resin, an additive such as peroxides which

iccelerates the clogslinking reaction can alsc bhe used.

ne magnetic powder is sufficiently mixed with the organic resin and the
additive Lf it is necessary. Then the mixture is sufficieétlf Kneaded in
a kneading machine with heating above é temperature at whic£~the organic
regin is molten, and it is granulated. The magnetic composition
granulated is charged in an extrusion machine, it is ﬁeated in a cylinder
Lo make it in a fluidized state and ig gent into a die by a screw or a
Plunger. The magnetic compogition injected in the die is moulded by

uniforming {(orientating) an axis of easy magnetization of the magnetic

T2 This Sheet Has Been Replaced
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P resin and anr-additive. - .

or 3
6 £ (9) A production process of a resin bound type nmagnet whi Ch'-l—- P
congtgtuted by orientating a magnetic powder in a nolten mixture “of
magrieli ¢ powder and a resin in a section where a magnetic field is

. in the-raw material to a directien-of.a magnetic.field by passing

-:;h a die in which a magnetic field is charged. The magnetic
.gition ig golidified with cooling while it is in the magnetic £ield
if.4 in the die, and it is extruded. The moulded article is then cut

a suitable length. Whe# a closalinkabls organic resin ig used as a
Hfer, after a demagnetization of the moulded article cut, a
f@ slinking of the organic resin ig achieved by heating or an
diation (r ray, electron beam, etc). A resin bound type magnet is
;45 produced.

7

.fther the moulded article extruded from the die is demagnetized by
“prging a magnetic fileld of a reverse direction to the magnetic field
‘arged in the die at the moulding at a front end of the mandrel. The

rength of the magnétic fleld is adjusted by a distance between the

fey
TS

gpndrel and a yoke of the slectromagnetic coil. The moulded article
txcruded from the die is also demagnetized by charging a magnetic field

tr an attenuation by passing it through an electromagnetic coil for the

.

emagnetization. A cylindrical resin bound magnet is thus produced,

f'..cher thig invention is useful to facilitate an ofientation of a
“agnetic powder, to improve the magnetic propefty and to reduce an
j¥trusion resistance at the moulding, and is algo beneficial to increase
“i¢ moulding rate by an application of a ultrasonic osillator or a

“8chanical vibration such ag a vibrator, etc.

According to this invention, by defining an average particle size of a

Jagnetic powder with a thickness of an anisotropic resin bound type

e T e
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at a front end of a die, moulding it in a cyllndrlcal form -,
yi ng it with coollng and extrudi ng It wherein when the n&gnei,ns

sol i &

cut, ithhe resin is cut by nmelting by contacting the magnet with a heat ed”
mﬁre% (10) A production process of a resin bound type magnet wherein a
conp§~it|on of the nolten m xture of the aforenentioned invention

conpg@ses a nagnetic powder, an organic resin and an additive. (11) A

prodiifti eouddede surtdfcle r esidn tieunagngte imagoatl ded tthe &1 oextews i ahedl ¢ 9;8
or (£¥) wherein the resin bound type magnet is an isotropi’c nagnet

noul @1y &9 extauis org i rehdrcy|thidiinags f anhagtdaRic aMagnat e EihAt 2
(12

gt* productlon process of nou g a resin bound t n
abeACaCdOR b Angh SUREder aangoaeafﬁamencanmmgﬁsiBngﬁﬁa @Pn@OB%d

i c powder and a thernnsettlng resin wherein in order to cure the

gD|& n mxture of the nagnetic powder anﬁfthe resip by heafing it is cured
by $eG aRSCPRSPHnerOs: PaEr SR AR an T oraey | efB8eEY (UL BRRYERENCE
ga

iﬁ%)m@ LW Lo %«Pr 90 or b Ui FbdP B¥ Ay&&m@tpméf'an& to
_ I 0 AT mxture ofe
hirove an oxidation resistance of the magnet moulded by kneading a
leure of the magnetic powder and a resin after heating it to make a
L kcosity of the mixture at 300 Xpoisa or lesg prior to the kneading to
vkort the molten state resin on the surface of the magnetic powder

ssulting a relief of a mechanical stress.

e

ext, in order to make a thin plate state magnet, one or plural points on
$pre circumference of the moulded article in a cylindrical form is cut in
%fparallel with the central axis of the moulded article. Then the
ififorementioned moulded article cut 1g made in a thin plate state Dby

:f ising, £for example, 2 rollers, etc. The moulded article is then

solidified with cooling, and is cut into a suitable length.

} ther ag an alternative method, after t‘:utting a cyl:f.n@ric'aJ. moulded
article extruded into a suitable length, one or plural points on the
circumference 6f the moulded article is cut in parallel with the central
aXis of the moulded article. The moulded article cut is heated and it is

spread when a viscosity of the moulding article drops to make a thin

Plate gtate.
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enmentioned invention conpri'ses a magneti c powder, an organic.resin
ddi tive. (14) "A"production process of a resin bound type.zagRet-

; orenentioned (12)or (13) wherein the aforenentioned el d§ti'c "
natef /Bl is a silicone rubber. (15) A production process of a resin bound
fgnet conprising a nmagnetic powder and an organic resin wherein a

p of the rare earth magnetic powder prenagnetized in a magnetic field

S _.;BbEONG8EvENANs A FAMEE Ve f Ofdl Of {hRRnaenct i1 Pevgeriand the a
225651 n i s kneaded, and the kneaded m xt'ure i s noul ded by an =

O dnRla WRGNRL,C fhel dhich(1flufapr oflughbes PapeesstotkadyesEpolnouad

re€ earth nagnet wherein a conposition of the nagnet of the
{;Mton@f i rventé nineinidniry ses Murtdgnetdme pbyleran anapphbeatiorsi afand

wrilve. (17) A production process of a resin bound type magnet by an

3, Giiomopirdicegsobfatidgl dhvgneaen, material conprising a magnetic

¢¥ and an organic resin with a die in a magnetic field wherein it is

ed by an application of a slight vibration to the die at the noul ding.

& JA production process of a resin bound t rare, earth_magnet erein a
o (axaireeans’ magiar, BOwH (e, MAGH THecH | By &ht PORPEGBEFEaEngnce
T pRodteea M1eh LPhign §2o8u2BvEBy 3l h¥®aconomie cast.

. since no excess force'or vibration is charged in the magnet at a

“feing step by cutting an extruded resin bound type magnet with a wire

Jated by an electric resistance, it is possible to cut an uncured magnet

{ch 18 very brittle and a thin thickness magnet without a crack and a

~jreakage.

‘f3) A large amount of & thermosetting treatment can Dbe cperated with a
l.ow cost, the operation becomes easy, and further a dimension accuracy of

1 cylindrical resin bound type magnet can be improved.

i) Tt hag a significant effect for moulding a cylindrical magnet having
a radiated anisotropy in a diameter direction though it'iq d;fficult to

get a strong magnetic field at the moulding.

(5) Tt can be widly used for a magnetic sensor, an encpder, an acutuator,

a linear actuator which requires a miniturization, a precision and a high

performance.
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f esin bound type nagnet conprising a magnetic powder and a resi:n.

3 an-average particle size r of the aforenentioned magnetix=powder
ailc S r [err] 0.1t (t [err] 1 mm) with the thickness t*of the

: article of an anisotropic resin bound type nagnet conprising the’
hgnetic powder and the resin. (20) Further a resin bound type rare
ear t agnet wherein a conposition of the nagnet of the aforenentioned

i B on coarding t rtingsse tliny epwder bYadEM.géngcthesaneahdeapaawctwel-ze
“production process of a resin bound type nmagnet conprising a

L2 peﬁﬂ%?iﬁnEOHdﬁ§SMY\Mhﬁeﬁhﬂ@#ﬂ@%@rﬁ@etp&rmnﬂ&9trqaéq r8simebound

nt|o ?Se owder tisfies err] 1t (t y[er ] 1. mm
ﬂagne mou e ar icle an by mouldin the magnet b axtrusion,

. poseible to mould a thin thickness aniesotropic magnet without a
jabrication, and it is alsc possible to mould a magnet with a high

_grmance .

-qermore accoxding to this invention by Kkneading a mixture of a

-etic powder and a resin after heating it to make its vigcogity at 300

.se Or 1less prior to the kneading, the resin in a moltén state is
‘:orbed on the surface of the magnetic powder, and thus it has effects
prevent the coated film on the surface of the magnetic powder by
leving a mechanical stress and to improve an oxidation registance of

2 magnet moulded,

- BiAMPLE

is invention is explained in details in accordance with examples shown

slow,
ixample 1

aW materials were molten to make a composition as Sm (Co 0.672 Cu 0.08

A a '

‘€ 0,22 zr 0.028) 8.35, after cigeting, an ingot produced wasg magnetically &
‘ured by a heat treatment, and then a magnetic powder of its average

Jarticle size 10um was prepared by crushing the said ingot.

This Shee
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:?f thi ckness t .of the.moulded article of an anlsotroplc resin bound
tafriet conprising the said magnetic powder and the resin, and the’ L.t

magnet’ ¥s produced by an extrusion noulding with a die in a nagnet|0'f|e1d
(22) A production process of a resin bound type rare earth nmagnet wherein a
conposifion of the magnet of the aforenmentioned invention conprises a

nagnejlc powder, an organic resin and an additive. (23) A production
procegy ,mna&h@@wmnmuwe Tragrasdesorand s img a6 eur @t egpowdar nigrar aiakd
jdti c powder and an organic resin by an injéction nmoul'di ng or an -
BRace PoFANY0g AkhSReMt%a dofpbtitdand fr éputadrayp@ﬁﬁﬁgﬁég -in a kneading
f after making a viscosity [err] of the mxture of the aforenentioned
ji c powder and organic resin in a state of [err] [err] 8 [kpoise]

(RE3, KaR Roa el Y iy BRRELEEon kibrRi e RishuRY, BE pERR .

xneaded material was granulated to make granules of an outer diameter
- 10mm, they were used as a raw material compound 111, and a

Findrical magnet was produced by an extrusgion machine.

)

moulding method is explained in accordance with Figure 1. The
ulding machine congiste of a hopper ie a raw material charging secticn
‘1, a cylinder 102, a screw 103, an adapter plate 104 to aquip a die at
” e cylinder 102, a die 105 and a driving motor ofmthe gerew (which s
"ot shown in Figure), and further an electromagnetic <¢oil 109 to charge 2

2 fragnetic field in the die is positioned at the outside of the die 105,

A yoke 110 comprising a magnetic material is installed around the

electromagnetic coil 109.

...@ aforementioned granulated raw materizl compound was charged in the

eXtrusion machine.

The raw material compound 111 was heated at 260°C in the cylinder 102 to
make it in a fluilized state, and it was passed through the die 105. The

die structure is shown in Figure 2.

—— .
—
B S
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af orenerggFoned invention conprises a magnetic powder. an organic resin.and
~an addlﬁi.e ’ (25) A'prooduction process of a resin bound type negghets: i h
the invenfions of the aforementioned (23) and (24) wherein the-surface
of the rfggnetic powder is coated with a netal plating or ceramcs. (26)
A productfi on process of a thin plate state resin bound type rare earth
magnet w@erein a noul di ng raw materi al conprising a nmagnetic powder and

fhic iseSonatl tutiedidy byn apubsT rdseondinand .a mandrel 202. Although
%'{er die is made of a non-magnetic material, a ring shaped outer die
fi:ﬁ magnetic material 201a to induce a ﬁagnetic flux is installed at
‘ gnt.end. The mandrel 201 is also made of a non~magnetic material,

b.rther & mandrel section magnetic material 202a is installed at its

end.

a current is passed through the electromagnetic coil 109 installed
ide of the die, the magnetic flux generated £lows alongside of a
etic £lux flow H shown in Figure by an arrow since it tends to pass
sugh & magnetic material with a high magnetic permeability.
szdingly a radiated shape magnetic £ield ig generated in a space
;reinafter called as an orientation section) between the front end 2C2a
che mandrel 202 and the ring shaped outer die 20la of a magnet:ic
‘prerial installed in the outer die 201, Therefore when a magnetic
zposltion passes through the orientation section, it isg moulded with a

ogress of the orientation of the magnetic powder.
daf: this Example, the magnetic £ield f£for moulding was 15 KOe, the
*“perature of the die at the moulding was 250°C and "the cooling was

serformed by a forced air cooling at the outlet section of the die.

Accordingly, an orientated raw material compound was moulded by an

[ extrusion with a solidification with cooling at the outlet of the die.
The gize of the moulded article wasg the outer diameter 32mm, the inner

diameter 30mm, and the length was cut into 22mm. The magnetic property

0f the moulded article produced was

- 30 - This Sheet Has Been Rep
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cylindri magnet by passing it through a die, then one or plural points .
on the cgE@unference of the said cylindrical nagnet is/are cut i:R.473.%.
directh ‘Farallel with the central axis of the noulded article and®he -°<-
moul ded FgFicle cut is spread to nmake it in a thin plate state. (27) A
&1l process of a resin bound type nagnet wherein a conposition of

g raw mat eri al of the aforenentioned invention conprises a
pwdgk-=ah.8r §@nandresi n and an additive. (28) A production _
a resin bound type magnet in the inventions of the- =
oneq@ed26hagnd 7.3 ¥QF@. wherein the outer dianeter (D) of the
magnet to be noul ded by an extrusion and the I nner dianeter
y a rel ation of 0.75 [err] d/D < 1. (29) A production

| | ate state resin bou pe rare earth net wherein
netF o R BEPRCEAerS, Af s T Tt t8natalco mehiry rand na
, throu

b ~LOUS ogeratgon @Q for 500 hours Test 1 was carried out,

o

i8.- a comparative example for Test 2, the raw material having the same
] cition was moulded by an’ injection in a magnetic field and a
dricel magnet of the outer diameter 32.5mm, the inner diameter 30mm
the length &mm was moulded. ' The magnetic property of, the moulded
:cle produced was

Br = 5.7 KG and

(BH) max = 7.0 MGOe.

olaces of the magnet were sticked by an epoxy type adhesive, and then
she outer diameter and the length were made at 32mm and 22mm by a cutting

fzaprication.

e magnets were assembled in 25 units of DC motor and the 500 hour
sntinuocus operation was carried out ag same as Test 1. The test results

were ghown in Table 1.

Table 1
bDC Motor Tested DC Motor Exhibited
a Deteriorated Property
funits) {unitgl

- 31 -
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magnegsc’
ani satf op

L.eld is charged.to nmould a cylindrical magnet having a radtaied
in the dianmeter direction by an extrusion, then onexgg. ;:i:-

plural points on the circunference of the said cylindrical nmagnet
is/are cut in a direction parallel with the central axis of the noul ded

article and the noul ded article cut is spread to nake it in a thin

pl ate state. (30) Further a production process of a resin bound type
magnet whei&Wi&)conpositi on &5 the moul ding -- . raw naferial of - the

i nvention of the aforementioned (29) conprised a nmagnetic powder. an

organi c r &OMP3LALIYE an additi ve. (31) A production process of a resin
bound typ%xrgﬁgﬁeet) in the inver}tsi ons of the aforenentioned (29) and (30)
wherein thé oufer dianeter (Df“of the cylindrical magnef to be noul.ded by

an extrusion and the i nner dianeter (d) satisfy a relation of 0. 85
[err] d/D < 1.

, Table 1, those of wh.ich the motor showed a deteriorated property
.ase€8¢ that the rotation of the motor stopped or the torque was
A due to an insufficisent magnetic £lux available by a delamination

; adhesive area of the magnets gticked.

mently by an application of the magnet of this ig;gention, a
;ility of the motor can be improved.

aterials to make a composition N:%f3 Fe/ag.‘, %‘; were molten, were<—
d and a quenched ribbon was prepared in an argen atmosphere by usingc¢—
mching and a ribbon rolling machine from the ingot obtained. The
‘hed ribbon was coarsely crushed, was charged in a mould and a high
wwature press moulding was performed by applying a pressure of 20
n2 for a short time at 700 - 800°C in an argon atmosphere. A density

le consolidated article was almost 100%.

congolidated article was again processed with a high temperature

ig moulding in a vertical direction to the first pressing direction

2

.1 a pressgure of 10 Kg/mm™ at 700 - 800°C in an argon atmosaphere.

nely it was treated with a die upset)

- 39 - e
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32)1- (41) are those in whichthe magnetic powder, the organic resi-n.and
,the additive are limted for this i nventi on. As for a nagnet|0u,
powder which can be applied in this invention, a ferrite fam |y négnetic’
powdér and a so-called rare earth magneti c powder such as a nagnetic powder
conposing of a rare earth netal and transition netals mainly constituting
cobalt and iron as a basic conposition, or a magnetic powder conposing of a

rare ,Qakt magred , obtalpell Opadeicauzhedl Nty GaRe i bulndghdtim pBwdRer OHE aam
basi ¢ composi- tion, etc are enumerated. As for an organic resin which

can hezgpdreridle télfelcmlqnmpn it can be either a thernopl astic resin or
a thernosetting resin, and as for the thernoplastic resin, for exanple, a

pl astic such as polyan1de pol ypr opyl ene, pol ycarbonat e,
pol yphenyl enesul phide (PPS). etc, an el astonmer such as chlorinated pol yet h-

| ene; maxdRAtdfe Rﬂmramsawamﬂomiweua FReAyEv @%’ﬂ@r‘sm igd ngu pdaphenel ¢~
enuner at ed. for the thernosettin n, xa e, .ethyle
F AN FAPRUIRPR o Y I 3ms swesti g, LpviBtyr Ay L Ala L kepoLymer

Further as .for the ad tlve gbrlcant to redg&gtqn extru3|on resi st ance

at t 7 Wb HERATH L APvEer; and & 21112% $Swder”as°a

: ratio in the mixture was the magnetic powder 90.3 wt%, the resin
der 8.1 wt% and the additive 0.6 wt%.
4 at o’¢ 7o

: mixture was kneaded by a 2 roller type sz}(N’;he kneaded mixture was
inulated £to an outer diamter of 1 - 10mm granules to make a raw
serial compound and was moulded in a cylindrical magnet by an extrusion
chine as same asg Example 1, and it was cut and was filred after a

lagnetization.

2 size of the moulded article wag the outer diameter 22mm and the inner

ameter 21mm, and the magnetic field for the moulding was 14 KCe. The

gnetic property of the moulded article obtained was
5. Br = 6.6 KG and

(BH) max = 9.8 MGOe.

ngequently as for the production process of this invention a high
rformance magnet can be obtained even a closglinkable thermosetting

gin is used.

tample 3
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ey _ , B :
soap.(zinc stearate, calciumstearate), wax, etc can be used, and as for .
.the aforementioned ctossti-nkable thernopsetting resin, an additive syed as--
per oxi des which accel erates the closslinking reaction can also be @S&d. - -
The nmagnetic powder is sufficiently mxed with the organic resin and the
additive if it is necessary. Then the mxture is sufficiently kneaded in a
kneadi ng nmachine wth heating above a tenperature at which the organic

resin ,end®lé efowdds bf b8 HePM@lSakt i, PONLIE LOIMOFS | SFerddl 13y Sthe

i s*charged in an extrusion nmachine, it is heated in a cylinder to nake it

in.a flubdhpedisiehcanldpiscsitte i ¢ Eamp e by. @ screw or a plunger. The
magnet’l ¢ conposition injected in the die Is noul ded by uniform ng
(orientating) an axis of easy magneti zation of the nagnetic powder in the
raw material to a direction of a magnetic field by passing through a die in
whi ch :senefvet feré¢eeltci efchhigepowdae wagn8ét KOeconPddist iisn dedl led isdi fRaverer
with cooling while it is in the magnetic field formed in the die. and it is
extruded. The noulded article is then cut into a suitable

sther as for the other kind of powder, a magnetic powder of an average
ze of 20um was prepared by the same composition and procedure as@—
ample 2. A coercive force iH¢ of thig powdar was 12 KOe. This is

2

‘~lled as Powder B.

owder A, nylon 12 powder and zinc stearate powder were mixed to make a

3tlo of 92 wt%, 7.9 wt% and 0.1 wt% respectively.

rther Powder B was also mixed with the aforementicned regin powder and

he additive to make a ratio of 91 wt%, 8.8 wti and 0.2 wtd,

‘hese mixtures were Kkneaded by a 2 axesg extrusion XKneading machine at
.§250°C. The Kkneaded mixture wasg granulated to granules of an outer
 ameter of 1 - 10mm to make a raw material compound 111, and a
cylindrical magnet was moulded by a procedure exblained in Example 1 by

an extrusion moulding machine as shown in Figure 1.

The moulding method was the same method as Example 1 and the die

structure was algo the same to Figure 2 ag explained in Example 1.

R
e
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P e |
| engt.h. \Wen a cl osslinkable organic resin is used as a binder, after a
denmagnet i zatiron of ‘the ‘moul ded article cut, a closslinking of the—organlc
resi'n is achieved by heating or an i rradiation (r ray, electron béam ~"-
etc).” Aresin bound type magnet is thus produced. Further the noul ded
article extruded fromthe die is demagneti zed by charging a magnetic field
of a reverse direction to the magnetic field charged in the die at the

Tl Ol nGuBkerel E8Bee\h Ofnd NG1UBEPRAIdPEe o811 SN ped VUTBONE O the

fiélddis adj ust e mandre

el ect r QRIRRldre Qi'fxutbegmgi@l?éh aFfdvid e EXEKI0BE &4k O iﬁer%ﬁrbss%%@ it
demagneti zed by charging a
8 to pass through a magnetic wmaterial with a2 high magnetic

seability.

sequently a radiated magnetic field is generated in the orientaﬁion
«oion which is a space between a magnetic material 202a of the mandrel
: a magnetic material ring 20/5 ingtalled on the outer die. Therefore
gn a magnetilc composition is passing through the orientation section,
""15 being moulded with a progress of an orientation of the magnetic

gider.

sthermore & magnetic field with a reverse direction to the magnetic
.21d in the orientation section is generated in a space between _the
:ont end of the mandrel and the yoke 110 of the coll. Therefcre a
amagnetization of the moulded article can be achieved by making the
agnetic f£ield of this gpace at a suitable strength with an adjustment of
idistance between the mandrel and the yoke 110.
i
~e .
. this Example, the magnetic field for moulding was 14 KOe, the
‘emperature of the die at the moulding was 250°C and the c<ooling was

pplied by a forced air cooling to the outlet section of the die.

3y the above, the orientated raw material compound 111 was moulded by an
ixtrugion with a solidification with cooling at the outlet of the die. A

3trength of the demagnetization magnetic field was adjusted to almost the

his Sheet Has Been Replaced
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magnetic field for an attenuation by passing it through an el ectromagnetic
coll for “the demagnetization. A cylindrical resin bound magnet is thus
pr oduced. Further this invention is useful to facilitate an =&E. @3-
orientation of a magnetic powder, to inprove the nagnetic property-and to
reduce an extrusion resistance at the noulding, and is also beneficial to
increase the noulding rate by an application of a ultrasonic osillator or
a mechanj cal Vi ' S Sygn.Vi . S RFESE dis RY t B

i nventi -oén, €b§ é:tea;%ldliﬁigb agggc\"/%r égg ﬁgr?% l@% mg.ltggxg %fc ‘ap rragnet-zig .p%ﬁv)\e;de{rﬂbé\nltd ﬁéa
t hi ckne of an ani sotropic resin bound type nagnet noul ded article, and’
the maghet is moul ded by an extrusion, it is possible to nould a thin

t hi ckness ani sotropi c magnet w thout a postfabrication. and further a high
performance magnet is able to noul d. Further according to this

i nvent jjge, oift thas meiilldeds artiplevwas thdebaténadliametéralOmmt addf then annele
surface of a nmagnetic powder and to i nprove an oxidation resistance of the
magnetetesul 2mn by Enedtible a2, msurbace omagme tisgnfius gdenddtiesd for eciames
after heating it to make a viscosity of the m xture at 300 Kpoise or |ess
prior;to and kndadwhdcho theolemagnetimationiwie pPesfprdedvhanfrferccases

t he na%netic powder resulting a relief of a_nmechanical stress.
. 5 and 6 without the demagnetization and shown.

Ry 2.

st 3 Example A 20
i3t 4 EXample B 35
25t 5 Comparative

example A 150
2gt 6 Comparative

example B 220

l‘gﬁmple 4

A magnetic powder of an average particle size 10um and 1Hc 8 KOe was

prepared by the same composition and procedure as Example 1. This powder

1s called as Powder A,

As for the other Kind of powder, a maghetic powder of an average particle

gize 20um and a coercive force iHc 12 KOe was prepared by the same
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Next,-in order to nmake a thin-.plate state nmagnet. one or plural points on
the circunference of-the---noulded article in a cylindrical formis _cut:in

paral lLel with the central axis of the noulded article. Then the =&5° 27-.
aforerrenti oned noul ded article cut is made in a thin plate state by using,
for exanple, 2 rollers, etc. The noulded article is then solidified with
cooling, and is cut into a suitable |ength. Further as an alternative

thod, aft tt] li ndrj cal Id ticl truded 4
St Bt S1PBngA, FEREAGHAR wealEABIRS Zon (T %o Mokt (e thY raf ROYHE

article is cut in parallel with the central axis of the noulded article.
The noul ded article cut is heated and it is spread when a viscosity of the
nmoulding article drops to make a thin plate state. As descri bed
above, a magnet of this invention is superior to a conventional magnet, in

which plurgl sdBAREES 387 i | Séfder f ROWaR Wi witf ngloa! labigdwder and

[4

Furt h nmore by an application of a production process of this invention.
(1) A %é%@kwaboﬁsrn QPUREKE Y Re FERENSt ol 192 awtd gh Tneg et penéoroEncety
odu

can be pr ced with a high + productivity and an econom c cost. (2)
Since,p@io¥egss force or vibration is charged in the magnet at a cutting
step by cutting an extruded :
der B was also mixed with the atorementioned resin powder and additive
make a ratio of 91 wt%, 8.8 wt% and 0.2 wtd respectively.
250 mixture were Kkneaded by a 2 axes extrusion kneading machine at
ec. The kneaded mixture was granulated to granules of the outer

ameter 1 - 10mm to make a raw material compound, and a cylindrical

agnet was moulded by an extrusion moulding machine.
e moulding method is explained in accordance with Figure 3.

in extrusion moulding machine of TFigure 3 is composed of a similar
. noritution to an extrusion moulding machine of Figure 1, and an
zﬁctromagnetic coil 109 is positioned outgide a die to chagge.a magnetic
field in the die, but there is a difference le an electromﬁgnetic coil

for demagnetization ia installed in front of it.

The aforementioned granulated raw material compound 111 was charged in
the extrusion moulding machine. The raw material compound 111 was heated
at 260°C in the cylinder 102 to meke it in a fluidized state, and it was

pasged through the die 105. The die structure was the game as explained
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Do

resin-bound type maghet With a wire heated by an electric resistance, it is
possible to cut on uncufed magnet which is very brittle and a thin-: -

t hi ckness nmagnet without a crack and a breakage. (3) A large ansunt zdof. a
t hernosetting treatnent can be operated with a | ow cost, the operation
becones easy, and further a dinension accuracy of a cylindrical resin
bound type magnet can be i nproved. (4) It has a significant effect for

mul-di Dg“@léﬂ-?nckééﬂd@f\?é 1M Nhvertadn! ehemitie mgneti @ airpos irion
dirécti'on though it 1s difficult to get a strong nagnetic-field at the

moul di.{QQsed thPdugh €RE beiwhdhyiswededoion, mBgnesi mosddedr widh enquneygesn
acutuator, a linear actuator which requires a mniturization, a

preci sj, ofr hewmit at boyhopethiormaquatic pawdahars famy hFEXRIR 34 nvention by
defining the average particle size of the magnetic powder by the thickness

of. the anisotropic resin bound type nagnet noul ded article and by noul di ng

t he magnet by an extrusion, i

t is _possible to d a thin thickne

ani sothb i EXAPHE W% onRIRe oS ﬁéﬁﬂ-ﬁceﬁqq)n‘?"g‘n)gi?? &8, ‘bpigi g‘%@ ‘t che
T soneae it ithes L AE TRy 4T GBS, SR, Dl e
reat 09 b, i FBEat el SRV e URe RCR shOEROR 0¥ e Ble.  The
sentated raw material compound 111 was moulded by an extrusion by a

aidification with cooling at the outlet of the die.

‘@

- demagnetization was carried out by generating a magnetic field for
+e demagnetization by turning on an attenuated pulse current in the
sectromagnetic ceil 113. The strength of the magnetic field for the
ismagnetization was 30 KOe, and it was attenuated with 800m sec. The

sagnetic field was generated in the electromagnetic cocil 113 in every 15

sec, and the demagnetization was carried out continuously. The size 3
-he moulded article was the outer diameter 30mm and the inner diameter
! z9mm. Surface magnetic flux densities of the moulded articles for cases
iLin which the demagnetization wasg performed (Test 7 and 8) and for cases

.ithout the demagnetization (Test 9 and 10) are shown in Table 3.

Table 3

Powder = Surface Magnetic Flux Density (G)

Test 7 Example A 10
Test 8 Example B 15

Test 9 Comparative
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rspmy .
absorbed on the surface of-the magnetic powder, and thus it has effects to
.prevent the coated-fil-mon the surface of the magnetic powder by_ingﬁmrng
a nmechanical stress and to inprove an oxidation resistance of thée nagnef
noul ded. EXAVPLE This invention is explained in details in accordance
w th exanpl es shown below. Exanple 1

. example . A ) o } 150 . -

10 Comparative

exxample B '220

it is clear from Table, the surface magnetic £lux density which
sing  in the moulded article could be dropped at 6 - 7% Dby an
;iication of the process of this invention. Consequently the

4ability at the cutting step, etc was greatly improved.

‘tmpie S

magﬁetic Powder A or Powder B as the same compositions to Example 1 and
and Resin a (a thermosetting epoxy resin) or Resin b (a thermoplastic
isin ﬁglon 12) were weighed to make a desired volume ratio, were mixed &
:d a sheet sgtate compound was prepared by Xneading the mixture by
288ing it through a. gap of a twin roller mill repeatedly after charging

2 in the mill.

["he kneading temperature of the mixture was at $0°C when Resin a was used
. at 250°C when Resin b was used. R

Then the compound was crushed ihto particleg and wag moulded by an

extrusion by passing through a cylindrical die by charging it in a screw

lype extrusion moulding machine.

— e
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Raw material s were nolten to make a conposition as Sm (Co 0.672 Cu 0.08 Fe
0.22 Zr 0.028) 8.35... after casting, an ingot produced was nagnetically .
cured'by a heat treatnent, and then a nagnetic powder of its avet@ge -:]

particle size 10[err]mwas prepared by crushing the said ingot. ) The
magneti c powder, nylon 12 powder and zinc stearate powder were m xed to
make a ratio of 92 w% 7.9 wt%and 0.1 wm % respectively. The m xture
was kneaded by an 2 axes extrusion kneadi ng machi ne at 260 C. The

kileadeBE Akt SLPREXRINTIGr ofultitee 2t uselon grewidictg oracihinet wesdiafmtHI°A Sor
10mm  they were _used as a raw material conpound 111. and a cylindrical °
nagnéinm%sa%$0ﬂ5c33059 for Reyinihrafhdthclie temperature was the moulding

asperature for the each case.
2 extrusion rate was 1 mm/sec.

2 outlet temperature of the die was set at a solidification temperature

: the compogition moulded. This temperature differed by the processes.

‘sin a was used for Process 1 and Process 2, Procesgs 1 was /}a process tc
ke the golidification with cooling at the outlet of the die, and
rocegs 2 was a process to make the cure by heating at the front end of
2e dle. Procesgs 3 was.a process to solidify with cooling at the outlec
£ the dle using Resin b. The magnets thus produced were cut by method

fhown in Table .4.

Tab 4
; cutting method
' -
:ting Method 1 Cutting by melting with a heated wire
" 2 cutting by a guillotine cutter system
" ' 3 Rotation saw tooth system

Among these, Cutting Method 1 was a cutting method wof this invention
Wherein a current is turned on in a nickrome wire of a diameter of 0.2mm,
It is contacted with a magnet when it ig heated by the resistance and the

Magnet is cut by melting with heating.
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The pmoul ding nmethod is explained in accordance with Figure 1. The noul di ng
.machi ne-consi-sts of ‘a -hopper le a raw material charging section 1@k a--
cyl rnder 102, a screw 103, an adapter plate 104 to equip a die at™tfhHe --
cylinder 102, a die 105 and a driving notor of the screw (which is not
shown in Figure), and further an el ectromagnetic coil 109 to charge a
magnetic field in the die is positioned at the outside of the die 105.
A YOokeitB) ctbriid Yutk ingTRGkeln' Ehetmaghelcsl proakatll 8Y ahewed piliResses were
el ectromagnetic coil 109. The af orementi oned granul ated- raw materi at
conpounavenss siuangedh iTeydike sext rusi on nmachi ne. The raw materi al
conpound 111 was heated at 260[err]Cin the cylinder 102 to make It in a
flullized state, and it was passed through the die 105. The die structure
is shown in Figure 2. The die is constituted by an outer die 201 and a
mandr et 52 Lefly hothfh hAgnetit sutdiwas sammd Iavdrd cadn-magghemichnethoe i alites
ring shaped outer diie section nmagnetic material 20la to induce a nmagnetic
flux AR@TET,IORM oANG: thRe iNGH R M N othes valdwaairtis af the
non- magneti c terial, and further a mandrel section magnetic materi al -
202a % tiﬁs?@%%@& %28 88 ¥edfr end. Wien a current is passed through &
the el ectromagnetic coil 10¥“nstalled outside of the die. the nmagnetic

though the magnetic Powder A and B were used, both showed the same

sults.,
3 . 2,
| Table 5
Brocess 3 Brocess 2 Process 3
utting Method 1 excallent good excellent
R 2 bad bad bad
" 3 _ ordinary axcellent excellent

‘he magnet of Process 1 was the most difficult sample to cut among the
_rggnets of Process 1 - 3 because it was the most brittle., As it is clear
m Tablg_ S, the cutting method 1 and the cutting ‘method 3 can be

practiced for cutting these magnets, and it is not possible to cut it by
the cutting method 2. .

ixample 6

Next, results of cutting when thickness of the magnet to be moulded wag

thanged, were shown in Table 6.
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fl.ux generated flows al ongsi de of- a magnetic flux flow H shown in Figure by
an arrow'since’it tends to-pass through a magnetic material with a high :
magnetic permeability. Accordingly a radiated shape magnetic fieldzil®: 2::
generated in a space (hereinafter called as an orientation section) between
the front end 202a of the mandrel 202 and the ring shaped outer die 20la
of a magnetic material installed in the outer die 201. Therefore when a
MRgIe! | faGRERESICHION L3RS el NERUBLEEC MIEHRER! I SA | Ofas’ b Iy ITHALAR)
th a "progress o e orientation of the nmagnet.c pomd In this .
Exarrpl et t BRAMROEL | sgﬁéelg 5@3{ ib%‘ Yk Sl 61 KRkl fdsed he Hieapeeatiute off
err

the dié at the nDuI I hg wa and the cooling was perforned by a
forced,gtrche@ohagfetict bowabt| Rt oS e twérra ofhd heand . Accordingly, an
orientated raw nmaterial conpound was noul ded by an extrusion with a
solidification with cooling at the outlet of the die. The size of the

noul ded article was the outer dianeter 32mm the inner dianeter 30nm and
the length was cut into 22ri@ahl#ed magnetic property of the noul ded article
produced was Br = 5.8 KG and "'

Thickness (mmi
1.0 9.7 0.8 0.1 0,053
stting Method 1 good excellant excellent excellent excellent
Mtting Method 2 excellent good ordinary bad ., bad

l/-."

s one of the £features of the extrusion moulding method, it can be
:mumerated that a thin thickness magnet can be moulded. Therefore it is

wmportant to cut a thin thicknesgs magnet.

n case of the Cutting Method 3, it was difficult to cut 1if the thicknese
of the magnet became 0.5mm or less, and it was not possible to cut when

!it was O0.1mm due to a formation of cracking.

