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TITLE OF INVENTION 

A resin bound type magnet and its production process 

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

m!nia·ture motor, an encoder, a linear actuator, etc. which are applied 

for·: e-lectronice - inst:-uments, etc. and its production process, espec i.all y 
Cjl•'rid.ti co.. I -

for a d1indrical or a thin plate resin bound type magnet, and i t:s 

production process by using an extrusion moulding method. 

The res1!1 bound type maqnet is generally produced by (1) an injec~:.cn 

moulding method, ( 2) a press moulding method and ( 3) an extrusic:i 

moulding process. 

Among these moulding methods, the injection moulding method is to mould a 

!determined shape by packing a magnet composition comprising a magnetic 

powder and a thermoplastic resin into a die by heating 1t at a 

temperature at which a sufficient fluidity is attained • 

.. 
The press moulding mathod is a moulding method by pressing after packing 

a magnet composition comprisinq a magnetic powder and a thermosetting 

resin into a die of a press machine. 
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extrusion mouldin9 method· is-a moulding -~~thod cy ~~arging. a maqne~ic 
· .. 

osit1on in a fluidized state by heatinq a mixture of a magnetic 

der and a resin to make it in a molten state by a screw, a ram or a 

nqer into a die, and by converqing it there. 

nq these moulding methods, the injection moulding and the press 

lding can mould a magnet havinq an anisotropy :by applying a maqnetic 

· eld in the die at the mouldinq step, However as for the injection 

uldinq method and a press moull11ng method for a moulding of a lonq 

:·zed magnet of which demand is recently being increased, iru,case of the 

jection moulding method :because of an imposer 1bil1 ty of packing of a 

agnet composition in a cavity and of taking out a moulded article, etc 

; nd in case of the press moulding method since a length of a moulded 

~ rtiele is determined by a stroke of a mouldinq punch, they have a defecc 

hat the length of the moulded article is limited. Especially in case cf 

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 outerdiater (hereinafter called as D), an inner diameter {hereinafter 

as Ci) and a ~enqth · {hereinafter called. as L) sa~isfy a 

equation, can only be moulded. 

2DL I d2 < l 

(Reference literature: Masaaki Hamano, an abstract. book on the 9th 

meeting of Injection Moulding Technology of Hiqh Performance Plastic 

Magnet and Its Application Development, Plastic Industry Technical 

Committee 1996) 
------------------- --··-- ---- --··· 
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-: ordingly .-as to a cylindrical magnet .whic:h. s_atisfies __ 
-~ 

2DL I d 2 ~ l, 

y 2 kinds were obtainable ie one was a single moulded magnet with an 

tropy or with a poor maqnet performance and the other was a one which 

prepared by sticking plural number of the magnets having ·a radiated 

sotropy. 

· ever the aforementioned cylindrical resin bound type maqnet and its 

oduction process have problems listed below. 

t 
; 

In order to get a h1qh performance motor or an actuator by usinQ an 

otropic magnet or a magnet having a performance close to the isotropic 

gnet, the volume of the magnet to be used has to be large, «nd a 

iniaturization and a light weighing of these instruments can ncJt be 

atisfied. 

2) In case that plural number of the magnets having a radicated 

nisotropy is stuck, there are followinq problems. 

[l] The sticking is weak against delam1nation and there is a danqer 

of d!~inq the bond by a repeated hot and cold cycle. It has an 

inferior reliability such as a variation of the st1~~1nq strenoth, 

etc. 

(2] A production cost is raised because of a step of the stickinQ in 

a production process. Furthermore the stuck magnet has to be 

finished .by a cuttinq f a.hrication, etc to ensure a dimensional 
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-:j accuraG-y of the moulded -article t'es-ul t-ing .a furt~r increase of .~e 

production cost. 

[3] In case of the finish by the cutting fabrication of the moulded 

article, there is a ~ossibili ty of a deterioration of the magnet 

perfo~mance ~Y the finish. 

) As for the injection mouldinq method and the press moulding method, 

requires a fixed cycle of a packing, a moulding and a taking out cf a 

net composition to/from a die in the moulding proc:ea~, and the 

oductivity is limited because it is bas1aally a batch type production 

It is, therefore, difficult to achieve a reduction of the 

cost. 

As for the conventional extrusion moulding method, it is a majo:: 

not to apply.a magnetic field at the moulding stage. Howeve~ an 

·. sotropic magnet can only be attained by this moulding method. 

ccordingly the extrusion moulding method, which has ~ very high 

, Jduct1vity due to an ability of a continuous operation _fr~m a supply of 

a raw material to a receipt of a moulded article, and is able to easily 

mould a long sized magnet, oecomes popular. Particularly there are many 

researches to improve the magnet performanee, especially researches on an 

extrus1on moulding method in a magnetic field in order to reform the 

~agnetic property which has been considered to be poor. 
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.• cern1ng -a method to charge a. maqneti-c: f1e.ld at the. m~uldi"nq step,: as 

a column type magnet, there is a report by Jt. E. Johnson ( "Oevelopmen: 

The Production of Bonded Rare Earth-Cobalt Magnets." 5th International 

rkshop on Rare Earth-Cobalt Magnets and Their Applications, 1981), an~ 

for a cylindrical mag~et, there are me.thods shown in Japan Pate::t 

id-Open Sho 5S-2l970S and Japan Patent Laid-Open Sho 61-121307. 

th of these methods were to form a magnet by orientating an anix of 

sy magnetization of a magnetic powder to a direction of a magnet:.c 

eld by charging a magnetic field in a die of an extrusion unfachine while 

magnet composition was beinq passed throuqh the die. However fc:= 

,; xample in a method described in Japan Patent Laid-Open Sho 61-121307, a 

ylindrical magnet maqnet.ized and orientated in a die was cooled by a 

.: ool in9 unit outside the c:lie / a direction of the anisotropy was only 
·' 

in one direction and a moulded article. having a rad:ate~ 

anisotropy in a diameter direction could not be obtained. Moreover, when 

the moulded article was extruded from the die, its temperature was sti:l 

high resultinq a deterioration of a magnet performance by a disorder of 

n orientation of a magnetic powder. As a result . it is not attainable 

.J get a .. cylindrical magnet . having a hiqh magnet perfortnanQe radiated 

anisotropy even if this method is applied. 

Moreover there are below-listed problems in the aforementioned production 

method. 

(l) In the conventional extrusion moulding method in a magnetic field, a 

electromaqnetic coil is merely installed on the die and no consideration 
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paid for-a demagnetization of. a moulde.d a.r~icle pro~~ced. _If ther~: is 

esidual magnetism in a moulded article, it is very difficult to handle 

the post process such as an adhesion at a cut stage to a cutter or 

er magnetic materials. Further when a predetermined maqnetization is 

~! r:::-ied out for the ma.gne~, the residual magnetism give an unfavorable 

:1uence to a ~ance of the magnetization. 
~ 

As an example of a mouldinq method in which the demaqnetization of 

e extrusion moulded article is considered is disclosed in Japan Patent 

id-Open Sho 60-217617. However since the demagnetizai>).on coi.l is 

quipped at a front end of a die in this ease, it results an extremely 

arge die and a mouldability is poor. Especially since a passaqe of a 

·· aw material compound in the die is long, the mouldin9 speed is slow and 

~ the moulding itself is also difficult. 

(3) When a cylindripal magnet having a radiated anisotropy is moulded, a 

length of an orientation section on which a magnetic field is charged due 

to a cons ti tu ti on of a magnetic c1rcu1 t i determined by an inner 

iameter of the moulded art.icle . However since a considerably high 

... a.gnetic field is qenerally required to orientate a ·rare earth magnet 

powder, the length of the orientation has to he relatively short in order 

to charge a sufficient maqnatic field at the orientation section. 

Consequently it is essentially not able to mould a cylindrical magnet 

with a high magnet performance havinq a small inner diameter. 

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

the orientation section can be made long in a certain degree. However a 

--------·-------· ··-··-- ·-
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tween pole pieces· can not be made· too .sh_or_t due 1:0 a me(:hanical_ ·. 
~ of the die, and thus it is not able to increase a magnetic field .. 

orientation too hiqh, The magnet performance of the 

d article therefore drops. 

that a thermoplastic resin is used as a resin in the 

extrusion moulding method, the moulding is carried out by 

idification with coolinq cf a molten mixture after orientating at 

rant end of the die. When a thermosettin9 resin is used as a resin~ 

_ a_re methods to mould by a solidification with coolfi-nq after 

ntatinq at the front end of the die as same to the thermoplastic 

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

case of a method with the solidification with cooling by using the 

~mosetting resin, it is necessary to heat it to cure the resin after 

e moulding. Anyhow.even if the mouldinq is done by eithr methods, a 

gnet moulded is extruded :ontinuously, and it is iU.fJiiA/lry to cut the ~ 

moulded in a predetermined length. For the cut, mechanical 

~ing methods namely a guillotine cutter system or a rotary saw-tooth 

Ystem were utilized in the conventional method. 

However the conventional cuttinq methods had below-listed problems. 

rn case of a mechanical cuttinq method such as the quillotina cutter 

system or the rotary saw-tooth system, a force and a vib1-at1on are 

~harged to a magnet to be cut. When an uncured resin bound type magnet 

moulded by a solidification with cooling by using a thermosetting resin 
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-~cut and a-.. thin thickness magnet character.iz_ed by an .e_xt~usion mould~...nq 
cut, a crack, a breakage and/or a deformation of the ma;net are taken 

ce during the cutting because of a brittleness and a weakness of the 

.et to be cut. 

ticularly When a volume ratio of the maqnetic powder in a resin bound 

e magnet is increased in order to improve a performance of the magnet, 

volume ratio of the resin decreases and the aforementioned problems 

ds to happen further easily because of a reduction of bondinq force of 

resin with the magnetic powder, Moreover in case of thl '7mechanical 

{ tting method, a cut du~t is unavoidably produced. In ease of a rare 

i rth magnet, especially a R-Co type maqnet, a treatment of the cut dust 
1 

extremely important because cobalt has a bad effect to a human body, 

d it requires a recovery unit of the cut dust, 

urther among the co~ventional moulding methods by us1nq a thermos' :in~ 

es1n, a press mouldinq was a general, but an injection moulding and an 

xtrusion moulding were not widely used and a thermoplastic resin was 

used. 

'Accordingly only a few methoda were available to cure an uncured magnet 

by heating moulded by the injection moulding and by the extrusion 

~ouldinq, and the method was to secure a cylindrical shape of the magnet 

with a centrifugal force by rotating a jig after ·fixing its outer 

jiameter to the jig. 
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problema of the aforedescribed convention~l.technol~gy are surnmar~~ed 

stlY it is a use of a thermoplastic resin for moulding a magnet by an 

ection moulding and the extrusion moulding. In order to make a magnet 

lded by a thermoplastic resin to be usable even at a temperature at 

ound l50°c, its moulding temperature has to be at 200°c or more. 

erefore a magnetic powder blended with the resin is exposed at such a 

a rare earth magnet, especially a R-Fe-B type magnet is used as a 

aqnetic powder, a deterioration of a magnet performance of the maqne~ 

appens due to an oxidation of the magnetic powder at a high temperature 

ove 200°C since the magnetic poWder is easily to be oxidized. 

oreover. the thermoplastic resin has problems on heat resistance anc 

olvent resistance ~hen compared with a thermosetting resin. 

Next, methods of the curing by heating -after moulding by using the 

resin are pointed out. For a moulding by using the 

.errnosetting resin, it requires that the resin possess~~ a_ th~rmoplastic 

property in a certain temperature region. Nevertheless this_temperature 

reqion is lower or hiqher than the thermosetting temperature, it is 

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

In order to achieve it, method.a in the conventional technoloqy are 

available. However in a conventional production process of a cylindrical 

resin bound type maqnet, since the inner diameter 1s not fixed, a fixing 
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of the --Outer d.iameter is rotated. -with .. a sample t~ secure the s~pe 

ing the eurinq, and the jig for this purpose is thus required. 

f rthermore it is difficult to operate the curing treatment for lots of 

·.j gnets by this method, and it has problems such as a curinq treatmen~ 

f r a long sized magnet moulded by an extrusion moulding method is also 

j fficul t, etc. 
'· 
~ t rther in the past, as to a Particle size of a maqnetic powder ir.. a 

.:f es in bound type magnet, a concern of an oxidation when tl:le magnetic 
.;;( 

~ wder was fininq was considered, but no consideration of #the particle 
~ .. 

a ize of the magnetic powder from a viewpoint of a thickness of a magnet 
"f 

~ culdea ar~icle was considered . 
.... 
"".i: 

f Further in order to mould. a magnet with a thickness of lmm, it was .. 
f r.ecessa.ry to make the desired thickness by a cutting fabrication after 
.. ;;: 

t ~oulding one with t~e thickness more than lmm by a presP ~oulding or a~ 

j ~njection moulding in advance. 
i 

However the particle size of a magnetic powder gives a large in.fluence to 

Le thickness of a moulded. article of an anisotropic· ~e~in _bound type 

:nagnet. Namely if the average particle size of a macmetic _powder does 

not change, an orientation of one magnetic particle affects more t6 a 

degree of the orientation of the magnet by thinning the thickness of the 

moulded article. For example, when an anisotropic maqnet with a 

thickness of o. Smm is moulded, if the average particle size of the 

magnetic powder is SO~m, the influence that one magnetic particle gives 

to the orientation is around 10%. Although the influence is reduced if 
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e thiekneS"B of the moulded. article bec~es .. o_. ~.mm or m~re, th~ 1nflue11ce 

enlarged if the thickness becomes thinner. Accord1nqly as to the 

er age particle size of the magnet, a problem is generated that 1 t 

ould relate to the thickness of the rnaqnet moulded article. 

rther by a conventional method to mould a magnet with the thickness· lrnm 

resulted a nigh production cost, etc because of the 

process required. 

rther, a rare earth magnet, e.specially a rare earth-iro~-boron type 
":"·J 

·~r agnet was easily oxidized, and there was a problem of a formation of a 

i ~st during its service. 
t ·, 

to solve the problem, a coating method of a resin on the magne~ 

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

powder were inve~t1gated in the past. 
9 

following problems are enumerated in the aforementioned 

~~ventional rust resistance technology of a magnet. 

former method in which a resin is coated on a magnet moulded does not 

·~ave an effect to an oxidization of the magnetic powder durinq the 

:-.oulding. In other words, when an injection moulding or an extrusion 

::oulding is performed., the magnetic powder is exposed under a hiqh 

:emperature d.urinq kneading of the magnetic powdar and the ~eain or 

~oulding, and the magnetic powder can be oxidized at this staqe resultinq 

a..°' impossibility of the mouldinq and a deterioration of a maqnet 

---------··-·· ------ ·- ·- -··· 
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rmanc:~. ·-Moreover ·if a slight pin hole j,s present in a coating film . . ... - . . . -
-~ 

the moulding, there is a problem that the magnet 1ns1de it is 

zed from it. 

considering these problems, the latter method in whieh a met:al 
' 

.. 1nq or a coating with a ceramic, a resin, etc on the magnetic powder 

be a method to solve the aforementioned problems. 

ver the latter method still has a problem. The average particle size 

~ magnetic powder is several ten microns, if a film 1s co~ted on it, 

thickness has to be l micron or less, and therefore there is a 

to be ext:remel y tough and strongly 

or it has to establish a production process not to remove the 

:;!I coated. 

·:-~her 1n the past, a thin plate state resin bound type magnet wa.s 

produced by a calendar moulding method, an extrusion moulding 

and an injection moulding method. 

t ... c aach m9uldinq method, a mixture kneaded of a magnetic powder and a 

:hermoplastie re's1n is used and in ease of the calendar moulding method, 

1 ~he af oredescribed magnet raw material is made in a thin plate state by· 

~ollinq with hot rollers. 

However the production process of the aforementioned. thin plate state 

~esin bound type magnet has below-listed problems. 

·--··-···-···---------·-···-·· ·--· 

- 12 -



-

·t -... 
.• 
~ 

" ·~ 

i 

case ef the cal-endar mould.inq method, an isotropic moulded article . . . - . . .. - - . 
~ 

cnlY be obtained when a rare earth maqnetic powder is used since it 

ot possible to charqe a magnetic field during the moulding, and thus 

gr.et performance of the magnet is low. 

her because of a heating capac!lity of the rollers, it is ·not 

to use a resin hav1n9 a very high melting point as a binder, and 

resistance of the moulded article is inferior . 

. thermore 1 t requires a certain flex:l.l:lility in the moulded,,, ~rticle for 

e moulding, and therefore an amount of a magnetic powder in a raw 

:er1al can not be considerably larqe resultinq a low magnet performance 

t the moulded article. 

z: :n case of a moulding of a thin plate state maqnet by an extrus10~ 

method, an ~nevenness of the moulded article is likely to happen 

<!·..:e to a difference of the extrusion rate between a cen~ral point and an 

c·..1ter point of the outlet of the die. Accordingly in order to produce an 

•en moulded article, a complicated design of the passage in the die is 

.,quired and the d1e becomes extremely expensive. 

!'.lrther when the m.ouldinq is carried out in a. maqnetic field, the qap 

~etween pole pieces can not make very small :because of a concern of 

~echanical strength of the die, and thus the magnetic field to be charged 

at the moulding can not ba very hiq·h. co11aequently a maqnet performance 

Of th e moulded article is deteriorated. 
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In case_ of a moulding of a .thin plate .. s1;.ate maqne.t }?Y an inject:1or. 

:ded, 1t is difficult to mould one having a thickness of lmm or less. 

to a qeneration of a poor moulding by an insufficient packing 

the moulding raw material into the cavity of the die if the thickness 

chin, since the moulclin~ raw material has a poor flu1di ty containning 

arqe amount of a magnetic powder. 

' . 
t.her when an anisotropic magnet is moulded and if the thickness is 

a moulding with a substantially 1sotropy can only be obtained. 

ause of an effect of a skin layer (a section where the M."?.tio of the 

sin 1s hiqh) of the magnet surface. 

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

area, and it is disadvantageous from a moulding cost. 

invention, ther~fore, is to solve the above-discusssd problems, and 

:s objective 1s to provide a resin bound type magnet with a high magne~ 

erformance, especially a long sized cylindrical resin bound type magnet 

a radiated anistropy, and to provide a production process of the 

.net with a qood productivity. 

=~rther the objective is to provide a production process of a maqnet with 

a simple cutting method without a crack, a breakaqe and a deformation. 

::.u:thermore this 1nvent1on a:lms to provide a production process with 

1 simplifying the production procesa and with reducinq a cost, by improving 

a magnet performance of a maqnet moulded by means of establishinq a 
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t10n between a mag·netic powde.r and ·a ·thi.ckpe.Ss of ~e magnet, and by 
-~ 

dinq a magnet by an extrusion with superior oxidation resistance and 

her resistance. 

over this invention aims to provide a production process with a good . 
ducti vi ty for a hiqh performance thin plate state resin bound type 

e earth magnet . 

EF EXPLANATION OF FIGURES 

l is a sketch of an extrusion moulding machine used in Example cf 

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

field of a cylindrical resin bound type magnet used in Example 

~ this invention. 

i:gure 3 is a sketch of an extrusion moulding machine used in Example of . 

invention. 

r:.gure 4 1s a sketch of a pulse magnetization unit used in Example of 

:his invention. 

?"igure S is a qraph showinq a relation between a magnetic field for the 

~oulding and a residual maqnetic flux da~sity of the moulded article for 

=ases with and without a magnetization of a magnetic powder prior to the 

moulding. 

------------ ---· 

- 15 -

-



• 

·I. i.--- ... -. 
':? 

ia-a sketch. of a die atructure .. for an extrus.1on moulding 

etic field of a thin plate state resin bound type magnet used in 

mple of this invention. 

ure 7 is a qraph showing a relation between a me.qnetic field for 

qnetization before the moulding and a resudial magnetic flux density of 

e moulded article. 

a is a sketch of an extrusion moulding machine used in Example of 

· s invention. 

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

field of a cylindrical resin· bound type magnet used in Example 

10 is a sketch of an extrusion moulding machine used in Example ~6 

of this invention. 

!;~re ll is a sketch of Example to cut and to make a thin plate stat~ of 

resin bound type maqnet moulded by an exttus~on _in Example 

1 ~i'Jre 12 is a sketch of a press unit for mould1nq of a thin plate state 

=-t;net used in Example 17 of this invention. 

7~~ 8 1nvention is a resin bound type magnet and its production process as 

!ucribed below, 
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~resin bound type.magnet comprising a magnetic powder and an organic . . . - - . .. . .... 
-~ 

wherein it is moulded as a single body in a c:ylindrical form 

1sfying a relation "'-

2DL I d 2 a.· 1 

outer diameter {D), the inner diameter (d) and the length (L) 

the magnet, and it also has a radiated anisotropy in the diameter 

: A composition of a resin bound type magnet of the aforementioned 

1ention comprises a magnetic powder, an organic resin and ~~ additive. 

: A. production process of a resin bound type magnet wherein a raw 

for the moulding comprising a magnetic powder and an organic 

moulded by an. e}(trusion by passing through a die in which a 
'to. 

field is charged while it is being cured, is formed lzeit' a single 

cylindricai form satisfyinq a relation "'-

2DL I d 2 ~ l 

outer diameter (D), the inner diameter (d} and the length {L) 

- the 0'£d7i'id12(iia'CPiP magnet and it also has a radiated anisotropy in 

diameter direction. 

·;) A composition of a resin bound type magnet in the production pr~cess 

'! the aforementioned invention comprises a maqnetic powder, an orqanic 

=-es in and an additive. 

: 5 l A Production procees of a resin bound type maqnet by an extrusion 
30Ulding of a mouldinq raw material comprising a magnetic powder and an 
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wherein.a die structure for moulding is constituted that a . . . - . . . . .. ... 
and of a mandrel section is projected in front of an ~dqe of a 

die, a magnetic circuit is formed between the said mandrel section, 
dl4 
e ectroma;net1c coil installed at an outer circ'Umference of the 

said die, it is moulded. in a cylindrical form by 

a magnetic field in the die :by the electromaqne-tic coil, · and 

moulded article extruded is demagnetized at the front end of the 

: A composition of the magnet of the aforementioned invention comprises 
(.i p 

~agnetic powder, an organic resin and an additive. 

·: A product.1on process of a resin bound type magnet by an extrusion 

;:·~:C.ing of a moulding raw material comprising a magnetic powder and an 

:;anic resin wherein an electromagnetic coil is installed at an outer 
.. ._tJ ~_.., 

· ~~:cumference of a ~iey,-Tt is moulded in a cylindrical form by charqinq a 

:a~netic field in the die, an electromagnetic coil with an air-core is 

a:110 installed in front of the aforementioned electromagnetic coil to 

~erate a magnetic field for demagnetization in the said electromagnetic 

~l. and the moulded article extruded is demaqnetized. · 

ai A composition·of the maqnet of the aforementioned invention comprises 

• ~agnetic powder, an organic resin and an additive. 

: g) A Production process of a .resin bound type magnet which is 

::nstttuted by or1entat1nq a maqnetic powder in a molten mixture of a 

:ac;net1c powder and a resin in a section where a maqnetic f 1eld is 
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:\ ', arged at .-a front end of .a d1a, moulding _ it in a-. cy~indrical fopi, 

::difying it with cooling and extrudinq it wherein when the magnet ls 

, , the resin is cut by melting by contacting the magnet with a heated &-., ~ 

;) A production process of a resin bound type magnet wherein a 

::position of the molten rnixture of the aforementioned invention 
' 

:.prises a magnetic powder, an orqanic resin and an additive. 

A production proc~ss of a resin bound type maqA~t of the 

:rementioned (9) or (10) wherein the· resin bound type magnet is an 

sc-:ropic magnet moulded by an extrusion in a cylindrical form without an 

;:.entation . 

• '; 'A. production process of moulding a resin bound type magnet ir. a 

-:"::.r.d.rical form by_ an injection mouldinq or an extrusion moulding of a 

=a;~etic powder and a thermosetting resin wherein in order t·o cure the 

i.::~en mixture of !f magnetic powder and ~k. resin by heating, it is cured 

.. heating with fixing the outer circumference of the cylindrical magnet 

4 j1g and the inner circumference by an elastic matet~al_ ex~anded by a 
iU . 

. , 
·~l A production process of a resin bound type magnet wherein a 

:~~Position of the molten mixture of the aforementioned invention 

::c:pr1ses a maqnetic powder, an orqanic resin and an additive. 