+si the other hand, in case of the Cutting Method 1, a thin thickness
magnet can be cut since no excess sgtress is appiied to.tﬁé mégnet at the

cutting step.

Consequently it 1sg clear that the cutting by melting with a heated wire

is an advantageous method £or the cutting.

Example 7

E—
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(BH max = 7.3 MJerr]. . . _The magnets thus produced were assenbled in
25 uni ts.-of - D&: not or ,--and..a. conti nuous operation test for 600 hours Test-1
was carried out. As for a conparative exanple for Test 2, the raws: >:°
mat eri al having the sane conposition was noul ded by an injection in-a
magnetic field and a cylindrical nmagnet of the outer diameter 32.5mm the

I nner dianeter 30mm and the | ength 6nm was noul ded. The magnetic property

of the mpul ded article produced was Br = 5.7 KG d (B = 7.0 Ngfe.
e 1ts J%'é%e cuttfhg when the-voiume ratio_%& éﬁgﬁmgg%etic_pow er was

aged were shown in Table 7.

; magnet cut this time had the outer diameter of 30mm and the inner
meter of 29mm, was a cylindrical magnet prepared by Process 1. The

metic powder used was the magnetic Powder {%

Table 7
$facs
4 Volume Ratio of Magnetic Powder (Vol4y —
8Q 83 68 ig0 22
uatting Method 1 excellent excellent excellent excellent good
utting Method 2 ordinary  ordinary bad bad bad

15 the volume ratioc of the magnetic powder increases, the volume ratic c3
che resin decreases accordingly, and the binding strength of the resin ¢

the magnetic powder drops.

*‘herefore the magnet moulded becomes prittle as the magnetic powder
Jqereases. Thig trend 1s remarkable in a case of 'gn_unqured magnet
produced by Process 1. As the volume ratio' of the magnetic powder
increases, the magnet performance of tha maghet 1sg improved, aﬁd
therefore it is important that the cutting can be cgrried ocut even in a

case of a large volume ratio of the magnetic powder.

In case of cutting Method 3, the cutting could not be practiced when the

volume ratio of the magnetic powder increased. S
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4 pleces ‘of the magnet were sticked by an epoxy type adhesive, and then the

outer dianeter and the |ength were nade at 32mm and 22mm by a cutti ng-- .

faprication. The magnets wore assenbled in 25 units of DC not®E~and:t he

500 hour continuous operation was carried out as sane as Test 1. The test

results were shown in Table 1.

s che other- hand, in c¢ase of Cutting -Method -1, tha, cutting can be
ied out even the volume ratio of the magnetic powder is 72 vol 3.
xxdingly, it 1s clear from the results that Cutﬁing Method 1 i{s a

rior method for the cutting of a magnet of the extrusion.
ple 8

mcured cylindrical magnet was produced in accordance with followings
yse it for a curing unit of this invention.
. rl'x‘y o

(
iiret, 60 vol % of a maghetic powder of sm - C;/‘family magnet and 40~
. % of a thermosetting resin mainly comprising an epoxy resin were

#d and a compound was prepared by kneading it .with a roller mill.

' apoxy resin used had a thermoplastic region of 100 - 150°C in which
i viscosity suddenly dropped, and it was cured at a temperature of

ac.,

‘co_mpound prepared was then coarsely crushed and it was charged in a

- - ding machine.

! for the moulding machine, an injection moulding machine and an
Trusion moulding machine c¢culd be used, but the e_xtrusioﬁ moulding
“hine was uged here. The charged compound was heated at 100 - 150°C in
“ moulding machine to make it in a molten sgtate, the magnetic powder

% orjentated in a die, the molten mixture was solidified with cooling

This Sheet Hag

//um//m//anm”

d



Mo, §

DC Mot or Tested ' R Dc Mbtor Exhibited -
a Deteriorated.Property ...... Test 1 (Exanple) el
25 SEE i

+ s state—"and an uncured -cylindrical-. magnet was prepared after a

;netization.

size of the magnet was the outer diameter 32.8mm and the inner

oter 31.8mm, and it was cut to make its length at 100mm,

able 8, a comparison of various curing processes Test 11 - 13 for the

-ementioned uncured cylindrical'maqnet is shown.

£
(. Tahle 8
Shape \. Gperahility Cost
%11 excellent good good
- excellent ordinary ordinary
w13 bad excellent exXcellent

Yt 11 is the results of the curing process of this invention for a

iindrical magnet. Namely the outer circumference of the uncured
|I~1ndrical magnet ig fixed by an ‘elastic material, K in thie case it was a
b ;;g LAy uaaudyzhnafxv;&dw€4a

. icone rubber (hereinafter called as an inner body) expanded with a gas

A thig case it wag air), and it is cured by heating in an oven.

Bt 12 1s a conventional process in which the outer clrecumference 1is
ixed with a jig, a rotation unit Ls attached to the 3ig, and it is cured
¥ heating with a rotation in the circumferential direction. Test 13 1isg

‘process to cure the cylindrical magnet by heating by placing it in an

en ag it is without the fixing. o —
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Test 2 (Conparati ve- exanpl e)
25 2 In the Table 1, those of

whi ch the notor showed a deterlorated property were cases that the-éoba£1on
of the notor stopped or the torque was dropped due to an U

i nsufficient-magnetic flux available by a delam nation at the adhe5|ve
area of the magnets sticked. Consequently by an application of the
magnet of this invention, areliability of the notor can be inproved.
ExanpltaezmocuriRaw peheiicabs tBefakavss carogiqocen Eerllohe &ourd 4n3 were

nmolten, were casted and a quenched
,phere. The shape in Table was the shape of the magnet after the

ise of Test 13, the magqet after the cure is completely deformed and
is obvious that the fixing of the sghape is fleceggary at 'the
mocuring step. On the other hand, in cases that the shape is fixed,
cylindrical form is nearly Kept, and thus Test 11 and Test 12 are

ul process from a viewpoint of the shape.

{

{
operability means an easinees of the operation of the unit and its

Pz

ability for processing a large amount of the sample.

case of Test 12) it takes more time for an operation to connect tre

;with the rotation un;t thaﬁ an operation of Test 11 to insgert the

2r body when compared with Test 11 of this invention. Furthermores

A a viewpoint of cogt, Test 12 1is more costy bhecause of the

wirement of the rotation unit, Consequently the Test 11 process is a
‘ifrior process to Test 12 and 13.

¢ the dimension accuracy after the cure when it is cured by heating by

it 11 and Test 12 i1e shown in Table 9.

Table 9
Stralghtness Roundnegs
Teat 11 0,003 .0,
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o
ri bbon was prepared in an argon atnosphere by using a quenching and a
.ribbon rolling machine. fromthe ingot obtained. The quenched ribbon was.
coarsély crushed, was charged in a nould and a high tenperature pHEéssi <.

nmoul di ng was perforned by applying a pressure of 20 Kg/mm{err] for a short

time at 700 - 800[err]C in an argon atnosphere. A density of the
consolidated article was al nost 100% The consolidated article was

agai n processed with a high ten?erature press noulding in a vertica
di-r ect i 3®8to 4he first pressPnf

a dieu CACHEeK nagn@toﬁbtained was crush®d®®o make a magneti c
powder of an average particle size of 20um U ]?g @Egnetic powder was
mxed with a resin powder conprising bisphenof T Yp

epoxy and vi nyl butyl -vi nyl al cohol copol yner. cal ci um stearate powder and

silica powder as additives. The ratio in the mxture was the nmagnetic

pQV‘U%t%Q-i%nV‘”r%tgte gﬁb;x%zge; 1?8%9 Yak Woe A b hﬁnf@iité VEnd. Rastl fom gat;!he

m xture was knea type mll "at 90 [err] C. The kneade

m xt yr eanapedpeackcated b9 88xkoHECEhEI 66EET 19to leondDadr-gt fowl es to nake a

raw materi al conpound and was noul ded in a cylindrica

airpressure of the inner body of Test 11 was 1 atm.

'magnet before the cure was prepared by somewhat decféésing its
{

:mnsion accuracy in order to check a correction abillity $m the

. Y (ad
msion by the curing process by heating.

s Table 9, it is understood that the dimension accuracy in corrected

the curing process by heating such as Test 11 and Test 12.

s is because that in case of Test 11 the alr in the inner body is

anded in the atmosphere of the thermocuring, it applieg a force to the

‘iget resulting the correction of the dimension of the magnet while it
7

©1 a thermoplastic state.

-

“for Test 12, a centrifugal €force generated by the rotation has a
lar action, but the dimension accuracy by the correction of Test 11

-further improved.

‘3 15 because that the force by expangion of the air is stronger than

4 centrifugal force rasulting better correction of the dimension. From
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magnet by an extrusion machine as same as Exanple 1, and it was cut and was
fired after .a demagnetijza- tion. The size of the noul ded article was

t he. out-er di ameter 22nm and the inner dianeter 21nm and the magneti.c. ield
for the noul di ng mas 14 KCe. The nagnetlc property of the noul ded arfiicl ¢
obtained was Br = 6.6 KG and (BH) max 9.8 MXe. Consequently as for
t he production process of this invention a high performance magnet can be
obtalned even a closslinkable thernpsetting resin is used. Exanple 3

. correctidn ability of the dimension, it is also understood the

«e88 of Test 11 of thig invention is superior.
gnple g

« materials to make the game composition of Powder A in Example 3, Sm
1 0.672 Cu 0.08 Fe 0.22 Zr 0.028) 8.35 were molten, an ingot produced
;5 magnetically cured by a heat treatment after casting, and a magnetic
wder having the average particle size of 10um and the coercive £force

(" of 10 KOe was obtained by crushing the said ingot. 7

¢ powder was mixed with nylon 12 powder and zinc stearate powder tc

ke a ratio of 92 wt%, 7.9 wt% and 0.1 wt% as same to Example 3.

28 mixture was magnetized by a pulse magnetization unit shown in Figure
-with using a magnetic field of 25 KOe, and it was then kneaded by a twc

ixes extrusion kneading machlneb"' ~

.:.‘ Figure 4, 301 is an electromagnetic coil, 322 1s a pulge current
seneration power source, 303 is a table to adjust a hight of a sample and

305 {8 a raw material magnetic powder,

Thae kneaded mixture was granulated to particles of the outer diameter of
l ~ 10mm to make a raw material compound, and a cylindrical magnet was
moulded by using tha extrusion moulding machine shown in Figure 1 and the

die ghown in Figure 2 with a game procedura described above.
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A magneti c powder of an average particle size of 10[err]mwas prepared by
t he sane conposition ‘and procedure as Exanple 1. A, cgerm ve

n—a

force i-Hc of this powder was 8 KCe. This is called as Powder A. =Een Ll

I this ExXample, the die temperature ati the moulding was 250°C, and a

iing was carried out by a forced air cooling at the outlet of the die

ordingly, an orientated raw material compound was moulded by an

rusion by a solidification with codling at the outlet of the die.

;s Bize of the moulded article was the outer diameter 33mm and the inner

imeter 32mm,

('Figure 5, a comparison of changes of residual magnetic .f;‘lux dengity
'r) with magnetic £ields for moulding for cases with and without

gnetization of the raw material powder before the moulding is shown.

om Figqure 5, it isg understooed that a magnet with a high Br le with a
:gh degree of the orientation can be prepared by an adoption of the
wnetization for the powder prior to the moulding even if the magnetic

:eld for the moulding is low.

";‘rthermore as for the magnet performance at the high magnetic fileld
~  aund 15 KOe) for the moulding, the cases with the magnetization showed
igher values, and it was understand that the magnatization for the

owder prior to the moulding had a bigger effect.
xample 10
law materials were molten to make a composition of 8m 0.% Pr 0.5 (Co

1.672 Cu 0.08 Fe 0.22 2r 0.028) 8.35, an ingot produced was magnetically

~ 49 -~
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Further as for the.other kind of powder, a magnetic powder of an average
partiele size.-of 20[err]lmwas prepared by the sane conpositon and -, . .
procedure as Exanple 2. A coercive force iHc of this powder was  2R=KQCe.:
This is called as Powder B. Powder A, nylon 12 powder and zinc
stearate powder were mxed to make a ratio of 92 ww% 7.9 wt% and 0.1
wt % respectively. Further Powder B was also m xed with the

af ore tioned resin powder and the additive to make a ratio of 91 wt %
8¢Br%§€£¥n& 9??M€%eatmentﬂﬁ£ﬁ??ﬁGﬂ%ﬁ¥%9me@%dkﬁéﬁﬂé§i§yP&WQ%%&%?Q%&WQB?@n
kneadiqg nacg%nﬁ at, 260 erk&&L The kneaded mixture was granulated to . '
gRYPRAEE BFELHC bRt 224 abel @M orere ONERRD Ak UEHRE nteriadd chigRtind
111, and a cylindrical nagnet was noul ded by a procedure explained in
Exanple 1 by an extrusion noul di ng machine as shown in Figure 1. The

arosiudd B2 M Wil o e Ahg (R oy E1Ye | ety o PGS IR
f1:9WRoeN rdtped sl Y BERd | frefhte8UByPPERa A My 8 Yorddit iU ok NenTRGNELL C

flux generated
--eatment.

~ese powders were mixed with nylon 12 powder and zinc stearate powder ta
ke a ratio of 92 wt%, 7.9 wt% and 0.1 wt% respectively.

eée@ magnetic powders were magnetized by ueing a direct current
.ectromagnet unit, and then they were kneaded by a two axes extrusion

-eading machine at 280°C.

2 kneaded mixtures were granulated to particles of the outer diameter :
0mm to make a raw material compound, and were moulded by an extrusion

¢ thin plate state magnets by using a die shown in Figure 6.

‘ﬁhﬁhe die 401, when a current is turned on in an electromagnetic coil
; a magngtic field vertical to the pagsage of a compounq }n the die in
lerated between the upper and tﬁe lowar pole piécee 404, Tyerefore a
‘1 plate state magnet having an orientation of the magnetic po@der to

? thickness direction ig moulded. By the way, 402 is a heater.

tglze of the moulded article was the width of 60mm and the thickness

'lmm, and the gtrength of the magnetic field at the moulding was 12

L]
b}
e
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#Ioms in the arrow Hin Figure since it tends to pass through a magnetic
-material with a high magnetic permeability. Consequently a radiated
nmagnetic field is genéefated in the orientation section which is aispace:
between a magnetic material 202a of the mandrel and a nagnetic materi al
ring 20/a installed on the outer die. Therefore when a nmagnetic
conposition is passing through the orientation section, it is being noul ded
with a progress of an orlentatlon of the magnetic_ Domder Eurt hernore

a-pregRetne o FeNEd S GiveegtTBAGER bfcthagmeghaticekdeld Bbete-
orientation sectlon erated In a space befuee the front end of the
mwuﬁdﬂngugbs#&%?ﬁﬁéLllo of the coil. Therefore a g@ﬁﬁgneLLgatlon of the
moul ded™article can be achi eved by nmaking the nmagnetic¢ field of this space
at a suitable strength wi th an adjustnent of a di stance between the

nandrel and_t he yo In this Exanple, etgagnetlc field for
Efi P Sad / 1& aﬁimp tRefyaen JFRe oFCEARTH Ot thie MIENA i ke for

iﬁ%[irirém L%, REtbi oo e PRt AR A 8T8 ¢ qmi@ﬁ%x
% RIS adEe
C°”‘%3#gdgff“ﬁ%¥a§1ﬁqiﬁed%aﬁﬁ”. 38 B8HR2ngt n of the demngneti 24t on

magnetic field was

.om the graph, it was understood that though there was no effect of the
gnetization prior to the moulding L1f it was done in a magnetic field
!.pch was weaker than the coercive force of the magnetic poiéer, there
~ 5 an effect to improve the magnetic performance if it was done in a

snetic fleld stronger than the coercive force,
imple 11

+ materlals were molten to make a composition of Nd 13 Fe B2.7 B 4.3,
<6 casted, and a gquenched ribbon was prepared in argon atmoesphere by

ng a quenching and ribbon rolling machine for the ingot produced.

( quenched ribbon was coarsgely crushed, it wasg filled in a mould and a
n tempexature press moulding was carried out 1n argon atmosphere at

.~ 800°C with a pressure of 20 Kq/mm2 for a short time.

' congolidated article obtained had a density almagt 100%. The
Jolidated article obtained was moulded again by the high temperature

% moulding in & vertical direction to the initial pressing direction &—
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adjusted to aInDst -the same to the coercive force |Fb of the magnetjc
.powder- i i the noulded-~article. The size of the noul ded arti ciz=was:thé
outer dianeter 30nm and the inner dianmeter 29nm In Table 2, surface =~
magnetic flux densities for cases Test 3 and 4 in which the denmagneti zation
was performed, and for cases Test 5 and 8 wi thout the demagnetization and
shown. Powder Surface Magnetic Flux Density (G Test 3 Exanple

été, argon atmosphere at 700 20goFestwfkxamphexg/mm? pressure {NamelyB a

die upset was carried out).

A bulk state magnet obtained was c¢rushed and a maghetic powder of an
average particle gize of 20um was obtained. The coercive force of the

sagnetic powder was 12 KOa.

-1¢ magnetic powder was mixed with a resining powder comprising bisphenol
. type epoXy, novolak type epoxy and vinylbutyral-vinylalcohol copolfg;,é-
!HQFium stearate powder and silica powder as additives to make a ratio
.6 magnetic powder 90.3 wt%, the resin powder 9.1 wtg and the additive

6 wt% respectively.

e mixture was magnhetized with a 35 KOe magnetic field by using a pulse
wgnetization unit and it was kneaded by a 2 roller type mill at 9nec.
@ kneaded mixture wae granulated to an outer diameter of 1 - 10mm
:anules to make a raw material compound and was moulded in a cylindrical

Ynet by an extrusion machine as same as Example 9,

S this Example, the die temperature at the moulding waeé 140°C, and the

tength of the magnetic field for the moulding was 8 KOe.

tgize of the moulded article was the ocuter diameter 8mm and the inner
Hmter émm. The moulded article was cut in a suitable length, was

‘HQnetized and was fired in conditions of 200°C x 45 minutes.
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exanpl e A e

Test 5 Conparative T .

1560 -Test 6 Conparative = exanpl e B SEE AT
220 Exanpl e 4 A magnetic powder of an average particle size 10[err|m
and i'Hc 8 KCe was prepared by the sane conposition and procedure as Exanpl e
1. This powder is called as Powder A As for the other kind of powder, a

magneti ¢ powder of an average particle size 20[err]mand a coercive
che magnetic property of the moulded arti;;es_obtained in Test 13 - 15 is

soown in Table 10, Test 14 - 15, the comparative exémplea were ’a
.agnetic property of sgample moulded with the magnetic field for the
qulding af 8 KOe without the magnetization prior to the moulding (Test
4) and a sample magnetic property moulded with the magnetic field fcr
e moulding at 18 KOe and a die of which the orientation section at the

ront end was ghortened (Test 15).

Test 10
L
) (BH) max
Br (KG) {MGQe)
Test 13 7.0 10.4
TestT 14 4.3 3.5
Test 15 5.1 4.9

i it is clear form Table 10, almost no orientation is observed in a

nparative example Test 14, and the magnet ohtained merely shows a
qigformance close to an isotropic one.

- the contrary a high performance magnet with a sufficient orientation

‘obtained by this Example.

cage of Test 15, the magnetic propearty is low in épite of its high
netic field for the moulding, and it is considered that a sufficient
‘entation of the magnetic powder is not attalnad at the moulding since
? length of the orientation section becomes extremely short such as lmm
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force d_Hc 12-KCe was. prepared by the sane conposition and procedure-as -
*Exanple 2. This powder is cal l ed as Powder B. AsESams it o
Exanpl e 3, the Powder A was mixed with nylon 12 powder and zinc stearate
powdéer to make a ratio of 92 wt% 7.9 wt% and 0.1 wt % respectively.
Powder B was al so m xed with the aforenmentioned resin powler and additive

to make a ratiq of 91 W% .
. e88 in arder to charge a. 15 KoOe magnetic field at the orientation

4on due to its very £ine c¢ylindrical form having the innher diameter

he noulded article émm.

efore a moulding process of thig invention is a very effective
ess for a case in which a high magnetic £ield for moulding is not
ined because of a limitation of a moulded article or a structual

lam of a die.

ple 12

g

his invention, Powder A and B were prepared by the =zame compositicn

0 .
precedure to Example 4, they were kneaded with the resin, angd &

adrical magnets were moulded by an extrusion moulding machine afier
1lating the kneaded mixture to particles having the outer diameter 1
mm To make a raw material compound. The moulding process is briefed

sing rigqure 8,

xtrusion moulding machine of Figure 8 has a similar composition tc
éxtrus;gn moulding machine of Figure 1. Howaver, at-the front end of
die, 4 pieces of ultrasonic oscillatoer (Léngevin typg} 114 areC—
illed to generate a 9§=g¥s-vibration.
Sh}ﬁf‘

aforementioned granulatad raw material compound 111 was charged to
axtrusion moulding machine of Figure 8. The raw material compound
heated in the cylinder 102 at 260°C to make it in a fluidized state

it was passed through the d&ie 105,
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8.8 Wt % and 0.2 Wt % respecti vel y. These mi xture were kneaded by a 2
axes €xtrusiom kneadi ng-faechi ne at 260[err] C. The kneaded mi xture _ was- E
granul ated to granules of the outer dianetef 1 - 10mmto nake a rawsss: 2770
mat eri al conpound, and a cylindrical magnet was noul ded by an extrusion
nDuIding machi ne. The noul ding nethod is explained in accordance with
Fi gure 3. An extrusion moul ding machine of Figure 3 is conposed of a
Skl § &C ATEYN uk,d ne,o e 1 and an
elg%t?bnagﬁzFF%%%glla%0§%% Gé)é‘s)ny %Ggé ggtg]gﬁgx ﬁghtgncﬁxghgﬂé ‘magneti c
field in the die, but there is a difference is an electronagnetlc coll for
demagneti zation is installed in front of it. The af orenenti oned

granutiRi £d dsoampd £ ite CREBALEd: L idowdsr Chia RduilBelihewieklé Usi N 180UbdL RY
nachlne The raw material conmpound 111 was heated at 260[err] Cin the
Cyrijetetathd wemnakikei hakfedil! cotboedtiocat Famsemndchitowgs passedishtatigbn
the die 105. The die structure was the sane as expl ained in Exanple 1.
Aceoktdiong t oThisi s siligant | eiprakidant héromgnehec udtpesonion pscpadsbdr was
t hrough the orientation section, it is noul ded with a progress of an

orirensiitsedota khemfyonti endondethasdigne to Exanple 3.

'n this example, the magnetic field for the moulding was 10 XOe, the die
-emperature at the moulding was 2053°C and the cooling was applied by a
lﬂiicad air cooling to the outlet of the die. Thus the or¥entated raw
iaterial compound was solidified with cooling at the outlet of the die
ind was moulded by an extrusion. The size of the moulded article was the

suter diameter of 25mm and the inner dlameter of 23mm.

fferences of the magnet performance of the moulded article the moulding

ate are shown in Table 11 for cases of an application of the slight

bration (Test 16, 17) and for cases of no application (Test 18, 19).

86t 16 and 17 are the cases with the elight vibration and Test 18 and 19
&‘ﬂ.' the cases without it.

Table 11
{BH) max Moulding Rate
Powder {MGDa) (mm/zec)
Bt 16 A 7.5 2.5
Powt 1y B 10.2 2.0

~ ..
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In ths _Exanpl e, the nagnetlc field for noulding was al so 14 KOe, the
fenperature of the die af the moul di ng was 250[err] C. and the coqling :
was given by a forced air cooling to the outlet section of the dIeTETﬁe_““
orientated raw material conpound 111 was noul ded by an extrusion by a
solidification with cooling at the outl et of the die. The
demagneti zati on was carried out by generating a magnetic field for the
dewegnats zati or by turnigng on an atgenuated pulse currgng in the

el ectromagnetic coil 113. The strength of the rmgnetic field.for 'the 2
dewagnd® zati on was 30 I§Oe, and it wassattenuated with §086m sec. The
magnetic field was generated in the electromagnetic coil 113 in every 15
sec, and the demagnetization was carried out continuously. The size of the
noul ded article was the outer dianeter 30mm and the inner dianeter 29mm
Suef dfe imghbeRE Lrpox Tabdsi tiles BfanMEsoshews ant LBPFOVESENEasys Hotmhoéh
t he dena%hetlzatlon was performed iTest 7 and 8% and for cases wi thout the
déﬁﬁgﬁéﬂ £51iCo RTOPESL Yo andd the) maudddRgwEatA. Tablkels, considered that it is

T
%ue to an improved orientation by facilitating a rotation of the magnetic

powder by the application of the slight vibration at the moulding.

furthermore it can also be said that the moulding rate is improved by a
sF"tuc:‘c:.‘u:m of the extrusion resistance by the =slight vibration. The
reason of the low magneticppowder did not sufficiently orientated because Ny
wn comparalone apample wra 2l ohe e
the magnetic field for the moulding which was able to charge was only 10

Qe

herefore the moulding process of this invention is a particularly
:{fective process far the case in which a high magnetic field for thé
vulding can not be att ained due to shapes of the die or the moulded
irticle.

)

ample 13
ble 12 ghows how much degree of the thickness ig mouldable without a
“stffabrication in each moulding method of an extrusion moulding method, &

‘pregs moulding method and_én injection moulding method.

Tahle 12

" Tm\\sw “\ Re\‘xaccd
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Powder-___ ".Surf.ace.l\/a_gnetic Flux Density (c) Test 7 Exanple

A 10 Test 8 Exanple :-_:ﬁ-
15 Test 9 Conparative exanpl e El)
150 '
- - Thickness [mm]l i
Moulding Method 1.0 Q.2 .2 L4 Q.01
Extrusion Moulding P P 4 P P
press Moulding P P I I I
~ Injection Moulding P P I I I

P = possible

I = impossible

‘jllmets prepared here was ring shaped with the outer diametﬁe; of 30mm,

:nd the mouldings were performed with the thickness gshown in Table 12.

he magnetic powder used was sSm -~ Co family rare earth magnetic powder
md as for the resin, nylon 12 was used for the extrusion moulding method
ind the injection moulding method, and an epoxy resin was used for the

sress moulding method.,

e mixing ratio of the magnetic powder and the resin was 90 wt 10 wes &
't"-“‘
”‘" the ext:rusmn moulding method and the injection moulding method, and

tu wtsf/ 2 wt3 for the press moulding method. &~
\s it 1is 'understood from Table 12, thse moulding was not be able to
erform if the thickness of the magnetic moulded article became thin €for
the press moulding method and the injection moulding. method. This was
te to a difficulty to fill the magnetic powder in a cavity if the

‘hickness became thin for a case of the press moulding methed, and is

aze of the injection moulding method, it could also not be moulded
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Test 10° ~Conparative = exanpl e y ;
L2207 """As it is clear from Table, the surface magnetic fl ux denswLy—mﬁrch
remains in the noulded article could be dropped at 6 - 7% by an application
of the process of this invention. Consequently the workability at the
cutting stop, etc was greatly inproved. Exanple 5 A magnetic Powder A
or Powder B as the sane conpositions to Exanple 1 and 2, and Resin a (a

t HEORdRe 9 gl@da%@iq@@m)tmrimmabx«oduemmww o 1t magyiedi cl Powgdare

wei ghed to nmake a desired
and the resin in a cavity.

on the other hand, in case of the extrusion moulding method, a thain
thickness magnet can be moulded because it is moulded by continuously
flowing a molten mixture of the magnetic powder and the resin and by
gradually converging the molten mixture. According it is clear that the
extrusion moulding method ig an effective methed to mould a thin
thicknese magnet having the thickness of lmm or less.

Lample 14

sext effects on moulding radial magnet with a thin thickness by changing

the magnetic powders are ghown in Table 13.

mowlded
e magnet ‘Dulded was a ring shapad magnet of the outer diameter 32.gmm, &—

e inner diameter 31.8mm and the thicknesgs 0.5mm, and it was moulded by

n extrusion.

-regin and nylon 12 was used for the resin.

+ compound used compriged 60 vol % ¢f a magnetic powder and 40 vol % of

rther as for the magnetic powder, a rare aarth magnet having a
mpogition of 8m (Co 0.672 Cu 0.08 Fe 0.22 2Zr 0.028) 8.35 wag used, it
‘8 adjusted to make the average particle size r for @ach test of Test 20
4 and for comparative examples Test 25 - 27, and the results are shown

‘Table 13.
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b was used.

[N,

volume-Tatio, were nmxed-and a sheet state conpound was prepared by ...
kneading the m xture by passing it through a gap of a twin roller EEL 220
repeatedly after charging it
the m xture was at 90[err]

.....

inthe mll. The kneadi ng tenperature of
C when Resin a was used and at 250 C when Resin

Then t he conpound was crushed into particles and was

oyl dREWRY 1ANTaKAUShONLRY BaRELNY

in a screw type éxt

ZS'gFﬂéEr &hék@gg@%;ﬂ @Qaﬁ@ﬁ% n@h@’a%v@traqggo[pear:rt]ic@ef 0§51 F®SkN & AWMk dhagnetic

err]

&Raggahoé tﬁ¥|hggééga$eQF8rﬂ¥nEQaEQ'Eﬂe

chrne t enper at ur e- of

powder. By making the average particle size I of the magnetic powder

small, the magnet perxformance of the magnet is improved.

snd a sufficient magnet performance was obtained when the average

sarticle size r was not more than 1/10 of the thicknass of the magnet

woulded article.

=

-he thickness of the magnet, the magnet performance is low.

Test No

20
21

23
24
25
26
27

Table 13
= 18 BR
lum] IKG1
50 5.88
20 5.95
10 6.18

1 6.33
0.1 6.16
70 5.60

100 5.01
150 4.70

wever in case when the average particle size is not less than 1/10 cf

£

‘e reason why the above results was obtained was, in cagse of the

ttrusion moulding,

the magnetic powder in the molten mixture of the

59 -
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Resim b and the die tenperature was the noul ding tenperature for t Rk eatdi’
case. The extrusion rate was 1 mmi sec. The outl et tenperature of
the die was set at a solidification tenperature of the conposition noul ded.

This fenperature differed by the processes. Resin a was used for

Pro essgéegﬁg Pﬁ&’?h}%ﬁut Fgr O%]?Srfargjﬁlggz eréo?p%ﬁ%cga{ﬁgst hey solisdinf | AL |thlré

g at rocess 2 was a process to nak
A FARGE, B, By A TR, Megeng e
ggg{@érﬁetwugonagéumweae %M/mheéiahewedn atabbeséction in which a

magnetic field was charged by passing through the passage of a die, and
the moulded article was extruded outside the die after golidifying it
with cooling in the die by keeping the state as it is. Accordingly the
molten mixture received a friction force at the contact section witﬁ the
die. Thue the orientation of the magnetic powder at the contact surface
of the molten mixture with the die might he disorde;ed by the friction
sorce while it was being solidified with cooling even though the magnetic

owder was once orientated in the die. | 7

#vhen a thin plate gtate magnet 18 moulded, the effect of the layer where
the sald orientation is disordered becomes significant, the thickness of
‘he laver is related with the particle size of the magnetic powder as
well, and as the results the average particle size gives an influence to

the magnet performance of the magnet.

As it is clear from Table 13, in order to reduce the influence, it is
(“ppropriate that the average particle size r of the magnetic powder 1is

/10 or less of the thickness of the magnetic moulded articla.
ikample 15
n alloy having a composition of Nd 14 Fe 81 B 5 was molten in a

rucible, it was cooléd rapidly by a meltspan method and a thin piece was

Ttepared.
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cutting nethod CUttlng Met hod 1 cuttlng by nel ti ngEet tag
heated wire 2 cutting by a guillotine
outter system " 3 Rotati on saw tooth
system Anong these, cutting Method 1 was a cutting nethod of this

I nvention wherein a current is turned on in a nickrone e, of % r

of The2Flin Pliegec dimotmiehea H il lndddn diaduth 4%91'1'%9%%?%\%{ ﬂ’gz?— EE SHF}e

and the magnet-is cut by nmelting with heatin ul of the cutting,
%é%%%& L Sheminc da Bvb@ﬁeéé HFEEeBE@EgﬂE?g Eg%r ﬁgﬁﬁ shown in Tabte

Table 14
Ireatmant
Treatment 1 Cobalt-phosphorus.chromium plating
Treatment 2 Sio2 coating

freatment 1 was that after «crushing the magnetic powder, a

7balt-phosphorus‘ plating was carried out in a sodium A¢pophosphite
reduced ammonla, alkaline c¢obalt plating bath, then a chromate treatment
was performed by putting the magnetic powder in a potassium dichromate

solution and a cobalt plating layer was formed on the magnetic powder.