·- -·---·--·· ·------·---------------·-. --
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A prodUctio11 process of -a resin b.Ol:lrtd type_ magnet of tl}e .. 
ementioned (12} or {13} wherein the aforementioned elastic material 

e silicone rubber. 

l A production process ,of a resin. bound type magnet comprisinq a 
f/W 

etic powder and an organic resin wherein a mixture of ~ rare earth 

.. etic powder premagnetized in a magnetic field which is stronger than 
' tfv.• 

oercive force of the magnetic powder and IA\ organic resin is kneaded, 

the kneaded mixture is moulded by an extrusion in a magnet1c field. 

~-61 A production process of a resin bound type rare earth magnet wherein 

,
1 ccmposit1on of the magnet of the aforementioned invention comprises a· 

.,.agnetic powder, an organic resin and an additive. 

:7) A production process of a resifn bound type magnet by an extrus~c~ 

• r:uldi~q~it~ ~ie -~--~~~-~aqnetic ::_eltip-~- ~~~~q :-i;;w :-;;t~~t~l) 
=~.i~~-~-~-~-5!-~ maqnetic powder and an organic resirJ wherein it is moulded 

..__ .. - ... -~--
~y an application of a slight vibration to the die at the moulding. 

:~a) A production process of a resin bound type rare earth magnet wherein 

I a composition of the maqnet of the aforementioned invention comprises a 

~agnetic powder, an organic resin and an additive. 

-

(19) A resin bound type magnet comprising a maqnetic powder and a resin 

wherein an average particle size r of the aforementioned magnetic powder 

5 atisf ies 

r ~ o , l t ( t 3- 1 mm J 

- 20 -
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the thickness t of the moulded articl~ 9~ a~ aniso~ropic r~sin bound 

~agnet compris1nq the said maqnetic powder and the resin. 

rurther(a~di'IC~~ a resin bound type rare earth maqnet 

.ein a composition of the magnet of the aforementioned invention 
' 

rises a magnetic powder, an orqanic resin and an additive. 

, 

~; ) A production process of a resin bound type magnet comprisin9 a 

_, .netic powder and a resin whel:'ein an average particle size r o! the 

·':. · rementioned maqnetic powder satisfies 

r ~ o. 1 t ( t ~ lmm} 

·).: :h the thickness t of the moulded article of an anisotropic resin bound 

1f ~e magnet eomprisinq the said maqnetic powder and the resin, and the 

' agnet is produced by an extrusion moulding with a die in a magnetic 

_.:,. :eld. 

·j 
:221 A production process of a resin bound type rare earth magnet wherein 

11 composition of the magi:iet of the aforementioned invention comprises a. 

powder, an organic resin and an additive. 

: 23) A production process of a resin bound type magnet comprising a 

r.iouldinq of a mixture .of a ma.qnetic · powder and an organic resin by an 

injection moulding or an extrusion moulding wherein a · compound is 

Prepared by oharqino in a kneadinq machine after making a viscosity ~f ~ 
the mixture of the aforementioned magnetic poWdQr and organic resin in a 

0 tate of 
!J ~ 
ti ~ a [ J;poise J (shear rate = 10000 ae~) K 

' I I fly I ;-.,,tr 1-4' • 
{/ - 21 -
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, A pro.duction process .of _ a resin. l:io4nd type .. ma~net · whereitt a 
J 

osition of the magnet of the aforementioned invention comprises a 

etic powder, an organic resin and an additive. 

production process of a resin bound type magnet in the inventions 

aforementioned (23} and (24) wherein the surface of the maqnetic 

is coated with a metal plating or ceramics. 

:••· 6) A. production process of a thin plate state resin bound type rare 

~, th magnet wherein a mo1.1ldinq raw material comprising a ma,~:ietie powder 

· d an orqanic resin is moulded by an extrusion in a cylindrical magnet 

passinq it through a die, then one or plural points on the 

-·~ u:cumferenc:e of the said cylindrical maqnet is/are cut in a direction 

·4- a:-allel with the central axis of the moulded article and the moulded 

I =ticle cut is spread to make it in a thin plate state. 

f '' 7 J A production process of a res in bound type magnet Wherein a 

~ ;:mposition of the moulding raw material of the aforementioned invention 

magnetic powder, an orqan1c resin and an additive. 

:2a) A production process of a resin bound type magnet in the_inventions 

Jf the aforementioned (26) and {27) wherein the outer diameter (D) of the 

cylindrical maqnet to be moulded by an extrusion and the inner diameter 

ict) satisfy a relation of 

0.75~d/D<l. 

- 22 -
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A production process of a_ thin pl~te .. sta.te res~~ bounq type r5lre 
i' ~.:. ., 

k magnet wherein a moulding raw material comprising a maqnetic powder ... 
an organic resin is passed throuqh a die where a magnetic field is 

~ged to mould a cylindrical magnet having a radiated anisotropy in the 

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

''.: ,· cumference of the said cylindrical maqnet is/are cut in a direction 

·,.· .. allel with the central axis of the moulded article and the moulded 
f" 

.1cle cut is spread to make 1 t .. in a thin pl ate state. 

if r7 
· o) Further a production process of a resin bound type magnet wherein a 

-~· .. mposition of the moulding raw material of the invention of the 

=crementioned {29) comprised a magnetic powder, an organic resin and an 
>.:.. 

~dltive . 

. ;-i· 
-~ .. 31: ~ production process of a resin bound type maqnet in the inventions 
ti 
*· ~f the aforemention~d (29) and (30) wherein the outer diameter (DJ of the 

J :ylindrical magnet to be moulded by an extrusion and the inner diamete~ 
f 
~ 

(d) satisfy a relation of 
1. 

o. as ~ d I o </A. 

(32) - (41) are those in which the maqnetic p~wder, the organic resin and 

the additive# are limited for this invention. 

As for a magnetic powder which ean be applied in · this invention, a 

ferrite family magnetic powder and a so-called rare earth maqnet1c powder 

such as a magnetic powder composinq of a rara earth metal and transition 

metals mainly constitutinq cobalt and iron as a basic composition, or a 

- 23 -
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• •c powder composing of a. rare earth.~e~al, _transition metals mainly _.. . .. . . . --. 
r•tutinq iron and boron as a basic composition, etc are enumerated . .. 

!or an organic resin which can be applied in this invention, it can be 

ter a thermoplastic resin or a thermosetting resin, and as for the 

·. :-:noplast1c resin, for example, a plastic such as polyamide, 

~- ypropylene, polycarbonate, polyphenylen-esulphide (PPS), etc, an 

:., ,stomer such as chlorinated. polyethlene, ethylene vinyl acetate 

?olymer (EVA), etc and synthetic rubber are enumerated. 

for the thermosetting resin, for example, ethylene family unsaturated 

· ~1yester resin, epoxy resin, etc are enumerated. 

·~ F'..lrther as for tha additive, a lubricant to raduce an extrusion 

] ~sistance at the moulding such as a metal soap (zinc stearate, calcium 

~· ;::earate) , wax, etc can be used, and as for the aforementioned 
t ' :losslinka.ble thermosetting resin, an additive such as peroxides which 

accelerates the closslinkinq reaction can also be used. 

• ne maqnet.ic powder 1 s suff 1ciently mixed with the organic resin and the 

additive if it is necessary. Then the mixture is sufficiently kneaded in 

a kneading machine with heating above a temperature at which the or~anic 

resin is molten, and it is granulated. The maqnet1c composition 

granulated is charqed in an extrusion machine, it is heated in a cylinder 

to make it in a fluidized state and is sent into a dia by_ a acrew o~ a 

Plunger. The magnetic composition injected in the die is moulded by 

uniforming (orientatinq) an axis of easy magnetization of the magnetic 

- -- --- - ----- --- --- -----·-- -
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, !n the-raw mate~1al to· a directi~n·of.a_maqnetic.ftield by passiz:l-9 . - . 
·"h a die in which a. maqnetic field is charqad. The maqnetic ., 
·sition is solidified with cooling while it is in the maqnetic field 

in the die, and it is extruded. The moulded article is then cut 

a suitable length. When a closslinkahle orqanic resin is used as a 

after a demagnetization of the moulded article cut, a 

: s produced. 

of the organic resin is achieved by heating or an 

ray, electron beam, etc). A resin bound type magnet is 

, ther the moulded article extruded from the die is demagnetized by 

.- rQing a magnetic field of a reverse direction to the maqnetic field 

.: arged in the die at the moulding at a front end of the mandrel. The 

oi :.-ength of the maqnetic field is adjusted by a distance between the 

~: ::drel and a yoke of the electromagnetic coil. The moulded article 

f· x:rt.td.ed. from the die is also demagnetized by charging a magnetic field 

t· ::: an attenuation by passing it through an electromagnetic coil for the 

· eMgnetization. A cylindrical resin bound magnet is thus produced. 

r~_ cher this invention is useful to facilitate an orientation of a . - . 

:.agnetic powder, to improve the maqnetic property and to reduce an 

1•xtrusion resistance at the mouldinq, and is also beneficial t6 increase 

:::e moulding rate by an application of a ultrasonic osillator or a 

~echanical vibration such as a vibrator, etc . 

. :i.ccordinq to this invention, by defining an average particle size of a 

::iagnetic powder with a. thickness of an anisotropic resin bound type 

- 25 - ----·---
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,: moulded articl&, and the magnet -is.mo~lded by an extrusion, it _fe 

:~le to mould a thin thickness anisotropic magnet without a 

:aJ:Jrication, and further a hiqh performance maqnet is able to mould. 

. .!ler according to this invention, it has effects to prevent a. 

ii amination of a coated fi~m on the surface of a magnetic powder and to 
J . . 
: ove an OKidation resistance of the magnet moulded by knead1nc;z a 

of the magnetic powder and. a resin after he a.ting it to make a 

cosity of the mixture at 300 Kpoise or less prior to the kneadinq to 

molten state resin on the surface of the mag~;1!_tic powder 

:sult1ng a relief of a mechanical stress. 

-~ ext, in order to make a thin plate state magnet, one or plural points on 

; ;.e circumference of the moulded art.icle in a cylindrical form is cut in 

~· parallel with the central a~<is of the moulded article. Then the 

1; i:orementioned mould,ed article cut is ma.de in a thin plate state by 

~sing, for example, 2 rollers, etc. The moulded article is then 

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

l -·ther a~. an alternative method, after cutting a cylindrical moulded 

article extruded into a suitable length, one or plural points on the 

circumference of the moulded article is cut in parallel with the central 

axis of the moulded article. The moulded article eut is heated and it is 

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

Plate state. 

---------·----------· .. -
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,,c.-il':ied- above, 
~· .... 

magnet, 

·a magnet of this-. invention is super.ior to _a 

in which plural magnets are sticked, from a 

a re11abili ty. Furthermore by an application of a 

process of this invention1 

A cylindrical resin bound type magnet with a h19h magnet performance 

~e produced with a high produet1v1ty and an economic cost. 

·: , since no excess force or vibration is eharc;ed in the magnet at a 

.. ,.., tinq step by cutting an extruded resin bound type magnet t-With a wire 

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

.ich is very brittle and a thin thickness magnet without a crack and a 

'· reakage. 

:3l A large amount of a thermosetting treatment can be operated with a 

~ :ow cost, the operation becomes easy, and further a dimension accuracy of 

~ cylindrical resin bound type magnet can be improved. 

~) It has a significant effect for moulding a cylindrical magnet having 

a cadiated.anisotropy in a diameter direction thouqh it is difficult to 

get a strong magneti.c field _at the mouldinq. 

{5) It can be widly used for a maqnetic sensor, an encoder, an acutuator, 

a linear actuator which requires a miniturizaticn, a precision and a hiqh 

Performance. 

--------·-----

- 27 -



: . ..::.. : 

acco_:dinq to t;.h1s invent~on by .de.;i1'~n!1 _the ave]."age particle s~ze 

.. -:a magnetic powder by the thickness of the anisotropic resin bound .. 
,agnet moulded article and by moulding the magnet by an extrusion, 

:• possible to mould a thin thickness anisotropic magnet without a 

and it is also possible to mould a magnet with a high 

:!lermore aceot"dinq to this invention by kneading a mixture of a 

:~ ... etic powder and a resin after heating it to make its viscosity at 300 

. ;se or less prior to the kneading, the resin in ·a mol ~n state is 

orbed on the surface of the magnetic powder, and thus it has effects 

prevent the coated film on the surf ace of the magnetic powder by 

:!eving a mechanical stress and to improve an oxidation resistance of .. ~ 

.: magnet moulded. 

:~.!s invention is explained in details in accordance with examples shown 

~:<ample l 

~aw materials were molten to make a composition as Sm (Co 0.672 cu 0.08 
a... ?e 0.22 zr 0.029) 8.35, after cwstinq, an ingot produced was magnetically~ 

::ured by a heat treatment, and then a maqnetic powder of its averaqe 

~article size lOum was prepared by crushinq the said ingot. 

--------
-~-----:_ 
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,, :.agnetic -powder, nylon 12 pow.der and .~in.c;. fi~earate _powder were mi~~C. 
.jj 3J<e a ratio of 92 wt%, 7.9 wt% and O.l wt% respectively. 
·j .. ,. 
;i 
·~ mixture was kneaded by an 2 axes extrusion kneading machine at 2so•c. 

r::· 
~( 
~ ~neaded material was qranulated to make qranules of an outer diameter 

_,. 
·J.: .. 

- lOmm, they were used as a raw mateJ:"ial compound 111, and a 

1ndrical magnet was produced by an extrusion machine. 

moulding method is explained in accordance with Figure 1. The 
' iY I.' 

ulding machine consists of a hopper ie a raw material charging section 

;1, a cyl.inder 102, a screw 103, an adapter plate 104 to equip a di.e at 

~e cylinder 102, a die 105 and a driving motor of the screw (which 1~ 

r.::t shown in Fiqure), and further an electromagnetic <::oil 109 to charge a 

·\;: ::agnetic field in the die is posi t1oned at the ·outside of the -die la 5. 

A yoke 110 comprising a maqnet~c material is installed around t~e 

r electromagnetic coil 109 . 

.. ,e afore.ll_\entioned qranulated raw material compound was charqed in the 

extrusion machine. 

The raw material compound 111 was heated at 2sooc 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. 

----------------
- 29 -
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! iS ~ns ti tu ted by an _out.er die 201 _~~cl . a mandrel 2 0 2. •. Although 
-~ 

: ·~er die is made of a non-maqnetic material, a rinq shaped outer die 

. c:: magnetic material 201a to induce a magnetic flux is installed at 

The mandrel 201 is also made of a non .. maqnetic mate1·ial, 

a mandrel section magnetic material 202a is installed at its 

..j a current is passed throuqh the electromagnetic coil 109 installed 

.J ide of the die, the maqnetic flwc generated flows alongside of a 
···~! 

,j .et:t.c flux flow H shown in Figure by an arrow since it t:e:nds to pass 
.:.:.· 

;:(<-,,ugh a magnetic material with a high magnetic permeability . 

. ~ ,rdinqly a radiated shape magnetic field· is generated in a space 

., .. ·:einafter called. as an orientation· section) between the front end 2C2a 

:. ~~. 
:he mandral 202 and. the ring shaped outer die 201a -of a mag\ietlc 

Ji. :erial installed in the outer die 201. Therefore when a magnetic 

;;~ :.position passes tl'?-rouqh the orientation section, it is moulded With a 

,..~· =:iqress of the orientation of the magnetic powder. 

:. this Example, the maqnetic field for moulding was 15 KOe, the 

: perature of the. die at the moulding was 250°c and · ~h~ c~olinc; was 

r Performed 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. 

1'he size of the moulded ai."ticle 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 

- 30 -
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ar-= 5. 8 KG .and 

{BH) max ; 7.3 MGOe. 
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qnets thus produced were assembled in 25 units of DC motor, and a 

operation test for sea hours Test l was carried out. 

comparative example for Test 2, the raw material having the same 

was moulded by an· injection in a magnetic field and a 

maqnet of the outer diameter 32.5mm, the inner diameter JOmm 

the lenqth ·smm was moulded.. · The maqnetic property o~ t1 the moulded 

produced was 

Br : 5.7 KG and 

( BH) max = 7 • o MGOe. 

f 
·-ti pieces of the magnet were sticked by an epoxy type adhesive, and then 

ti ·~·: ~~e outer diameter a.nd the lenqth were made at 32mm and 22mm by a cutting 

:. ::.brication. : . r 

-!1e maqnets were assembled in 2S units of DC motor and the 500 hour 

Jntinuous operation was carried out as same as Test l,· The test results 

were shown in Table 1. 

Table l 

DC Motor Tested 

Cunit.sl 

- 31 -
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:comparative 

example) 

2·5· 

25 

0. 

,Table 1, those of which the motor showed a deteriorated property . ' 
:ases that the rotation of the motor stopped or the torque was 

id due to an insufficient maqnetic flux available :by a. delamination 

, adhesive area of the maqnets sticked. 

1\lently by an application of the magnet of this 

iility of the motor can be improved. 

~e 2 

i~vention, 
• t{J 

a 

:aterials to make a composition Nc;f3 re42.? %' .S were ~ol ten, were~ 
d and a quenched ribbon was prepared in an argon atmosphere by using'~ 

mching and a ribbon rolling machine from the ingot obtained. The 

:hed l'"1bbon was coarsely crushed, was eharqed in a mould and a high 

!ra.ture press moulding was performed by applyinq a pressure of 20 

n2 for.~ short time at 700 - eoooc in an argon atmosp~e~e. A density 

he consolidated article was almost 100%. 

consolidated article was aqain processed with a high temperature 

is moulding in a vertical direction to the first pressing direction 

i a pressure of 10 K<;J/mm2 at 700 - aoo 0 c in an argon atmosphere. 

nely it was treated w1th a die upset) 

- 32 -
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;;ul~ maqnet obtained was. crushed .to. ma.k~ .a magne.tic powder of.; an 

~age particle size of 2oum. 

.a magnet1c powder was mixed with a resi~ powder comprising bisphenol ~:­

,:ype epoxy, novolak type epoxy and vinylbutyra.l-vinylalcohol copolymer, 
I 

;cium stearate powder and silica powder as additives. 

a ratio in the mixture was the magnetic powder 90. 3 wt%, the resin 

~der 9 .1 wt% and the additive O. 6 wt%. 

~ ~~ d~ 
e mixture was kneaded by a 2 roller type mil!i", The kneaded mixture was 

mulated to an outer diamter of l - lOmm qranules to make a i.~aw 

::erial compound and was moulded in a cylindrical magnet hy an extrusion 

~!tine as same a.s Example 1, and it was cut and was fired after a 

.nagnetization. 

e size of the moulded article was the outer diameter 22mm and the inr1e!."" 

.ameter 2lmm, and the magnetic field for the moulding was 14 KOe. The 

.;,gnetic property of the moulded article obtained. was i. Br ;:: 6.6 KG and 

(BH) max c 9.9 MGOQ. 

-nsequently as for the production process of this. invention a high 

1rformance maqnet can be obtained even a closslinka:ble thermosetting 

!sin is used. 

~ample 3 
--------------· -

-----
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.:agnetic powder of .an averaqe particle. _size_ of ioiim w_as prepared by .:th!9 
• 

I 
)e composition and procedure as Example l. 

;oercive force iHc of this powder was e KOe. This is called as Powder 

-~ as fer the other kind of powder, a magnetic powder ·of an average 

:'ze of 20µm was prepared by, the same composition and procedure as<:-

;~ .:ample 2. A coercive force iHe of this powdal:' was 12 Koe. This is 

,.lled as Powder B. ""' :"·· 

''wder A, nylon 12 powder and zinc stearate powder were mixed to make 3 

:at1o of 92 wt%, 7,9 wt% and 0.1 wt% respectively. 

:Jrther ?owder B was also mixed with the aforementioned resin powder an1 

:he additive to make a ratio of 91 wt%, s.a wt% and 0.2 wt%. 

:'hese mixtures were kneaded by a 2 axes extrusion kneading machine at 

•. , 250°c. The kneaded mixture was granulated to qranules of an outer 

.. k 1 d ameter of l lOmm to ma e a raw materia comp"o.un_ 1_11, and a 

cylindrical magnet was moulded by a procedure explained in Example 1 by 

an extrusion mouldino machine as shown in Figure 1. 

The mouldinq method was the same method as Example l and the die 

structure was also the same .to Figure 2 as explained in EKample 1. 

--·-----....--
------------------ - -
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,1 current- flows in- the aleett"omagnettc coil -equipped ~utside of tpe 

the maqnetic flux generated flows in the arrow H in Figure since it 

to pass through a maqnet1c material with a high magnetic 

·eability. , .. 

:~equently a radiated maqnetic field is generated in the orientation 

~:ion which is a space between a magnetic material 202a of the mandrel 

; a magnetic material ring 20/a installed on the outer die. Therefore 

,m a magnetic composition is passing throuqh the orientation section, .. -15 being moulded with a progress of an orientation of t't.e magnetic 

rnder . 

. :thermo re a magnetic field with a reverse direct1o!J to the magnetic 

.~ld in the orientation section is generated in a space between . the 

:ont end of the mandrel and the yoke 11 O of the coil. Therefc:.-e a 

:~magnetization of the moulded article can be achieved by making the 

·agnetic field of this space at a suitable strength with an adjustment o:: 

;distance between the mandrel and the yoke 110 . .. 
this EJ:<~mple, the magnetic fie.ld fer moulding wa~ ..l4 _Koe, the 

:emperature of the die at the moulding was 250°c and the cooling 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 

~xtrusion with a solidification with cooling at the outlet cf the die. A 

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

·-----·----···- ... ---------····-------·-·-------··-- -
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~o the coercive foree Uic of the -maqne1:ic _powder in the moulded - . 

;1ze of the moulded article was the outer diameter 30mm and the inner 

,eter 29mm. In Table 2,. surface maqnetic flux densities for cases 

t 3 and 4 in which the dema;netization was performed, and for cases 

.: s and s without the demagnetization and shown. 

~st 3 Example 

~:;t 4 Example 

·a st 5 comparative 

example 

~est 6 comparative 

example 

~ple 4 

T@le 2. 

fowdet: 

A 

B 

A 

B 

rJ , 

su;:fa.C@ Magnetic. Flyx O@DS~ty <Gl 

20 

35 

150 

220 

A magnetic powder of an average particle size lOµm and 1Hc e Koe was 

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

is called as Powder A. 

As for the other kind of powder, a maqnet1c powder of an average particle 

aize 2oµm and a coercive force iHc 12 KOe was prepared by the same 

-·······-·-··--·---· --
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..;sition and proced'l:lre as Example 2 .. T.his. powder is. called .as Powd~r 

;ame to Example 3, the Powder A was mixed with nylon 12 powder anc! 

= stearate powder to make a ratio of 92 wt%, 7. 9 wt% and O .1 wt% 
' 

Jpecti vel y. 

, 

•der B was· also mi~ed with the aforementioned resin powder and additive 

make a ratio of 91 wt%, a.a wt% and 0.2 wt% respectively. 

:ese mixture were kneaded by a 2 axes extrusion kneading machine at 

:J 0 c. The kneaded mixture was granulated to granules of the outer 

:arneter 1 ... 10mm to make a raw material compound, and a cylindrical 

·3qnet was moulded by an extrusion moulding machine. 

:~e moulding method is explained in accordance with Figure 3. 

~.n extrusion moulding machine of Figure 3 is composed of a similar 

~stitution to an extrusion moulding machine of Figure 1, and an 

~ ~ctromagnetic coil 109 is positioned outside a die to ~harge a magnetic 

~ield in the die, but there is a difference ie an electromagnetic coil 

Ear demagnetization is 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 2eooc in the cylinder 102 to make it in a fluidized state, and it was 

Passed throuqh the die 105. The die structure was the same aa explained 
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····• :iample 1·:- According to th.is invention, when the magnetic compositio:4 
.· . . . - . . 

·, 

;assed through the orientation section, it is moulded with a progress 

J!l orientation of the maqnetic powder as same to Example 3 . 

. , ~his Example; the maqnetic field for moulding was also 14 Koe, the 

>, ,;:perature of the die at the moulding was 2socc, and the cooling· was 

:en by a forced air cooling to the outlet· section of the d.ie. The 

:ientated raw material compound 111 was moulded :by an extrusion by a 

:lidification with coolinq at the outlet of the die. 

,If (i . 

-~e demagnetization was carried out by qenerating a magnetic f 1eld 

:::e demaqnetization by turning on an attenuated. pulse current in 

for 

to\.o.c ....... -
~~ectromaqnetic coil 113. The strength of the magnetic field for the 

:emagnetization was 30 Koe, and 1 t was attenuated with aoom sec. 

iagnetie field was generated in the electromagnetic coil 113 in every !5 

sec, and the demagnetization was carried out co11tim.1cusly. The size ;;:: 

:he moulded. article was the outer diameter 30mm and the inner diametei: 

, 29mm. surface magnetic flux densities of the moulded articles for cases 

~ which the demagnetization was performed (Test 7 and B) and for cases 

.. 1thout tne demagnetization (Test 9 and 10) are shown in Table 3. 