Treatment 2 was that pure water adjusted its pH with hydrochloric acid
vag mixXed with tetramethoxysilane to make an approximate molar ratio of
§:1, and a hydrolysis was carried out by adding ethanol te it. After the
lecomposition and an addition of a surfactant, the maghetic powder was

"!Eded and was stirred for a predetermined time.

Then the magnetic powder was separated from the solution, wag dryed and a

reat treatment was performed to form 5102 film on the magnetic¢ powder.

Afterr the surface treatment, the magnetic powder and the resin to make a

‘atio of 60 vol % and 40 vol % were weighed and were mixed, and after the
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In th| s test, the magnet cut was a cylindrical magnet ‘with the out g_r_ vy
di amet er 30m11 and the inner dianter 29mm and the volune rati o of t"h:eF 2024

magnet.i ¢ powder was 60 vol % Al t hough the magnetic Powder A and B were
used, both showed the same results. Table 5 Process 1 Process 2
Process 3 Cutting Method 1 excel | ent good

exceikiagt 1t was charged in a kneadiag machine tpaénead it and a paripound

bad : : .
<as prepared. ) R I ' 3

+he kneading machine herewith used was a roller mill. Further as for the
resin used, 2 kinds of resin were used. One was Resin a which was
copelymer mainly comprising a thermosettinq type epoXy resin, and the

sther Resin b was a thermoplastic polvamide resin (nylen 12}.

after crushing the compound produced, it was mould by an injection
-aulding machine or an extrusion moulding machine. In case that Resin a
s used, the mouldéd article was heated to cure the resfﬁ aftar the

soulding.

istly in order to check in which step the £film tended to be removed, a
coverage rate was Qetermined by taking a sgample before and after each

step in the total process.

‘he magnetic powder usged here was a plating-treated one with the plating

thickness of 1lum, and the moulding was carrled out by an extiusion
“l:ulding machine. The results are shown in Table 15.

e results were the same for either cases of Resin a and b, From Tabla

-3, 1t is clear that the £ilm coverage rate suddenly dropped Dbetween

efore and after the Kneading. In other steps, the drop of the coverage

‘atio was small, and it was coﬁsidered that it waes due to a protection of

‘he coated film by the mixed resin especially after the kneading.
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LZ RTINS ordPnary tviosuniv excel | ent excel | ent The ey nat voéy

Process 1 was the nost difficult sanple to cut anmong the magnets ddzPr G6¥ss
1 - 3 because. it was the nost brittle. As it is clear fromTable 5, the
cutting nethod 1 and the cutting nmethod 3 can be practiced for cutting
those magnets, and it is not possible to cut it by the cutting nethod 2.

Eéﬁrggg Sas Chgﬁgéa’razrgtghgf$5#ﬁkigg 2hen thickness_of t he ﬁagnet to be
Step Coverage Rate (%]
Before mixing 106
After mixing (Before kneading) ' 95
. After kneading (Before crushing) 50
After crushing (Before moulding) - 48
After moulding 46

nn the other hand, before kneading, the solid resin and magnetic powder
o P

-~ merely mixed, the reein does not give the protection for the coated
£ilm, and therefore the coated £ilm is removed by a strong gtrese to the

nagnetic powder applied during the kneading.

Accordingly the mixture of the magnetic powder and the resin was heated
before the kneading, and then the kneading was carried out. The coverage
rates after the kneading which was carried out after heating at various

temperatures weres shown in Table 16.

ahe magnetic powders herewith used were that plating-treated of the

slating thickness of 1lum for Test 28 - 33, and Test 34 thereafter wers

Moz coated. : _

legin a of a thermosetting resin was used for the resin. The coverage
‘ate after the kneading was calculated setting the coverage rate before

‘he Kkneading (after mixing) as 100, and the viscosity was a viscosity at
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140 6:°°% I7fie nmgnét's i¥kiYs time has an outer dianmeter of 30mm was Ja e
cylindrical magnet and the magnet prepared by Process 1 was used. ~Efe 2820
results of either the nagnetic Powder A or B were the sane. Table 6

Thi ckness (mm

a shear rate 1000 sec?1 when the mixture was heated at the temperature

o—

indicated. _ - e R : :
Table 16
Temperature Viscosity Coverage Rate

{°c) [kpoisal [%1
Test 28 Room Temperature - 50
29 50 500 50
w 30 75 300 74

7 31 85 180 T
32 100 70 94
33 120 10 98
34 50 500 60
35 75 300 85
36 ' 85 180 93
37 100 70 98
38 120 10 o8

L

From Table 16, the mixture may have the viscosit? by ﬁeating.it. It is
tlear that the coverage rate is improved when the kneading -is performed
after heating the mixture to make it in a state in which it has the
visecosity. Although the c¢overage rate of the plated one hecomes worse
than it of the 5102 coated one when compa:ed in the same condition

lecause of its weak adhesion of the film, an improvement is seen when the

- 64 -
This Sheet Has Been Rep

T




MR T Nn B AR [EERRV] (% Ty /=y
1.0 - 0.7 0 5 0.1 0. 05 cuttlng Met hod 1 d@ERt 2420
excel ent excellent excellent excel | ent cutting nethod 2 excell ent
good , ordi nary bad bad As one of the features of the

extrusion noul ding method, it can be enunerated,dshat a thin thickness
magnet can be noul ded Ther fore it is inportant jto cut thin thickness
rragvnescositymeeabesofa?hégﬁtﬁtﬂl HPNERGvo drnd % 1&i'ff§a%|?°%e‘iu€l?‘w s
thi ckness of t-he magnet”. became 0.5mmor .less, and it was not possible to
cut swiithcienbh¥ Pravested.to a fornmation of cracklng On the ot her

hand, in case of the Cutting Method 1, a thin thickness magnet can be cut
since no excess stress is applied to the nagnet at the cutting step.

1t is considered that the above regults are obtained because as to the
removal of the f£ilm during the kneading, it is largely influenced by a
stress of the roller when it is applied to a state in which a suffi;ient
heating is nét given when the mixture is charged in the kneading machine,

and the influence is relieved by giving the viscogity to the mixture.

| Jext an oxidation resistance of a magnet produced by the production

wocesg of this invention wag investigated. The results of Test 39 and

40 as this Examples and Test 41 and 42 as comparative examples are shown

in Table 17.
Table 17
Surface Treatment oxidation Resgigtance
Test 39 Treatment 1 A
40 " 2 A

41 " 1 ¢ -

42 ) 2 ¢
A = Excellent
B = Good
C =B ad
s . e
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Consequently it is clear that the cutting by nelting with a heated vy,.gie ii”s:.”,’

a2

an advant ageous nethod for the cutting. Exanple 7 Resul t s of ™ f*he =**~
cutting when the volume ratio of the magnetic powder was changed were shown
in Table 7. The magnet cut this tine had the outer dianeter of 30mm and

the inner dianmeter of 29mm was a cylindrical nagnet grepared by Process 1.
The magndtli AbvdiRr ofis sheweonmes akdyfe @ @NMhaferware TeReccfses "tn which the

meading was carried out without heating before the Kneading, and Test 39

snd 40 of Examles were carried out by heating at 100 Kpoise.

e oxidation resistance was a result after storing the sample in a
constant temperature and constant humidity oven at 80°C x 95% £or 100

nours.

it 18 clear that the oxidation resistance is improved by the heat

Weatment before the kneading.
txample 16

Raw materials to make a c¢omposition of Sm (Co 0.672 Cu 0.08 Fe Q.22 Zr
0.028) 8.35 were molten, were casted, an ingot produced was magnetically
sured by a heat treatment, and then a magnetic powder having an average

particle size of lOum was cbtained by crushing it.

The powder was mixed with nylon 12 powder and zin¢ stearate powder to

(ﬂake a ratio of 92 wt%, 7.8 wt% and 0.1 wt%, respectively.

The mixture was then kneaded by a two axes extrusion kneading machine at
260°C. The kneaded mixturs was granulated to particles of the outer
liameter of 1 - 10mm to make a raw material compound, and a cylindrical

nagnet was moulded by an extrusion moulding machine.

The moulding method is explained in accordance with Figure 10.
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Vol une Ratio of Magnetic Powder (vol. % 60 65 68 gggiO:?gS
72 cutting Method 1 excellent excellent excellent excellent good
cutting Method 2 ordinary ordinary bad bad bad As

the volune ratio of the magnetic powder increases, the volune ratio of the
resin decreases accordngly, and the binding strength of the resin to thg
nmagnet stovovR rIFEFWRR . 10, thereftrusian ngrMACHI B S o M SHtHted By a
t he magnetic._p er increases.'This-trend.is_renarka?li in a case, of an. _
uncur:ePPTmgRét WHsHucks By socsdess of @RArGENG oPARRTIEAL o BHICYHPRNEP R e- @
powder in ases, _t.he magnet  perforpance of.th net IS i NpLQV. nd.,. .
theréfﬂfeféf'igniﬁéﬁPFaﬁtpiﬁﬁg gﬂg gg gns%al& g E?g %o tﬂe @91 ha r Y&t ion
:z, & die 105 and a driving motor for the screw (which is not sghown in

~qure) .

g aforementioned granulated raw material compound 111 was charged in
e extrusion moulding machine. The raw material compound 111 was heated
a the cylinder 102 at 260°C to make it in a fluidized state, and it was

: :gsed through the die 105.
qbll

,
:n this Example, the die temperature at the moulding was 250°C, and the
:00ling was carried out by a forced air cooling at the outlet section of
he die. The size of the moulded article produced was the outer diameter

:f 33mm and the inner diameter of 3Zmm.

e moulded article was made in a thin plate state by a unit shown in

Mgure 11.

ﬁ1guz.-=_= 11 was a drawing viewed from upside, the cylindrical wmoulded
article 112 extruded from the die 105 was split into Ewo-equal sections
¢f the upside and the downside by the cutter 501 installed_in front of
the die 105, and the bisected moulded articles were moulded intoc thin
Plate gtate magnet by passing bhetween 2 sets of 2 rollers 502 positioned

in the rearward of the cutter 501.
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cutting can be carried out even in a case of a |arge vol une rat|o=§h th@A,
magneti c powder. In case of Cutting Method 3. the cutting could not be
practjced when the volune ratio of the magnetic powder i ncreased. On the
ot her hand in case of Cutting Method 1, the cutting can be carried out
even th

f wd 72 di '
|STQ?%aP ?r% ﬁgr%égﬁgtggtﬁgﬁ %:%& %@t%%8E§ W§g§g§u§@PA %%Lé{ o (ﬁgke
thee CHRtENA 0 R INE. Ofpld S S8 T88' Qe nbUPERE Cafticle was the width Bf

s0mm and the thickness of 1mm. The magnhetic property of the moulded

irticle obtained is shown in Table 18.

s & ¢omparative example, a thin plate state moulded article was moulded
y an extrusion by using a die which wasg generally used for an extrusion
oulding of a thin plate state plastic, and its magnetic property is

wown as Test 44.

2

wder and zinc stearate powder ae Test 43 of Example wele mixed to make

for the raw material compound, the same magnetic powdelr, nylen 12

ratlo of 91.5 wt%, 8.3 wtt and 0.2 wty respectively, they were kneaded,
re granulated, and were moulded for the determination of the magnetic

operty. The size of the moulded article wag the same asg Test 43.

Table 18, a mouldability of Example of this invention (Test 43) and

: comparative example (Test 44) is also shown with the magnetic

‘perty.
K
(Bﬁ) max
{MGQ2) Mouldability
‘est 43 (Example) 2.5 G
legt 44 (Comparative
example) 2.4 o}
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An “Uncur ed cylindrical nagnet was produced in accordance with f of oW g3 to
*use it for a curing unit of this invention. At first, 60 vol %of a
magneti c powder of Sm- CO fam |y magnet and 40 vol % of a thernpsetting

resin mainly conprising an epoxy resin were m xed and a conpound was

prepared by kneading it with a roller mll. The epoxy rosin used had a
t hernopl astic region of 100 150 C In which its viscosity suddenl y dropped,
and it was cured at a t-enperature -of 200[err]-- ckﬁﬂf -conmpound prepared
was then coarsely crushed and it was charged |n a ng machi ne.

0 = Ordinary

1 it is clear from Table 18, there is no significant defference on the
-agnetic property between Test 43 of Example and Test 44 of the

omparative example, and a magnet, having its magnet performance equal to

ulded.

~ above those obtained by the conventional moulding method, c¢an De

ﬂsgpthe other hand, from a viewpoint of the mouldability, it was difficult

-achieve a stable moulding for Test 44 of the comparative example, and

;ate of an rejected article was high. Furthermore the fabrication cost

the die used in Test 44 of the comparative example was approximately 3

28 higher than the die of Test 43 of Bxample, and it was more

wnsive than a total cost of the die and the press unit of Example.

wdingly, a high performance thin plate state resin bound type rare

*h magnet can be produced with a high productivity by using the
ding method of this invention.

{

{ g
ple 17 -- _ Co

aterials to make a composition of Nd 14 (Fe 0.95 Co 0.05) 80.5 B 5.5
molten, were casted and a quenched ribbon was prepared in an argon
Phere by using a gquenching and ribbon rolling machine from the ingot

led.
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ASE FGECE he nﬁuldlng‘ﬁaéﬂﬁﬁe an injection noul ding nachlne and anaﬂﬁtrﬂ@lon
‘moul di ng machine could be used, but the extrusion noul di ng machine Was used
here. The charged conpound was heated at 100 - 150[err] C in the noul ding
machine to make it in a nolten state, the nagnetic powder was orientated in
a die. the nolten m xture was solidified with cooling as its state and an

unghe edpundiudt | eabbBRINds WaguBheparstll abt eraghetdmgpewteat iah. an  avéwage
size of the nmagnet was the outer dianeter 32.8nm and the inner dianeter .

3lp8nticaadsitewas qopmtaaﬁabntaiseaength at 100mm Ih Table 8, a °
conparison of various curing processes Test 11 - 13 for the aforenentioned

uncured cylindrical magnet is shown.

Table 8
This magnetic powder was mixed with a resin powder comprising bisphenol A
type epoxy, novolak type epoxy and vinylbutyral-vinylalcchol copolymer,
:alcium stearate powder and silica powder as additives to make a ratio of

0.3 wtg, 9.1 wt%, 0.4 wt% and 0.2 wt% respectively.

12 mixXture wasg Rneaded by & 2 roller type mill at 90°C. The kneaded
xture was granulated to outer diameter of 1 - 10mm particles to make a
k W material compound and was moulded in a cylindrical magnet by using
e extrusion moulding machine gshown in Figure 10 of the aforementioned

ample 16,

ler the moulded article was cut into an appropriate length, one point
the circumference of the moulded article was also cut in parallel with

i central axis.

noulded article was fired at 200°C for 45 minutes while it was being

ssed to make a thin plate state by a press unit shown in Figure 12.
N .

presg unit shown in Figure 12 ig to press a moulded articl® by moving
Pregs plate 601 located in upper pogition downward as shown by an

. The thickness of the moulded article 603 is adjusted by a spacer
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Shape<°= -<-5F ivi RV Operability Test 11 exgEl ety
- good good Test 12 excel lent ~ " 77T
ordi nary ordinary Test 13 bad
excel | ent excel | ent Test 11 is the results of the

curing process of this invention for a cylindrical nmagnet. Namely the outer

ci pigsinfrafeic e unfi tt hgaynGrsb Sy Lnndd | Elrimonehirnacé| xedady hastied, and ttlee
inner circunference is fixed by an elastic material, in this case it was. a

si hf coamentbbived (heubioafl hetiché | wak asernon nutés - mm:g/a) mhamdaal with a gas
(inthis case it was air), and it is cured by heating in an oven.

A press was carried ocut to make a thin plate state when the viscosity of
the moulded article dropped, and it was further heated to c¢rosslink the

organic resiﬁ in the moulded article.

.astly the edges of the moulded article were cut and a thin plate state

iagnet with the desired size was prepared. The magnetic property and the

srface condition of the thin plate state moulded articles of Test 49 -
o

in which the sgizes of the moulded article extruded by an extrusion

ire altered, were shown in Table 19,

Table 19
Outer Diameter Inner Dilameter {(BH) max Surface
it No fom) - . {mm) a/D {MGOe)  Conditio
3 22 22 0.91 5.0 Good
) 22 18 0.82 4.9 Goad
4 22 16 0.73 - Bad
} .. 33 25 0.76 4.9 . - Good
33 23 0.70 - Bad .

ible 19, the "Bad" mark in the surface condition means that it is not

e ag a magnet because of a formation of c¢racks on the surface.

- 71 -
Sheet Has Been RTlaced

BT




ol LmIND Lzl AVERNIVI S E% ) ro13/4u
Test "12 is a conventional process in which the outer circunferenceifs:f?p0€d
with a jig, arotation unit is attached to the jig, and it is cured by
heating with a rotation in the circunferential direction. Test 13 is a
process to cure the cylindrical magnet by heating by placing it in an oven

: ;‘M’]h £57 4F BhBSKoSTem Kol 2P ,asﬁoga%ﬁfé LR L B e
&mte).e %#ﬁ}%tﬁﬁéaéﬁiﬁ%&%m 5,38 ﬁ%ug“f%at L, S R B B tg@éh%%i
gﬁ%%sar&tat e{hgow?&@&&r EﬁQFSEEES cﬂfe Oﬁ ep %Eﬂmt‘i@nc%%escfi@lstbﬁ'

I's fixXed he cyl'rndrica ormis near ept, and thus Test 11 and

Te%el%u%fﬁdése&w' aPaRee3s WiyR ALt f!é\'p%@tateii tdee mal®ea thifheplate state
operability neans on easiness of the operation of the unit and its

capahik thef WhiWkRARSIdE the dgRimiPItdl afoultedanptiscle is|thickerslaTéve
12. it takes nore tine for an operation to connect the jig with the

rotztat the vatert Hdamagegperati on of Test 11 to Insert the inner body when
conpared with Test 11 of this invention. Furthernore froma vi ewpoint of
cost, Test 12 Is nore costy because of the requirenent of the rotation

unit.
woncerning the magnetic property, there is no problem if d/D is 0.75 or

ore.

(" cordingly in the moulding method of this invention when 4/0 is limited
0.75 ¢ 4/D < 1,
magnet having a high magnetic property without defects such as the

acKk, etc can be produced.
mple 18

' materials to make a composition of sm (Co 0.672 Cu 0.08 Fe 0.22 Zr
28) 8.35 were molten, were casted, an ingot produced was magnetically
dd by a heat treatment, and then a magnetic¢ powder ﬁaving the average

ilcle size of 10um was prepared by crushing the ingot. —

powder was mixed with nylon 12 powder and zinc. stearate powder to

a ratio of 92 wt%, 7.8 wt3 and 0.2 wt% respectively.
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Cbnsequently the Test 11 process IS a superior process to Test 12_ﬁﬂ§ fé
Next the di mension accuracy after the cure when it is cured by heatan‘by
Test 11 and Test 12 is shown in Table 9.

-hen the mixture was kneaded by a two axes extrusion Kneading machine at
160eC. ‘The kneaded mixture was éranuléted to-particles having the outer
jjamater of 1 - 10mm to make a raw material compound, and a cylindrical

agnet was moulded by an extrusion moulding machine shown in Figure 1.
ne moulding method was the same method to Example 1.

; game to Figure 1, the extrusion moulding machine consists of a hopper
1 ie a raw material charging section, a cylinder 102, a screw 103, an
‘aptor plate 104 to equip a die at the cylinder, the die 105 and a
* iving motor for the screw (which is not shown in Figure),” and further

electromagnetic coil 109 to charge & magnetic field in the die 10% is

sitionad at the outside of the die 105. 106, 107 and 108 are heaters

y aforementioned granulated raw material compound 111 was charged in
1 extrusion moulding machine. The raw material compound was heated in
1 cylinder 102 at '250°C to make it in a fluidized state, and was passed

ough the die 105 of which structure wag shown in Figure 2.

die is constituted by an outer die 201 and a mandrel 202. The outer
1g made of a non-magnetic material, but a riné- shaped magnetic
irial 20la is installed at the front end to induce a magnhetic flux.
mandrel 202 is also made of a non-magnetic material, and at its front

a magnetic material 202a ig installed as well.

. a curraent is turned on in the electromagnetic cecil 109 installed

ide the die, the magnetic flux generated flows in a directiaon of the
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Strai'ght ness Roundness Test zzdd ' S2o0
0. 005 0.01 Test 125" =*=~
0.07 _ 0.04 Before the cure

0.08 0. 05

syrow H in Figure since it tends to pase in a magnetic material with a
=igh magneti—c permealiility. Therefore a radiated magnetic- field fte
senerated in a ‘space (hereinafter called as an orientation section)
.etween the front end 202a of the mandrel and magnetic material ring 20la
qnstalled in the outer die. Thus while a magnetic composition passes
hrough the orientation gection, it is moulded with a progress of an

rientation of the magnetic powder.

+ this Example, the magnetic field for the moulding was 13 kOe, the die
~;:mpex:'at:u.re at the moulding was 250°C, and the cooling was carried out by
( forced air cooling at the outlet section of the die’ Thus the
{entated raw material compound 111 was moulded by an extrusion by a
:lidification with <cooling at the' outlet of the die. The size of the
lindrical moulded article was the outer diameter of 33mm and the inner

meter of 32mm,

: moulded article was cut into a suitable length, was demagnetized, and
ther it was devided intc two equal sections in parallel with the
itral axis of the moulded article. The moulded article was ther made
a thin plate state by heating at 180°C with a press unlt shown in
ura 127 _ T
press unit i8 to presg a moulded article 603 by moving the press
te 601 located in upper position downward as shown by an arrow. The
*kness of the mou}ded article igs adjusted by a spacer 602. The press
* was placed in a firing furnace as same as Example 17, was heated and

moulded article was set on the press plate.
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(Uit ) l The rotation rate of Test 12 here was 500 rom TRESE:i 3q¢he
maxi mum rate which can be practiced by taking the cost into consideration.
The airpressure of the inner body of Test 11 was 1 atm The magnet

before the cure was prepared by sonmewhat decreasing its dinension accuracy
in order to check a correction abilitgion t he dinension by the curing

pr oRFES R aEPRGLed oubr sm makreaothip plat@detateoyheRattheny iscesidivorot
accurac ig gorrected.by the curing process by heating sucq as Test 11 and
Toste pulded 3reiele Beoprad ( e addem aane Fuk BCk HATGILY @ (BLn Wiake
body,_ Ny he at npspherge of the.ther uripg, it a iles a farce
fo e ARAE MAtR 108 Soahil afad i PaSHE R ron ae, S A A e
It [4Sy er I | a r i fugg r
gentr sty e OT IR, PR SF2s0um and Cehe ehEEknggs LN, PRy WGhReic
-operty of the moulded article obtained in Test 54 is shown in Table 20.

; a comparative example, Test 55 was carried out by an extrusion
ulding by using a die shown in Figure 6, and the magnetic property of

e moulded article in a thin plate state is also shown.
’hfor the raw material compound, the same cne to Test 54 was’ used.

the die, when a current is turned on in the electromagnetic coil 403,
lagnetic field vertical to the éassage ¢f the compound in the die is
med between Upper and lower pole pieces 404. Therefore a thin plate
te magnet of which the magnetic powder is orientated in the thickness
ection can be moulded. The magnetic field at the moulding was 11 koe,

‘the gize of the moulded article was the same to Example of Test 54.

uldability is also shown in Table 20 with the magnetic property.

(BH) max
{MGOe) Moudability
t 54 (Example) 7.5 Good

L 55 (Comparative
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accuracy by the correction of Test 11 is further inproved. Thizsst s 2628
*because that the force by expansion of the air is stronger then the
centrifugal force resulting better correction of the dinmension. Fromthe
corréction ability of the dimension. It is also understood the process of
Test 11 of this ipvention is superior. Exanple 9 Raw materials to
make the san®¥@BRP84ition of Péwler A in Exanpl e FIBRRFY0 0. 672 Cu 0.08 Fe
0.22 Zr 0.028) 8.35 were nolten, an ingot produced was magnetically cured
by a heat treatnent after casting, and a magnetic powder having the average

paglicfe 3i 29 oQf " Py g NG OGIE! ¥a T BRAE. WERIAN @@ A, ahlai hed
qh cf’eﬁlgng%. i p% g3 Ay orﬁd‘?{c}

by“crushi'ng the 'sa wder " was™m X powder
anfdsa CLAbCBbRLErARIVE! okanBBKCrdst 344 OgRbwd® Yolr nainté e ani-dbdrtf 26 ar
sane to Exanple’ 3. The Xture was negnetize y a pul se magneti zation
Unjds shuurbiderrddurchat WLED wigd N@uwd MBENEAA C impossibility to enlarge the
iagnetic field for the moulding because of the structural problem of'the
ile in case of the comparative example Test 55 resulting an ingufficient

irientation of the magnetic powder.

irthermore it was very difficult to achieve a stable moulding in case of
’ast 55 of the comparative example, and it had a high rejfection rate.
weover the fabrication cosgt of the die uged in the comparative example
8t 55 was approximately 3 times more expensive than the die used in
15 54 of Example, and it was more costy than the total cost of the die

i the press unit in Example of Test 54.

nsequently, by using the moulding method of this invention, a high
rformance thin plate gtate resin bound type rare earth magnet can be
tduced with a good productivity.
{
!'ample 19. _ -
! materiale to make a composiﬁion of Nd 13 Fe 82.7 B 4.3 were molten as
illar to Example 17, were casted and a quenched ribbon was prepared in
argon atmosphere by using a quenching and ribbon rolling machine from

ingot obtained.
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fleLd of 25 KC{err] and it was then kneaded by a two axes extrusfﬁh

- kneadi ng machi ne at 260[err] C. In figure 4, 301 is an el ectromagnetic
coli, 322 is a pulse current generation power source. 303 is a table to
adj ust a hight of a sanple and 305 is a raw material magnetic powder.

SRR SO, AT, [t T PR BT

GRS Yol SpPde ol aeﬁéﬁgﬁé‘éﬁfﬂfﬁ%ﬁd%@esm Dl e adieddire
EX?@'P}@G Ih@o@ld:@ W EERes a5 4! d@g,a&mi‘%mu@a e Mas giiterddneG, and a cool i ng

was carried out by a force cooling at the outlet of the die.
Accordingly, an orientated raw material conpound was noul ded by an
extrusion by a solidification with cooling at the outlet of the die.
Thehesi zomdol idated| dertirld clobbadnethehadt eé diemeity 3simosind %00% i nnéfhe
di aneter 32mm In Figure 5, a conparison of changes of residual
magpresdkidated densicle( Bb):a\tneti weagin aoiud dreide [ agn finorbyrotihei hg ghort ammressativiten
and wi thout magnetization of the raw material powder before the noulding is
shpwgse moulding in a vertical direction to the first pressing direction in
in argon atmosphere at 700 - 800°C with a 10 Kg/mm pressure (Namely a

ie upset was carried out).

ge bulk state magnet was crushed and a magnetic powder of an average

irticle size of 20um was ohtained.

¢ magnetic powder was mixed with a resin powder comprising a mixture of
sphenol A type epoxy, hovolak type epoxy and vinvlbutyral-vinylalcohol
polymer, calcium stearate powder and silica powder as additives to make

tatio of 90.3 wt%,- 9.1 wtd and 0.4 wtg and 0.2 wtd respectively.

n the mixture was kneaded by a 2 roller type mill at 909C. The
faded mixture was granulated to particles of the outer diameter aof 1 -
-m to make a raw material compound, and a cylindficai magnet was

lded by using an extrusion Noulding machine shown in Figure 1 and a

shown in Figure 2 as similar to Example 18.

moulded article was cut inte a suitable length, were demagnetized,
further one point on the circumference parallel to the central axis

he moulded article wasg cut. The moulded article was fired at 2n0°c

] 7 7 ) e e e T et e
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’ FromFigure 5, it is understood that a nmagnet with a hlgﬁ“Br‘re

- v ¥ - ot T L PRR VS swis

with a hi gh degree the orientation can be prepared by an adoption of the
magneti zation for the powder prior to the noulding even if the magnetic

field for the moulding is | ow

st 45 minutes while. it was being made in a thin plate state by a pregs
sit similar to Example 18 to crosslink the  organic resin. in the moulded

ticle.

e magnetic properties of the thin plate state moulded articles when
8t 56 - 61 were carried out bhy 'chanqinq the 8ize of the moulded

ticles of the extrusion moulding are shown in Table 21.

Tahle 21
( OQuter Diametar Inner Diameter (BH) max ~

6 22 20 0.91 10.2
1 22 19 0.886 10.0
3 2z 18 0.82 8.2
) 33 32 0.97  10.4
) 33 - 28 0.85 10.1

33 25 g.76 7.5

t i clear from Table 21, if the ratio d/D between the ocuter dizmeter
and the inner diameter (d) is below 0.85, the magnetic property is
riorated. It is considered that this is due to a €£ormation of
der on the orientation oﬁ-the magnetic paowder while it is being made

thin plate state hecause the thickness of the cylindrical moulded
le i8 thick in comparision with the outer diameter. Consequently in

loulding process of this invention when the d/D is8 limited as

0.85 < d/D < 1,
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Furthermore as for the magnet performance at the high nmagnetic fFgld .
(around 15 KCe) for the noulding, the cases with the nagnetization showed
hi gher values, and it was understand that the rmagnetization for the powder
prisor to the nmoul ding had a bigger effect: . Exanple 10 Raw materi al s

WRIghda®lWEtht @ ABKR RagREPOSLEEEPMhcEMAn5hEr pRoliuced.0. 672 Cu 0.08 Fe
0.22 Zr 0.028) 8.35, an ingot produced was magnetically cured by a heat

treatnent after casting, and magnetic '~ powders having an average partiocle
size of 10[err]mwere obtained by crushing the said ingot. 2. Kkinds of
tAiMIragneti ¢ powders having the coercive force IHc 7 KOe and 10 KCe @
respectively were prepared by changing a condition of the heat treatnent.
These powders were mixed with nylon 12 powder and zinc stearate powder to
make a ratiio or_ 92 wt% 7.9 wt% and 0.1 wt % respectively. These
nadndBEHRRAS HEPe Ragret i GAIPHYELRY Ny BagReELE BAVHBER: 2BAcanr ONEGNNC
uni t, and then,the

sin wﬂerein it iys moulded as a gingle body in a c¢ylindrical fprm
:isfying a relation of

2pL 7 4% 3 1
ng the outer diametar (D), the inner diameter (d) and the length (L)
the magnet, and it alsc hag a radiated anisotropy in the diameter

Bection., s

A resin bound type maghet comprising a magnetic powder, an organic
n and an additive wherein it is moulded as a single body in a
ndrical form satisfying a relation of
2oL 7 a2 3 1

g the ocuter diameter (D), the inner diameter (d4) and the length (L)
he magnet, and it also has a radiated anisotrppy in the diameter
tion.

‘A production process o0f a resin bound type _maqnet':-where-in a raw
ial for the moulding compriaing a magnetic powder and =an organic
' is moulded by an extrusion by pasgsing through a é.ie in which a
tic field is charged while it ig being cured, is formed to a gingle

in a cylindrical form satisfying a relation of

2
2DL / 4 ;1
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wer e kneaded by a two axes extrusi chi ne at 260[err] C =
- The kneaded m xtures were gran;’_ﬂﬂﬁ@‘ n!rﬂaml HIES of the outer dianeter 13
10mmto make a raw material co ) L wer & noul ded by an extrusion into
thinm plate state nagnets by using a die shown in Fi gure 6. In the die
Gllag’tﬁtferf”at*éu?r}éhﬂh BaguehepeBEOYMAREL P AR (PO RIPEAFRdcol | 403, a magnetic
field vertical to the passage of a conpound in the die in generated between
t he upper and the | ower pol e pieces 404. Therefore a thin plate state
having an orientation of the magnetic powder to the thickness

di lon is noulded. By the way, 402 is a heater. . The size of the:
noul ded article was the width of 60nm and the thickness of 1mm and the
strength of the magnetic field at the nmoul ding was 12 KCe. In Figure 7,

grlr?r a‘téo t e nou d| n:g@ “3#}?‘{% '@sﬁfﬁ?}d?égggn%cést‘f%v‘ﬁ%f#& oﬁgt E&Méon
R A LA b S A LI e
donefyimy eaReldwidd edg which was weaker than the coercive force of the
magneti c 2L / 42 -

ng the outer diameter (D), the inner diameter (d) and the length (L)

the magnet, and it also hag a radiated anisotropy in the diameter

@ ction. s

A resin bound type magnet comprising a magnetic powder, an organic
:n and an additive wherein it is moulded as a single bedy in a
ndrical form satisfying a relation of
2oL 7 42 3 1

g the outer diameter (D), the inner diameter (d) and the length (L)
‘he magnet, and it also has a radiated anisotropy in the diameter
tion.,

‘A production process of a resin bound type ,magnet.-where-in a raw
‘tal for the moulding comprising a magnetic powder and =an organic
' is moulded by an extrueion by pasgsing through a die in which a
tic field is charged while it is being cured, is formed to a single
in a cylindrical form satisfying a relation of

DL / d° 51

- 79 - e e e e
This Sheet Has Been Replaced

WA




: - istas ———————— Uy 2374y
poweler“ there was an eff\ect to inprove the t|c performance | B2t Was
*done in a magnetic field st rom‘nnmr“ B\ W% ive force. Exanple 11

Raw materials were nolten to of Nd 13 Fe 82.7 8 4.3,
wer e casted. and a quenched ri bbbn ‘vas pr epared in argon atnosphere by
usi ng a quenching and ribbon rolling machine for the ingot produced.
Thenaqentciedoutbbodivhae tegar9gl,y theusireter idiamecdr | (&Y Bndatheullénatt L)
hi gh tenperature press noul ding was carried out in argon.atnosphere at 700
806 ethpCmagiteta pndssit eatbo2hag/ anjrardiatiedr ansbottopiyimen the Thidamefer
consolidated article obtained had a density al nost 100% The consoli dated
ar ti%9¢ M ai ned was noul ded again by the hi gh tenperature press noul di ng
in a vertical direction to the initial pressing direction in argon

atm)sphere at 700 - 800[err] Cwith a 10 Kg/mierr] pressure (Nanely, a die

G HeprfRld b blocess of a resin bound type magnet wherein a raw
aterial for the moulding comprising a magnetic powdser, an organic resin
1d an additive is moulded by an extrusion by passing through a die in
iich magnetic field is charged while it 1s being cured, is formed to a
ngle body in a cylindrical form satisfying a relation of
0L < a% 3 1
imng the outer diameter (D), the inner diameter (d) and th: length (L)
the magnet and it also has a radiated anisotropy in the diameter

ection.