Powde.;: su:r;:f~ce Magnetic ?'lUlS Den~ity JGl 

Test 7 Example A 10 

Test 8 Example B 15 

Test 9 Comparative 
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·. 
example 

10 comparative 

example 

:t is clear from 

A· 

s 

Table, the 

•ins ,~ 
in the moulded. article 

-·1cation t• Of the process of 

.. 
~~~~: 

lSQ 

220 

surf ace magnetic flux density wh1ch 

could be dropped at 6 7% by an 

this invention. consequently the 

. :~ability at the cuttinq step, etc was greatly improved . 

i.:ia.qnetic 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 

~s1n 'lon 12.) were weighed to make a desired volume ratio, were mixed ?­

::i a sheet state compound was prepared by kneading the mixture by 

:.assinq it through a. gap· of a twin roller mill repeatedly after chal.Aging 

.: in the mill. 

j:he kneadinq temperature of the mixture was at gocc when Resin a was used .. 
i : at 250°c when Res1n b was used. 

rhen the compound wa.s crushed into particles and was moulded by an 

extrusion by passing through a cylindrical die by cha~ginq it in a screw 

type extrusion moulding machine. 

----------------·--
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,arrel temperature of the ext~usion -mouldi~g.machine_wa~ at 13o 0 c ~er 

;in a and at 2sooc for Resin h and the die temperature was the moulding 

Jperature for the each case. 

j extrusion rate was l mm/sec. 

:e outlet temperature of the die was set at a solidifioation temperature 

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

I} 
~in a ~as used for Process 1 and Process 2, Process l was a process to 

ake tha solidification w:i.th cooling at the out:let of the die, anC. 

:ocess 2 was a process to make the cure by heatinq at the front end of 

~e die. Process 3 was a process to solidify with cooling at the outlec 

:f the die using Resin b. The magnets thus produced were cut by methoC. 

:~own in Table -4. 

""' · ;ting Method 1 

II 

II 

2 

3 

Table 4 

cutt.inq m~thod 

cutting·by meltinq with a heated wi~e 

cutting by a guillotine cutter system 

Rotation saw tooth system 

Among these, Cutt1n9 Method 1 was a cutting method -,,f this invention 

wherein a current is turned on in a nickrome wire ·of a diameter of o.2mm, 

it is contacted with a maqnet when it is heated by the resistance and the 

magnet is cut by melting with heatinq. 
·--··----·---------··-· 
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: ... ;ul ts of .the cuttin_g, when .the_ magnets. _pro.d':tced by tbese processes ~re 
-:. 

:, were shown in Table 5. 

this test, the magnet cut was a cylindrical magnet with the outer 

.aineter 30mm and the inner diameter 29mm, and the volume ratio of the 

:gnetic powder was so vo/~. E-
~fArA-

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

~sults. 

:utting Method 1 

II 2 

II 3 

Table S 

f:tocess . ..l 

excellent 

bad 

ordinary 

Process 2 

good 

bad 

excellent 

& i" 

Process 3 

excellent 

bad 

excellent 

~e magnet of Process l was the most difficult sample to cut among the 

... gnets of Process l - 3 because it was the most brittle. As it is clear 

)m Table 5, 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 

:he cutting method 2. 

Example 6 

Next, results of cutting when thickness of the magnet to be mouldsd was 

changed, were shown in Table 6. 
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• magnets ~his time· has an outer diameter of 3omm, was a cylindrical . . . 
1et and the maqnet prepared by Process 1 was used. The results ·~of 

( 

:!ler the magnetic Powder A or a were the same. 

Tal:lle 6 

Tbicknese (mmJ 

L.Q u w. 1W. 

:ltting Method l ;ood excellent excellent excellent excellent 

"'1etin9 Method 2 excellent qood ordinary pad 

:.s one of the features of the· extrusion moulding method, it can be 

~numerated that a thin thickness magnet can be moulded. Therefore it is 

:mportant to cut a thin thickness magnet. 

!n case of the cutting Method 3, it was difficult to cut if the thi•:}rnese 

of the magnet became o.smm or less, and it was not possible to cut when 

~It was O.lmm due to a formation of crackinq. 

Jn the other hand, in case of the cutting Method 1, a thin thic)l.ness 

magnet can be cut since no excess .stress is appliec to tha maqnet at the 

cuttinq step. 

Consequently it is clear that the cutt1nq by meltinq.with a heated wire 

is an advantageous method for the cutting. 

Example 7 

-·-·-·-------
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··' ;l ts of ·the cuttinq when ·the- volume rat.io o.f the magnetic:. powder )'las ·. 
)qed were shown in Table 7. 

1 magnet cut this time had the . outer diameter of 30mm and the inner 

imeter of 29mm, was a cylindrical maqnet prepared by Process l. The 
' 

µietic powder used was the magnetic Powder A 

Table 1 

A 
~~ 

Volumg Ratio of Magn@..t:ic Powder cvoWz (~ 

_qQ !S. il 1Q ll 

:-.itting Method 1 excellent excellent excellent excellent good 

:-.itting Method 2 ordinary ordinary bad bad bad 

.~s the volume ratio of the magnetic powder increases, the volume ratio c.: 

~e resin decreases accordingly, and the binding strength of the res1n ~= 

:he magnetic: powder drops . 

9'rherefore the maqnet moulded becomes l:>ri ttle as the magnetic powder 

.ncreases.. Thia trend is remarkable in a case of ·an uncured magnet 

produced by Process l. As the volume ratio of the magnetic powder 

increases, the maqnet performance of the magnet is improved, and 

therefore it is important that the cutting can be carried out even in a 

case of a large volume ratio of the magnetic powder. · 

In case of cutting Method 3, the cutt1nq could not be practiced when the 

volume ratio of the magnetic _powder increased. 
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:ne other- hand, in case of cutting ·Metho_d. 1, the. cutting can l?e 

:ied out even the volume rat1o of the magnetic powder is 7 2 vol % • 

;rdingly, it is clear from the results that cutting Method 1 is a 

~~ior method for the cutting of a magnet of the extrusion. 

:iple a 

Jncured cylindrical maqnet was' produced in accordance with followinqs 

~se it ·for a curing unit of this invention. 

,t 
· :irst, 60 vol % of a maq11etic powder of sm - magnet and 40c-

. % of a thermosetting resin mainly comprising an epoxy resin were 

.'.ed and a compound was prepa·red by kneadinq it .with a. roller mill. 

·:epoxy resin used had a thermoplastic region of. 100 - iso 0 c in which 

: viscosity suddenly dropped, and it was cured at a temperature of 

lllf*co~pound prepared was then coarsely crushed and it was charged in a 

: ding machine. 

1 

1 for the moulding machine, an injection mouldinQ machine and an 

·r.rusion moulding machine could be used, but the extrusion mould.ing 

·1:h1ne was used here. The c}?.arqed compound was heated at 100 - isooc in 

:.e moulding machine to make 1 t in a molten state, the magnetic powder 

~ orientated in a die, the molten mixture was solidified with cooling 

--~----- .. -
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-.. :s state·- and an uncured ·cyl-indrical·. magnet was pi;epared after a 

:· ... 

·-:w 

i.:t 

-. 
~netization. 

size of the magnet was the outer diameter 32. emm and the inner 

:eter 31.Bmm, and it was ~ut to make its lenqth at lOOmm. 

:~le e, a comparison of various curing processes Test 11 - 13 for the 

:ementioned uncured cylindrical magnet is shown. 

Shap~ 

11 excellent 

12 excellent 

13 bad 

T@le e 

good 

ordinary 

excellent 

good 

ordinary 

excellent 

'it 11 is the results of the curing process of this invention for a 

·~indrical magnet. Namely the outer circumference of the uncured 

-indr1cal magnet is fixed by,~n .,_lastic material,. in t)lis _c:as~ was a e,-
( . ""1'61·~.ib~~.M . ~ 

-. · . J.cone rubber (hereinafter called as an inner body) exi:s~n~ed ':'ith a gas 

~this case it was air), and it is cured by heating in an oven. 

·ast 12 is a conventional process in which the outer circumference is 

~xad with a jig, a rotation unit is attached to the jiq, and it is cured 

:y heating with a rotation in the circumferential direction. Test 13 is 

iprocess to cure the cylindrical magnet by heating by placinq it in an 

~en as it is without the fixing. 
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~ thermocuring condition here- was -at. 2.0.o~c. for o~e hours in ~2 -. 
;phere. The shape in Table was the shape of the magnet after the 

ase of Test 13, the magnet after the cur~ is completely deformed and 

is obvious that the fixing of the shape is necessary 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 easiness of the operation of the unit and its 

.wility for processing a large amount of the sample. 

::ase of Test 12, it takes more time for an operation to connect tl::e 

; with the rotation unit than an operation of Test 11 to insert the 

.ar body when comp?red with Test 11 of this invention. Furthermore 

::i a viewpoint of cost, Test 12· is more costy because of the 

~irement of the rotation unit. consequently the Test 11 process is a 

fJlfrior process to Test 12 and 13. 

xt the dimension accuracy after the cure when it is cured by _tieatinq by 

=It 11 and Test 12 is shown in Table 9. 

Teat 11 

Table 9 

straightness 

0,005 
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Test 12 0.07 

Before the cure o.oe 

.0 .04 

o.os 

(Unit: mm) 

.. 
~~:.::=::. 
::·-=-~· .. 

.... ....... -
,~, 

rotation rate of Test 12 here was 500 rpm. This is the maximum rate 

:h can be practiced by taking the cost· into consideration. 

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

,, 
i.1 ;l 4 magnet before the cure was prepared by somewhat dec:reasinq its 

I 
msion accuracy in order to check a correction ability =. the C-­

~ 
:nsion by the curinq process by heating. 

~ Table 9, it is underst9od that the dimension accuracy in col·rected 

:he curing process hy heatinq such as Test 11 and Test 12. 

s is because that in case of Test l l the air in the inner body is 

<~nded in the atmosphere of the thermocurinq, it applies a force to the 

~et resulting the correction of the dimension of the magnet while it 

· i a thermoplastic state. 

• for Test 12, a centrifugal force qenerated by the rotation has a 

~ilar action, but the dimension accuracy by the correction of Test 11 

·further improved. 

~s 1s because that the force by expansion of the air 1s stronger than 

:~ cent~ifugal force resultinq better correction of the dimension. From 
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correctH5n ability of the .dimens.icih, .. it is also understood the 

cess of Test 11 of this invention is superior. 

• materials to make the same composition of Powder A in El(ample 3 ,· Sm 

J o.672 cu o.oa Fe 0.22 Zr o.02s) e,35 were molten, an inqot produced 
, 

.s magnetically cured by a heat treatment after castinq, and a magnetic 

:wder having the average particle size of lOJlm and the coercive force 

(fi~ of 10 Koe was obtained by crush1nq the said inqot. & '.' 

.~e powder was mixed with nylon 12 powder and 2 inc stearate powder tc 

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

:~e mixture was magnetized by a pulse magnetization unit shown in Fiq~re 

·~ith using a magnetic field of 25 KOe, and it was then kneaded by a ~we "* ~··&.. 
:xes extrusion kneading machine~ J 

l'tt Figure 4, 301 is an electromagnetic coil, 322 is a pulse c\.u.:rent 

,~neration power source, 303 is a table to adjust a hiqht of a sample and 

305 is ·a raw material ·maqnetic: powdar. 

The kneaded mixture was granulated to particles of the outer diameter of 

l - lOmm to make a raw material compound, a.nd a cylindrical magnet was 

moulded by usinq the extrusion mouldinq machine shown in F1qure 1 and the 

die shown in Figure 2 with a same procedure described above. 
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this Example, the die temp~ra~ure at the mouHiinq was 25ooc, and a 
. 

:ling was carried out by a forced air cooling at the outlet of the di~. 

:ordinqly, an orientated raw material compound was moulded by an 

:rus1on by a solidification with eo6linq at the outlet of the die. 

a size of the moulded article was the outer diameter 33mm and the inner 

1meter 32mm. 

('Figure 5, a compa1"ison of changes of residual magnetic ~1~,UX density 

r) with maqnetic fields for moulding for cases with and without 

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

:om Figure 5, it is understood that a maqnet with a high Br ie with a 

:gh degree of the orientation can be prepared by an adoption of the 

1gnetization for th:e powder prior to the moulding even if the magnetic 

:eld for the moulding is low. 

;-~:::therrnore as for the magnet performance at the hiqh magnetic field 