A production process of a regin bound type magnet by an extrusion
lding of a moulding raw material comprising a magnetic powder and an
anic resin wherein a die structure for moulding is constituted that a
nt end o0f a mandrel section 1g projected in front of an edge of a
¢&r die, a magnetic circuit is formed among the said mandrel section,
{ outer die and an electromagnetic <¢oil installed at an outer
umference of the said die, it is moulded in a cylindrical form by
'ging a magnetic field in the dis by the electromagnetic coil, and the

ded article extruded is demaghetized at the front end of the mandrel.

A production process of a resin bound type magnet by an extrusion
ling of a moulding raw material comprising a magnetic powder, an
ic resin and an additive wherein a die structure for moulding is
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A bul'k state magnet obtai ned was crushed and a magnetic powder of ZE&e:
average particle size ot 20[err]m V\ﬁmummnﬁﬂummcoerci ve force of the
magneti ¢ powder was 12 KCe. The was mixed with a

resi ning powder conprising bisphenol*A tyge &poxy, * novol ak type epoxy and
vi nyl = Yi | cohal copol.yner. cal i at e, po nd.siligca

poRte 8t P E B ECER O ST AERIA LR S0 S0 o
powder, an itive; o, vely. . . .
radneroPs S e R B T pleflebh e IR e Y sprmeda g L RS "B

angah8reas se8edsnd Rhed cuddt | &fe LiRE Bhl LldbrBEhaEhbE1cTRB1MNGRMRG 1TIE We

was granul ated to an outer dianeter of 1 [err] 10mmgranules to nake a raw
naer bakecoryauwnhfarénss sPutidedesabdadiyl,i N4 i cal noRbASE BY an SXlIeE Q]
machi ne as sane as Exanple 9. In this Exanple, the die tenperature at

t heormubyli agarging48[ maghbtiangiebe ohrehgtdiofby hthareglhed troddiat forad i,
nmoul di ng was 8 KCe. The size of the noulded article was the outer

di ambt tire spanddadt Brticber edicandedr i8mdend@gnetdakdedt the front end of the

andrel.

1) A production procesg of a resin bound type magnet by an extrusion
'iulding of a moulding raw material comprising a magnetic powder and an
¢+ -ganic resin wherein an elaectromagnetic coil is installed “at an outer
rcumference of a die, it ig moulded in & c¢cylindrical form by charging a
gnetic field in the die by it, an electromagnetic coil with an air-core
also installed in front of the aforementioned electromagnetic coil to
lerate a magnetic field for demagnetization in the said electromagietic

.1, and the moulded article extruded is demagnetized.

A production process of a resin bound type magnet by an extrusion
lding of a moulding raw material comprising a magnetic powder, an
Ynic resin and an additive wherein an electromagnetic coil is
talled -rat an outer circumference of a die, it is -moulded in a
:ndrical form by charging a magnetic f£field in the die-Dby it, an
‘tromagnetic coil with an air-core is also installed in froﬂt of the
‘ementioned electromagnetic coll to generate a magnetic field for

gnetization in the said electromagnetic coil, and the moulded article

Uded is demagnetized,
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18 article Was cut in'a Suitable |ength, was demagnetized and waiEfr &80 n

~conditions of 200[err]C x 45 mn gnetic property of the
nmoul ded articles obtained in Teim\iﬁ\“‘“m“mrumm in Table 10. Test 14 -
15, the conparative exanples we cnagneti ¢ prioperty of sanple noul ded

with the magnetic field for the nmoulding at 8 KOe wi thout the magneti zation
pri®dr %o throdumtliding pibesissl4pfan@d areadpl ebotigdet typer opegngtnowhded wilsh
the magnetic field for the noulding at 15.KCe and a die.of which the -

orcoagitatiutieds dey | oplantahéngr entmagnetives Bowdeenda (Fedelisp mixture of a

magnetic powder and an organic resin in a section wherg a magnetic field
is charged at a front end of a die, moulding it in a cylindrical €form,
solidifying it with cooling and extruding it wherein when the magnet is
:ut, the resin is cut by melting by contacting the magnet with a heated

ire.

10) A production process of a resin bound type magnet which ig
snstituted by orientating a magnetic powder in a molten mixture of a

Y
/ignetic powder, an organic resin and an additive in a section where a

A

wgnetic field is charged at a front end of s die, moulding it in a
lindrical form, solidifying it with cooling and extruding it wherein
en the magnet is cut, the resin is cut by melting by contacting the

jnat with a heated wire.

.} A production process of a resin bound type magnet of Claim (9) or
im (10) wherein the resin bound type magnet is an isotropic magnet
lded by an extrusion in a cylindrical form without an orientation.

{

| A production process of moulding a c¢ylindrical .r'esm bound type
let by an _injection moulding or an extrusion moulding of"a magnetic
ler and a thermosetting resin wherein in order to cure the molten
Ure of the magnetic powder and the thermosetting resin by heating, it

ured with £ixing the outer circumference of the cylindrical magnet hy

- 82 - This Sheet Has Been Replaced
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3ig and the inner circumference by an elastic material expanded by a
38 . - 2

:3) A production process of moulding a cylindrical réain bound type
ignet by an injection moulding or an extrusion moulding of a magnetic
wder, a thermosetting resin and an additive wherein in order to cure
e molten mixture of the magnetic powdesr, the thermosetting resin and
.2 additive by heating, it is cured with £ixing the outer circumference
! the cylindrical magnet by a ‘jig and the inner circumference by an
astic material expanded by a gas.

¢ - ’

4) A production process of a resin bound type magnet of Claim (12) or
alm (13) wherein the aforementioned elastic. material is a silicone

bber.

3) A production process of a resin bound type magnet compriging a
gnetic powder and an organic resin wherein a mixture of the rare earth |
getic powder premagnetized in a magnetic f£ield which is stronger than
coercive force of the magnetic powder and the organic resin are
§aded, and the kneaded mixture is moulded by an extrusion in a magnetic

- ald. .. _—

{

3) A production process of a resin bound type magnet comprising a
nhetic resin, an organic resin and an additive wherein a mixture of the
‘e earth magnetic powder premagnetized in a magnetic field which 1is

‘onger than a coercive force of the magnetic powder, the organic 1asin

- 83 - . This Sheet Has Been Repl
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Test 15 5.1 Tpig cvov

“As it is clear form Table 1%““%!'%“““@ ation is observed in a
conparative exanple Test 14,1k I R SRAYRIGA O bt ai ned nmerely shows a
perf'ormance close to an isotropic one. On the contrary a high

perfo nc net with a sufficient orientatid | S _obtained by.thi.s _
Ex%érp[:gg a%dqﬁﬂv@as%r%fk%i‘ge%&a{lﬁetﬁﬁgﬁ@ﬁ#e@%? ?59?06\}°¥‘%d§8i LY #n
its,.hi ic fie f e moul di ng, "and- .t -is considered that a -
sui‘?ﬁ?g%gﬂg{}?énﬁaﬂlﬁhgﬁfg{*ﬁi}gf’ragnetic powder is not attained at the
moul di ng since the length of the orientation section beconmes extrenely
short such as 1lmmor less in order to charge a 15 KCe ‘magnetic field at the

or | Ent At pPddueeiiionn plteddy 145 ¥ep¥sihn@oiid Wi dhadREt) BeViang ditrdadie
di anmeter of the noulded article 6mm Therefore a noul di ng process of

t hpsldiwgnbdfona imoul ddergy v asdtari gl ocomprinting samaghetibi powdeli gind an
magnetic field for nmoulding is not attai ned because of a limtation of a
notgatele areéih ewbthaasdiactnak maghkedcofieldi wherein it is moulded by an

splication of a slight vibration to the die at the moulding.

8) A production process of a resin bound type magnet by an extrusion

ulding of a moulding raw material comprising a magnetic powder, an
4

’Lanic resin and an additive with a die in a magnetic field wherein it

moulded by an application of a slight vibration to the die at the
1lding.

1 A resin bound tvype magnet compriging a magnetic powder and an
anic rlesin wherein an average particle size r of the aforementioned
netic powder satisfies

r ¢ 0.1t (t < lmm)
1 the thickness t of the moulded article ¢f an anisotropic resin hound

‘e magnet comprising the said magnetic powder and the resin.
C ' T

1

» A resin bound type maghet comprising a magnetic powder, an organic
n and an additive wherein an average particle size 1 of the
ementioned magnetic powder satisfies

r 0.1 ¢t (¢t s imm)

itn

. the thickness t of the moulded article of an anigotropic regin bound

magnet comprising the said magnetic powder, resin and additive.

) 8 4 - - - I S v e m————
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Exampte 12° In 'thi'd rﬁvenﬂon Powder A and B were prepared bizEhegsane

‘conposition and procedure to ﬂ w!”ﬂjuﬂmaimtere kneaded with the resin,
and cylindrical nmagnets were ! rusi on noul di ng machi ne after

granul atling the kneaded m xture to par"ticsl e$ having the outer dianeter 1 -
10mm to nake a raw material conpound. The noul ding process is briefed by
usitid FRglkoductiomnpeperasi oof meul tRHN nhiSkNde P& Bagaed HRMRL B3 MJY am
conposition to_the extrusion noul di_ng machi ne of Figure 1. However, at the
f r dinN&HE oPOWRRr dard anpiorgenisf r@ednasdiarelss An | sieraqe PEevlale ypere1m
are_installed to generate a slight vjbratiagn. The af orenenti oned
grahtﬁrhﬁ e#‘?%ﬁﬁ‘%’?je?‘?‘%‘f RIFRRR m@%ga&{gf&@@ to the extrusion noul di ng
machi ne of FELgur R w nmat eri al conpound was heated in the cylinder
102 at 260[e¢ ?#(f‘tlg trra‘}l}‘g {talmﬁﬂa fluidized state and it was passed through

tEQ:"rrcﬁ S‘.h]leOSChickn-gbes 4 & SLAUCTL A 43S a8 18 2 A 28450t #op1R! 26BEH hBund
e magnet comprising the galid magnetic powder and the resin, and the
gnet is produced by an extrusion moulding with a die in a magnetic
eld.

2) A production procees of a resin bound type magnet c_omprising a
('bnetic powder, an organic resin and an additive whereins/ an average
sticle size r of the aforementioned magnetic powder satisfies

. r¢o0.1¢t {(tg imm)

h the thickness t of the moulded article of an anisotropic resin bound
¥ maghet éomprising the said magnet powder, the resin and the
ditive, and the magnet is by an extrusion moulding with a die in a

netic field.

) A producti.cn process of a resin bound type magnet comprising a
flding of a mixture of a magnetic powder and an organic resin by an
(-ection .mouldingﬁ or an extrusion moulding wherein.-a - compound  is

pared by charging in a kneading machine after making a viseosity gy of

mixture of the aforementioned magnetic powder and organic resin in a

le of

¥ < 300 [kpoise] {(eshear rate = 1000 sec?l)

leating.

- 8 -
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I'n thls exanpl e, the nagnetic powder is noul ded while it is be mg‘““r? 2620

‘ori entated when the magnet ic conﬂmllgum IMiﬂﬂﬁm rough the orientation
section. The slight vibration fr oscill ator was
transmitted to the front end of the die In this exanple, the nagnetic
field for the nmoul ding was 10 KOCe, the die tenperature at the noul di was
205¢%k r P PERfHeHEoR oBiose fdasoBipdl | BRE b SOﬂﬁﬁce‘éNBﬁrm@@é?Ptngc?%mf “U a
outlet of the-die. Thus-the orientated raw-mat-etial co ﬂd was solldéf1ed

wi tH TG nEat? t RéXSUrLetoHf ar Madhad khdPALeFou 8 CHYARHC o FESEE o
f th | ded I t di
ol RE Ve oo ndenitios diculde’t hE i, nBRE B fop AR Ehd hﬁh%ﬁﬁfxéedl
f

of t#ﬂ&*e&g% ohE Bt i S flan RNy R 1 #ﬁﬁ%ﬁﬁsm%?ﬁ%%ezpa A Phakeny &

sjc@sit:.r 5*] df end njri?xﬁti ?t&@ 56 O i dafbritiDridd %qn‘éélr@tﬁ%e%“d okRfdn 1%8

19 are the cases wt
esin and additive in a state of
Y § 300 [Kpoise] (shear rate = 1000 seél)

¢y heating.

'5) A production process of a resin bound type magnet described in Claim
[.‘
t 3) or Claim (24) wherein the surface of the aforementioned magnetic

wder 18 coated with a metal plating or ceramics.

6) A production process of a resin bound type magnet wherein a moulding
# material comprising a magnetic powder and an organic resin is moulded
an extrusion in a cylindrical magnet by passing 1t through a die, then
2 or plural points on the circumference of the said cylindrical magnet
fare cut in a direction parallel with tl‘_le central axis of the moulded

:icle and the moulded article cut is spread to make it in a thin plate

‘ite.

'} A production process of a resin bound type magnet whereini a moulding
I material comprising & magnetic powder, an organic resin and an
itive is moulded by an extrusion in a cylindrical magnet by passing it
ough a die, then one or plural peints on the circumference of the said

indrical magnet ig/are cut in a direction parallel with the central

- B6 - S
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- xis of the moulded article and the moulded article cut is spread to make

:t in a thin plate state. - S e IR ' i,

'28) A production process of a resin bound type .maqnet described in
- :laim (26) or Claim (27) wherein the outer diameter (D) and the inner
liameter (d) of the aforementioned cylindrical magnet to be moulded by an
ixtrusion gatisfy a relation of |

0.75 ¢d /b < 1,

29) A production process of a resin bound type magnet wherein a moulding
{ aw material comprising a magnetlic powder and an organic redin is passed
hrough a die where a magnetic field is charged to mould a cylindrical
agnet having a radiated anisotropy in the diameter direction hy an
ktrusion moulding, then one or plural points on the circumference of the
ald cylindrical magnet is/are cut in a direction parallel with the
sntral axis of the moulded article and the moulded article cut is spread

» make it in a thin plate state.

i0) A production process of a resin bound type magnet wherein a moulding
iw material comprising a magnetic powder, an organic resin and an
lditive is passed through a die where a magnetic fleld {s. charged to
mld a cylindrical magnet having a rediated anisotropy it_\—the diameter
rection by an extrusion moulding, then one or plural points on the
reumference of the said cylindrical maghet is/are cut in a direction
wallel with the central axis of the moulded article and the moulded

‘ticle cut is spread to make it in a thin plate state.

- 87 -
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. 8 Test 19
.5 As it is clear fron Table 11, Exanples shows an inprovenent on

ofh ¢f RAuBa igeUARETdY ANQ dife bounkddityger alsgndtt desanilsderedsl hah
t°7i's due to an inproved orientation by facilitating a rotation of the

etd€ EOAERT (DY) tHBe2ODh | €186 | onitef dhamstegh(DVi bnat itdve. diinee doathdtag.

Futhernore it can also be said that the noulding rate is inproved by a

r

eguctgfon tife t aformementiioned cylindrical magnet to be mouldedé "Ly an
xerusion satisfy a relation of

0.8 ¢d/ D < 1,

12) A resin bound type magnetic described in Claim 1, Claim 2, Cla.m 19
~d Claim 20 wherein the aforementioned magnetic powder is selected from
ignetic powders of a ferrite family magnet, a magnet having a

.mposition comprising rare earth metal and transition metals mainly

‘!Instituting cobalt and iron or a magnet having a compogitior/ comprising

-e earth metal, transition metal mainly constituting iron and boron,

1) A production process of a resin bound type magnet described in Claim
- claim 10, Claim 12, Claim 13, Claim 15 - Claim 18, Claim 21 - Claim
., Claim 26, claim 27, Claim 29 and Claim 30 wherein the aforementicned
;netic powder is selected from magnetic powders of a ferrite family
imet, a magnet having a composition comprising rare earth metal,
insition metals mainly constituting cobalt ahd iron or a magnet having
‘composition compriging rare earth meﬁal, transition metal mainly

stituting iron and boron. cooT

)] A resin bhound tyﬁe magnet degcribped in Claim 1, Claim 2, Claim 19
Claim 20 wherein the aforementioned organic resin is a thermoplastic

N or a thermosetting resin.

¢
[} 4]
[+
[}
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resistance by the slight vibration. The r magneti c property
in conparative exanples was that the mag mlmrnmmmmll ot sufficiently
orientated because the magnetic field for *thé mbul i ng which was able to
char e Therefore t |.di ng _process, of this nve t|on

Ce.
s lz\dpé???eﬁr é%fﬁreaea% ok @Bagg i Bouid Yol MR Ret fe fa?%i&ﬁ%gh
t T,
niﬁﬁrgééor agmn 14 St 18 ea gl el ] n% B D DAV E R E /) ﬁd
t t
o nedstel 2d PSR Sl 00 WneR AR el AL LA Sh ot BedBiLel PSR! 13
Moub ghoglEBERRresin or a thermosetting resin.

6) A resin bound type magnet described in ciaim 34 whsrein the
orementioned"thermoplastic resin is gelacted £from one or more- of
lyamide, polypropylene, pelycarbonate, polyphenylenesulphide,
lorinated polyethylene, an elastomer of vinylethyleneacetate copolymer
i a gynthetic rubber.

{) A preduction process of a resin hound type magnet described in Claim
wherein the aforementioned thermoplastic resin is selected from one or
e Qf polyamide, polypropylene, polyphenylenesulphide, chlorinated
vethylene, an elastomer of vinylethyleneacetate copolymer and a

thetic rubber.

] A resin bound type magnet described in Claim 34 wherein the
rementicned thermosetting resin is an ethylene family unsaturvated

regter resin or an epoxy rasin.

A

A production process of a reegin bound type magnet descrihed in Claim
herein the aforementioned thermoéetting resin ig an ethylene family

turated polyester resin or an epoxy resin.
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}) A resiin bound type magnet described in Claim 2 or Claim 20 wherein
: aforemeﬁ%ioned additive is sgelected from one or more of zinc

:arate, calcilum stearate, wax and peroxides.

.} A production process of a resin bound type magnet described in Claim
Claim &6, Claim 8, Claim 10, Claim 13, Claim 18, Claim 18, Clafm 22,
iim 24, Claim 27 and Claim 30 wherein the sgaid additive iz selected

m one or more of zinc gtearate, calcium gstearate, wax and peroxides.

STRACT

¢

2
ig invention relates to a resin bound type magnhnet and its production
icess, esgpecially a cylindrical or a thin plate state magnet and its

duction process.

resin bound typre magnet comprising a magnetic powder and an organic
gin or further with an additive and its production process whersin it

moulded as a single hody in a cylindrical form satisfying a relaticn

ZDL/dzil
ong the ‘outer diameter (D), the innar diameter (d) and the length (L)
the said magnet, and it also has a radiated anisctropy in_the diameter

rection.

“ther this invantion is a resin bound type magnet and a production

ocegg of a resin bound type magnet by an extrusion moulding of the said

- 90 -
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Magnets prepared here was ring shaped with the outer dianmeter of

30mm .and the noul di ngs were

1)) A resin bound type magnet described in Claim 2 or cClaim 20 wherein
, aforementioned additive is selected €rom one or more Of zinc

;arate, calcium stearate, wax and peroxides.

1) A production process of a resin bound type magnet described in Claim
claim 6, Claim 8, Claim 10, Claim 13, Claim 16, Claim 18, Claim 22,
idm 24, Claim 27 and Claim 30 whersin the said additive is selected

sm ohe or more of zinc stearate, calcium stearate, wax and peroxides.

3STRACT

! 7

ig invention relates to a resin bound type magnet and its production
scess, especially a cylindrical or a thin plate state magnet and its

sduction process.

resin bound type magnet comprising a magnetic pbwder and an organic
gin or further with an additive and its production process wherain it

moulded as a single body in a cylindrical form satlsfying a relaticn

1 oL / &% > 1
ong the -outer diameter (D), the inner diameter (d) and the length (L)
the said magnet, and it also has a radiated anisotropy in _the diameter

ractlion.

“ther this invention is a resin bound type magnet and a production

scegg of a resin bound type magnet by an extrusion .moulding of the said

- 30 -
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performed with the thickness shown in Table 12. The magnetic péader’d2)
used was Sm- Co famly rare earth magnetic powder and as for the resin,
nylon. 12 was used for the extrusion noul ding nmethod and the injection
noul di ng net hod, and an epoxy resin was used for the press noul di ng

met hgoet with Bhelig ximgsrak t oORBLi-§3 Rowder he, r.esif3 was, 90
W% :10 wt % for- the ext rﬁs?ggﬁﬁg{ﬁ d?ﬁal‘& ‘xg%ﬁgbﬂaﬁg Fh’gggﬁﬂ'%e?ﬁ on Ischzr?g r
met hodheamagde titcdopcvdd o d 441 ddiegdl ess noul'ding-nethod. . As it is -
understood from Table 12, the noul ding was not be able to performif the ~

t hi ckness of It §e0.dagndtti g rtewnl)ded article became thin for the press
nnulq%ne?negggd and the injection noulding nethod. This was due to a

di f f ireure§ fkneessng efgtbei nopddedr artialeacEt uni ntlae tirbipdlenees iketimg
thind%o aﬁBCﬁse of .the press noulding nethod, and is case of the injection
noul n‘é BhoBoMPrisdngd thes add: mBenesicdpowdercande thie zedithf.i culty to
inject a nolten mxture of the nagnetic powder and the resin in a cavity.

On the other hand. in case of the extrusion nmoul ding nethod, a thin

t hi ckness nmagnet can be noul ded because it is nmoul ded by continuously
flowng a nolten m xture of the magnetic powder and the resin and by
gradual |y converging the nolten m xture. According it is clear that the
extrusion noul ding nmethod is an

- 91 - I
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ef fective nethod to mpgjid a thin thickness magnet having the thi ckne‘s—”:é':' of

1mm or | ess. Exanple 14 Next effects on noul ding radial |@net with

a thin tpiexress—py-c ain%]i ng the éetic powders are shown In Table 13.

The magnet noul'defl” was a'ring sha magnet of the d@@r diametdr 32.8nmh|Q
/1 Ri ckness 0. 5mm ' as. 4

the i nner dianete 3 and t
an extrusi on. The npoungruged, CoRpri sed 60 ol
powder ante 4044 %0Of a pestn agd nyl on 2 waf z
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changi ng the average particle size r of th gnetic powder. By ITB.kI ng the
average particle size r of the nmagnetic powder small, the magnet
performance of the magnet is inproved. And a sufficient magnet

per formance was obtai ned when the average particle size r was not nore than
1/10 of the thickness of the magnet noul ded article. However in case
when the average particle size is not |ess than 1/0 of the thickness of the
magnet, the nagnet péOfiormance is [ ow. R - &
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27 150 : 4.70 4.5 The
reason why the above results was obtained was, in case of the extrusion
moul di ng, the magnetic powder in the nolten mixture of the The reason
why the above result vvef@lobt ained was, in case of the extrusion rmu" g,
t he magnetic powder ip/the nolten mxture of the magnetic powlé and ?(;'
resin was {orienta at,|4 [section i fQ®ich . a magneyi@c;fiel'd s charded by

passi ng through th Ssage of a di and the houl de rdd;cl e\ya ed
outside the die aft seOili fyi ng A h cooling injth ie by QL t he
state as IN_ Is. Acgordfngly t l/tely m> ure recei ?Qei tli Nce at
the contact Ngectonth t die. /ZThusjthe Yrienta] of {thef ra
powder a e n/MAATAL t h i e meglat be
di sor der ¢d Dy t-ie #1/C 0 ' en | ' nL@ ool filizy
even th i ' A _Wes a
thin glate sty e nmignet\is ngul dad, t ef Nect Vof pthell ai d
ori ent'at= ' ; ; = ; ~ALCR: the | ayer
Is rel at{ | t yed [ \ |, and as
the resu t Ae Javer cre/Si ' nAof LNEflce t e nmagnet
per f or mance / N 108

03 N

106 107 |4

o 109

FIG. 8




of the magnet. As it is clear fromTable 13, in ordézéo reduce the
I nfluence, it is appropriate that the average particle t of the
magneti c powder is 1/10-or |less of the thickness of the magnetic noul ded
article. Exanple 15 6An all oy having a conposition of Nd 14 Fe 81 B 5
was nmolten in a crucible” It was cool edj@4pidly by a nmeltspan nethod and a
thin piece was preparet The thin pi¢ce was crushed till it had an
average particle size o err]m andAreggpents shown.i n Table 14 were
processed thereafter. J/V' T
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Thig Invention relates to a resin bound type magnet which is used for a mxmature motor'"&n encodef 4

Y i v

linear actuator, etc. which are applied for electronics Instruments, eic. and its production procass especially.... .. ... ..

for a cylindrical or a thin plate resin bound type magnel. and ils proguction process by using an extrusion
moulding method.

The resin bound type magnet is generally produced by (1) an Injection moulding method, (2) a press
moulding method and (3) an extrusion moulding process.

Among these moulding methods, the injection moulding method is to mouid a predetermined shape by
packing a magnet composition comprising a magnetic powdsr and a thermoplastic resin into a die by
heating it at 8 temparature at which a sufficient fiuidity Is attained.

The press moulding method is a moulding method by pressing after packing @ magnet composition
comprising 2 magnetic powder and a thermosatting resin into 3 die of a prass machine.

The extrusion moulding methcd is & moulding method by charging a magnetic composition in 2
fluidized state by heating e mixiure of 2 magnetic powder and 2 resin to make it in a molten state by a
screw, a ram oOr a plunger info a dis, and by converging it there,

Among these moulding methods, the injection moulding and the press moulding cen mould a magnst
having an anisotropy by applying a2 magnetic fieid in the die at the moulding step. However as for the
injection moulding method and a press moulding methad for a moukding of a long sized magnet of which
demand is recently being increased, in case of the injection moulding method because of an impossibifity
of packing of a magnet composition in a cavily and of iaking out a mouided article, etc-and in case of the
press moulding method since z length of 8 moulded article Is detgrmined by a stroke of-a mouiding punch,
they have a defect that the length of the moulded snticle is imited. Especially in case of a moulding of a
cylindrical magnet having a radiated anisotropy, there is a fimitation on the length of the moulded article,
and a magnet, of which an outerdiater (hereinafter cailed as D}, an Inner diameter (hereinafter called as d)
and a length (hereinafter called as L) satisfy a below-listed eguation, can only be moulded.

2DL/d2 <1

(Roference literature: Masaski Hamano, an abstract book on the Sth meeting of Injection Mouiding
Technology of High Performance Plastic Magnet and its Application Deveiopment, Plastic lndustry Yech-

nical Committoe 1986)
Accordingly as to a eylindrical magnet which satisfies

WL/Rx L

only 2 kinds weroe obtainable ie one was a single moulded magnet with an isolropy or with a poor magnet
performance and the other was a one which was prepared by sticking plural number of the magnets having
a radiated anisotropy.
However the aforementloned cylindrical resin bound typs magnet and its production process have
problems fisted below, -
{1} In order to get a high performance motor or an actuator by using an isotropic magnet or a magnet
having a performance close to the isotropic magnet, the volume of the magnet t0 be used has to be
large, and a miniaturization and a fight weighing of these instruments ¢an not bo satisfied.
(2) in case that plural number of the magnets having a radicated anisolropy is stuck, there are following
probigms,
{1] The sticking is weak against delamlnation and there is a danger of destroying the bond by a
repeated hot and cold cycle. it has an inferior refiabllity such as a variation of the sticking strength,
etc.
{2] A production cost is rafsed bacause of a step of the sticking In a production process. Furthermore
the stuck magnet has to be linished by a cutting fabrication. eic to snsure a dimensicnal accuracy of
the movulided articls resulting a further increase of the production cost.
(3] In case of the finish by the cutting fabrication of the moulded esticlo, there is a possibility of a
deteroration of the magnet performance by the finish.
(3) As for the Injection moulding method and the press moulding method, it requires a fixed cycle of a
packing. a moulding and a taking out of & magnet composition toffrom a die in the movulding process,
and the productivity is limited because it is basically a batch type production system. it is, therofore.
ditficult to achieve a reduction of the production cost.
{4) As for the conventional extrusion. moulding method. it Is 2 mafor method not to apply a magnetic field

.......

at the moulding stage. However ah rsoiroptc magne F'cah only bg attained by this mouldmg method.
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machine while 8 megnet composition was being passed through the die. However for example in a method
described in Japan Patent Laid-Open Sho 81-121307, a cylindrical magnet magnetized and orientated in a
die was cooled by a cooling unit sutside ‘the dle, a direction of the anisotropy was only formed in one
direction and a mouldad article having a radiated anisotropy In a diamester diracion could not be obteined.
Moreover, when the moulded article was extruded from the die, its temperature was stiil high resuiting a
deterioration of a magnet performance by a disorder of an orientation of a magnetic powder. As a resulls, it
is not attainable to get & cylindrical magnet having a high magnet performance radiated anisotropy sven if
this method is applied. . :

Moreover there are balow-listed probloms in the aforementioned praduction method.

(1) in the conventional extrusion moulding method in a magnetic field, a electromagnetic coll is merely

Instailed on the die and no consideration Is paid for & demagnetization of & moulded article produced. i

there is a residual magnetism in a moulded articls, It is very difficult to handle in the post process such

as an adhesion at a cut stage to a culter or other magnetic materials. Further when 2 predetermined

magnetization is carried out for the magnet, the residual magnetism give an unfavorable influgnce to a

batanco of the magnetization. o

(2} As an example of & moukfing method in which the demagnetization of the extrusion moulded articte is

considered is disclosed in Japan Patent Laid-Open Sho 60-217617. However since the demagnaetization

coll Is equipped at a front end of a die in this case, it results an extremely-large die and & mouldability is
poor. Especially since 2 passage of a rew material compound In the die is long, the moulding spead is
slow and the moulding itself is also difficult.

(3) When a cylindrical magnet having a radiated anisotropy is moulded. 8 length of an orlentation section
on which 2 megnetic fisid is charged due to a constitution of a magnetic circuit is determined by an inner
diameter of the mouided article. However since a considerably high magnetic fisld is generaily required
to orientale a rare earth magnet powder, the langth of the orleritation has to be refatively short in ocder to
charge a sufficient magnetic fisld at the orientation section. Consequently it is essentially not able to
mauld 2 cylindrical magnet with a high magnet performance having a smali innor diamater.

{4) When a column type or a sheet type magnet is moulded, the length of the orientation section can be

made iong in a certain dagree. However a gap betwaen pole pieges can not be made too short due to &
mechanical strangth of the die, and thus it Is not able o increase a magnetic field to be charged at the
orientation teo high. The magnet parformance of the mouided article therelfore drops.

in case that a thermoplastic resin is used as a resin in the aforementioned extrusion moviding methed,
the moulding is camied out by a solidification with cooling of 2 molten mixture after orfentating at the front
end of the die. When a thermosetting resin is used as a resin, thare are methods to mould by a
sofidification with cooling after orientating at the front end of the dis as same to the thermoplastic resin, and
to mould by a curing with heating after the orontating.

In case of a method with the solidification with cooling by using the thermosstting resin, it is necessary
to heat It to cure the resin &fter the moulding. Anyhow even if the mouiding Is done by either methods. a
magnet moulded is extruded continuously, and It is nacessary to cut the magnet moulded in s predeter-
mined length. For the cut, mechanical cutting methods namely a gulliotine cutter system or a rotary saw-
tooth system were utilized in the conventional method. .

However the conventional cutting methads had below-listed problems.

In case of a mechanical cutting method such es the gulliotine cutter system or the rotary saw-tooth
system., & force and a vibration are charged to a magnet to be cut. When an uncured resin bound type
magnet moulded by a sofidification with cooling by using s thermosaetting resin is cut and a thin thickness
magnet characterizod by an extrusion moulding is cut, a crack, a breakage andlor a deformation of the
magnet are taken place during the cutting because of a brittienass and a weakness of the magnet to be cut.
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extrusion moulding. In ordar o make a magnet moulded by a thermopla.stic resin to be usable even at a
terporature at around 150" C. its moulding temperature has t0 be at 200 C or more. Therefore a magnetic
powder blended with the resin is exposed at such a temperature.

When a ¢are earth magnet, especially a R-Fe-B type magnet is used as a magnetic powder, a
deterioration of 3 magnet performance of the magnet happens duse to an oxidation of the magnetic powder
at a high temperature above 200°C since the magnetic powder is easily to be oxidized. Moreover, the
thermoplastic resin has problems on heat resistance and solvent resistance when compared with a
thermosetting resin.

Next, methods of the curing by heating after moulding by using the thermosstling resin are pointed out.
For a moulding by using the thermosetting resin, It requires that the resin possesses a thermoplastic
property in a certain tomperature region. Novertholess this temperaturs region is lower of higher than the
thormosetting temperature. it is necessary % secure the shape once mouided in order to cure it.

In order to achleve it. methods in the conventional technoiogy are available. However In a conventional
production process of 2 eylindrical resin bound type magnet, since the inner diameter is not fixed, a fixing
jig of the outer diameter is rotated with a sample 10 secure the shape during the curing, and the jig for this
purpose is thus required. Furthermore it Is difficult 1o operate the curlng treatment for lots of magnets by
this method, and it has problems such as a curing treatment for a long sized magnet mouided by an
extrusion moulding method is also difficult, etc.

Further In the past. as to a particle size of a magnetic powder In a resin bound type magnet, & concerm
of an oxidation when the magnetic powder was fining was considered, but no consideration of the particle
size of the magnetic powder from a viewpoint of & thickness of a magnet moulded article was considered.