(. ·-,und 15 Koe) for the moulding, the ·cas·es with the ma~netization showed 

:tgher values, and it was understand that the magnetization for the 

~owder prior to the mouldinq had a b.iqqer effect. 

~xample 10 

f aaw materials were molten to ma.ks a composition of Sm 0.5 Pr o.s (Co 

J.572 cu o.oa Fe 0.22 Zr o.o2~J B.35, an inqot produced was magnetically 
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cured by a h&at treatment after c_asting., .and. ~aqnetic P?Wd~rs _having ~ 

average particle size of lO~m were obtained by crushinq the said ingot. 

~ kinds of the magnetic powders having the coercive force iRc 7 Koe and 

:J KOe respectively were prepared by chanqinq a condition of the hea-: 

::·eatment. 

·~ese powders were mixed with nylon 12 powder and z1nc steare.te powdei· to 

·!lte a ratio of 92 wt%, 7.9 wt% and O.l wt\ respectively. 

~se magnetic powders were maqnetized by using a direct curren~ 

:2ctromagnet unit, and then they were kneaded by a two axes ext run ion 

~ading machine at 2sooc. 

~ kneaded mixtures were granulated to particles of the outer diameter ~ 

lOmrn to make a raw _mateL·ial compound, and were moulded by an extrtrnion 

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

~the die 401, when a current is turned on in an electromagnetic coil 

, a magnetic field vertical to the passaqe of a compound in the die in 
. - . 

::ierated between the upper and the lower pole pieces 404. Therefot·e a 

~n plate state magnet having an orientation of the magnetic powder to 

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

~ size of the moulded article was the width of 60mm and the thickness 

· lmm, and the strength of the magnetic field at the moulding- was 12 
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:n Figure 7, a relation between the strength of the magnetic field. f o:::­

:ne magnetization prior to the moulding, and the residual magnetic flux 

ansitY of the moulded article is shown. 

=om the graph, it was understood that though there was no effect of the 

gnetization prior to the moulding if 1t was done in a magnetic fielc! 
.9 ,, 

'8Pch was weaker than the coercive force of the magnetic powder, there 

- s an effect to improve the magnetic performance if it was done ln a 

qnetic field stronger than the coercive force. 

1mple 11 

•materials were molten to make a composition of Nd 13 Fe 82.7 a 4.3, 

·~e casted, and a quenched ribbon was prepared in ar(fon atmosphere by 

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

Ct 
t_ quenched ribbon was coarsely crushed, 1t was filled in a mould and a 

~ temperature press moulding was carried out 1n arqon atmosphere at 

: - aoo 0 c with a pressure of 20 Kq/aun2 for a short time. 

consolidated article obtained had a density almost 100%. The 

~olidated article obtained was moulded again by the high temperature 

~$s mouldinQ in a vertical direct1on to the 1n1 ti al pressing Clirect1on ~ - .. 
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in argon atmo.sphare at 700 - aoo~c with a l.Q ~g/mm 2 pr.~ssure {Namely,._: a 

die upset was carried out). 

~ bulk state maqnet obtained was crushed and a maqnetic powder of ar. 

average particle size of 2oµm was obtained. The coercive force of the 

~aqnetic powder was 12 Koe. 

:he magnetic powder was mixed with a resining powder comprising bisphenol 

; type epoxy, novolak type epoxY and vinylbutyral-vinylalcohol copol~,C-­
af:ium stearate powder and silica powder as additives to make a rat10 

:.~e magnetic powder 90. 3 wt%, the res in powder 9. l wt% and the additive 

·.s wt% respectively. 

-~.e mixture was maqnetized with a. 35 KOe ma.qnetie field by usinq a pulse 

·;gnetization unit and it was kneaded by a 2 roller type mill at 9rJ 0 c. 

:e kneaded mixture was granulated to an outer diametei· of 1 - lOmrn 

::mules to make a raw material compound and was moulded in a cylindrical 

:~net by an extrusion machine as same as El<ample 9. 

~ 
·':his Example, the die temperature at the moulding was. 14_o 0 c! and the 

::ength of the maqnet!c field for the mouldinq was a KOe. 

: siza of the moulded article was the outer diameter Smm and the inner 
1!:neter 6mm. The moulded article was cut in a suitable length, was 

~-aonetized and was fired in conditions of 200°c x 4S minutes. 
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~he maqnetic _ _property of the moulded articles obtained in Test 13 - 15 is 
~ . - . . . . . - - . .. . 

;hown in Table 10. Test 14 15, the comparative examples were a 

~agnetic property of sample moulded with the magnetic field for the 

:oulding at a KOe without the magnetization s:ir:Lor to the moulding (Test 

.4) and a sample magnetic property moulded with the maqnetic field fc:: 

~e mouldinq at 15 Koe and a die of which the orientation section at ·the 

:ont end was shortened (Test 15). 

Test iQ. .. . . 
(BH) max 

Br C I<Gl LMGOel 

Test lJ 7.0 10.4 

Test 14 4.3 3.5 

rest 15 5.1 4.9 

; it is clear form Table lo, almost no orientation is observed in a. 

:mparative example Teat 14, and the magnet obtained merely shows a 

-~formance close to an isotropic one. 
~-. 

~the contrary a high performance magnet with a sufficient orientation 

:obtained by·this Example. 

-. case of Test 15, the magnetic: property is low 1n spite of !ts hiqh 

!qnetic field for the moulding, and it is considered that a sufficient 

1entation of the magnetic powder is not atta1nad at the moulding since 

~ length of the orientation section becomes extremely short such as lmm 
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:ess in order to charge a. 15_ KOe magl'.le~ic ~ield a~ the o~ientatior. -. 
:ion due to its very fine cylindrical form having the inner diameter 

:he moulded article 6mm. 

·efore a mouldinq process of this invention is a very effective 

.ess for a case in which a high rnaqnetic field for moulding is ·not 

ined because of a limitation of a moulded article or a structual 

lem of a die. 

ple 12 
( 

his invention, Powder A and a were prepared by the same compositicn 

prls:.edure to Example 4, they were kneaded with the resin, and ?­
:lc:lrical magnets were moulded by an extri.tsion mould1nq machine after 

:.ilatinq the kneaded mixtu1·e to particles having the outer diameter 1 

nm ~o make a raw material compound. The moulding process is briefed 

sing Figure B. 

Ktrusion moulding machine of Figure 8 has a similar composition to 

extrusion moulding machine of Figure l. However, at·the front end of 

die, 4 pieces of ultrasonic oscillator (Langevin type) 114 areE­

alled to generate a sli;.9~ vibration. 
$/1"fh+ 

aforementioned qranulatad raw material compound 111 waa charged to 

extrusion moulding machine of Figure e. The raw material compound 

heated in the cylinder 102 at 260°c to make it in a fluidized state 

it was passed throuqh the die 105. 
. --·- --····-- -- ·--
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:"he die structure was the same as _Figure. 2 .. eXJ;>lai?ed 1n _Example_ l. 

In this example, ·the magnetic powder is moulded while it 1s being 

orientated when the magnetic composition passes through the orientation 

;ection. The sliqht vibration from the ultrasonic oscillator was 

:ransmitted to the front end of the die. 

:n this example, the magnetic field for the moulding was 10 Koe, the die 

:emperature at the mouldinq was 205°C and the cooling was applied by a 

.. ced air cooling to the outlet of the die. Thus the or:ile.ntated raw 

1aterial compound was solidified with cooling at the outlet of the die 

~~d was moulded by an extrusion. The size of the moulded article was the 

:uter diameter of 25mm and the inner diameter of 23mm. 

::f ferences of the magnet performance of the moulded article the moulding 

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

::.bra ti on (Test 15, 1 7) and for cases of no application ( Tes1: 18, 19) . 

~~st 16 and 17 are the cases with the slight vibration and Test 18 and 19 

~- the cases without it. 

(BH) max Moulding" Rate 

Powder CMGOel !mm(~gs=J 
. 
!st 16 A 7.5 2.5 

;>- iBt 17 B 10.2 2.0 

~------------------------------------------------------------
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Test 18 A 

rest 19 B 

6.7 

s.s 
l.S 

l. 5 

.... -..... 
-~ ' 

As it is clear fron Table ll, Examples shows an improvement on both of 

t~e maqnetic property and the mouldinq rate. It is considered that it is 

1ue to an improved orientation by facilitating a rotation of the magnetic 

powder by the application of the sliqht vibration at the mouldinq, 

:urthermore it can also be said that the moulding rate is improved by a 
11 ~~uction of the extrusion resistance by the slight vibr[l_-tion. The 

'-· =eascn of the low maqneticr,powder ·did not sufficiently orientated because '-· 
~ ~ ~~~ W1W .Jd' ;t/.i ~e 

:he magnetic field for the moulding which was able to char~e was only 10 

me. 

:herefore the moulding process of this invention is a particularly 

;ffecti ve process far the case in which a high magnetic field foi: the 

".::>ulding can not be attained due to shapes of the die or the moule'.ed 

1rticle. 

~ Jmple 13 .. 

~!hle 12 shows how much degree of the thickness is moulda:ble without a 

~stf fabricati~n in each moulding method of an extrusion moulding method, <::­

! press moulding method and an injection moulding method. 

Tal:?le 12 
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- :thi~H.n~&S [mmJ 
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J!jOUld~ng Metbod. .LJl w Ll ·~ Q.Jl.l. 

Extrusion Mouldinq p p p p p 

Press Moulding p p I I I 

Injection Moulding p p I I I 

P = :possible 

I = impossible 

~nets prepared here was rinq shaped w1 th the outer di amet'F of 30mm, 

~nd the mouldings were performed with the thickness shown in Table 12. 

~he magnetic powder used was sm - Co family rare earth magnetic powde:.· 

:nd as for the resin, nylon 12 was used for the extrusion moulding method 

md the injection mouldinq method, and an epoxy resin was used for the 

~ess moulding method. 

~he mixing ratio of the magnetic powder and the resin was 90 wt~: 10 wt% <=­
fr-.f the eKtrusion moulding method and the injection moulding ~ethod, r1.0d 

·- "'r"" 

i. j 

: .. wto/: 2 .wt% for the press mouldinq method, 

's it is understood from Table 12, the moulding was not be able to 

~erform if the thickness of the magnetic moulded article became thin for 

:he press moulding method and the injection moulding. method. This was 

iue to a difficulty to fill the magnetic powder in a cavity it the 

~ickness became thin for a case of the press moulding method, and is 

:ase of the injection moulding method, it could also not be moulded 
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because of a. difficulty to inject a mol te.n n\i~ture of t~e maqnetic PO\<?_;ier 

and the resin in a cavity. 

on the other hand., 1n case of the e)(trusion moulding method, a tr.:.n 

thickness magnet can be moulded because it is moulded by co11tinuously 

flowing a molten mixture of the magnetic powder and the resin and by 

gradually converqinq the molten mixture. According it is clear that the 

extrusion mouldin~ method is 
, 
an effective method to mould a thi~ 

thickness maqnet havinq the thickness of lmm or less. 

~..cample 14 

~ext effects on mouldinq radial magnet with a -thin thickness by changi~g 

:he magnetic powders are shown in Table 13. 

h1"'' dR.tJ. 
::ie magnet :0Ylded was a rinq shaped magnet of the outer diameter 32. amm. E-

:!le inner diameter 31. amm and the thickness 0. 5mm, and it was moulded by 

:.~ extr\.\Sion. 

· compound used comprised 60 vol % of a maqnetic powde'l:' and 40 vol ~. of 

-resin and nylon 12 was used for the resin. 

Jrther as for the magnetic powder, a rare earth magnet having a 

l01position of Sm (Co 0.672 cu o.oa Fe 0.22 Zr 0.029) -s.35 was used, it 

·~ adjusted to make the average particle size r for each test of Test 20 

l4 and for comparative examples Test 25 - 27, and the results are shown 

~ 'I'able 13. 
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.:i.s shown in '?'able 13, there was. a_ change o~ 1;~e n_taqnet l?erform~ce of the 
• "2 

::iagnet moulded by changing the averaqe particle size r of the magnetic 

powder. By making the average particle size i: of the inaqnetic powder 

5mall, the maqnet _performance of the maqnet is improved. 

~nd a sufficient maqnet performance was obtained when the averaqe 

~article size r was not more than 1/10 of the thickness of the maqnet 

:ioulded article. 

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

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

Table l~ 

Test No «Y" BR {BH) 
~:-

max 

ilun.l lfili.l [MGOel 

20 50 5.SB 7.5 

21 20 5.95 7.8 