Further in ordsr to mould.a mapnet with a thickness of tmm. it was nocessary to make the desired
thickness by a cutting fabrication aftsr moulding one with the thickness more than imm by a press
moulding or an injection moulding in ativance.

However the particle size of a magnetic powder glives a large influence to the thickness of & moulded
article of an anlsotroplc resin bound type magnet. Namely if the average particie size of a magnstic powder
does not chiange, an orientation of ona magnetic particie affects more 10 a degree of the orientation of the
magnet by thinning the thickness of the moulded article. For example, when an anisotropic magnet with 2
thickness of 0.6mm is mouldad, if the average particie size of the magnetic powder s S0um, the infiuence
that one magnetic particle gives to the orientation Is around 10%. Although the influence is reduced if the
thickness of the moulded arlicle becomes 0.5mm or more, the influence is enlarged if the thickness
‘becomes thinner. Accordingly as to the sverago particle size of the magnet, a problem is generated that it
should refate 10 tho thickness of the magnet moulded article. '

Further by a conventional method t0 mould a magnet with the thickness imm or less, it resulted a high
production cost, et¢ because of the fabrication process required.

Further, a rare earth magnet, especially a rare earth-lron-boron type megnet was easily oxidized, and
there was a problem of a formation of & rust during its service. ’

In order to soive the problem, a coating method of a resin on the magnet moulded, a metal plaling and
a coating of a ceramic or a resin on the magnetic powder were Investigaled in the past,

However following problems are snumerated in the aforementioned conventional rust resistance technoi-
ogy of a magnet. . -

The former method in which a resin is coated on a magnet moulded does not have an elfect to an
oxidization of the magnetic powder during the moulding. In other words. when an injection moulding or an
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Before m xing
After m xing (before kneadi ng)
After kneading (Before crushrng)
After crushing (Bef ore noul di ng)
extrusion moulding Is performed. the magnelic powder I8 exposed under 8 high temperalure during
kneading of the magnetic powder and the resin or moulding, and.the magnelic powder can be oxidized gt
this stage resulting an impossibitity of the moulding and a dsterioration of & magnet psrformance. Moreover
if a slight pin hole is present in & coaling film after the moulding, thers is 8 problem that the magnet inside
it is oxidized from it,
From considering those problems. the laiter method in which a metal plaling or a coating with g
ceramic, a resin, etc on the magnetic powder may be a method to solve the alorementioned problems.
However the latter method still has a problem. The average particle size of a magnetic powder s
several ten microns, if a film is coated on it, its thicknéss has to be 1 micron or less, and therefore there is
& problem that the film coated has to be extremely tough and strongly adhesive or it has to establish a
production process not 10 remove the film coated.
Further in the past, a thin plate state resin bound type magnet was mainly produced by a calendar
moulding method, an extrusion moulding method and an injection moulding method.
For each moulding methad, a mixture kneaded of a magnetic powder and a thermoplastic resin is useg
and in case of tho calendar mouiding method, the aforedescribed magnet raw material is made in a thin

plate state by rolling with hot rollers.
However the production process of the aforementionsd thin plate state. resin bound type magnset has

belowelisted problems. -

Cover age

{1) In case of the calendar moulding method, an Isctropic moulded erticie can onily be obtained when a °

rare earth magnetic powder Is used since It Is not possible to charge a magnetic field during the
moulding, and thus a3 magnet performance of the magnst is low.

Further because of a heating capacility of the roflers, it is not possible to use a resin having a very
high melting point as 2 binder, and the heat resistance of the moulded article is inferior.

Furthermore it requires a certain flexibility in the moulded articie for the moulding, and therefore an

amount of a magnetic powder in a raw material can not be considerably large resulting a iow magnet
performance of the moulded article.
(2) In case of a moulding of & thin plate stale magnet by an extrusion moulding method. an unevenness
of the moulded article is likely to happen due o a dilference of the extrusion rate between a ¢entral point
and an outer point of the outlet of the die. Accordingly in order o groduce an even moylded arlicle, a
complicated design of the passage in the die is required and the die becomes exrremely expansive.

Further when the moulding Is carried out in a magnetic field, the gap betwesn pole pieces can not
make very small because of 2 concern of mechanical strength of the dis. and thus the magnetic fisld to
be charged at the moulding can not be very high. Consequently @ magnet performance of the moulded
article Is deterlorated. o
(3) In case of 2 mouiding of a thin plate state magnet by an injection moulded. it is difficuit to mould one
having a thickness of 1mm or less. This Is due to a generation of 8 poor moulding by an insufficient
packing of the mouliding raw material into the cavity of the die if the thickness is thin, since the mouiding
raw material has a poor fluidity containning & large amount of a magnetic powder,

Further when an anisotropic magnet is moulded and iIf the thickness is thin, a mouiding with a
substantiaily isotropy can only be obtained because of an effect of a skin layer (k section where the ratio
of the resin is high) of the magnet surface.

Further a big moulding machine is required 10 mould a magnet having a large area, and it is
disadvantageovs from & moulding cost,

This invention, therefore, is to solve the above-discusssd problems, and its objective is to provide a8
resin bound type magnet with a high magnet performance, especially a long sized cylindrical resin bound
typog m;wg?et having a radiated anistropy. and to provide & production process of the magnet with a good
productivity.

Further the objective is to provide a production process of a magnet with a simple cutting method
without 8 crack, a breakage and a deformation,

Furthermore this Invention aims to provide & production process with simplifying the production process
end with reducing a cost, by Improving @ magnet performance of & megnet moulded by means of
establishing a relation between a magnetic powder and a thicknass of the magnet, and by moulding a
magnat by an extrusion with superior oxidation resistance and weather resistance.

Moreover this invention sims to provide a production process with a good productivity for a high
periormance thin plate state resin bound type raro earth magnet.

BRIEF EXPLANATION OF FIGURES
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On the other hand, before kneading, the solid resin and magnetic powder -are
nmerely m xed, the resin 5

Figure 1 is a sketch of an extrusion moulding machine used in Example of this invention.

Figure 2 is a sketch of a die structure for an extrusion moulding in a magnetic field of a cylindricel resin
bound type magnet used in Example of this invention.

Figure 3 Is a skelch of an extrusion moulding machine used in Example of this invention.

Figure 4 is & sketch of 8 pulse magnstization unit used in Example of this Invention.

Figure 6 Is a graph showing a relation between 3 magnetic field for the moulding and a residual
magnetic flux density of the moulded article for cases with and without a magnetization of a magnetic
powder prior to the moulding. '

Figuro 6 is a sketch of a dle structure for an extrusion moulding in 8 magnetic field of a thin plate slate
resin bound type magnet used in Example of this invention.

Figuro 7 is a graph showing a reiation betwesn a magnetic flelo for magr_aoﬁauon belore the moulding
and a resudial magnetic flux density of the moulded article.

Figure 8 Is a sketch of an extrusion moulding machine used in Example of this invention.

Figure @ is a sketch of a die structure for an extrusion mouiding In a magnetic fieid of a cylindrical resin
bound type magnet used in Example of this inveation. ‘ .

Figure 10 Is a sketch of an extrusion moulding machine used in Example 16 and 17 of this invention,

Figure 11 is a sketch of Example to cut and to make a thin plate state of a cylindrical resin bound type

magnet mouided by an extrusion in Examgple 16. . -
Figurs 12 is a sketch of a press unit for moulding of & thin plate state magnet used -in Example 17 of

this inventon. . .
This Invention is a resin bound type magnst and lts production process as described below.
{1) A resin bound type magnet comprising a magnetic powder and an organic resin wherein it is
moulded as a single body in a cylindrical form satisfying a relation of

DL/ 2t

among the outer diameter (D), the inner diameler (d) and the fangth (L) of the magnet, and italso has a
radiated anisotropy in the diameter direction. :

(2) A composition of a resin bound type magnet of the aforementioned invention comprises a magnetic
powder, an organic resin and an additive. _

(3) A production process of a resin bound type magnet wherein 2 raw material for the moulding
comptising a magnetic powder and an organic resin is moulded by an extrusion by passing through a
die in which a magnetic field is charged while It is being cured, is tormed to a single body in a cylindrical
form satisfying a relation of .

20L 722 1

amoeng the outer diameater (D). the inner diameter (d) and the length (L) of the magnet and it also has a
radigted anisotrapy in the diameter direction.

(4) A composition of a resin bound type magnet in the production process of the aforementioned
invention comprises & magnetic powder, an organic resin and an additive. _

(5) A productlon process of 2 resin bound type magnet by an extrusion moulding of a moukiing raw
material comprising a magnetic powder and an organic resin wherein a die structure for moukding is
constituted that a front end of a mandre! section is projectad in front of an sdge of a outer die, &
magnetic circuit is formed between the sald mandrel saction, the outer die and an electromagnetic coil
instafied at an outer c¢ircumference of the said die, it is mouldad in a cylindrical form by charging a
magnetic field in the die by the elactromagnetic coll, and the moukied article extruded Is demagnetized
at the front end of the mandrel.

(8) A Composition of tho magnet of the aforementioned invention comprises a magnetic powder, an
organic resin and an additive. ‘

(7) A production process of a resin bound type magnet by an extrusion mouiding of a moulding raw
materisl comprising a magnetic powder and an organic resin whereln an eleckromagnetic coll is instalied
at an outer circumferonce of a die by i, it is moulded In a cylindricai form by charging a magnetic fisld
in the die. an electromagnetic coil with en aic-Core is also installed in front of the aforementioned
electromeagnetic coll to generate a magnetic field for demagnetization in the said electromagnetic coll,
and the moulded article extruded Is demagnetized. .

(8) A composition ot the magngt of tho alorementioned invenlion comprises a8 magnefic powdsr, an
organic resin and an additive. '
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i ndi cated. (11) A production process of a resin bound type magnet of the aforementioned (8) or (10) whersin the
resin bound type magnet Is an isotropic magnat mouided by an extrusion in a ¢cylindrical form without an
orlentation. '
{12} A production process of moulding 2 resin bound type magnet in 3 cylindrical form by an injection
moulding or an extrusion moviding of a magnetic powder and a thermosstting resin wharein in order to
cure the moiten mixture of the magnetic powdor and the resin by heating. it Is cured by hgating with
fixing the outer circumference of the cylindrical magnet by & Jig and the inner circumference by en
elastic material expanded by 2 gas.
(13) A production process of a resin bound type magnet wherein a composition of the moiten mixture of
the aforementioned invention comprises a magnetic powder, an organic resin and an additive.
(14} A production process of a resin bound type magnet of the aferementioned (12) or (13) wherein the
N aforementionsd elastic material is a silicone rubber. "
(15) A production process of a resin bound type magnet comprising ¢ magnatic powder and an organic
resin whereln a mixture of the rare earth magnetic powder premagnetized in a magnetic field which is
stronger than a coercive force of the magnetic powder and the organic resin Is kneaded, and the
kneaded mixture is moulded by an extrusion in @ magnetic field.
{16) A production process of a resin bound type rare earth magnet wherein 2 composition of the magnet
of the aforementioned invention comprises 8 magnetic powder, an organic rasin and an additive.
(17) A production process of a resin bound type magnet by an extrusion moulding of a moulding raw
matsrial comprising a magnetic powder and an organic resln with & die in 3 magnetic fisld wherein R Is
moulded by an application of a slight vibration to the dis at the moulding.
(18) A production process of a resin bound type rara earth magnat wherein & composition of the magnet
of the aforementioned invention comprises a magnetic powder, an organic resin and an additive.
(19) A resin bound type magnet comprising 2 magnetic powder and a resin wherein an average particle
size r of the aforementioned magnetic powder satisfies

rS0.1t{ts 1mm)

with the thickness t of the moulded arlicle of an anisotropic resin bound type magnet comprising the said
magnetic powder and the resin..

{20) Further a resin bound type raro earth magnet wherein a composition of the magnet of the
aforementioned inventlon comprisss a magnetic powder, an organic resin and an additive.

(21) A production process of a resin bound type magnst comprising & magnetic powder and a -rasin
wherein an average pasticle size r of the aforamentioned magnetic powder satisfiss

r30.1t(ts 1mm)

with the thickness t of the moulded article of an anisotropic resin bound type magnet comprising the sald '
magnetic powder and the resin, and the magnet is produced by an extrusion raoulding with @ die in a
magnetic field.

{22) A production process of a resin bound type rare earth magnet whereln a composition of the magnet
of the aforementioned Investion comprisas a magnstic powder. an organic resin and an additive.

(23) A production process of a resin bound type magnet comprising a moulding of a mixture of g
magnetic powder and an organic resin by an injection moulding or an extrusion moulding whereln a
compound is prepared by charging in a kneading machine after making a viscosity 5 of the mixture of
the aforementioned magnetic powder and organic resin in a state of

i S 8 [kpoise] (shear rate = 10000 sec=')x

by heating.
(24) A production process of a resin bound type magnet wharein 8 composition of the magnet of the



Tenper at ure Vi scosity Coverage Rate ([err]Q

[ kpoi se]

500
300

[ A4 Test 28 Room Tenper at ur e
50 729 50

aforementioned invention5 prises a magnelic powdex?i(ﬂn organic resin and en additive. 75
(25) A production process 0f a resin bound type magnet in the inventions of the aforementioned (23) and
(24) wharein the surface of the magnetic powder is coaled with a metal plating or ceramics.

(26) A production pracess of g thin plate state resin bound type rare earth magnet whereln a moulding
raw matedal comprising a magnetic powder and an organic resin Is moulded by en extrusion in a
cylindrical magnet by passing it through a die, then one or plural points on the ¢ircumfarence of the said
cylindrical magnet isere cut in a direction parallel with the central exis of the moulded article and the
mouided articls cut is spraad to make it in a thin plato state. ’
(27) A production process of a resin bound type magnet wherein & composition of the mouldmg raw
materia! of the aforementioned invention comprises a magnetic powder, an crganic resin and an additive.
(28) A production process of a rasin bound type magnet in the inventions of the aforementioned (26) and
(27) wherein the outer diameter (D) of the cylindrical magnet to be moulded by an exirusion and the
inner dlametar (d) sxtisfy a velation of

0755d/D< 1. ' : ]

(29) A production process of a thin plate state resin bound type rare earth magnet whereln a moulding
raw material comprising a magnetic powder and an organic resin is passed through a die where 2
magnetic fisld Is cherged to mould a cyfindrical magnet having a radiated anisolropy-in the diameter
direction by an extrusion, then one or plural points on the circumierence of the said cylindrica! magnet
is/are cut In a direction parallel with the central axis of the moulded article and the moulded article cut is
spread to make it in a thin plate siate.

(30) Further a preduction process of a resin bound type magnet wheraln 8 composition of the mouiding
raw material of the invention of the aforernentionad (29) comprisad 8 magnetic powdar. an organic resin
and an additive.

(31) A production process of a rasin bound type magnet in the inventions of the aforementioned (28) and
(30) wherein the outer dlameter (D) of the cylindrical magnet 1o be moulded by an extruslon and the
Inner diameter (d) satisfy a refation of

0855d/D< 1,

(32) - {41) are those in whleh the magnetic powder, the organic resin and the additive are limited for tms
invention.

As for a magnetic powder which can be applied in this invenfion, a fetrite family magnetic powder and a
so-calied rere earth magnetic powder such as a magnetic powder composing of & rare earth motal and
transiion metals malnly constituling cobalt and iron as & basic composition, or a megnetic powder
composing of a rare earth metal, transition metals malnly constituling lron and bioran 2s a basic composi-
tion, efc are snumersted.

As for an organic resin which can be applied in this invention, it can be either a thermoplastic resin or a
thermosotting resin, and as for the thermeplastic resin, for example, g plastic such’ s polyamide,
polypropylens, polycarbonate, polyphenylenesulphide (PPS). elc, an elastomer such as chiorinated polyeth-
iane, ethylene vinylacetate copolymer (EVA), etc and synthetic rubber are enumerated.

As for the thermosetting resin, for exampie, ethylena family unsaturated polyester resin, epoxy resin,
etc are enumaerated.

Further as for the edditive, a lubricant to reduce an extrusion resistance at the moulding such as a metal
so2p (zinc stearate, calcium stearate), wax, etc can be used, and as for the aforementioned closslinkable
mseer‘r’noumng resin, an edditive such as peroxides which acceleratas the closslinking reaction can also be
u

The magnetic powder is sufficiently mixed with the organic cesin and the additive if it is necessary. -
Then the mixture is sufficiently kneaded In a kneading machine with heating above & tempersture at which
the organic resin is molten, and it is granulated. The magnetic composition granulated is charged in an
extrusion maching, it is heated In a cylinder to make it In a fluldized state and is sent Into a die by a screw
or & plunger. The magaetic composition injected In the die is moulded by uniforming (orientating) an axis of
easy magnetization of the magnetic powder in the raw material to a direction of a magnetic field by passing
through 3 dig in which a magnetic flald is charged. The magnetic composition Is sofidified with cooling whlle
it Iz In the magaetic field formed in the die. and it iy extruded. The mouided article s then cut into a suitable
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fength. When a closslin@e organic resin is used as 33 Qief. after a demagnet_lzation of the ,'g%:“d
atticle cut, a clossiinking 9Pthe organic resin is achieved eating or an irradiation {r ray, ele .

otc). A resin bound type magnel is thus produced.

Further the moulded articls extruded from the die is demagnetized by charglng a magnetic field of a
revorse direction to the magnetic field charged in the die at the moulding at a front end of the mandrel. The
strength of the magnetic figld is adjusted by & distance belween the mandrel and a yoke of the
slectromagnetic coil. The moulded article extruded from the die Is aiso demagnetized by charging a
magnetic figld for an attenuation by passing it through an electromagnetic coll for the demagnetization. A

cylindrical resin bound magnet is thus produced.

Further this invention is useful to facifitate an orientation of a magnetic powder, to improve the magnetic
property and to.reduce an extrusion resistance at the moulding, and is also beneficlal to increass the
moulding rate by an application of a ultrasonic osillator or 2 mechanical vibration such as a vibrator, etc.

According to this invention, by defining an-averags particle size of 2 megnetic powder with a thickness
of an anisotropic resin bound type magnet moulded article, and the magnet is moulded by an extrusion, it is
possible to mould a thin thickness anisolropic magnet without a postfebrication. and further a high
‘performance magnet is able to mouid.

Further according to this invention, it has effects to prevent a delamination of a coated film on the
surface of a magnetic powder and to irprove an oxidation resistance of the magnel mouldsd by kneeading a
rixture of the magnetic powder and a resin after heating it to make 2 viscoslty of the mixture at 300 Kpoise
or less prior 10 the kneading to absorb the moiten state resin on the surface of the magnetic powder
resulting a relief of a mechenical stress.

Next, in order 10 make a thin piate state magnet. one or plural points on the circumfergace of the
mouided articls in a cylindrical form is cut in paraliet with the central axis of the moulded articie. Then the
aforementioned moulded article cut is made in a thin plate state by using, lor example, 2 rollers, efc. The
moulded article is then solidified with cooling, and is cut into a suitable length.

Further as an alternative method, after cutting a cylindrical moulded article extruded into & suitable
langth, one or plural points on the clrcumference of the moulded article is cut in parallel with the contral axis
of the moulded article. The moulded anicle cut is heated and it is spread when g viscosity of the moulding
articie drops to make 2 thin piate state.

As described above, & magnet of this invention is supsrior to a conventional magnet, in which plural
magnets are sticked, from a viewpolnt of a reliability. Furthermore by an appiication of a production process
of this invention,

{1) A cylindrical resin bound type magnet with & high magnet performancs can be produced with a high
productivity and an economic cost.

(2) Since no excess force or vibration iy charged in the magnet at a cutting step by cutting an extruded
resin bound typs magnet with & wire heated by an electric resistance, it is possible t0 cut on uncured
megnet which is very brittie and a thin thickness magnet witheut a crack and a breakage.

(3) A large amount of 2 thermosetting troatment can be opsrated with a low cost, the gperation becomes
easy, and further a-dimension accuracy of & cylindrical resin bound type magnet can be improved.

(4) it has a significant effect for moulding @ cylindrical magnet having a radiated anisotropy in a diameter
direction though it is difficuit to get a strong magnetic field at the mouiding.

(5) it can be widly used for a2 magnetic sensor, an encoder, an acutuator, a linear actuator which requires
& miniturizaticn, a precision and a high performance. -

Further according to this invention by defining the average particie size of the magnetic powder by the
thickness of the anisotropic resin bound type megnet mouided article and by moulding the magnet by an
extrusion, it is possibie to mould a thin thicknass anisotropic magnet without a posttabrication, and it is also
possible to mould & magnet with a high performancs.

Furthermore according to this Invention by kneading a mixture of 3 magnetic powder and a resin after
heating it to make its viscosity at 300 kpoise or less prior to the kneading, the resin in a molten state is
8sbsorbed on the surface of the magnetic powder, and thus it has effects to prevent the coated film on the
surface of the magnetic powder by relieving & mechanlcal siress and to improve an oxidation resistance of
the magnet mouldad. :

EXAMPLE

This invention is explained in detalls In accordance with exampies shown below.
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FromTabIe 16, the m xture may have theé viscosity by heating it, it is
clear that-the coverage rate is inproved when the kneading i s performed
after heating the nmixture to nmake it inastatein which it has the

viscosity. Although the coverage rate of the han
it of the Sl e’P?‘f" "é‘i‘%ﬂm é°Wﬁ “ %ﬁg}r&gﬁ%&ﬁ%‘%% %stﬂfse

ic

of its wed t 'f“"f”u viscosity
reaches 30 ﬂ{ég %ﬁ;: '%C? fg\W ft ﬂrﬁts?e re e' §ra Wefj h%u datio of 92
pr ot ect ed, 9, 2.4 $aod shd e above resu ts are tal ned because

as to the T efgWiiurevad Jaeaa‘au W&ﬂe&‘&ﬂbm kk&r@iAglinigine htlzed ' ©. | ar gely influenced
by a stress s khébBed Mbtbfdl wivRdhulbted toSmakp fratuide of @ obteclistioRr | N10Mai, By @ere used

suf fi Ci entes b hét€al Gompolnd gl N et adyerdri¢ahmagndtieiasipredurs’ by lam exyesion mackitee kneadi ng
machi ne, endrhemeouiding| comhedds expiained inceeaddahoe vith Figerg 11 The mouidiog siathinetconsistsco! a

m Xt ure. hopper le a raw material charging section 101, a cylinder 102, a screw 103, an adapter plate 104 to equip a

dle at the cylinder 102, a die 105 and a driving motor of the s¢rew (which is not shown in Figure), and
further an electromagnetic coil 108 to charge a magnetic field in the die is positioned at the outside of the

die 105.

A yoke 110 compris!ng a magnatic material is installed around the electromagnetic coll 109,

The aforementioned granulated raw matorial compound was charged in the extrusion machine,

The raw material compound 111 was heated at 260° C in the cylindsr 102 to make it in a fiullized state,
and it was passed through the die 108, The die structure is shown in Figure 2.

The dio i constituted by an outer die 201 and 2 mandrel 202, Athough the outer die is made of a non-
magnetic material, 3 ring shaped cuter die section magnetic material 201a to induce a magnetlic fiux Is
instalied at the front end. The mandrel 201 Is also made of a non-magnetic matedal, and further a mandrel
section magnetic material 2022 is instelied at its front end.

When a current is passed through the electromagnetic coll 109 installed cutside of the dis. the magnetic
fHux generated flows afongside of a magnetic flux flow H shown in Figure by an arrow since it tends fo pass
through a magnetic material with a high magnetic pormazgbility. Accordingly a radiated shape magnetic field
is generated in & space (hereinafter called as an orientation section) between the front end 202a of the
mandrel 202 and the ring shaped outer die 201a of a magnetic materiel installed in the outer die 201,
Therefore when a magnetic composition passes through the orientation section, it is moulded with a

progress of the orientation of the magnetic powder.
In this Exampie, the megnetic fieid for moukling was 16 KOs. the temporature of the die at the

moulding was 250° C and the cooling was performed by a forced alr cooling at the outlet section of the die.

Accordingly, an orientated raw material compound was moulded by an extrusion with a solidification
with cooling 8t the outiet of the die. The size of the moulded article was the outer diameter 32mm, the inner
diameter 30mm, and the length was cut Into 22mm. The magnetic property of the moulded article produced
was

Br = 5.8 KG and
{(BH) max = 7.3 MGOs.

The magnets thus produced weare assembled in 25 units of OC motor, and a continuous operation test
for 500 hours Test 1 was carried out.

As for & comparative example lor Test 2, the raw malerial having the same composition was moulded
by an injection in a magnetic fleld and a cylindrical magnet of the outer diameter 32.5mm, the inner
dismeter 30mm and the length 6mm was moulded. The magnetic property of the moulded article produced
was

Br = 5.7 KG and
(BH) mex = 7.0 MGOe.

4 pleces of the magnet were sticked by an epoxy type adhesive, and then the outer diameter and the
length were made at 32mm and 22mm by a cutting fabrication.

The magnets wero assembied In 25 unlts of OC motor and the 500 hour continuous operation was
carriod out as same as Test 1. The test results were shown in Table 1.
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" Next an oxidation resistance of a magnet produced, by the production
process of this invention was investigated. The results of Test 39 and 40

as this Exanples and Test 41 and 42 adoconparative exanples are shown in
Tabl e 17.

17

pC Motor Ixhibited
s Deteriorated Property

junits) {units).

DC Motor Tested

Test 1 (Example) r3-

Tost z (Comparative

(1]

example) 25

In the Table 1, those of which the motor showed-a detericrated property. were cases-that the rotation of
the motor stopped or the torque was dropped due to an Insufficient -magnetic flux available by a
delamination at the adhesive area of the magnets sticked.

- Consequently by an apprcmion of the magnet of this tnventuon 2 refiability of the motor can be

improved.
Example 2

Raw materials to maks a composition Nd 13 Fe 82.7 B 4.3 were molien, were casted and a quenched
ribbon was pragared in en argon atmosphere by using a quenching and a ribben rolling machine from the
ingot obtainsd. The quenched ribbon was coarsely crushed, was charged in a mould and a high
temperam press moulding was performed by applying a pressure of 20 Kg/mm? for a short tlme at 700 -

800" C In an argon atmosphere. A density of the consolidated article was almost 100%.

The consolidated article was again processed with a high temperature press moulding in a vertical
direction to the first pressing direction with 'a pressure of 10 Kgimm? at 700 - 800 C in an argon
atmosphere. (namely it was treated with a die upset)

A bulk magnet obtained was crushed % make a magnetic powder of an average parhcle size of 20um.

The magnetic powder was mixed with & resin powder comprising bisphenol A type epoxy, novolak type
epoxy and vinylbutyral-vinylaicohol copolymer, ¢alcium sieeralo powder and sifica powder as additives.

The ratio in the mixture was thc magnetic powder 80.3 wt%, the resin powder 9.1 wit% and the additive
6wte,. . . -

The mixture was kngaded by a 2 roller type mill at 90" C, The kneaded mixture was granulated to an
outer diamter of 1 - 10mm granules to mako.a raw material compound and was moulded in a cylindrical

magnet by an extrusion machine as same as Example 1, snd it was cut and was fired atter a demagnetiza-

tion.
The sizo of the moulded article was the cuter dlamster 22mm angd the inngr diameter 21mm, and the

maganetic fieid for the moulding was 14 KQe. The magnetic property of the moulded article obtained was
Br = 8.6 K@ and
(BH) max = 8.8 MGOe.
mneequenﬂy as for the production process ¢of this invention 8 high performance magnet can be
obteined even a closslinkable thermaosetiing resin Is used.

Example 3

- A magnetic powder of an average particle size of 10um was prepared by the same composition and

" procedure as Examplo 1.
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A cosrcive lorcs iHC of this powder was 8 KOe. This is called as Powder A,

Furthar as for the other kind of powder, a magnetic powder of an average particle size of 20um was
prepered by the same composition and procedure as Example 2. A coercive force IHc of this powder was
12 KOe. This is called as Powder B.

Powder A, nylon 12 powder and zinc stearate powder were mixed 10 meke 3 ratio of 92 wt%. 7.9 wi%

ang 0.1 wi% respectively.
Further Powder B wa$ 2iso mixed with the aforomentloned resin powder and thp additive to make a

ratlo of 91 wt%, B.8 wi% and 0.2 wi%.

These mixtures were knoaded by a 2 axes extrusion kneading machine al 260° C. The kneaded mixture
was granulated to granules of an outer dlameter of 1 - 10mm to make a raw material compound 111, and a
cylindrical magnot was moulded by 2 procedure explained in Example 1 by an extrusion moulding machine

88 shown in Figurs 3. .
The mouiding method was the same method as Example 1 and the die structure was also ths same to

Figure 2 as explained in Example 1. _

W a current flows in the electromagnetic coil equipped outside of the die, the magnétic flux generated
flows in the arrow H In Figure since it tends to pass through a magnetic materfal with a high magnetic
permeability.

Consequently a radiated magnetic fleld Is ganerated in the orientation section which is a space betwoen
2 magnetic materiel 202a of thg mandrel and a magnetic material sing 20/a instalied ‘on the outer dle.
Therolore when & magnetic compasition Is passing through the orientation section, it is belng moulded with
a progress of an orientation of the magnetic powder. T

Furtharmore a magnetic fisld with a reverse direction to the magnetic field in tha ordentation section is
genorated in a space betwoen the front end of the mandrel and the yoks 110 of the coil. Therefore a
demagnetization of the mouldsd arlicle can be achieved by making the magnetic fiekd of this space at a
suitable strongth with an adjustment of a distance between the mandrel and the yoke 110.

In this Example, the magnetic field for moulding was 14 KOo, the temperature of the die at the
moulding was 260° C and the cocling was applled by s forced air cooling 0 the outlet section of the die.

By the above, tho orientated raw material compound 111 was moulded by an extrusion with a
solidification with cooling et the outlet of the die. A strength of .the demagnetization magnetic field was
adjusted to almost the same to the coercive forca ite of the magnelic powder in the mouided article.

The size of the moulded earticle was the outer diameter 30mm and the Inner diamster 29mm. In Table 2,
surface magnetic flux denslties for cases Test 3 and 4 in which the demagnetization was performed, and for
cases Test 5 and 8 without the demagnetization and shown.

able 2

Powder suxface Maansfic Fiux Dangity (G}

Test X £xample A ' 0
Test 4§ Examp;e B k}.)
Test S Compatrativae _

example A 150 - '
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Example 4

A magnetic powder of an average parlicle size t0um and iHe 8 KOe was prepared by the same
composition and procodure as Example 1. This powder is called as Powder A

As for the other kind of powder. a8 magnetic powder of an average particle size 20um and a coetcive
force iHc 12 KOe was preparsd by the same composition and procedure as Example 2. This powder is



" A = Excellent B = Good :

C = Bad

Test 41 and 42 of the conparative exanples were the cases i

whi ch the kneadi ng was carried out w thout heating before the kneadi ng,
Test 39 and 40 of Exanples were carri@d out by heating at 100 kpoi se.
The oxi datcPled 3% B8t Bnce was a result after storing the sanple in a

const ant t eppfetlP

hour s.

heat tr eata[gewrg:(:ﬁg !

4?95—”%3&59 éoﬁ% fa‘rg@f Ruyee dﬂ"l"?

mafq a [aflo af 9 wt 'tﬁ%t’" ? A O EIPIPBTY e si st ance i S o Rroved by the

as al?ﬁréx ﬁ" ﬁl rementioned resin powder and additive to fnake a ratio of 91 wtey,

g a1 1 |
res| vely. .

These mixture were kneaded by a 2 axes extrusion kneading machine at 260 C. The kneaded mixture
was granuiated to granules of the outer diameter 1 - 10mm to make a raw materlal compound, and 2
cylindrical magnet was moulded by an extrusion moviding machine.

The moulding method is explained in sccordance with Figure 3.

An extrusion moulding machine of Figure 3 s composed of a similar constitution to an extrusion
moulding machine of Figure 1, and an elsctromagnstic ¢oil 109 is positioned outside a dio to charge a
magnetic field in the die, but there is a difference ia an-electromagnetic coll for demagnelization is installed
in front of it.

n
and

R BIPNYR PeBTas 29 BcStegents, Royder 190 -

The aforementioned granulated raw material compound 111 was charged in the extrusion moulding

machine. The raw material compound 111 was heated at 260° G in the cylinder 102 1o make it in a fluidized
state, and it was passed through the die 105. The dle structure was the same as explalned in Exarnple 1.
According to this invention, when the magnetic composition is passed through the orlentation section, it s
movided with & progress of an orientation of the magnetic powder as same to Example 3.

in this Examp!.e. the magnetic field for moulding was also 14 KOe. the temperatue of the dle at the
moulding was 250 C, and the cooling was given by a forced alr cooling to the outlet section of the die. The
orientated raw material compound 111 was moulded by an extrusion by a solidification with coofing at the
outiet of the dle.

The demagnetization was carfied out by generating a magnetic field for the demagnetization by turning
on an attenuated puise cumrent in the electromagnetic coil 113. The sirength of the magnetic fisld for the
demagnetization was 30 KOe, and it was attenuated with 800m sec. The magnetic fiold was generated in
the electromagnetic coil 113 in every 15 sec, and the demagnetization was carried out continuously. The
siz¢ of the mouided article was the outer diarngter 30mm and the inner diameter 26mm. Surface magnetic
fiux denslitios of the moulded articies for cases in which the demagnetization was performed (Yost 7 and 8)
and for cases without the demagnetization (Test & and 10) are shown in Table 3.

Tabie 3

Bowder Surfase Maonatic Flux Dengity (1
' 10
18

Test 7 Example A
Test & Example 8
Tast 9 Comparative
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As It is cisar from Table, the surfaco magnetic fiux density which remains in the mouided article could
be dropped at 8 - 7% by an epplication of the process of this invention. Congequently the workability at the
cutting stop, etc was greatly improved. )

Example &

A magnetic Powder A or Powder B as the same compositions to Example 1 and 2, and Rasin a (a
thermosetting epoxy resin) or Resin b (a thermoplastic resin nylon 12) were welghed to make a desired



Exanpl e 16 - Raw materials to make a conposition of Sm (Co 0.672 Cu 0. 08
Fe 022 Zr 0.028) 8.35 were nolten, were cased, an ingot produced was
magnetically cured by a heat treatnent \gd then a nmagneti c powder having an
average particle size of 10[err] mwas oOfBitai ned by crushing it. The
powder wersiume seigh were ixed,d4ng i shbt pletagempodchos pigRarash by speadles thontiure RYPPRIG! a
rati o of Ygguoiacgse ofa tainglier, mifh cepepteriv|fiter,chargiagie the (Pl v The mi xture was

t hen kneade@eﬁ?"%%"ng“%° ey mwﬁﬁﬁﬁ_i%@emﬁﬁéﬁwﬁeﬁ &P Theme

kneaded rﬁ*’}?ﬁr’”s “granul ated to particles of e ayter. di aneter, of 1 -

Lo o e D serped s e @ abfbes e 78 bl Bl R R IS o

by an extPHEY ‘ﬁi‘%‘&%@m@ "ﬁmﬁ?g, PELE o b, sl e
Mﬂ?fé %ﬁj“’@ﬁ"é SJHF o chE!e extrusi on noul di ng

accor dangge, ! L gqi@n

machi ne i s fifgaRidsion faOwds i minssapper | I's a section of charging

material, arne)dulidl diperbdd ofdneSEié QY D& & soNdIREIRID tetparitlird loEthd GdngoditidnNBduRtlel. a

di e to tlreis Gmiperntlay siffeadibly @ pidddsse di e 105 and a driving notor for the

screw (whi clesing wasuseiilien@iockss 1hing tPrc@dss 2, Process 1 was & process 10 make the sofidification with

' cooling at the outlet of the die. and Process 2 was a process to make the cure by healing at the front ana of

the die. Process 3 was a process 1o solidify with cooling at the oullet of the die using Resin b, The magnets
thus preduced were cut by method shown in Table 4.

Tahie &
gutsing pashod
cutting Method 1 Cutting by melting with A heated wire
" ] Qutting by & guillotine cutter system
v 3 . Rotation ssw tooth system

Ameng these, cutting Method 1 was a culting methed of this invention wherein a current is turned on in
a nickrorme wire of a diameter of 0.2mm, It is contacted with a magnet when it is heated by the resistance
and the magnet is cut by meiting with heating.

Resuits of the cutting, when the magnels produced by these processes were cut. were shown in Table
6.

In this test, the magnet cut was a cylindrical magnet with the outer diameter 30mm and the-inner
diameter 2gmm, and the volums ratio of the magnetic powder was 60 vol %.

Although the magnetic Powder A and B were used, both showed the same results.

Iakle S

Erogess 1l  Exggegs 2 Brocessg 3

cutting Method 1 excellent gosd excellent
" 2 bagd bad hagd
L 3 ordinary excellent  excellent

The magnet of Process 1 was the most difficult sample to cut among the magnets of Process 1 - 3
bocause it was the most brittle. As it is clear from Table S, the cutting method 1 and the cutting method 3
can be practiced for cutting those magnets, and it s not possible to qut it by the cutting method 2,

Exampie &

Next, results of cutting when thickness of the magnet to be moulded was changed, were shown in Tabla
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The af orenentioned granul ated .raw mat eral- conpound 111 was charged in the
extrusi on noul di ng machine. The raw material conpound 111 was hosted in the
cylinder 102 at 260 [err]C to nmake itygdn a fluidized state, and it was
passed .t hrough the die 105. In thi=s~Exanple, the die tenperature at the
moul ding was 250 [err]C, and the cooling was carried out by a forced air
cool i ng at t [The maghes téetmé das of ontdradiatiets: of I jwae a glingficel menbicRed tear iagnke-
produced werspar¢rbydtreesss tiveswsed Thefesyispheithen e Mmagneliqfawder 4 of Bwewethegms2 mm

The nmoul ded article was made in a thin plate state by a unit shown in

Fi gure 11. Figure 11 was a drw%ﬂ_ﬁvi ewed from upside, the cylindrical
nmoul ded article 112 extruded fromthe die 105 was split into two equal
sections of the upside and the downside by the cutter 501 installed in
front of the die 105, end the bisected Wes were noul ded into
thin plate state nmagnet by passing betweé S ol 2rollers 602
positioned in the rearward of . g he cutger 501. Q&Then th&dend sur Ralks of
the thin plate state nagnet 503 was cut_to nake ..t ' Si z The

in a desired ¢
size of theCWRSIPEUeTAs 31 e99RE t he®ARBYI HTor SURAIPRN I SFRAB RoRE L XSSP rm
The magneti G,y RBHdshedl 2t Bfcellent  qood ordinary bad bad

As one of the features of the extrusion mouiding method, it can-be enumerated that 8 thin thickness:
magnet can be moulded. Therefore it Is important to cut a thin thickness magnet. .

in case of the Cutting Mathod 3. it was difficult to cut if the thickness.of the magnet became 0.5mm or -
less, and it was not possible to cut when it was 0.1mm due fo a formation of cracking.

On the other hand, in case of the Cutting Method 1, a thin thickness magnet can be cut since no excess
stress is applied to the magnet at the cuiling step.

Consequently it is clear that the cutting by melting with a heated wire I8 an advatageous method for
the cutting. .

Exemple 7
Resuits of the cutting when the volume rafio of the magnstic powder was changed were shown in Table
7. :

The magnet cut this time had the outer diameter of 30mm end the inner diameter of 26mm, weas a
cylindrical magnet prepared by Process 1, The magnetic powder used was the magnstic Powder A

Teble 7

Yoluge Ratio of I{a@etic‘ Powder (vol %)
-88 §: (14 i 22
cutting Method 1 excellent axcellent excellent excellent gocd

Cutting Method 2 ¢rdinary ordinary bad bad bac

As the volume ratio of the magnetic. powder increases, the volume ratio of the resin decreases
accordingly, and the binding stréngth of the resin to the magnetic powder drops.

Therefore the magnet moulded becomes brittle as the magnetic powder increases. This treand is
remarkabis in a cass of an uncured magnet produced by Process 1. As the volume ratio of the magnetic
powder Increases. the magnet performance of the magnet Is improved, and thersfore It is important that the
culting can be carried out even In a case of a farge volume ratio of the magnetic powder.

In case of Cutting Method 3. the cutting could not be practiced when the volume ratio of the magnetic
powder increased. .

On the other hand, in case of Cutling Mathod 1, the cutting ¢an be carried out even the volume ratio of
the magnetic powder is 72 vol %. Accordingly, it is clear rom the rosults that Cutting Method 1 is a
suparior mathod for the cutling of 3 magnet of the extrusion.

Example 8
e REPLACEMENT SHEET
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25 moul
exanpl e,

using a die which was generally used f@r an extrusion moulding of a thin

ded article obtained is shown in Table 18. As a conparative

a thin'plate state noulded article was noul ded by an extrusion by

plate state plastic, and its nagnetic~property is shown as Test 44.

for the

raw mat eri al conpound. the sanme magnetic powder, nylon 12 powder

As

and zi NC Sheakdaled cyiMBHELMaGS! Wid PlodubBd pfacdaxianep " Rkoviegniowead! Po® FHARRU™ o ati 0.

of 91.5

ik Yvertlord Wt % and 0.2 wt % respecti vel ¥ )
At first, 80 vol % of a magnetic powder of Sm - CO family magnet and 40 vol % of a thermosetting

resin malnly comprising an epoxy resin wers mixed and 2 compound was propared by kneading it with a

rolisr mill. ] .
The epoxy resin used had a thermoplastic region of 100 - 150 C In which its viscosity suddenly

droppéd, and it was cured at a temperature of 200° C. ' .
The compound prepared was then coarsely crushed and It was charged in 2 moulding machine.

As for the mouiding machins. an injection moulding machine and an extrusion moulding machine could’

be used, but the extrusion moulding machine was used here. The charged compound was heated at 100 -
160° C in the moutding machine fo make it in 2 molten state, the magnelic powder was orientated in a die.
the molten mixture was solidified with cooling as its state and an uncured cylindrical magnet was prepared

after a demagnetization.
The size of the magnet was the outer diameter 32.8mm and the Inner diameter 31.8mm, and it was cut

“to make its longth at 100mm.

in Table 8, a comparison of varous curing processes Test 11 - 13 for the aforementioned uncured
cylindrical magnet is shown.

Tanle 8
ghape exabilis cost
Test 11 excellent good good
Tast 12 excelillent crdirary crdinary
Test 13 bad excellent . excellent

Test 11 is the resuits of the curing process of this invention for a cylindricel magnet. Namely the outer
circumference of the uncured cylindrical magnet is fixed by a jig, and the inner circumference is fixed by an
slastic material, In this case it was a silicone rubber {hereinafter cailed as an inner body) expanded with a
gas (in this case it was air), and it Is cured by heating in an oven. .

Test 12 Is a conventional process In which the outer circumterence is fixed with 8 jig, a rotation unit is
attached to the Jig. and it is cured by heating with a rotation in the circumferential direction. Test 13 Is a
process to cure the cylindrical magnet by heating by placing it in an oven as it is without the fixing.

The thermocuring congition here was at 200°C for one hours in Nz atmosphere. The shape in Table
was the shape of the magnet aiter the cure.

in case of Test 13, the magnet after the cure is completely deformed and K Is cbvious that the fixing of
the shape Is necessary at the thermocuring step. On the other hand. in cases that the shape is fixed, the
eylindrical form Is nearly kept, and thus Test 11 and Test 12 are useful process from a viewpoint of the
shape. . .

The opsrability means on easiness of the operation of the unit and its capability for progessing a large
amount of the sample. ’

In caso of Test 12. it takes more time for an operation to connact the fig with the rotation unit than an
operation of Test 11 to Insert the inner body when compared with Test 11 of this invention. Furthermore
from s viewpolnt of cost, Test 12 is more cosly because of the requirement of the rotation unit.
Consequently tho Test 11 process is a superor process to Test 12 and 13.

Next the dimension accuracy after the cure when it Is cured by healing by Test 11 and Test 12 is
shown in Table 8.
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The rotation rate of Test 12 here was 500 rpm. This is the maximum rete which can be practiced by
taking the cost into consideration. . . .

The alrpressure of the inner body of Test 11 was 1 aim.

The magnet before the cure was prepared by somewhat decreasing its dimension accuracy in order to
chack & correction ability on the dimension by the curing process by hesting.

From Table 9. it is understood that the dimension accuracy in corrected by the curing process by
heating such as Test 11 and Test 12. '

This is because that in case of Test 11 the alr in the inner body is expanded in the atmosphere of the
thermocuring, it applies a force 1o the magnet resulting the correction of the dimension of the magnet while
it is in a thermoplastic state.

As for Test 12, & centrifugal force generated by the rotation has a similar action, but the dimension
accuracy by the corraction of Test 11 is further improved.

This is bacause that the force by expansion of the air is stronger than the centrifugal force resulling
betler correction of the. dimension. From the comection ability of the dimension, it Is also understood the
process of Test 11 of this invention is superior.

Example 9

Raw materiais to make the same composition of Powder A In Example 3. Sm (CO 0.872 Cu 0.08 Fe
0.22 Zr 0.028) 8.35 were molten, an ingot produced was magnetically cured by 2 heat treatment after
casting, and a magnetic powder having the average particle size of 10m and the coercive force iHc of 10
KOe was obtained by crushing the said ingot.

The powder was mixed with nylon 12 powdar and 2inc stearaie powder to make a ralio of 92 wt%, 7.9
wi% and 0.1 wi% as seme to Example 3.

The mixture was magnetized by a pulse magnetization unit shown in Figure 4 with using a magnetic
figld of 25 KOs, and it was then knsaded by a two axes extrusion kneading machine at 260° C.

in Figure 4, 301 is an electromagnetic coll, 322 is a pulse current genaration power source. 303 Is a
table to adjust a hight of a sarmple and 305 is a raw meaterial magnetic powder.

The kneaded ixturé was- granylated to particles of the outer diemeter of 1 - 10mm to make a raw
material compound, and a cylindrical magnet was moulded by uging the extrusion moulding machine shown
in Figure 1 and the die shown in Figure 2 with 2 same procedure described above.

in this Example. the die temperature at the moulding was 260° C, snd a cooling was carried out by a
forced alr cooling at the outlet of the dle. )

Accordingly. an orientated raw material compound was moulded by an extrusion by a solidification with
cooling at the outlet of the die. ’

The size of the mouldsed articls was the cuter diameter 33mm and the inner dlamster 32mm.

In Figure 5, a comparison of changes of residual magnetic flux density (Br) with magnetic fields for
moulding for cases with and without magnetization of the raw material powder before the moulding is
shown.

l_they wer e kneaded, were granul ated, and were noul ded e I on
of the magnetic property. The size of the noul ded ar iREPLACRMENT e g as
Test 43. In Table 18, a noul dabiliMey of Exanple o s Tnvention (Test
43) and the conparative exanple (Test 44) is also-sh ' gadndtic
property. Table 18 ‘Uﬁlﬁjd'lhﬁ‘?
(BH) max (M3Xe) TaASe dpbility l1e)
2.5 G
Straldghtuess Roundness
Test 11 0.00% - 0.0
Tess 12 .07 9.04
Before the cure 0.08 0.05
(Unit: mm)
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.Te_st 44 (Conparative exanpl

o] G = Gp%j

O = Odinary As it is clear fromimpble 18.{there PscTn“ggsbi nilf i cant
defference on the magnetic property between Tes

of the conparative exanple, and a nagnet, having i
equal to orFrab®Eigere ) @aseuvakisabdes abgagrtehext*ca)mw@fi!q

be noul das.prepared by an adoption of the magnetization for the powder prior to the moulding even if the magnetic

field for the moulding is low.
Furthermore as for the magnet performance at the high magnetic field {around 15 KQOg) for the

moulding, the cases with the magnetization showed higher values, and it was understand that the
magnetization for the powder prior to the moulding had a bigger efiect.

Exampie 10

Raw matorials were molten to make a composition of Sm 0.5 Pr 0.5 (Co 0.672 Cu 0.08 Fe 0.22 Zr
0,028) 8.35, an ingot produced was magnetically cured by & heat treatment afier casting, and magnstic
powders having an average particle size of 10um were obtained by crushing the said ingot.

2 kinds of the magnetic powders having the coercive force IHc 7 KOe and 10 KOe respectively were
prepared by changing e condition of the heat treatment.

Thess powders were mixed with nylon 12 powder and zinc stearate powder to make a ratio of 82 wt%,
7.9 wt% and 0.1 wt% respectively.

These magnetic powders were magnstized by using & direct current electromagnet unit. and then they
ware knoaded by a two axes extrusion kneading machine at 260° C. :

The kneaded mixtures were granulated to particles of the outer di ameter 1 - 10mm o make a raw
material compound, and wers mouided by an extrusion into thin plate state magnets by esing a die shown
in Figure 6.

In the die 401, when a current is turned on in an electromagnetic coil 403. a magnetic field vertical to
the passage of & compound in the die in generated between the upper and the lower pole pieces 404.
Theroforo & thin plate state magnet having an orientation of the magnetic powder to the thickness direction
is moulded. By the way, 402 is a heater.

The size of the moulded article was the width of 80mm and the thickness of tmm, and the strength of
the magnetic fleld at the moulding was 12 KOe.

in Figure 7. a rolation betweon the strength of the magnetic field for the magnetization prior to the
mouiding, and the residual magnetic flux density of the mouided articte is shown.

From tho greph, it was understood that though there was no effect of the magnetization prior to the
moulding If it was done In a magnetic field which was weaker then the coercive force of the magnetic
powder, there was an effect to improve the magnetic performance if it was done in a magnetic field stronger

than the coercive force.
Example 11 .

Raw materials were molten to make a composition of Nd 13 Fo 8§2.7 8 4.3, were casted. and a
quenched ribbon was prepared In argon atmosphere by using a quenching and fibbon rolling machine for
the ingot produced.

The quenched ribbon was coarsely crushed, il was m(ed in a mould and a high temperature press
moulding was carrled out In argon atmosphere at 700 - 800° C with a pressure of 20 Kg/mm? for a short
time.

Tho consolidated article obtained had a density aimost 100%. The consolidated asticle obtained was
mouided again by the high tempaeraturs press mouiding in a vertical direction to the inltial prossing direction
in argon atmosphere at 700 - 800" C with & 10 Kg/mm? pressure (Namely, a die upset was caried ouw).

A bulk state magnet obtalned was crushed and a magnetic powder of an average particle siza of 20um
was obtained. The coercive force of the magnetic powder was 12 KQe.

The magnetic powder was mixed with a reshing powder comprising blsphenol A type epoxy, novolak
type epoxy and vinylbutyral-vinylalcoho! copolymer. calcium stearate powder and silica powder es additives
to meke a ratio the magnetic powder 90.3 wi%, the resin powder 9.9 wt% and the edditive 0.6 wi%
respactivoly.

The mixture was magnetized with & 36 KOe magnstic field by using a pulse magnetization unit and it
was kneaced by a 2 roller type mill al 80° C. The kneaded mixiure was granulated 10 an outer diameter of 1
+ 10mm granules to make a raw material compound and was moulded In o cylindrical magnet by en
extrusion machine as same as Example 9.

In this Exemple,.the dle temparature at the moulding was 140°C, and the strength of the magnetic field

for the moulding was 8 KOe.
The size.of the moulded article was the outor diameter 8mm and the inner dlameter mm. The moulded



"On the other hand, froma viewpoint of the nouldability, it.was difficult
to achieve a stable noulding for Test 44 of the conparative exanple, and a
rate of an rejected article was high. fgirthernore the fabrication cost of
the die used in Test 44 of the co r % MddBn WRASHAP RI20X T RdErhidutes.
times hi gh&fici nancy! fie? Hiebe 7 a§EQ ﬁﬁ?f%gm fost 13005 istshokAsn TEBIECIOERAIENS] Ve
than a totgl .G c%ta% a:J:FLS s viahY %Ibﬁctﬂrp%&ytwkimp&fmouﬁmmlm mayoetsfidid fglths, a
hi gh perfo 9@3" | foePlvitot 1hd HanoliRfidnpridOtdNte Mmyydingr Elest 1dlaantle sArpitemagnatie be
pr oduced R Qb Rsif AMCisgabiicyielayorisd mouididgent WD KDalpndcp die Phigtchdihe prgintation

i NVent i on. gectiba<@MRl tRntlehd was shoffaes (Tastasli al s to make a conposition of Nd 14
(Fe 0.95 Co 0.05) 80.5 B 5.5 were nolten, were casted and a quenched

ri bbon was prepared—i-A-amr—grgon at mspherWi ng a quenching and ri bbon
rol ling CREPLEACEMﬁNTt%EFn ot obt ai ned. e quenched ribbon was

crushed an FragrretTC powjler of an average particle size of "'20[err] mwas
obt ai ned. 05 0CT 1996 (5 max
. BL (KG) (MGoel
Test 13 7.0 10.4
Test 14 4.3 3.5
Test 15 5.1 | 4.9

As it is clear form Table 10, aimost no oriontation is observed in a comparative example Test 14, and
the magnet obtained merely shows a performancs close 10-an isotropic one. ‘

On the contrary a high performance magnet with & sufficient orientation Is obtained by this Example.

In case of Tost 15, the magnatic property is low In spite of its high magnetic fisld for the mouiding, and
itis considerad that a sufficient crientation of the magnefic powder Is not attained at the moulding since the
length of the orientation section becomes extremely short such as 1mm ar loss in orgier to charge a 1S KOe
magnetic field at the orlentation section due to its very fine cylindrical form having the inner diameter of the
moulded articte mm. .

Therefore a moulding process of this invention is & very effective process for @ case in which a high
magnetic field for moulding is not attained because of a fimitation of 2 moulded article or 3 structual

problem of 2 die.
Examplo 12

in this invention, Powder A and B were prepared by the same composition and procedure to Example 4,
they were kneaded with the resin, and cylindrical magnets wers moulded by an exirusion mouiding machine
after granulating the kneaded mixture 10 ‘particles having the outer diameter { - 10mm 10 make a raw
matorial compound. The moulding process is briefad by using Figure 8.

An extrusion moulding machine of Figure § has a similar composition to the extrusion moulding
machine of Figure 1. Howaver, at the front end of the die, 4 pieces of uitrasonic osciltator {Langevin typd)
114 gro Installed to generate a slight vibratien.

The sforementioned granulated raw matorial compound 111 was charged to the o.xtrusion moulding -
machine of Figure 8. The raw material compound was heatsd in the cylinder 102 at 260 C to make itina
fluldized state and it was passed through the die 103.

The dio structure was the sameg as Figure 2 explained in Example 1.

in this example, the magnetic powder s moulded whila It Is being orlentated when the magnetic
composition passes through the orlentation section. The slight vibration from the ultrasonic oscillator was
transmitted to the-front end of the die.

in this example. the magnatic fleld for the moulding was 10 KOs, the die temperature at the moulding
was 205° C and the cooling was appiied by a forced air cooling to the dutiet of the dle. Thus the orlentated
raw material compound was solidified with coollng at the outiet of the dis and was moulded by an extrusion.
The size of tho moulded article was the outer diemater of 25mm and the-mner dlameter of 23mm.

Differencos of tho magnet perdormance of the moulded article the mouiding rate ere shown in Table 11
for cases of an application of the slight vibeation (Tost 16, 17) and for cases of no application (Test 18. 19).
Test 16 and 17 are the cases with the slight vibration and Test 18 and 18 are the cases without it.



Thi s nagnetic powder was m xed with a resin powder conprising bisphenol A
type epoxy, novol ak type epoxy and vinyl butyral-vinyl al cohol copol yner,
cal cium stearate powder and silica powd as additives to make a ratio of
90.3 Mt% 9.1 W% 0.4 wt% and 0.2 w pecti vel y. The m xture was
kneaded by a 2 roller type mll at 80[err]C The kneaded m xture was
granul ated to outer dianeter of 1 - 10mmparticles to nake a raw materi al

conmpound and was noul ded in a cylindrical et by using,.t t on
moul di ng nachi ne shown in Figure 10 of the r@ﬁﬁntionedqﬁwggﬁﬁé &E?&

After the noulded article was cut, i.nto an riate IengtﬁP@Fgepoi nt on
the circunference of the rmul%‘érticle M'So cut in pararftel with its
central ax,'b?‘t_}s The noul ded grticle was fjred at 200[ err] Caf.@r 45

e it wa

m nut es . whi s being pressed to make a thin plate
Test 17 B 10.2 2.0
Test 18 A 6.7 1,8

Tagt 19 | 8.5 : o 1.8%

As it Is clear fron Yable 11, Examples shows an improvement on both of the magnetic property and the
moulding rate. it is considered that it ts due to an improved crientation by facliitating a rotation of the
magnetic powder by the application of the slight vibration at the maulding.

Furthermore it can also be ssid that the moulding rate Is improved by & reduction of the extrusion
rosislance by the slight vibration. The reason of the low magnetic properly in comparstive examplos was
that the magnetic powder did not sufficiently orientated bacause the magnetic field for the moulding which
was abie to charge was only 10 KCe.

Therefore the moulding process of this invention Is a particularly effsctive process for the case in which
& high magnetic field for the moulding can not be altained due to shapes of the die or the mouided article.

Example 13

Table 12 shows how much degree of the thickness is mouldable without a post fabrication in each
mouiding method of an extrusion moulding method. a press moulding method and an injection moulding

method. .
Takle 12
Thickness [mm].
Moulding Methad Lo L2 2z a2 o
Extrusion Moulding P P P P P
Press Mouiding P P I b4 I
Injeotien Moulding: P P z I 1
P = pogsidble
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'26 state by a press unit shown in Figure 12. The press unit shown in
Figure 12 is to press a noulded article by noving the press plate 601

| ocated in upper position downward as gdown by an arrow The t hi ckess of

t he noul ded article 603 is adjusted by a spacer 602. press unit

was pl aced i Masmefsqumgd fherervee ding W‘hé’!ﬂ &a odfadiametsr af @Flé’hé‘ﬁ‘f "’Srf%?ff'df?%}'ﬁw .

wiin i
article \/\/&2?"‘“3‘8‘!“"6‘(1“% se%‘g ywe L ess was car lo? 9“15 t :
rrakeathln °§ %&%t da ‘x)ngg d,
andltwas r’°’f'f5’et" °m" anlcrsmlnthemg
article. e ane%wééawkd@du%w lo W9 16r the xtreiv nﬂ:uiaiag;
plate statg, A.KBE & ioth6d] afd FHWNA2 wish PR oSt molitmg FREBE! i C
properly andad ks ma\éiﬁsoen&pmt& 8 Rhinoddify #dsindt 1 Mletio Peadr@ iMBel litkechsa bt he | €S
of Test magnetic moulded article became thin for the press moulding method and the injection moulding methed,

This was due to a difficulty to fill the magnetic powder in a cavity U the thickness became thin for & case of
the press moulding method, and ls case of the injection moulding method, it could also not be moulded
because of a difficulty to inject 8 molten mixture of the magnelic powder and the resin in 2 cavity.

On the other hend. in case of the extrusion mouiding method. a thin thickness magnet can be moulded
because it is moulded by continugusly flowing 8 molten mixture of the magnetic powder and the resin ang
by gradually converging the molten mixture. According it Is clear that the extrusion moulding method is an

effective method to mould a thin thickness magnet having the thickness of imm or less.

Example 14

Next effects on moulding radial magnet with a thin thickness by changing the magnetic powders are
shown in Teble 13,

The magnet mouided was a ring shaped magnet of the outer diameter 32.8mm, the inner diameter
31.8mm and the thickness 0.6mm, and it was moulkded by an extrusion.

The compound used comprised 60 vol % of a magnetic powder and 40 vol % of a resin and aylon 12
was used for the resin.

Further as for the magnetic powder, 2 rare earth magnet having a composition of Sm (Co 0. 872 Cu 0.08
Fe.0.22 Zr 0.028) 8.35 was used. it was adjusted to make the average particle size r for each test of Test 20

.. « 24 gnd for comparative examples Test 25 - 27, and the results are shown in Table 13.  ~

As shown in Table 13, thera was & change of the magnet pedformance of the magnet moulded by
changing the average particle size r of the magnetic powder. By making the average particie size r of the
magnetic powder small, the magnet performance of the magnet Is improved.

And e sufficient megnet performance was obtained when the aversge particle size r was not more than
1110 of the thickness of the magnet mouided article,

However in cass when the average particle size Is not less than 1710 of the thickness of the magnet, the

magnet performance i low.
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49 - 53, in which the sizes of the noul ded article extruded by an extrusion

were altered, were shown in Table 19. Table 19 ) Qut er
?m%neter | nner Di am(a';n%r [e%L](?IC_:D ma? —SRLEPL&@EHI‘.SS B | 45
22 22 0.91 5.0 - Good 50
22 18 0.82 4.9 05 Qo199 | G1
12 16 0.73 - Bad
Zabla )3
Test No r BR (BR) max
- Dl JKG: IMGQe)

20 50 5.88 7.5

21 20 5.9% 7.8

22 10 6.8 8.

23 ' 1 6.33 .5

26 0.1 6.15 8.0

25 70 5.60 6.5

26 100 5.01 .2

27 130 4.70 .5

The reason why the above resuits was obtalned was, In case of the extrusion moulding, the magnetic
powder in the molten mixture of the
- The reason why the above resully were obiained was, in case of the extrusion moulding, the magnatic
powder in the molten mixture of the magnetic powder and the resin was orientatad at a section in which a
magnetic field was charged by passing through the passage of & die. ang the moulded article was extruded
outside the die after solidifying It with cooling In the die by keeping the state as it Is. Accordingly the moiten
mixture received a friction force at the contact section with the die. Thus the orisntation of the magnetic
powder at the contact surface of the moiten mixture with the dle might be disordered by the friction force
while it was being solidified with cooling even though the magnetic powder was once orientated in the die.

When a thin plate state magnet is moulded, tho effect of the layer where the said orientation is
disordered becomes significent, the thickness of the layer is relatad with the particle size of the magnstic
powder as wall, and as the results the average particie size gives an influence to the magnet performance
of the magnet.

As it s clear from Table 13, in order to reducs the influence, it is appropriate that the everage particle
slze r of the magnetic powder Is 1710 or less of the thickness of the magnetic moulded acticle.

Exampie 18

An alloy having a compesition of Nd 14 Fe 81 B § was molten in a crucible, it was cooled repidly by a
maitspan method and g thin plece was prepared, -

The thin piece wae crushed tiil it had an sverage particla size of 35um, and treatments showa in Tabie
14 wore processed thereafter.




- 52 33 - 25 0.76 4.9
Good . 53 33 23 kg Et;
- . Bad In Table 19, ghe "Bad" mark in | FREPLAGEMENT SHEET
condition neans that it is not usabl e=as a nagnet becauge or a formation |of
cracks on the surface. CAs it i paplealdfrom Table 18 %Q} day 4.
between the outer dianmeter (D) and the inner dianeter (j) |s ow 75. | t
can not be used as a magnet. It is considered that this

formati on of cracks on the surface by a stress when it |s treated to rrake a
thin plate state since the thickness of theRAASAKERS cal TCTe 1S

1ol SRS i P IR 0P )

thick relative to the outer dianete
there is no prSERERPERLJAD is 0. 75°

Treattient 2 5102 coating

Troatment 1 was that after crushing the magnetic powder, & cobeit-phosphorus plating was carried out
in a sodium hypophosphito reduced ammonia. alkaline cobalt plating bath, then 2 chromatle trgatment was
performed by pulting the magnetic powder in a potassium dichramate solution and a cobalt plating layer

was formed on the magnetic powder.

Treatment 2 was that pure weler adjusted its pH with hydrochloric acid was mixed with tetramethox-
ysilane to meake an epproximate molar ratio of 4:1, and 3 hydrolysis was carried out by adding ethanol to it

After tho decomposition and an addlition of a surfagtant, the magnetic powder
a predetermined time.

was added .and was stirred for

Then the magnetic powder was separated from the solution, was dtyed and a heat treatment was

performed to form SIO2 film on the megnetic powder,

After the surface treztment, the magnetic powder and the resia 10 make a ratio of 60 vol % and 40 vol

% were wgighed and were mixed, and affor the mixing, it was charged in 2
and & compound was prepared.

kneading machine to knead it

The kneading machine herewith used was a roller milf, Fucther as for the resin used, 2 kinds of resin
were ysed. One was Resin a which was copalymer mainly comprising & thermosetting type epoxy resin,

and the other Resin b was & thermoplastic polyamide resin {nylon 12).

After crushing the compound produced, it was mouki by an injaction moulding machine or an extrusion
- moulkding machine. In case that Resin a was used, the moulded erficle was hoated to cure the resin after the

mouiding.

Fistly in ordler to check in which step the film tendad to be removed, a coverage rate was determined

by teking a sample before and after each stop in the total process.

The magnetic powder used here was a plating-troated one with the piating thickness of 1um, and the
moulding was carried out by an extrusion moukfing machine. The results are shown In Table 15,

The results were the same for elther cases of Resin 4 and b. From Table' 16, it is clear that the film
coverage rate suddenly dropped between before and after the knoading.-In other steps. the drop of the
coverage ratlo was small, and it was c¢onsidered that it was dus to a protectron of the coated film by the

mixed resin especlally after the kneading.

Table 15

Step
Before mixing
Afteyr mixing (iefo':e kneading)
After kneading (Before crushing)
After crushing (Before moulding:;
After moulding

geverage Rates (%)
100
95
50
48
46

On the other hand, before kneading. the solid resin and megnetic powder are marsly mixed, the resin



Accordingly in the rmul di ng nethod of this invention whd nﬁéPté\GEMENTrﬁﬂﬁqt S
0.75 s d/D < 1. a nmagnet having a high nagnetic properl
such as the crack, etc can be produced.,g Exanple 18

make a conposition of Sm(Co 0.672 Cu 898 Fe 0.22 Zr- 0
nol ten. were casted, an ingot produced was magnetically
treat nent, and t hen a rragnetic powder havi ng the averagﬁ particle size ofg

10[err]m '8 c H;Le biro o cobll RO RBIed U s SobvEested-th
nyl on 12 ‘P méyﬁb xﬁgm make a ratio of 92 w% 7.8 w%
and 0.2 0 of mJ i BowdbrXdnd R (GREwAS MBRSLEBbINY 1R KndaYIgX R
extrusi Onth@ﬂ%d 'daﬁie@'but Evérkdo. rothd eftek e amkdding which was carried out after
hoating at vadous temparamres wore shown In Table 16.
The magnetic powdors herewith used were that plating-treated of the plating thickness of 1im for Test
28 - 33, and Test 34 thereafter were Si02 coated.
Resin e of a thermosetting rosin was used for the rosin, The coverage rate after the kneading was
calculated selting the coverage rate before the kneading (after mixing) as 100, snd the viscosity was a
viscosity et a shear rato 1000 sec™ when the mixture was heated at the temperature indicated.

Isble 1€
Tenperature viscosity Coverage Rate
Test 28 Room Temperature - 50
29 80 500 _ 30
30 78 300 74
3 ' 83 <8¢ 8¢
32 100 70 94
iy 1290 10 58
34 L3 339 : §d
3s 75 300 . 85
3z 85 180 93
37 100 70 98
ag 120 10 o8

From Table 16, the mixture may have the viscosity by hesting it. It is clear that the coverage rate is
improved when the kneading is parformed after heating the mixture to make it in & state in which &t has the
viscosity. Although the coverage rate of the plated one becomes worse than it of the 8i02 coated one when
compared in the same condiion because of its weak adhesion of the film, an improvement is seen when the
viscosity reaches 300 kpoisa, end below it, the coated film was sufficlently protected.

it Is considered that the above results are obtained bacause as to the removal of the film during the
kneuding. it Is largely influenced by & stress of the rofler when it Is appiled to a state in which a sufficient
heating is not given when the mixture is charged in the kneading mechine, and the infivence Is retieved by
glving the viscosity to the mixture,

Noxt en oxidation resistance of a megnet produced. by the production process of this invention was

investigated. The rasults of Test 39 end 40 as this Examples and Test 41 and 42 es comparative exampies
are shown in Table 17.