li 22 10 6 .18 e.1 

.2.3 1 6.33 a.s 
24 0.1 6 .16 e.o 
25 70 5.60 6 ,·5 

26 100 5.01 5.2 

27 150 4.70 4.5 

be reason why the abova reaul ts was obtained was, in case of the 

ICtrusion moulding, the magnetic powder in the molten mixture of the 
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The reason why the above results were obtained was, in· case of the 

extrusion moulding, the magnetic powi:iei• i"n -tli.e molten mixture of .}:he 

magnetic powder and the resin was orientated at a section in which a 

magnetic field was charged by passing through the passage of a die, and 

the moulded article was exti·uded outside the die after solidi fyin.q i. t 

with cooling in the die by keeping the state as it is. Accordingly the 

molten mixture recei veci a f.riction force at the contact section with the 

die. Thus the orientation of the magnetic powder at the contact surface 

of the molten mixture with the die might be disordered by the friction 

W·oi"ce whi.le it was beinq solidified with coolin~ even though the magnetic 

owder was once orientated in the die. 1Y 

When a thin plate state magnet is moulded, the effect of the layer where 

the said orientation is disordered becomes siqnificant, the thickness of 

~e layer is related with the particle size of the magnetic powde~ as 

well, and as the results the average particle size qives an influence to 

the magnet performance of the magnet. 

P.s it is clear from Table 13, in order to t"educe the influence, it is 

l°.ppropriate that the average particle size r of the magnetic powder· ie1 

l/10 or less of the thickness of the magnetic moulded articla .. 

~xample 15 

\n alloy having a composition of Nd 14 Fe 81 B 5 was molten in a 

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

irepared. 
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The thin piece was crushed till it had an averaqe particle size of 35µm, 

and treatments shown -in Table 14- were procas-sed ·thereafter .. 

Treatment l 

Treatment 2 

Table 14 

Treatment 

Cobalt-phosphorus•chromium platinq 

s102 coatinq 

r.reatment l was that after crushing 

•'1 
the maqnetic: powder, a 

in a sodium ri-§-pophosphi te .,balt-phosphorus plating was carried out 

reduced ammonia, alkaline cobalt platinq bath, then a chromate trec:itment 

was performed by puttinq the magnetic powder in a potassium dich1·c>mate 

solution and a coba.l t platinq layer was foi:med on the magnetic powdet·. 

Treatment 2 was that pure water adjusted its pH with hydrochloric ;:icl.d 

~as mixed with tetramethoxysilane to make an approximate molar ratio of 

4:1, and a hydrolys1s was carried out by adding ethanol to it. Afte~r the 

:iecomposi ti on and an addition of a surf ac:tant, the magnetic powdet· was 

~dded and was stirred for a predetermined time. 

Then the magnetic powder was separated from the solution, waa.dryed and n 

~eat treatment was performed to form s102 film on the magnetic powde~. 

ll.fter the surface treatment, the magnetic powder and the resin to make i:l 

:atio of 60 vol ~ and 40 vol % were weiqhed and were mixed, and aft1~r the 
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~i.xing, it was charged in a kneadinq machine to knead it and a compound 
-

·,.las pL·epared. ·. 

;he kneading machine herewith used was a roller mill. Further as f o~ the 

resin used, 2 kinds of resin were used. one was Resin a which was 

:opolymer mainly comprising a thermosett1nq type epoxy resin, and the 

:;ther Resin b was a thermoplastic polyamide resin {nylon 12) . 

. :1.fter crushing the compound produced, it was mould by an injection 

~~ulding machine or an extrusion moulding machine. In case that Resin a 

-~ s used, the moulded article was heated to cure the resfri after the 

;ioulding. 

:istly in order to check in which step the film tended to be removed, a 

::overage rate was determined by taking a sample before and after each 

;tep in the total process. 

;he magnetic powder used here was a plating-treated one with the plating 

:hickness of lµm, and the moulding was carried out by an extJ:usion 

~ulding machine. The results are shown· in Table 15. 

?he results were the same for either cases of Resin a. and b . __ From Table~ 

:s, it is clear that the film coverage rate suddenly dropped between 

Jefore and after the kneading. In other steps, the qrop of the coverage 

;atio was small, and 1 t was considered that it was due to a protect ion o·f 

:he coated film by the mixed resin especially afte~ the kneadinq. 

·---··---·----- -- -
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Xable 15 

Befo1 .. e mixing 

After mixing (Before kneadinq) 

After kneading (Before crushinq) 

After c~ushing (Before moulding) 

After moulding 

coverage Rate C%1 

100 

95 

50 

48. 

46 

J the other hand, :before kneadinq, the solid resin and ma~~;etic powder 

·e merely mixed, tha resin does 11ot give the protection for the coated 

film, and therefore the coated film is removed by a stronq stress to the 

magnetic powder applied durinq the kneadinq. 

~cc·ordingly the mixture of the maqnetic powder and the resin was heated 

~efore the kneading, and then the kneading was carried out. The coverage 

rates after the kneading which was carried. out after heating at various 

temperatui:es were shown in Table 16. 

~e magnetic powders herewith used were that platinq-trf:!ated of the 

i'lating thickness of lllm for Test 28 - 33, and Test 3·~ t..her~after wer•~ 

Ho 2 coated. 

~esin a of a thermosetting l-esin was used for the r_esin. The coverage 

:ate after the kneading was calculated setting the coverage rate ·before 

:ha kneading (after mixing) as 100, and the viscosity was a viscosity at 

- ··- -··--·-·-- ---·· 
' 
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a shear rate 1000 se;1 when the mixture was heated at the temperature 

indicated. -.. 

Table 16 

Temperature Viscosity coveraqe Rate 

C£l. f kpoisgJ ill 

Test 28 Room Temperature 50 

29 50 500 50 

Ml 30 75 300 74 
~;· 

31 85 180 90 

32 100 70 94 

33 120 10 98 

-----------------------------------------------------------··-
34 50 500 60 

35 75 300 85 

36 85 190 93 

37 100 70 98 

39 120 10 99 !-
~-

From Table 16, the mixture may have the viscosi~y by heat.inq_ it. It is 

clear that the coveraqe rate is improved when the kneading -1 s performed 

after heati11q the mixture to make it in a state in which it has the 

Viscosity. Al though the coverage rate of the plated one becomes worse 

than it of the sio2 coated one when compared in the same condition 

·~ecause of its weak adhesion of the film, an improvement is seen when the 
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viscosity r~aches a~ 300 kpoise, and ~e it, the coated film was 

sufficiently protected. ~ 

zt is considered that the above results are obtained because as to the 

removal of the f1l1n dui. .. inq the knead1nC11 it is larqely influenced by a 

stress of the roller when it is applied to a state in which a sufficie11t 

heating is not given when the mixture is charqed in the kneading mac!hine, 

and the influence 1s relieved by qiv1ng the viscosity to the mixture. 

wext an oxidation resistance of a maqnet produced by th~ Pl.AOdHction 

lrocess of this inventio11 was investigated. The results o'l Test 39 and 

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

in Table 17. 

T@le i7 

surf ace Treatment Oxidation Resistance 

Test 39 Treatment l A 

40 II 2 A 

. -------- ··------- -··- --· ----------------- ---------·--- -----·-·· ··-·· ..... -
\ ·-· 41 II l c 

42 II 2 B 

A = Exc.ellent 

B = Good 

C = Bad 
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:est 41 and 42 of the comparative e~amples were the cases in which the 

·<neading was carried out without neatiriq before the kneadi~g I and Test ._:39 

and 40 of Examles were carried out by heatinq at 100 kpoise. 

;he oxidation resistance was a result after storinq the sa.mple in a 

constant temperature and constant humidity oven at B0°c x 95% for 100 

]lours. 

~t is clear that the oxidation resistance is improved by the heat 

_1t9'eatment before the kneading. 

::xample 16 

Raw materials to make a composition of Sm (Co o.572 cu o.oa Fe 0.22 Zr 

0.028) S.35 were molten, were casted, an ingot produced was maqnetjcfllly 

~ured hy a heat treatment, and then a maqnetic powder havinq an average 

particle size of lOµm was obtained by crushinq it. 

!1he powder was mixed with nylon 12 powder and zinc stearate powder to 

\~ake a ratio of 92 wt%, 1.8 wt% and 0.1 wtt, respectively. 

l'he mixture was then kneaded by a two axes extrusion kneading mac::h lne at 

260°c. The kneaded mixture was qranulated to particles of the outer 

iiameter of 1 - lOmm to make a raw material compoun4, and a cylindrical 

magnet was moulded by an extrusion mouldinq machine. 

l'ha moulding method is explained in accordance with Figure IO. 
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. shown in Figure 10, the extrusion moulding machine is constituted by a 
J 

·:?Per 101 which is ~ section o-f charging ·material, a· cylinder 102 ,-: a 

:::-ew 103, an adaptor plate 104 to install a die to the cylinder section 

_;2, a die IOS and a driving motor for the screw (which is not shown in 

~:qure) • 

:~e aforementioned granulated raw material compound ll l was charqe-d in 

:!ie extrusion mouldin.g machine. The raw material compound 111 was heated 

.!l the cylinder 102 at 25ooc to make it in a fluidized state, and ii; was 

frifssed through the d.ie 105. 

::i this Example, the die temperature at the moulding was 250°C, and the 

:oolinq was c:a1 .. ried out by a forced air cooling at the outlet sectj on of 

:~e die. The size of the moulded article produced was the outer diameter 

:f J3mm ai'ld the inner diameter of 32mm. 

7!1.e moulded article· was made in a thin plate state by a unit shown ir. 

!i gut'.e 11 • 

11 was a drawing viewed from upside, the cylindrical moulded 

ai.·ticle 1'12 extruded from the die 105 was split . .into two -equal se1<;tio11n 

~i the upside and the downside by the cutter 501 installed-in front of: 

the die l 05, and the bisected moulded articles were moulded into th.in 

Plate state magnet by passing between 2 sets of 2 rollers 502 poaicioned 

in the rearward of the cutter 501. 

- 67 -



, . < 

___;;;======;;__;._-...:....···-- --------· -- .. 
r, l 1!4U 

.at:::: . ~,.." ~ 
::;:C::!'l; • ~'J ~U 

Then the end surf aces of the thin plate state magnet 503 was cut to make 

it in a desired size. The size ~f the. m~ulded ~rticle·~as th~ width -~f 

;omm and the thickness of lmm. The magnetic property of the moulded 

article obtained is shown in Table 1a. 

~s a comparative example, a thin plate state moulded article was moulded 

:y an extrusion by usinq a die which was generally used for an extrusion 

-ouldinq of a thin plate state plastio, and its magnetic property is 

lOWn as Test 44. 

• for the raw material compound, the same magnetic powder·, nylon 12 

~der and zinc stearate powder as Test 43 of Example we~e mixed to make 

ratio of 91.S wt%, 8.3 wt% and 0.2 wt% respectively, they were kneaded, 

:re granulated, a.nd were moulded for the determination of the maqnetic 

~perty. The size of the moulded article was the same as Test 43. 

Table 19, a moulaability of Example of this invention (Test 43) and 

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

~perty . 

• 

?est 43 (Example) 

~st 44 (Comparative 

example) 

Table 18 

(BH) max 

CM9Q2 l 

2.s 

2.4 
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G = Good . -. 

o = Ordinary 

~s it is clear from Table lS, there is no significant defference on the 

~agnetic property between Test 43 of Example and Test 4.4 of the 

:omparative example, and a.magnet, havinq its maqnet performance equal to 

·: above those obtained by the conventio1'lal moulding method, can be 

JUlded. 

~the other hand, from a viewpoint of the mouldability, .it w~s difficult 

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

~ate of an rejected article was high. rurthermore the fabrication cost 

the die used in Test 44 of the comparative example was approximat~ly 3 

·es higher than the die of Test 43 of Example, and it was more 

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

)rd1nqly, a high performance thin plate state resin bound type rare 

•:h magnet can be produced with a hiqh productivity by using the 

Jinq method of this invention. 

\ 
·,ple 17 · · 

iate~ials to make a composition of Nd 14 (?e o.95 Co 0.05) 80.5 B 5.5 

molten, were casted and a quenched ribbon was prepared in an argon 

·~here by using a quet1ching and ribbon rolling machine from the ingot 

:J.ed. 
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The quenched ribbon was crushed and a magnetic powder of an 