" mixture was granul ated to particles having the outer ia%g{-/éQE'\ﬁﬁNTISHEﬁrOrrm

to make a raw material conpound, and a cylindrical magnet was noul ded by an
extrusion noul di ng machi ne shown in Fygure 1. The | dpmoQrgtheg Mes
the sane method to Exanple 1. As seere to Figure 1, jthe extrusion

moul di ng machi ne consists of a hoppgariflile a raw nmatler :
section, a cylinder 102, a screw 103, an adaptor platg 104 to equip a d| e-

at the cylinder the die 105 and a dri vi ng nmotor for the screw (which T1s

not shown in Figure), and further an el eﬁtro%ggetlc Egk =ion Resigt

Test 39 Treatnent 1
4¢ Lo 2 - A
41 " i c
42 " 2 B

A x Excellent.
5 = Good
C = Bad

Test 41 and 42 of the comparative examples were the cases in which the kneading was carrled out
without heating before the kneading, and Test 39 and 40 of Examies were carried out by heating &t 100

kpoise.
‘The oxidation resistance was 2 result after storing the sample in a constant temperature and constant

humidity oven at 80" C x $5% for 100 hours.
it is clear that the oxidation resistance is improved by the heat treatment before the kneading,

Example 16

Raw materials to make a composition of §m (Co 0.672 Cy 0.08 Fe (.22 Zr 0.028) 8.35 were molten,
were castad, an ingot produced was megnefically cured by a heat treatmerit, and then a magnetic powder
having an average particle size of 10im was obtained by crushing it. o

The powder was mixed with nylon 12 powder and zinc stearate powder to make a ratio of 92 wi%, 7.8

. W% and 0.1 wt%, respectively.

The mbawe was then kneaded by a two axes extrusion kneading machine at 260° C. The kreaded
mixture was granulated to particles of the outer diamater of 1 - 10mm to make a raw matedal compouad.
and & cylindrical magnet was moulded by an extrusion mouiding machine.

The moulding method is explainad in accardance with Figure 10.

As shown In Figure 10, the extrusion moulding machine Is constituted by a hopper 101 which is a
section of charging material, & cylinder 102, a screw 103, an gdaptor plate 104 tq install a die to the cylindar
section 102, a die 105 and 2 driving motor for the scrow (which is not shown in Figure).

The aforomentioned granulated raw matorial compound 111 was charged in the extrusion moulding
tnachine. The raw materlal compound 111 was heated in the cylinder 102 at 260° C to make it in a fluldized
stata, and it was passad theough the die 105,

la this Example, the die temparature &t the moulding wes 250 C, and the cooling wes carried out by ¢
forced air coaling ot the outlet section of the ‘die. The size of the moulded article produced was the outer
diameter of 33mm and thé lnner diameter of 32mm.

The moulded article was mada In & thin plate state by a unit shown In Figure 11,

Figure 11 was 2 drawing viewed from upside, the cylindrical mouided article 112 extruded from the die
105 was split Into two equal soctions of the upside and the downside by the cutter 501 installed In front of
the die 105, end the bisected moulded erticlas were moulded lnto thin plate state magnet by passing
between 2 sots of 2 rollers 502 positioned tn the rearward of the cuttsr $01.

Then the end surfaces of the thin plate state magnet S03 was cut tomake it in a desired size. The size
of the moulded article was the widits of 60mm and the thickness of Tmm. The megnetic propesty of the




109 to charge a magnetic field in the die 105 is positioned at the outside
of the die 105, 106, 107 and 108 are heaters. The af orenenti oned
granul ated raw material conpound 111 wag charged in the extrusion noul ding
machi ne. Th A ' SNRROtHRd 1gas—Teated in the cylinder 102 at ’
260[ err] c"%“éf‘f" w&%ﬁ@;}a WittH Aeeistats tratiags ot vag sogded Ry teMFUSIaR RY L 3li e
105 of Wi {4l wichUds jeReniiySussd @wan isrruliorgmpuidind, of a thinTrile stata Alagtice 3AL It fMmagnstc by .
an outer giogerigQsstaaslanTestidr el 202. The outer die is nade of a non-rmmgnetic
material, buts far th vaw STetefel ompynrs LI9SR MMIPRSHE PONSIEes Ny ?;1 q° figprate
front end pbvaler silastsdeof Earmpia wese mixkgdhlo m "ﬁeﬁ% “L
non- nagnethe wesatkaeaded. weegpnyisted. gad e et c materla als

' siggsofifhs moulded artigy 2 e il '
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4) s also shown with e magnete PRS- “REPLACEMENT SHEET .
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(BH) max i
Test 43 (Exmple_) 2.5 -G -
Tagt 44 (Comparative
examnple) 2.4 o

G = Good
O = Ordinary

_As It is clear from Table 18. there Is no signiticant defference on the magnetic property betweon Tast
43 of Example and Test 44 of the comparative example, and a magnet, having its magnet performance
equal 1o or above those obtained by the conventional moulding methad, can be mouided.

On the other hand, from a viewpolat of the mouldability, it was difficult to achleve & stable moulding for
Tost 44 of the comparative example, and a cate of an rejected article was high. Furthermore the fabdcation
cost of the die used in Test 44 of the comperative example was approximately 3 times higher than the. die
of Tast 43 of Example, and It was mare expensive than a tolal cost of the die end the press unit of
Example. Accondingly, 2 high pedformance thin plate state resin bound type care carth magnet can be
produced with a high productivity by using the moulding mathed of this inveation.

Example {7

Raw materials to make a composition of Nd 14 (Fe 0.95 Co 0.05) 80.5 B 5.5 were molten, werg casted
snd & quenched ribbon was prepared in an argon atmosphere by using @ quenching and rbben rolling
machine from the ingot obtained. . ,

The quenched ribban was crushed and a magnetic powder of an aversge particie size of 20um was
obtzined, ) :

Thie magnetic powder was mixed with a resin powder comprising bisphenol A type apoxy. novolak type
epoxy and vinylbutyral-vinylaicohal copolymer, calcium stearste powder and slfica powder as additives to
make a ratio of 90.3 wi%e, 9.1 wi%, 0.4 wt% and 0.2 wt% respectively.

The mixture was kneaded by a 2 coller type mill at 80° C. The kneaded mixtuce was granulated to outer
diameter of 1 - 10mm particles to make a raw matarial compound and was moulded in a cyfindricsl magnet
by using the extrusion moulding machine shown I Figuce 10 of the slorementioned Example 16.

After the moulded srficle was cut Into an approgriate length, one polnt on the circumfereace of the
moulded adticle was ais0 cut in paraliel with its contral axls.

The moulded article was fired at 200" C for 45 minutes while it was being pressed to make & thin plate



"generated flows in a directi-on of the arrow Hin Figure since it tends to
pass in a magnetic material with a high nmagnétic perneability. Therefore a
radi ated magneti'c field is generated pg a space (hereinafter called as an
orientati ge%9alhdds bilabwaeAgihie2.f r onT—end 202a of the mandrel and nagnetic
material riiye pRdauditssdnal ih Egure N2 isiie pros BMoulded artigly, bsmoying te %teﬁﬁeg‘ffe‘ioﬁ docated -
Conposi t i bruppargeeiion duraowarhastshevidiyiaa Areyt (Thhtigknets; g fhe mopldedsartels ROF s pdisied, by

progress e®pager 82 entati on of the nmagneti owder . Ln this anple. the
magnet i c fi dhg Pregs utihers piscadn ﬁ&"'ﬂd&"’%& ‘Yéé@"“‘?ﬂf@g ge é"’f".@ﬁﬁ"&%‘%tﬂ?“é‘%t“%ﬁé’“

moul di ng #EEn 9Eress pipie 6L, L ol J i tneDousell QHEIE GroBbdd,
e

at the ou a®l ot Rl bof 6l thinGldte $tRe! hd@iebdcdricles LETANRS
t he out er 4¢ll 8B4 Ghic® the 3393 braRmbukid iaRioe rextelided 1By &1 exaisidd2vana altered, Wdae st lided
article wegptecist i nto a suitable | ength, was denagneti zed, and further it
was devided into two equal sections in parallel with the central axis of
the noul ded article. The noul ded arti Giableasdthen nade in a this plate

state by heating at 180[err]Cwth a press unt shown in Figure 12. The
press unit is to press a noulded article 603 by noving the press plate 601
located in upper Qutes Diameter Ir.nei:_nimet-r (BH) max Surfece

45 22 22 6.91 5.0 aGood

53 22 ig 0.82 4.9 Good

51 22 s " 0.73 - Bad

52 33 25 Q.78 é.8 Good

53 33 23 0.70 - Bad

{n Table 19, the "Bad” mark in the surfa¢e condition means that it is not usable as a magnet because of
* o formmation of cracks on the susfaca,

As It is clear from Table 18, it the ratlo /D betwsen the outer diameter (D) and the inner dlameter (d} is
below 0.75, It can not be used as & magnet. it {s considered that this Is due to & formation of cracks on the
surface by & stress whean it Is treated lo make a thin plate state since tho thickness of the cylindrical
moulded articie is thick relative {o the outer diameter. )

Concemiang tha magnelic property, there Is no problem i &/D is 0.75 or more.

Accordingly in the moulding mathod of this invention when d/D is imited as

075sdD < 1,

& magnet having a high magaetic property without defects such as the ¢rack, et¢ can be produced.

Example 18

Raw materiais t0 make a composition of Sm (Co 0.672 Cu 0.08 Fe 0.22 Zr 0.028) 8.35 were molten,
weére casted, an ingot produced was magnetically curad by a heat treatment, and then a magnetic powder
having the sverage particle size of 101m was prepared by crushing the Ingot. -

This-powder was mixed with aylon 12 powder and zinc stearste powder to make a ratio of 92 wit%, 7.8
wit¥% and 0.2 wt% respactively. )

Then the mixture was kneaded by a two axas extrusion kneading machine at 260°C. The kneaded
mixture was graaulated to particles having the outer diameter of 1 - 10mm to make a raw meterial
compound, and a cylindrcat magaat wes moulded by aa extrusion moulding machine shown in Figure 1.

The moulding method was the same method to Exampie 1.

_ As same to Figure 1, the axtrusion moulding machine consists of e hopper 101 ie 8 raw matertal.
charging section. a cyfinder 102, & ecrgw 103, an adaplor plate 104 to equip a dig at the cylinder. the dle
105 and & driving motor for tha screw (which Is not shown {n Figure), and further an elactromegnatic colt
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positi on downward as shown by an arrow. The thickness of the noul ded
article is adjusted by a spacer 602. The press uni't was placed in a firing
furnace as sane as Exanple 17, was heat and the noul ded article was set
on the press plate. A press was carrm=ed out to make a thin plate state
when the viscosity of the noulded article dropped, the edges were cut, and
finally a thin plate state magnet with the desired size was obtained. The
si ze of tiee toahalgd@dnagrdic Bélinwarsdie IS iswpasitioned fot tHOpraidert¥ the igle 10R: 18R 185 81dF08 1nm
The magnedtre keaersoperty of the noul ded article obtalned in Test 54 is shown

In Tabi e 20The afom«&orué vfaeq w 'e%embmmw 11 g4 fhe rysion "W‘f'
e>r<]t I’ﬁSI grﬂ"m d"r‘*?lgﬂ '? H@g‘ 6‘ g; gf H‘ék%grﬂa ized
shovvn

property e & m? * fe .sr94a§ ofc
f_or the ra ngz% ﬁfﬁs o%d neﬂc th
di e, whe % .w%f, af &mw
magneti c g I ca he pasSage of the conpoun le is formed
bet ween UPPgherid) njeﬂ\@@ﬁm&?&ﬁn e Fortkrbtic JEHADE InsliiRa aut;.&u tﬂe ab mﬁn&k%x
magnet  of geNdRitéd dwh  SBEBORA oPBWERIwW Htn Fighd @iith @ ltedls lopadsne a trhaiprokie madnallWes t | on
can be nmpighdeagnetid permaramie tthetefdre @lrslilatks maeeticrber Bigegratedn 4 Spde®hecsinaibr tdlien Si ze
of the nmsladaderastivn séoion)dstwbdncthe fmmt end 202a of the mandrel and magnetic material ring 2018
instalied in the outer dis. Thus while a magnetic composition passes through the orentation gection, it is
moulded with a progress of an orientation of the magnetic powder.
In this Example. the magnetic field for the moulding was 16 kQe, the die temperature et the moulding
was 250 C, end the cooling was carried out by a forced air cooling 2t the outiet section of the die. Thus the .
orientated raw material compound 111 was moulded by an exirusion by a solidification with cooling at the
outlet of the die. The size of the cylindrical moulkled article was the outer dizmeter of 33mm and the inner
diameter of 32mm. a
The moulded articie was cut Into 2 sultable length, was demagnetized.- and further it was devided into
two equal sections in pzrallel with the central axis of the moulded article. The moulded article was then
made in a thin plate state by heating at 180" C with a press unit shown in Figure 12,
The press unit is to press a moulded article 603 by moving the press plate 601 located in upper
pasition dowaward as shown by an arcow. The thickness of the moulded article is adjusted by a spacer §02.
The press unit was placed In a firing fumace as same as Example 17, was heated and the moulded ariicle
was set on the press plate,
A press was carried out {0 make a thin plate state when the viscosity of the moulded article dropped.,
the edges wore cut, and finally & thin plate stafe magnet with the desired size was.oblained. The size of the
moulded article was the width of S0men and the thickness of 1mm. The magnetic property of the moulded
article obtained In Test 54 is shown In Table 20.
As a comparative exampie, Test $§ was carried out by an extrusion moulding by using 8 die shown in
Figure 6, and tho magnetic preperty of the moulded arlicle in a thin plate stats is also shown,
As for the raw materlal compound, the same one to Test 64 was used.
in the die, when a curent is tumed on In the eloctromagnstic coli 403, a magnetic fisld vertical to the
passago of the compound In the die is formed botwean upper and lower pole pioces 404. Therefore 2 thin
plate state magnet of which the magnetic powder Is orientated in the thickness direction can be mouided.
The magnetic fisld at the moulding was 11 kOe, and the size of the moulded article was the same to

Example of Test 54.
A mouldabiiity is also shown la-Table 20 with the magnatic property. .
REPLACEMENT SHEET
Table. .20 .
05 OCT 1996
(BH) max
Luioel Moudsbility

Test 54 (Bxample) 7.5 Good
_Tegt 55 (Comparative '

example) 2.4 Ordinatry



"Exanpl e of Test 54. A noul dability is also shown in Table 20 with the
magneti c property. Tabl e 20 )

(BH) max (M30e) Moudabi | ityg . Test 54 (Exanpl e)

7.5 Good -

As It is clear from Tabie 20, though the same moulding rew material was used. the comparative
example Test 55 showed lower magnetic property. it was considared that it was due to &n Impossibifity to
snlarge the magnetic field for the moulding because of the structural problem of the die in case of the
comparative example Test 65 resulting an Insufficient orientation of the magnetic powder.

Eurthermore it was very difficult to achieve a stable moulding in-case of Test 65 of the comparative
example. and it hed a high rejection rats. Moreover the fabrication cost of the die used in the comparative
axample Test §5 was epproximately 3 times more expensive than the die used in Test 54 of Example, and
it was moré costy than the total cost of the die and the prass unit in Example of Test §4.

Consequently, by using the moulding method of this lnvention, & high performance thin plate state resin'

bound type rare eorth magnet can be produced with a good productivity.

Example 19

Raw materials to make a composition of Nd 13 Fe 82.7 B 4.3 were molten as similer to Example 17,
wete casted and a quenched ribbon was prepared in an argon gimasphere by using a quenching and
ribbon rolling mechine from the ingot obtained.

The quenched ribbon was coarsely crushed, it was trensfored to 2 mould, and a high pressure press
moulding was canied out In an argon atmosphera at 700 « 800° C with a 20 Kg/mm? pressure for a short
time. ) .

The consolidated article obtained had a density-elmost 100%. The consofidated adicle obtained was
mouided again by the high temperature pross mouiding in a vertical direction to the first pressing direction
in gn argon atmosphere at 700 - 800" C with a 10 Kg/mm? pressure (Namely & die upsat was canted out).

The bulk state magnet was crushed and & magnelic powder ¢f an average particle size of 20um was
obtained.

The magnetic powder was mixed with a resin powder comprising 2 mixture of bisphenal A type epoxy,
novolak type epoxy and vinylbutyral-vinylalcohol copolymer, calcium stearate powder and silica powder as
additives to make a ratio of 90.3 wi%, 9.1 wit% and 0.4 wi% and 0.2 wi% respectivaly.

Then the mixture was kneadsd by a 2 roller type mill st 60° 0. The knezded mixture was granulated to
particles of tho outer diameter of 1 - 10mm {0 make a raw material compound. and & cyfindrical magnet was
movlded by using an extrusion moulding machine shown in Figure 1 and & die shown in Figure 2 as similar
to-Example 18. )

The mouided srticle was cut into a suitable longth. were demagnetized, end further ene point on the
circumieronce paraliel to the central axis of the meuided article was cut. The moulded erticle was fired at
200° C for 45 minutes while it was being made in 2 thin piate state by a press unit similar to Example 18 to
crosslink the organic resia in the moulded article. ) .

The magnetic properties of the thin plate state moulded articias when Test 66 - 61 were canied out by
ch the sire of the mouided articles of the sion mouldin 3 inTable 21. -

enaing 1o elzs of tha mouided art exdrusion mouidiag ere Shown I TA0ie L. I REPLACEMENT SHEET

Table 21 : i
05 OCT 1996 |
1
Outer Diameter Inner Diemeter (BH) max
Test No Lmn) loml &0 [MoQed
S6 22 20 0.91 10.2
57 22 i8 Q.86 10.0
58 22 . 18 ¢.82 8.2
59 33 32 0.97 10.4
60 a3 28 0.85% 10.1

61 33 28 Q.76 7.5




Test 55 (Conparative . exarrpl e) 2.4
O di nary
29
As it is clear from Table 21. if the ratlo /D between the outer diameter (O} and the inner diameter (d) is
belaw 0.85, the magnetic property Is deteriorated. it Is conslderad that this Is due to a lormation of disorder
on the orfentation of the magnetic powder whila it is baing made in a thin plate state because the thickness
of the cylindrical moulded srticle Is thick in comparision with the outer diameter. Consequently ia the
moulding process of this Invention when the d/D is limited as

EMENT SHEET
& magqst with a high magnet performance can be produced. 05 OCT 1996
Claims

1. A resin bound type magnet cormprising & magnetic powder and an organic ermW ’

as & single body in e cylindrical form satistying 2 relation of
abLsgez 1

among the auter diameter (D), the inner diameter (d} and the length (L) of the magnat and it also has a
radiated snisclropy in the diameter diraction. ; _

2. A resin bound type magnet comprising @ magnetic powder, an organic resin and an additive wherein it
{s moulded as a single body in a cylindrical form satisfying & relation of -

20L/221

among the outer diameter (0). the inner diameter {d} and the leagth (L) of the magnet, and it aiso has 8
radiated enisotropy in the diameter direction.

3. A production process of a resin bound type magnet wherein e raw material for the moulding comprising
& magnetic powder and an organic resin Is moulded by sn extrusion by passing through a die in which
a magnetic field is charged while It is being cured, Is formed to a single body in a cylindrical form
satisfylng a relation of _

2DLIgR 2 1

among the outer diameter (D} the inner diameter (d) and the length (L) of the magnet and it aliso has a
radiated anisotropy in the diametsr direction.

4. A production process of 2 resin bound type magnet whersin a raw material for the moulding comprising
& magnetic powder, en organic resin and an additiva is amoulded by an extrusion by passing through &
die in which magnetic field is charged while it is being cured, Is formed to a single body in & cylindrical
form satisfying u relation of

20L<cd? 1

among the cuter diamater (0), the inner diamater (d) and the length (L) of the magnet and it also has a
rediated enlsotropy in the diameter direction.

§. A production process of ‘a rasin bound type magnet Dy an extrusion moulding of a moulding raw
materfal comprising a magnetic powder and 8n organic resin wherein a die structure for mouiding is
constituted that a front end of & mandrel soction {8 projected in front of an edge of a outer die, a
magnetic clrcuit Is formed amang the sald mandral saction, the outer die and an electromagnetic coil
instailed at an outer circumferance of the said dle, @ Is moutded in & cylindrical form by charging a
magnatic fleld In the die by the alectromagnetic coil, end the moulded article extruded is demagnetized
at tha tront end of the mandrel,

6. A production process of & cesin bound type meagaeet by en extrusion moulding of a moulding raw
material compesing 8 megaatic powder, en organic resin and an additive whorein a dis structure for

This Sheet Has Been Repl,

[T




As it is clear from Table 20, though the sanme noul di ng UM| “\
used, the conparative exanple Test 55 showed | ower nagn

was considered that it was due to an i ssibility to enl arge the rragnetlc

field for thg 0k 1Ak 3 sanPhud difo
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pl ate sta sin bound type rare earth nmagnet can be pr
ﬁaf/mf Exanpl e 19 _
A resin bound type magnet comprising a magnotic powder and an organic rLsén—mrenrmW

producti v
1.

as & single body in & cylindrical form satisfying a relation of

0L/t

among the cuter diameter (D), the inner diameter (d) and the length (L) of the magnet and it also has a
radiated anisotropy in the diameter direction. : :

A resin bound type magnet comprising 8 magnetic pawder, an organic resin and an additive wherein it

is moulded as a single body in a cylindrical form satisfying e retation of

2DL/d?at

among the outer diameter (0). the inner diameter (d} and the length (L) of the magne!, and it also has g
raciiated anisotropy in the diameter direction,

A production process of & resin bound type magaet wherein e raw material for the moulding comprising
2 magnetic powder and an organic resin Is moulded by en éxtrusion by passing through a die in which
a magnotic fleld is charged while It is being cured, Is formed o & single body in a cylindrical form

salisfying a relation of
20L/dR 2 1

among the outer diameter (D), the innor diemeter {d) and the length (L) of the magnet and it also has &
radiated anisctropy in the diametor direction.

A production process of 2 resin bound type magnet wherein a raw material for the meulding comprising
& magnetic powder, en organic resin and an additive Is moulded by 2n extrusion by passing through a
die in which magnetic field is charged while it Is being cured, s formed o a single body in a cylindrical
form satisfying u refation of

0L <cdgixt

among the outer diameter (0), the inner diameter (d) and the length (L) of the magnet and it also has a
rediated anfsotropy in the diameter direction.

A production process of ‘a resin bound type magnet by an extrusion moulding of a mouiding raw
matarial comprising a magnetic powder and an orgenic resin wherain a die structure for moulding Is
constituted that a front end of a mandrel section is projected in front of an edge of a outer die. a
magnetic circult Is formed amang the sald mandrel saction, the outsr die and an ¢lectromagnetic colf
insteiled at an outer circumference of the said die, it is moulded In & cylindricel form by charging a
magnatic fleld in the die by the elactromagnetic coll, and the movlded article extruded is demagnetized
at the front end of the mandrel.

A production process of a resin bound type magnet by en oxtrus!on moulding of a moulding raw
material comprising & magastic powder, en organic resin and an additive wherein a die steucture for
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pressing Gl r §Ghddaklioh m@&s&i’f Q%ﬂ@%&]ﬂ&ﬁmrrﬁagﬂé: by A extrRIOR [uldting Cof Wi didbidfg JiW
Kg/ nmf err] pﬁl@%ﬂ' rc@mg? | MagheS Bovdos 8dd WRGrgan Febif Gvherdin) an elsctrorhbife @L&h is
st at e nmagnet inn@ed erdus:badc.&ndrcendwag Rt I€ispaakder in @fcylmaricavienraisyochp@ing ik @lagnetic Ze
of 20[ err] m Rl irole adin gl .it. an eléEhomagaglin ewil ovith anckircorrais alsoxoeiaiied tidn frantr of Sthan
powder conpr dfgementiened elecurmsgestic [sol h gergrate/a mpgnstic fids Jor deenagrietidetianyip ghee paiky
and vi nyl but giecipmagnefig|cefl. sestin meukded [agiele pxtruged|iefemigeiedr at e powder and silica
powder as additives to make a ratio of 90.3 wt% 9.1 wt % and 0.4 w % and
0.2 W% r &p&@ﬂd\@w process of a resin bound type magnet by an extrysion moulding of a moulding raw
material prising a magnetic powder, an organic resin and an additive wherein an electromagnetic

coil is installed at an outer circumfsrance of a die, it is moulded in a cyilindricat form by charging a
magnetic field in the die by it, an electromagnetic coll with an alr-core is alse installed in front of the
aforementioned electromagnetic coll to generate a magnelic field for demagnetization in the sald
eleciromagnetic cail, and the moilded articls extruded is demagnetized, :

8. A production process of a resin bound type magnet which is constituted by orientating a magnetic
powder in &8 molten mixture of & magnetic powder and an organic resin in a section where a magnetic
field is charged at a front end of a dig, moulding it in a cylindrical form, soliditying it with cooling and
oxtruding it wherein when tho magnet is cut, the resin is cut by melling by contacting the magnet with

a hoated wire.

10. A production process of 2 resin bound type magnet which is constituted by origntating & magnetic
powder in a molten mixture of a magnetic powder, an organic resin and an additive in 2 section where
a magnetic field Is charged at a front end of a die, moulding it in a cylindrical form, solidifying it with
cooling and extruding it wherein when the magnet is cut. the resin is cut by meiting by contacting the
magnet with a heated wire.

11. A preduction process of & resin bound type magaet of Claim (9) or Claim {1Q) whersin the resin bound
type magnet is an isoropic magnet moulded by an extrusion in a cylindrical form without an orientation.

12. A production process of moulding a cylindrical resin bound type magnet by an injection moulding or an
extrusion ouiding of a megnetic powder and a thermosetting rasin wherein in order to cure the molten
mixture of the magnetic powder and the thermosetting resin by heating, it is cured with fixing the outer
circumforence of the cylindrical magnet by a Jig and the inner circumference by an elastic material

gxpanded by a gas.

13. A production process of moulding a cylindrical resin bound type magnet by an injection moutding or an
extrusion mouiding of a magnetic powdar, & thermosetling resin and an additive wherein in order to
cure the molten mixture of the magnetic powder, the thermosetting resin and the additive by heating. It
is curad with fixing the ouler circumference of the cylindrical magnet by a jig and the inner

clrcumference by an elastic material expanded by & gas.

14. A production process of a resin bound type magnet of Claim (12) or Ciaim (13) whoreln the
aforernantioned elastic material is a sificone rubber.

18. A production process of a resin bound type magnet comprising a magnstic powder and en organic
resin whereln a mixture of the rare earth magnaetic powder premagnetized in 3 magnetic field which is
stronger than a2 coercive force of the magnetic powder and the organic resln are kneaded, and the

~ knesded mixture is moulded by an extrusion in 8 magnetic field.

18. A production process of & resin bound type magnet comprising a magnetic resin, an organic resin and

an additive wherain 2 mixture of the rere oarth magnetic powder premagnetized in a magnatic fisld
which is stronger than 4 coerclve force of the magnetic powder the orgamc rcsm and tho nddmvo are

( i %
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Then the m xture was kneaded by a 2 roller type mll at 90[err]C The
kneaded m xture was granul ated to partlcl es of the outer dianeter of 1 -
10mm to make a raw material conpou cylindri ca,l nggnet was noul ded

by using ar"gages GE‘F Bf k?ﬁﬁﬁ?”d?‘ﬁﬂ“f?d&%fdﬁ%bys‘f?o‘wﬁ““ﬁ'“ﬁ'@19?‘3' f%nd a die shown in .

Figure 2 as, si 509y de AN i a
sui tabl e 1? "cu ,nga e{r‘n %ou X tv a’aﬁm %.&ngué‘éhodosﬂ?ﬁ%}\éﬁ%ggﬁgei Eéf
circunf erer}g&,&@[, ,&Qm gs,@,ﬁmbp ,amesd, article was cut.

The noul ded artlc e was fired at 200[err]Cfor 45 mnutes while it was
bei ng nadg A Bro8udtibi Bropdsaiof aSbaai Bouby type PTe@Set by rth textiusion kmdldibg ofbx avplbieg 18+ t 0
crossl i nk tdugeriar @apliising £asgaeticipotvtice, andigedle thsialatd &l iditive with la lierimg megrietic fieid
properties wibretnfigs trotidedtlyah eppitatioreo! molghtidiutation toitl disset WleereuiPegt 66 - 61 were
carried out by changing the size of the noul ded articles of the extrusion

moul di ng@réeresindaynd typeTaggnet RMprising @ magnetic. powder and an organic resin wherein an average
pariicle size r of the aforementioned magnetic powder satisfies

r 0.1 t({t S 1mm)

with the thickness t of the moulded article of an anisotropic resin bound type magnet comprising the
said magnetic powder and the rosin.

20, A resin bound type magnet comprising a magnetic powder, an organic resin and an additive wherein an
average particie size r of the aforementioned magnetic powder galisfies - -

¢tS01t{ts tmm)

with the thickness ¢ of the moulded articte of an anisotropic resin bound type magnet comprising the
sald magnetic powder, resin and additive.

21. A production process of a resin bound type magnet comprising a magnetic powder and an organic
resin wherein &n average particle size r of the aforementioned magnetic powder satisfies

rs0.1t{ts tmm)

with the thickness t of the moulded article of an anisotropic resin bound type magnet comprising the
sald magnetic powder and the resin, and the magnet is produced Dy an extrusion moulding with a die
in a magnetic field.

22. A production process of a resin bound type magnet comprising a magnetic powder, an organic resin
and an additive wherein an average particle size r of the aforémentioned magnetic powder satisfies

r 0.9 t(ts imm)

with the thickness t of the moulded article of an anisotropic resin bound type magnet comprising the
said magnet powder, the resin and the additive, and the magnet is by an extrusion moulding with a die
in a magnetic fisld.

23. A production process of a resin bound type magnet comprising 8 moulding of @ mixture of a magnetic
powdsr and an organic resin by an injection moulding or an extrusion moulding wherein a compound is
prepared by charging in a kneading machine after making a viscosity Y of the mixture of the
aforementionad magnetic powder and organlc resin in a state of

Y & 300 {kpoise] (shear rate = 1000 soc™)
by heating.

24. A production process of a resin bound type magnet comprising a mouldlng-o! a mixture of a magnéﬁc
powdar, an organic resin and an additive by an injection moulding or an extrusion moulding wherein 2

compound Is prepared by charging in a kneading machine after making a viscosity y of the mixture of
the aforemeantioned magnatic powder, organic resin and additive in a state of

|
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28 25. A produqyorggrocess of a :fgn go\md type magnet described in Cl&mrmrvretaiwrwm«d’#me

surface of the aforementioned magnetic powder is coated with 8 metal plating or ceramics.

26. A production process of a resin bound type magnet wheroin a moulding raw material comprising a
magnetic powder and an organic resin is moulded by an extrusion in a cylindrical magnet by passing it
through a die, then one or plural points on the circumference of the said cylindrical magnet is/are cut in
8 direction paralis! with the central axis of the moulded article and the moulded article cut is spread to

make it In a2 thin plate state.

27. A production process of 2 resin bound type magnet wherein 8 moulding raw material comprising a
magnetic powder, an organi¢ resin and an additive is moulded by an extrusion in a cylindrical magnet
by passing it through 2 die. then one or plural polnts on the circumference of the said cylindrical
magnet isfare cut in a direction parallel with the central axis of the moulded article and the moulded

articie cut is spread to make i in a thin plate state.

28. A production process of a resin bound type magnet described In CIainr; {26) or Claim (27) wherein the
outer dlameter (D) and the inner diameter (d) of the aforementioned cylindrical magnet to be moulded

by an gxtrusion satisfy a relation of

075sd/0< 1.

29. A production process of a resin bound type magnet whersin @ moulding raw material comprising a
magnetic powder and an argenic resin is passed through a die where a magnetic field is charged to
mould 2 cylindrical magnet having 2 radiated anisotropy in the diameter direction by an extrusion
moulding, then one or plural points on the circumference of the said cylindrical magnet is/are cut In a
direction paraliel with the central axis of the moulded article and the moulded ariicle cut is spread to

make it in a thin plato state.

30. A production process of a resin bound type magnet wherein @ mouiding raw material comprising a
magnetic powder, an organic resin and an additive is passed through a die where a magnetic field is
charged to mould a eylindrical magnet having a rediated anisolropy in the diametsr direction by an
extrusion moulding, then one or plural points on the circumierance of the said ¢ylindrical magnet is/are
cut in a direction parailel with the central axis ¢f the moulded article and the moulded article cut is

sproad to maks it in & thin plate stats.

31. A production process of a resin bound type magnet described in Claim (29) or Claim (30) wherein the
outer diameter (D) and the inner diameter {d) of the aferementioned cylindrical magnet to be moulded

by an extrusion satisfy a relation of

0858d/0< 1.

32. A resin bound type magnetic described in Claim 1, Claim 2. Claim 19 and Claim 20 wherein the
aforementioned magnetic powder is selected from magnetic powders of a ferrite family magnet, a
magnet having a composition comprising rare earth metal and transition metals mainly constituting
cobalt and iron or a2 magnet having a composition comprising rare earth metal, transition metal mainly
constituting iron and boron.

33. A production process of a resin bound type magnet descrived in Claim 3 - Claim 10, Claim 12, Claim
13, Claim 15 - Claim 18, Claim 21 - Claim 24, Claim 26, Claim 27, Claim 29 and Clalm 30 wherein the
aforemontioned magaetic powder is selected from magnetic powders of a ferrite family magnet. a

eet Has Been Repiaced

"



25 0.76

61
7.5 ”u, "u“ﬂm”mr from Table 21, if the ratio d/ D between
the outer dia i nner (ﬁ,&meter (d) is below 0.85, the
magneti c property |s def'erforated. It is considered that this is due to a
formati on of disorder

magnet having 2 composition comprising rare earth metal. transition metais mainly constituting cobalt

and iron or 3 magnet having a composition ComMprising rare earth metal, transition metal mainly
coastituting iron and boron. '

34. A resin bound typs magnet described in Clalm 1, Claim 2, Clalm 18 and Cigim 20 whergin the
afcrementioned organic resin is a thermoplastic resin or a theanosstting resin.

35. A production process of a resln bound type magnet described in Claim 3 - 10, Claim 12, Claim 13,
Clalm 1 - 18, Claim 21 - 24, Clgim 26, Clalm 27, Claim 29 and Claim 30 wherein the aforementioned

organic resin is a thermoplastic resin or a thermosetting resin.

36. A resin bound type magnet described in Claim 34 wherein the alorementioned thermoplastic resin is
selected from one or more of poiyamide, polypropylens, polycarbonate, polyphenylenesulphide,
chlorinated polyethylene, an elastomer of vinylethyleneacetate copolymer and a synthetic rubber.

37. A production process of a resin bound type magnet described in Claim 35 wherein the aforementioned
thermoplastic resin is selected from one or more of polyamide, polypropylene. polyphenylenesulphide.
chiorinated polyethylene, an elastomer ol vinylethyleneacetats copolymer and a synthietic rubber.

38. A resin bound type magnet described in Claim 34 wherein the alorementioned thermosemng tesinis an
ethylens famlly unsaturated polyester resin or an epoxy resin. -

33. A production process of a resin bound type magnet described in Claim 35 wherein the aforementionsd
thermogetting resin is an ethylene family unsaturated polyester resin or an epoxy resin.

40. A resin bound type magnet described in Cialm 2 or Claim 20 whergin the aforementioned additive is
selected from one or more of zinc stearate, calecium stearate, wax and peroxides.

41. A production process of a resin bound type magnet described in Claim 4, Claim 6. Claim 8, Claim 10,
Claim 13, Claim 16, Ctaim 18, Claim 22, Claim 24, Claim 27 and Claim 30 wherein the said additive is
salected from one or more of zinc stearate, calcium stearate, wax and peroxides.
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"on the orientation of the magnetic powder while it is being made in a thin
pl ate state because the thickness of the cylindrical noulded article is
thick in caonparision with the outer dianeter. Consequently in the noul ding
process of this invention when the d/D.gg-limted as 0.85 [err] d/D < 1.
a magnet with a high nagnet perfornmancé Tan be produced.

ABSTRACT

A resin bound type magnet and its production method

This invention relates to a resin bound type magnet and its production process,
especially a cylindrical or a thin plate state magnet and its production process.

Resin bound type magnet comprising a magnetic powder and an organic resin or
further with an additive and its production process wherein it is moulded as a
single body in a cylindrical form satisfying a relation

2DL /D22 1

Along the outer diameter (D), the inner diameter (d) and the length (L) of the said
magnet, and it also has a radiated anisotrophy in the diameter direction.

Further this invention is a resin bound type magnet and a production process of a
resin bound type magnet by an extrusion moulding of the said magnet with a die in
a magnetic field wherein an average particle size r of the magnetic powder satisfies

r<01t(t <Imm)

with the thickness t of the moulded article of an anisotropic resin bound type
magnet comprising the said magnetic powder and the resin.

(Figure 1)
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30 CLAW 1. A resin bound type cylindrical nmagnet forned of magnetic
powder and an organic resin, wherein the magneti c powder nakes up at | east
90% by wei ght of the nmmgnet, the magnetic powder being a rare earth
magneti ¢ powder having a coercive for%of 0.56 MA/m (7kCe) or greater and
having an average particl@jsize (r) ami— ' :
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Thls lnventlonvrelates 1o & resin bround type magnet whlcn is’ used for a miniature: “metor,; .an . e
encoder, a linear actuator, etc. which are applied for electronics instruments, etc. and its produciion =~ "

process, especially for a cylindrical or a thin plate resin bound type magnet, and its production
process by using an extrusion moulding method.

The resin bound type magnet is generally produced by (1) an injection moulding method, (2) a
press moulding method and (3) an extrusion moulding process.

Among these moulding methods, the injection moulding method is to mould a predetermined
shape by packing a magnet composition comprising -a magnetic powder and a thermoplastic resin
into a die by heating it at a temperature at which a sufficient fluidity is attained.

The press moulding method is a moulding method by pressing after packing a magnet
composition comprising a magnetic powder and a thermosetiting resin into a die of a press machine.

The extrusion moulding method is a moulding method by charging a magnetic composition in a
fluidized state by heating a mixture of a magnetic powder and a resin to make it in 2 molten state by
a screw, a ram or a plunger into a die, and by converging it there.

Among these moulding methods, the injection moulding and the press moulding can mould a
magnet having an anisotropy by applying a magnetic field in the die at the moulding step. However
as for the injection moulding method and a press moulding method for a mouiding of a long sized
magnet of which demand is recently being increased, in case of the injection moulding method
because of an impossibility of packing of a magnet composition in a cavity and of taking out a
moulded arlicle, etc and in case of the press moulding method since a length of a moulded article is
determined by a stroke of a moulding punch, they have a defect that the length of the moulded articie
is limited. Especially in case of a moulding of a cylindrical magnet having a radiated anisotropy, there
is a limitation on the length of the moulded article, and a magnet, of which an outer diameter
(hereinafter called as D), an inner diameter (hereinafter calied as d) and a length (hereinafter calied
as L) satisfy a below-listed equation, can only be moulded.

2DL/d2<1

(Reference literature: Masaaki Hamano, an abstract book on the 8th meeting of injection Moulding
Technology of High Performance Plastic Magnet and lts Application Development, Plastic Industry
Technical Committee 1986)

Accordingly as to a cylindrical magnet which satisfies

20L7d2> 1,

only 2 kinds were obtainable ie one was a single moulded magnet with an isotropy or with a poor
magnet performance and the other was a one which was prepared by sticking plural number of the
magnets having a radiated anisotropy.

However the aforementioned cylindrical resin bound type -magnet and its production process
have problems listed below.

(1) In order to get a high performance motor or an actuator by using an isotropic magnet or a
magnet having a performance close {o the isotropic magnet, the volume of the magnet to be used
has to be large, and a miniaturization and a light weighing of these instruments can not be satisfied.
(2) In case that plural number of the magnets having a radiated anisotropy is stuck, there are
following problems.

[1]  The sticking is weak against delamination and there is a danger of destroying the bond by a
repeated hot and cold cycle. It has an inferior reliability such as a variation of the sticking strength,
efc.

[2] A production cost is raised because of a step of the sticking in a production process.
Furthermore the stuck magnet has to be finished by a cutting fabrication, etc to ensure a dimensional
accuracy of the moulded article resulting a further increase of the production cost.

[31 In case of the finish by the cutting fabrication of the moulded article, there is a possibility of
a deterioration of the magnet performance by the finish.

(3) As for the injection moulding method and the press moulding method, it requires a fixed cycle of a
packing, a moulding and a taking out of a magnet composition to/from a die in the moulding process,
and the productivity is limited because it is basically a batch type production system. It is, therefore.
difficult to achieve a reduction of the production cost.

(4) As for the conventional extrusion moulding method, it is a major method not to apply a magnetic
field at the moulding stage. However an isotropic magnet can only be attamed by this mouiding
method.
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3. A resin bound type nagnet as clainmed in claim1 or claim2 in the
formof a hollow cylinder, the nagnet having an outer dianeter (D), an

i nner dianeter (d), and a length (L), t%ﬁ magnet fulfilling the

requi renents of: 2DL/d[err] [err] 1. 4= A resin bound type nmagnet as
claimed in claim3 whereint = (Dd)/2[err] 1mm 5. A resin bound

type nmagnes i6s cleadionethold 221 YheHa@ @8 ibBhebh Mk BUSFGEREBr () 8nd the inner diameter (d)
is below 0.85, the magnetic property is deteriorated. It is considered that this is due to a formation of
disorder on the orientation of the magnetic powder while it is being made in a thin plate state because
the thickness of the cylindrical moulded article is thick in comparison with the outer diameter.
Consequently in the moulding process of this invention when the d/D is limited as

0.855|d/D <1,

a magnet with a high magnet performance can be produced.
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magnet conprises an additive in addition to the nagnettc-powder—and-t he

organic resin. 6. A resin bound type magnet | '
preceding claimwherein the rare earthsgagnetic p@M ﬂﬂ " Eﬂi‘ from
magneti c powders of a nagnet having a COnposition & e earth

metal and transition netals mainly constituting
Claims

1. A resin bound type magnet comprising a magnetic powder and an organic resin wherein it is
moulded as a single body in a cylindrical form satisfying a relation of

2DL/d* 21

among the outer diameter (D), the inner diameter (d) and the length (L) of the magnet, and it
also has a radiated anisotropy in the diameter direction.

2. A resin bound type magnet comprising a magnetic powder, an organic resin and an additive
wherein it is moulded as a single body in a cylindrical form satisfying a relation of

2DL / d? 2[1

among the outer diameter (D), the inner diameter (d) and the length (L) of the magnet, and it
also has a radiated anisotropy in the diameter direction.

3. A production process of a resin bound type magnet wherein a raw material for the moulding
comprising a magnetic powder and an organic resin is moulded by an extrusion by passing
through a die in which a magnetic field is charged while it is being cured, is formed to a
single body in a cylindrical form satisfying a relation of

2DL/ d? 21

among the outer diameter (D), the inner diameter (d) and the length (L) of the magnet and it
also has a radiated anisotropy in the diameter direction.

4, A production process of a resin bound type magnet wherein a raw material for the moulding
comprising a magnetic powder, an organic resin and an additive is moulded by an extrusion
by passing through a die in which magnetic field is charged while it is being cured, is formed
to a single body in a cylindrical form satisfying a relation of

20L<d? 21

among the outer diameter (D), the inner diameter (d) and the length (L) of the magnet and it
also has a radiated Isotropy in the diameter direction.

5. A production process of a resin bound type magnet by an extrusion moulding of a moulding
raw material comprising a magnetic powder and an organic resin wherein a die structure for
moulding is constituted that a front end of a mandrel section is projected in front of an edge
of a outer die, a magnetic.circuit is formed among the said mandrel section, the outer die and
an electromagnetic coil instalied at an outer circumference of the said die, it is moulded in a
cylindrical form by charging a magnetic field in the die by the electromagnetic coil, and the
moulded article extruded is demagnetized at the front end of the mandrel.

6. A production process of a resin bound {ype magnet by an extrusion moulding of a moulding

raw material comprising a magnetic powder, an organic resin and an additive wherein a die
structure for
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10.

11,

12

13,

14.

18.

16.

die, @ magnatic circuit is formed among the said mandrel section. the outer die and an electromagnetic
coll installed at an outer circurnference of the said die, it Is moulded in a cylindrical form by charging a
magnetic fleld in the die by the electromagnetic coil, and the mouided article extruded is demagnetized

at the front end of the mandrel.

A production process of a resin bound lype magnet by an extrusion moulding of a moulding raw
materdal comprising & magnefic powder and an organic resin wherein an eleclromagnetic colf Is
installed at an cuter circumference of & die, it is moulded in a cylindrical form by charging & magnetic
field in the die by #t. an electromegnetic coll with an air-core is 2is0 instatted in front of the
aforementionsd electromagnetic coil to gensrate a8 magnetic field for demagnetization in the sald
slectromagnetic cofi, and the moulded article extruded ts demagnetized.

A production process of a resin bound type magnet by an extrusion roulding of a moulding raw
matedal comprising a magnetic powder, an organic resin and an additive whergin an electromagnetic
coil is installed 2t an outer clrcumference of a dle, it is moulded in a cylindrical form by charging &
magnetic field in the die by it. an electromagnetic coil with an alr-core is aiso instatied in front of the
aforementioned electromagnetic coll to generate a ‘magnetic feld for demegnetization in the said
slectromagnstic coil, and the maudded article extruded is demagnetized.

A production process of a resin bound type magnet which is conslituted by orientating a magnetic
powder in & molten mixture of 2 magnetic powder and an organic rasin in 2 section where a magnetic
field is charged at & front end of 2 die, moulding it In a cylindrical form, sofidifying it with cooling and
extruding it whersin whan tho magnet Is cut, the resin is cut by melting by contacting the rmagnet with

a heated wire.

A production process of a resin bound type magnet which is constituted by orientaling a magnetic
powder in a moiten mixture of a magnetic powder, an arganic resin and an additive in a section whare
a magnetic field is charged at a front end of 2 die, moulding it in a cylindrical form, solidifying it with
cooling and exiruding it wherein when the magnet is cut. the resin is cut by melting by contacting the
magnet with a heated wire.

A production process of & resin bound type magnet of Claim (8) or Claim (10) whersin the resin bound
type magnet is an isotropic magnet moulded by an extrusion in a cylindrical form without an orientation.

A production process of moulding a cylindrical resin bound type magnet by an injection moulding ¢r an
extrusion moulding of a megnetic powder and a thermosetting rasin wherein in order to cure the molten
mixture of the magnetic powder and the thermosatting resin by heating, it is cured with fixing the outer
clrcumterence of the cyiindrical magnet by a jig and the inner circumierence by an elastic material

gxpanded by & gas.

A production process of moulding a cylindrical resin bound type magnst by an injection moulding or en
extrusion moulding of a magnetic powder, a thermosetling resin and an additive wherein in order to
cure the molten mixture of the magnetic powder, the thermosetting resin and the additive by heating, It .
is curad with fixing the outer circumierence of the cylindrical magnet by a jlg and the inner

circumference by an elastic material oxpanded by & gas.

A production process of a resin bound type magnet of Claim (12) or Cilaim (13) whereln the

atorementioned elastic material is a silicone rubber.

A production process of a resin bound type magnet comprising a magnstic powder and en organic
resin wherein a mixturg of the care e2rth magaetic powder pramagnatized in 3 magnetic field which is
stronger than 8 coercive force of the magnetic powder and the organic resin are knoaded, and the
knewded mixture is moulded by an extrusion in & magnetic field.

A peoduction process of a rca{n bound type magnet comprising a magnatic resin. an ocganic rosin and
an additive whorein a mixture of tho rere oarth magnetic powder premagnetized in a magnetic field
which Is stronger than g coerclvg force of the magnatic powder, the organic resin and the additive are

A
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A resin bouna‘“ﬂmm im‘ Bicl aimed in claim5 wherein the additive is

sel ected from®né ot ndre® of zinc stear , calciumstearate, wax and

per OXi des.  vreadds. and ofe RIBHHIELLR", RERRESBY3Pbubion &Pl fodi@idital ype cyl i ndri cal
magnet wherelna raw material. conprising a nagnetic powder and an
organi ¢ rgsi R.prolfidiBn HhRRedIBE LS bound WYd ShaghB iy dkpusith BBl 0@ %dusingerag ht
of the magnehatedabcdmprbibles mBiho®golvtidi iaftan orgadid lrakinrvith B e s Siagngtict flalel wietewrii ial

t hrough a di @odtded by amgspdtation df ia @bigtit vidrdtion waligprddid at¢he mapidingler being a rare earth
magneti c powder having a coercive force of 0.56 MA/m (7KCe) or greater

and havi ng8.ah pededtian @ragesstdf @ resits bouad (ypp rargaetttyeannextnysign qnayiding (of 3 mouiding raw
materlal comprising a magnetic powder, an organic resin and an additive with a die in a magnetic fisld

wherein it is moulded by an application of a slight vibration to the die at the moulding.

18. A rasin bound type magnet comprising & magnetic powder and an organic resin wherein an average
particle size r of the aforementioned magnetic powder satisfies

r£0.1 t{t S 1m)

with the thickness t of the mouided article of an anisotropic resin bound type magnet comprisldg the
said magnetic powder and the resin.

/20, A resin bound type magnet comprising a magnetic powder, an organic resin and an additive wherein an
average particle size r of the aforementioned magnetic powder salisfies - -

¢eS01{ S 1mm)

with the thickness t of the moulded article of an anisotropic resin bound type magret comprising the
sald magnetic powder, resin and addifive.

21. A production process of a resin bound type magnet comprising a magnetic powdar and an organic
resin wherein an average particle size r of the alorementioned magnetic powder satisfies

¢SO 1(ts imm)

with the thickness t of the moulded article of an‘anisotropic resin bound type magnet comprising the
sald magnetic powder and the resin, and the magnet is produced Dy an extrusion moulding with a die

in a magnefic fisld.

22. A production process of a resin bound type magnet comprising a magnetic powder, an organic resin
and an additive wherein an average parficle size r of the aforementionad magnetic powder satisfies

r2QIt(ts tmm)

with the thickness t of the moulded articie of an anisotropic resin bound type magnet comprising the
said magnet powder, the resin and the additive, and the magnet is by an extrusion moulding with a die
in a magnetic field.

23. A production process of a resin bound type magnet comprising a moulding of 2 mixture of a magnetic
powder and an organic resin by an injection moulding or an extrusion moulding wherein a compound is
prepared by charging in a kneading maching after making 3 viscoslty Y of the mixture of the
atorementioned magaetic powder and organic resin in a state of

Y % 300 [kpoise] (shear rate = 1000 sec™")
by heating.

24. A production pracess of 2 resin bound type magnet comprising a moulding of a mixture of a magnétic
powdgr, an organic rasin and an additive by an injection moulding or an extrusion moulding whersin a

compound Is prepared by charging in a kaeading machine after making a viscosiy y of the mixture of
the aforementioned magnetic powder, organic resin and additive in a state of
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10. A productiaq ace of are N b,ou-rrd type magne im?9

wherein the nﬁﬂ%@gh‘pﬁ'ﬁ%}l"f’%fat‘? or'?rés %°hol | ow cyl i nder

di anet er (D),by ostthh.i Nner dianeter (d), a length (L) I al

isformedtoar)g& satisfying the requirenents o 1.
the

25. A production process of a resin bound type magnet described in Claim (23) or Claim 247w
surface of the aforementioned magnetic powder is coated with 3 metal plating or ceramics.

26. A production process of a resin bound typs magnet wherein a moulding raw material comprising a
magnetic powdasr and an organic (esin is moulded by an extrusion in a cylindrical magnaet by passing it
through a die, then one or plural points on the circumference of the said cylindrical magnet isfare cut in
a direction parallgt with the cenlral axis of the moulded article and the mouldad article cut is spread to

make it in 2 thin plate state.

27. A production process of a resin bound type magnet wherein 8 mouiding raw material comprising a
magnetic powder, an organic resin and an additive is moulded by an extrusion in a cylindrical magnet
by passing it through a die, then one or plural points on the circumference of the said cylindrical
magnet is/are cut in a direction paraliel with the central axis of the moulded article and the moulded

article ¢ut Is spread to make H in a thin plate state.

28. A production process of a rasin bound type magnet described in Clairﬁ (26) or Claim (27) whersin the
outer diameter {D) and the inner diameter (d) of the aforemsntioned eylindrical magnet to be moulided

by an extrusion salisfy a relation of

0.755d/7/D< 1.

29. A production process of a resin bound type magnet wherein a moulding raw material comprising a
magnetic powder and an organic resin is passed through 3 die where a magnetic fleld is charged to
meuld a cylindrical magnet having a radiated anisotropy in the diamneter direction by an extrusion
mouiding, then one or plural points on the circumierence of the said cylindrical magnet is/are cut in a
direction parallel with the ceatra!l axis of the mouided article and the moulded article cut is spread to

make it in a thin plate state.

30. A production pracess of a resin bound type magnet whersln a moulding raw material comprising a
magnetic powder, an organic resin and an additive is passed through a die where a magnetic field is
charged 0 mould a ceylindrical magnet having a rediated anisotropy in the diameter direction by an
extrusion moulding, then one or plural points on the circumifaerance of the said ¢ylindrical magnet is/are
cut in 8 direction pacaflel with the central axis of the moulded article and the moulded article cut is

spread to make it in a thin plate state.

31. A production process of a resin bound type magnet described in Claim (29) or Glaim (30) wherein the
outer diameter (0) and the inner diameter {d) of the aforementioned cylindrical magnet to be moulded

by an extrusion satisty a relation of

085£d/0< 1.

32. A resin bound type magnetic described in Ciaim 1, Claim 2. Ciaim 19 and Claim 20 wherein ths
aforementioned magnetic powder is selscted from magnetic powders of a ferite family magnet, a
magnet having a composition comprising rare earth metal and transition metals mainly constituting
cabalt and {ron or a magnst havlng a composition comprising rare earth metal, transition metal mainly
constituting iron and boron.

33. A production process of a cesin bound type magaet described in Clalm 3 - Claim 10, Claim 12, Claim
13, CGlaim 15 - Claim 18, Clalm 2( - Clalm 24, Claim 26, Claim 27, Claim 29 and Clalm 30 wherein the
aloremontioned magnetic powder is sslected from magnelic powders of a ferrite family magnet, a
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11 A process as clainmed in claim10 wherein t =

(Dd)/2 [err] 1mm

12: A production process of a resin bound tTﬂmmm"lm",m”ﬂmI med in any

one of

36.

37,

38.

40.

41.

magnet having 2 composition comprising rare earth melal. transition metais mainly constituting cobalt
and iron or 3 magnet having a composition COMPrising rare carth metal. rransition metal mainly

constituting iron and boron.

A rosin bound type magnet described in Claim 1, Claim 2, Cialm 18 and Claim 20 wherein the
aforementioned organic resin is a thermoplastic resin or a themmosstting resin.

A production process of a resin bound type magnet described in Claim 3 - 10. Claim 12, Claim 13,
Cialm 15 - 18, Claim 21 - 24, Cleim 26, Clalm 27, Claim 20 and Claim 30 whergin the aforementionad

organic resin is a thermoplastic resin or a thermosetting resin.

A cesin bound type magnet described in Claim 34 wherein the aforementioned thermoplastic resin is
selected from one or more of polyamide, polypropylens, polycarbonate, polyphenylengsulphida,
chiorinated polyethylene, an elastomer of vinylethyleneacetate copolymer and a synthetic rubber.

A production process of a resin bound type magnet described in Claim 35 whersin the aforementioned
thermopilastic resin Is selected from one or more of polyamide, polypropyiens. polyphenylenesulphide.
chiorinated polyethylene, an elastomer of vinylethyleneacetate copolymer and a synthetic rubber.

A resin bound type magnet described in Claim 34 wherein the aforementioned thermosettmg resin is an
othyleno family unsaturated polyoster resin or an epoxy resin.

A production process of a resin bound type magnet described in Claim 35 wherein the aforementioned
thermosetting resin is an ethylene family unsaturated polyester resin or an epoxy resin.

A resin bound type magnet described in Claim 2 or Cialm 20 wherein the aforementioned additive is
selected trom one or more of zinc stearate, calcium stearate, wax and peroxides.

A production process of a resin bound type magnet described in Claim 4, Claim 6. Claim 8, Claim 10,
Claim 13, Claim 16. Claim 18, Claim 22, Claim 24, Claim 27 and Claim 30 wherein the said additive is
selected from one or more of zinc stearate, calcium stearate, wax and peroxides.
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clains 9 to 11 wherein the raw material conprises an additive in addition
to the magneti ¢ powder and the organic resin. 13. A production
process of a resin bound type magnet as clained in any of claims 9 to 12
wherein a die structure (105) for nnuld%gg havi ng one end of a mandrel
section (202a) which projects |ongitudi | y beyond an edge of an outer die
(201) is constituted, a magnetic circuit is formed anong the said nmandrel
section circunference of the said die structure (105); the magnet is
moul ded in a cylindrical ABSTRACT

A resin bound type magnet and its production method

This invention relates to a resin bound type magnet and its production process,
especially a cylindrical or a thin plate state magnet and its production process.

Resin bound type magnet comprising a magnetic powder and an organic resin or
further with an additive and its production process wherein it is moulded as a
single body in a cylindrical form satisfying a relation

2DL /D2 2 1

Along the outer diameter (D), the inner diameter (d) and the length (L) of the said
magnet, and it also has a radiated anisotrophy in the diameter direction.

Further this invention is a resin bound type magnet and a production process of a

resin bound type magnet by an extrusion moulding of the said magnet with a die in

a magnetic field wherein an average particle size r of the magnetic powder satisfies
r<01t(t <Imm)

with the thickness t of the moulded article of an anisotropic resin bound type

magnet comprising the said magnetic powder and the resin.

(Figure 1)
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organic resin, wherein the magnetic powder makes up at least 90% by weight of the
magnet, the magnetic powder being a rare earth magnetic powder having a coercive
force of 0.56 MA/m (7K Oe) or greater and having an average particle size (r) and
the magnet having a thickness (), characterised in that; the magnet has radiated
anisotropy, fulfils the requirements éf:

r<0.1t, with t < Imm

and the resin is a thermoplastic.

2. A resin bound type magnet as claimed in claim 1 wherein the magnet is an

extrusion moulded magnet.

3. A resin bound type magnet as claimed in claim 1 or claim 2 in the form of a

* hollow cylinder, the magnet having an outer diameter (Dj, an inner diameter (d),

and a length (L), the magnet fulfilling the requirements of: 2DL/d2 > 1.

4. A resin bound type magnet as claimed in claim 3 wherein t = (D-d)/2<
Imm.

5. ‘A resin bound type magnet as claimed in any preceding claim whérein the

magnet comprises an additive in addition to the magnetic powder and the organic

resin.

6. A resin bound type magnet as claimed in any preceding claim wherein the

Tare earth magnetic powder is selected from magnetic powders of a magnet having a

composition compnsmg a rare earth metal and transition metals mainly constituting
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pl ating or ceram cs. 16. A production process of a resin bound type
rragnet as clai'med in any of clainms 9 to 15, mﬁm“m)luﬁ:umwlc powder
is selected fromnmagneti c powders of a magne ition
conprising rare earth metal, transitigg metals mai*nly constituting

cobalt and iron or a magnet having a conpeosition conprising a rare
earth metal ,cdbaltand irondorea tragnetitaving awsimpositivinrdoynpeisingtd tanre eath metad,

boron, and a transition metal mainly constituting iron.

7. A resin bound type magnet as claimed in any preceding claim wherein the
thetﬁmplastic'resin is selected from one or more of polyamide, polypropylene,

polycarbonate, polyphenylenesulphide and chlorinated polyethylene.

8. A resin bound t)}pe magnet as claimed in claim 5 wherein the additive is

selected from one or more of zinc stearate, calcium steardte, wax and peroxides.

9. A production process of a resin bound type cylindrical magnet wherein a raw
material comprising a magnetic powder and an organic resin, with the magnetic
powder making up at least 90% by weight of the magnet, is moulded by extrusion
moulding by passing the material through a die in a magnetic field, the magnetic
powder being a rare earth magnetic powder having a coercive force of 0.56 MA/m
(7k0Oe) or greater and having an average particle size (7) and the moulded material
forming a body having a thickness (t); characterised in that; the body has radiated /

anisotropy, satisfies the requirement of

REPLACEMENT SHEET

<0.1t, with t <
r<0.1t, witht < 1 mm 30MAR1999

» and the organic resin is a thermoplastic.

10. A production process of a resin bound type magnet as claimed in claim 9
wherein the moulded material forms a hollow cylinder having an outer diameter (D),
an inner diameter (d), a length (L), wherein the material is formed to a body

satisfying the requirements of 2DL/d2 > 1.
11. A process as claimed in claim 10 wherein t = (D-d)/2 < Imm.

12. A production process of a resin bound type magnet as claimed in any one of
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chl ori nat ed

clmms,9 to 11 wherein the raw material comprises an additive in addition to the

. magnetic powder and the organic resin.

- 13. A production process of a resin bound type magnet as claimed in any of
- claims 9 to 12 wherein 2 die structure (105) for mouldmg having one end of 2
mandrel section (202a) which projects longmdmally beyond an edge of an outer die
(201) is constituted, 2 magnetic circuit is formed among the said mandrel section
(202a), the outer die (20 1a) and an electromagnetic coil (109) installed at an outer
) circumference of the said die structure (105); the magnet is moulded in a cylindrical
e form by charging 2 magnetic field in the magnetic circuit by the electromagnetic coil
(109), and the moulded article extruded is demagnetised at the said one end of the
mandrel {2022).

14. A production process of a resin bcund type magnet as clanned in claim 13
wherein an electromagnetic coil (113) with an air-core is also msta]led in front of the
aforementioned electromagnetic coil (109) to generate a magnetic field for

démagnetisation in the said electromagnetic coil (113), and the moulded article
extruded is demagnetised.

15. A production process of a resin bound type magnet as claimed in any one of
claims 9 §o 14, wherein the surface of the magnetic powder is coated with a metal

plating or ceramics.

16. A production process of a resin bound type magnet as claimed in any of
claims 9 to 15, wherein the magnetic powder is selected from magnetic powders of a
magnet having a composition comprising rare earth metal, transition metals mainly
constituting cobalt and iron or a magnet having a composition comprising a rare

earth metal, boron, and a transition metal mainly constituting iron.
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18. ¥ "A product.i on process of a resin bound 't“ype magnet as claimed in any

of clains 9 to 17 wherein the said additive one or nore
of zinc stearate, cal cium stearate, vvax andmﬂm m " mn"’

17. A production process of a resin bound type magnet as claimed in any of
claims 9 to 16, wherein the thermoplastic resin is selected from one or more of

polyamide, polypropylene, polyphenylenasulpyhide and chlorinated polyethylene,

18. A production process of a resin bound type magnet as claimed in any of
claims 9 to 17 wherein the said additive is selected from one or more of zinc

stearate, calcium steardte, wax and peroxides.
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As it is clear from Table 21, if th h outer
below 0.65. the m J . e ratic d/D between the dlameter () ana i i i
:fn . e 2?!:;:0 ':m ;s o::lt:rﬁ:lrum 'l; l;e::\sldered that this Is ¢,Jue tc: t:l:::;ﬂc:ratﬂo? ::Iel'sc(:r‘t)i:
e o _ fmade in a thin plate state
eylind movided srticle Is thick in comparision with the outer dizameter beczum:;kim:hss
. ] [}

. moulding process of this Inveation when the /D Is limited as

0B8SsdD <1,
g magnet with a high magnet performance ¢an be produced.
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1 A resin bcu’nd type cylindrical magnet formed of magneﬁc powder and an

rgamc resin, wherein the magnetic powder makes up at least 90% by weight of the
magnet the mﬁgneﬁc pawd&r bemg a rara eanh magneac pnwder havmg a coerc;ive
g '.'j paamgle size (f,l and

anisotropy, fulﬁls the reqmrements -of:
r<0. 1& wiﬂats lmm -
" and the resm isa ﬂ.zemoglasﬁc.

2. A resin bound type magnet as claimed in claim 1 wherein the magnet is an

extrusion moulded magget.

3. A resin bound type magnet as claimed in claim 1 or claim 2 in the form of a
* hotlow cylinder, the magnet having an outer diameter (D), an inner diameter (d),

“anda length (L), the magnet fulfilling the fequirenients of: 2DL/d2 > 1.

4. A resin bound type magnet as claimed in claim 3 wherein t = (D-d)/2<

Imm.

5. ‘A resin bound type magnet as claimed in any preceding claim wherein the
magnet comprises an additive in addition to the magnetic powder and the organic

resin.

6. A resin bound type magnet as claimed in any preceding claim wherein the
rare earth magnetic ﬁowder is selected from magnetic powders of a magnet having a

composition comprising a rare earth metal and transition metals mainly constituting
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cobalt and iron or a magnet having 2 composition comprising a rare earth metal,

31
boron, and a transition metal mainly constituting iron.
7. A resin bound type magnet as clalmed in any prmedmg claim wherein the

' thamaplastic resm is selected fmm ane or mare of palyamxée pclypmpyleng, '
.Pvlysatbanatea Pﬂlyphenylenesulphlda and chitin teii pOIYethylme '

8. A resm bonmd type magnet as cla!med in claim 5 whsre:n the adﬂxnve is
selected from one or more of Zinc stea.mte, calmnm swame, wax and peromdm.

9. A ﬁmdugtinn process of 2 resin bound type cylindrical magnet whersin a raw
material comprising a magnetic pdwdc:r:a:t’;d'a_n orgamc resin, with the magnetic
powrder ,mal;ing up at least 90% by weight of the magnet, is moulded by extrusion
moulding by passing the material through a die in a magnetic field, the magnehc

| powder being a rare earth magnetic powder having a coercive force of 0.56 MA/m

. (7KOe) or greater and having an average particle size (z) and the moulded material
3 forming a body having a t_hickness (t); characterised in that; the body has radiated

anisotropy, satisfies the requirement of CCPLAGEMENT SHEET

r<0.1t, witht<1lmm

‘and the organic resin is a thermoplastic. 13 AuG 2001

10. é: production process of a resin bound type magnet as claimed in claim 9
wherein the moulded material forms a hollow cylinder having an outer diameter (D),
an inner diameter (d), a length (L), wherein the material is formed to a body

satisfying the requirements of 2DL/d2 > 1.
11. A process as claimed in claim 10 wherein t = (D-d)/2 < Imm.

12. A production process of a resin bound type magnet as claimed in any one of
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- claims 9 to 11 wherein the raw material comprises an additive in addition to the
; magnetic powder and the organjc resin.

- 13, A pxedusaen pmess ofa mm baund typﬁ magmt as claimed in any of
: ; e ik e o o g Qne Eﬁa Qfa |

(291) is gansﬁtuwd a magnenc mrcmt is fermed a;nang the Saad mandrd secnon |
1024, meum die @tﬁa} and:ay. _ -‘_"....;.mﬁﬁ osil (i palled 8t 4 ovees

form hy cha@ng a magnenc fieldin the magnetac mcuxt by the el;cmmagﬂm <oil
(109, and the rabwied artivle extruded is démagristised at this said orie end afthe
mandyel (2022).

14. A produchion process ofaresmboundtyyemagnetas clannedm claim B
wherein an electromagnetic coil (113) with an air-coze is also mstaﬂed in front of the
aforementioned electromagnetic coil (109) to generate a magnem field for _
demagnetisation in the said electromagnetic coil (113), and the moulded article
extruded is demagnetised.

15. A production process of a resin bound type magnet as claimed in any one of
claims 9 $o 14, wherein the surface of the magnetic powder is coated with a metal

plating or ceramics.

16. A production process of a resin bound type magnet as claimed in any of
claims 9 to 15, wherein the magnetic powder is selected from magnetic powders of a
magnet having a composition compr?sing rare earth metal, transition metals mainly
constituting cobalt and iron or a magnet having a éomposiﬁon comprising a rare

earth metal, boron, and a transition metal mainly constituting iron.
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17. A pm&uctidn process of a resin bound type magnet 28 claimed in any bf
claims 9 to 16, wherein the thermoplastic resin is selected from one or more of

- polyamide, polypropylene, polyphenylenasulpyhide and chlorinated polyethylene.

18. . Apmduchmmsafambomd@pemnﬁasslﬁmedinanyof
cmmwml?wwmﬂ:emdad&iﬁmmmmmmormwfm
stearate, calcium steardte, wax and peroxides.