particle size of 20µm.was obtained. 

avei:'age 

This magnetic powder was mixed with a resin powder comprising b1sphe11ol A 

type epoxy, novolak type epoxy and vinylbutyral-vinylaleohol copolymer, 

:alcium stearate powder and silica powder as additives to make a rati9 of 

10.3 wt%, 9.1 wt%, 0.4 wt% and 0.2 wt% respectively. 

:te mil(ture was kneaded by a 2 roller type mill at 90°c. The kneaded 

;,;cture was qranulated to outer diameter of 1 - 10mm particles to make a 

·~~ material compound and was moulded in a oylindr1cal maq~et by using 

:e extrusion moulding machine shown in Figure 10 of the aforementioned 

ample 16. 

:er the moulded. article was eut into an appropriate length, one point 

the circumference of the moulded article was also cut in parallel WJ.th 

; central axis. 

moulded article was fired at 2oooc for 45 mi11utes while it was being 

~sed to make a thin plate state by a press unit shown in F1.qure 12. 

Press unit shown .in Figure 12 is to press a moulded. art1cl-.S- by moving 

press plate 601 located in upper position downward as shown by an 

~. The thickness of the moulded article 603 is adjusted by a spacer 

-------------------~--------
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The press unit was placed in a firing furnace, was heated and the 

aforementioned moulded article was set" on the-press plate 601. -. 

A press was carried out to make a thin plate state when the viscoEdty of 

the moulded. article dropped, and it was further heated to crosslink the 

organic resin in the moulded article. 

~astly the edqes of the moulded article were cut and a thin plate state 

~agnet with the desired size was prepared. The maqnetic property and the 

~rface condition of the thin plate state moulded articles of Tast 49 -

~' in which the sizes of the moulded article extruded by 
0

an extrusion 
! 

:re altered, were shown in Table 19. 

Tagle 19. 

outer 01ameter Inner Diameter (BH) max surf ace 

~ ..lmml . lm.ml ~ CMQQe) Condi ti, on 

·9 22 22 0.91 s.o Good 

) 22 18 0.82 4.9 Good 

I 22 16 0.73 Bad .. 

33 25 0.76 4.9 - Good 

33 23 0.70 B"ad 

mle 19, the 11 Bad11 mark in the surface condition means that it is not 

~e as a magnet because of a formation of cracks on the surface. 
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AS it is clear from Table 19, if the ratio d/D between the outer diameter 

(0) and the inner diameter (d) ls bei"ow .. a.·15-, ·1t can--not be· used as; a 

magnet. It is considered that this is due to a formation of cracks on 

the surface by a stress when it is treated to make a thin plate state 

since the thickness of the cylindrical moulded article is thick ~elatlve 

to the outer diameter. 

:oncerning the maqnet1c property, there is no problem if d/D is 0.75 or 

:ore. 

"' t '.cordinqly in the moulding method of this invention when d/~ is limited 

0,75 ~ d/D < 1, 

magnet having a high magnetic property w1 th.out defects such as the 

·ack, etc can be produced. 

~mple 1 a 

i matariale to make a composition of Sm (Co 0.672 cu 0.08 Fe 0.22 zr 

29) 9.35 were molten, were casted, an inqot produced was maqnetically 

~d by ·a heat treatment, and then a magnetic powder having the average 

:icle size of lO~m 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 wt% and 0.2 wt% respectively. 
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~hen the mixture was kneaded by a two axes extrusion kneading machine at 

260°c. The kneaded mixture w~s qranulated to-particles· having the ou&er 

iiameter of l - lOmm to make a raw material compound, and a cylindrical 

~aqnet was moulded by an extrusion moulding machine shown in Fiqure 1. 

he moulding method was the same method to Example l. 

1 same to Figure l ,. the extrusion moulding machine consists of a hopper 

11 ie a raw material charqing section, a cylinder 102, a ~crew 103, an 

4
aptor plate 104 to equip a die at the -cylinder, the die 105 rlnd a 

v 
iving motor for the screw (which is not shown in Fiqure) , and further 

electromagnetic coil 109 to charqe a magnetic field in the die 105 is 

;itioned· at the outside of the die 105. 106, 107 and 108 are heate1:-s. 

aforementioned granulated raw material compound 111 was charqed. in 

extrusion moulding machine. The raw material compound was heated in 

! cylinder 102 at ·2so 0 c to make it in a fluidized state, and was paRsed 

·ouqh the die 105 of which structure was shown in :s'iqure 2. 

die is constituted. by an outer die 201 and a mandrel 2.02. The outei::· 

is made of a non-magnetic material, but a ring· sfiaped magnetic 

~rial 201a is insta).led at the front end to induce a ma.qnetic flux. 

mandrel 2 02 is also made of a non-maqnetic material, and at its £.rent 

a maqnet1c material 202a is installed as well . 

. a current is turned on in the electromaqnetic coil 109 installed 

tde the die, the magnetic flux generated flows in a direction of the 
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3rrow H in Figure since it tends to pass in a maqnetic material with a 
-

:·.iqh magnet1c permeability. Th·erefore -·a ·rad.i"ated maqn~tic · field -~a 

1enei:ated in a ·space (hereinafter called as an orientation section) 

,etween the front end 202a of the mandrel and maqnetic material rinq 201a 

~nstalled in the outer die. Thus while a maqnetic composition passes 

:hrough the orientation section, it is mc;')ulded with a progress 1:1f an 

·rientation of the maqnetic powder. 

: this Example, the magnetic field for the moulding was 15 koe, the die 

~mperature 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 

:ientated raw matei:ial compound 111 was moulded by an extrusion by a 

:lidification w1th ooolinq at the outlet of the die. The size of the 

Undrical moulded article was the outer diameter of 33mm and the inner· 

~meter of 32mm. 

3 moulded article ·wa.s cut into a suitable lenqth, was demagnetized, and 

:ther it was devided into two equal sections in parallel with the 

1tral axis of the moulded article. The moulded article was ther: made~ 

a th.in plate state by heating at 18ooc with a press unit shown in 

press unit is to press a moulded article 603 by moving the press 

te 601 located in upper position downward as shown by an arrow. The 

:kness of the moulded article is adjusted by a spacer 602. The press 

: was placed in a firing furnace as s~e as Example 17, was heated and 

moulded article was set on the press plate. 
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·,press was carried out to make a thin plate state when the viscosity of 

:~e moulded article dropped, the -edges were cut, - and finally a 'thin pla.te 

:ate magnet with the desired size was obtained. The size of the moulded 

~tic le was the width of somm and the thickness of lmm. The maqnetic 

:-operty of the moulded article o.btained in Test 54 is shown in Tabl.t.~ 20. 

; a comparative example, Test SS was carried out l:ly an extrt.1sion 

:uldinq l:ly usinq a die shown in Fiqure 6, and the maqnetic property of 

:a moulded article 1n a thin plate state is also shown. 

9'for the raw material compound, the same one to Test 54 was'used. ! 

the die, when a current is turned on in the electromagnetic coil 403, 

laqnetic field vertical to the passage of the compound in the die is 

~ed between uppe~ and lower pole pieces 404. Therefore a thin plate 

:te magnet of which the maqnetic powder is orientated in the thickness 

~ction can be moulded. The magnetic field at the moulding was 11 koe, 

: the size of the moulded article was the same to Example of Test 54. 

'ouldabilitY is also shown in Table 20 with the maqnetic property. 

t 54 (Example) 

t 55 (Comparative 

Table; 2Q 

(BH) max 

CMGOel 

7.S 
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example) 2,4 ordinary 

·, 

As it is clear from Table 20, though the same mouldinq raw material was 

used, the comparative example Test 55 showed lower maqnetic property. It 

was considered that it was due to an impossibility to enlarge the 
' 

~agnetic field for the moulding because of the structural problem of the 

iie in case of the comparative example Test 55 resultinq an insufficient 

,rientation of the magnetic powder. 

lrthermore it was very difficult to achieve a stable moulding in case of 

~st SS of the compai.~ative example, and it had a high rej"ection t•ate. 

'reover the fabrication oost of the die used in the comparative example 

!St 55 was approximately 3 times more expensive than the die used il1 

!St 54 of Example, and it was more costy than the total cost of the die 

:d the press unit in Example of Test 54. 

nsequently, by us·ing the mouldinq method of this invention, a hiqh 

·L·formance thin plate state resin bound type rare eat·th magnet can be 

~duced with a good productivity. 

unple 19. 

1 materials to make a composition of Nd 13 Fe 92.7 B 4.3 were molten as 

1ilar to Example 17, were casted and a quenched ribbon was prepared 111 

argon atmosphere by using a quenching and ribbon rolling ma.chine from 

ingot obtained. 
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The quenched ribbon was coarsely crushed, it was transfered to a mould, 
-

and a high ·-pressure press mouldinq was carried out in "e:n argon atmospf!ere 

at 700 - aoooc With a 20 Kq/mm 2 pressure for a short time. 

The consolidated article obtained had a density almost 100%. The 

consolidated article obtained was moulded again by the high tempe1-ature 

press mouldinq in a vertical di~ection to the first pressing directi~n in 

U1 argon atmosphere at 700 - S00°C with a 10 Kg/mm2 pressure (Namely a 

ie upset was carried out). 

~e bulk state maqnet was crushed and a magnetic powder of an average 

irticle size of 20µm was obtained. 

:e magnetic powder was mixed with a res1n powder comprising a mixture of 

.sphenol A type epoxy, novolak. type epoxy and vinylbutyral-vinylalc:ohol 

?Clymer, calcium stearate powder and silica powder as additives to make 

~·atio of 90.3 wt%,- 9.l wt% and 0.4 wt% and 0.2 wt% respectively. 

m the mixture was kneaded by a 2 roller type mi 11 at 9ooc. The 

.aded mixture was granulated to particles of the outer diameter of 1 -

· ·-:n to m.~ke a raw material compound, and a cylindrica.-1 magnet was 

lded by using an extrusion moulding machine shown in Figure 1 and a 

shown in Figure 2 as similar to !~ample 18. 

moulded article was cut into a suitable length, were demagnetized, 

further one point on the circumference parallel to the central dXi.s 

"he moulded article was cut. The moulded article was fired at 2oaoc 
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,r 45 minutes while. it was being made 1n a thin plate state by a press 

-:it similar to Example 18 to crosslirik ·the· organic resin. in the mouliled 

:ticle. 

:e maqnetic propet-ties of the thin plate state moulded articles when 

!St 56 - 61 were carried out by chanqinq the size of the moulded 

ticles of the extrusion moulding are shown in Table 21. 

4 

Table 21 

Outer Diameter Inner Diameter (BH) max tJ 

Lt..m 1.mml. lmm.l dLll CMGOel 

6 

7 

3 

Z2 20 0.91 10.2 

22 19 0.86 10.0 

22 18 0.82 a.2 
33 .32 0.97 10.4 

33 28 a.es 10.l 

33 25 0.76 7.5 

t ia clear from Table 21, if the ratio d/D between the outer di~meter 
. 

and the inner diameter (d) is .below 0.85, the magnetic property is 

riorated. It is considered that this is due to a formaticJn of 

:der on the orientation of the magnetic powder while it is being made 

thin plate state because the thickness of the cylindrical moulded 

:le is thick in comparision with the outer diameter. consequently in 

~ulding process of this invention when the d/D is limited as 

0. 95 ~ d/D < L 
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magnet with a hiqh magnet peL·formance can be produced. 

·;.IMS 

l A resin bound type maqnet comprisinq a magnetic powder and an organic 

sin wherein it is moulded as a single bod.y in a cylindrical form 

:isfying a relation of 

2DL I d 2 £ l 

:nq the outer diameter (O), the inner diameter (d) and. the length {L) 

the magnet, and it also has a radiated anisotropy in the diameter 

~ction. 

A resin bound type maqnet compr1sinq a magnetic powder, an organic 

:n and. an additive wherein it is moulded as a sinqle body i.n a 

.ndrical form satisfyinq a relation of 

2DL I d 2 ) 1 
6 

q the outer diameter (D), the inner diameter {d} and the length (L) 

:he magnet, and i.t also has a radiated anisotropy in the dian,eter 

:ti on. 

A production process of a resin bound type . magnet · where·in a r·aw 

~ial for the moulding comprising a maqnatic powder and -mi organic 

\ is moulded by an extrusion by passing throuqh a ciie in which a 

!tic field is chat·ged while it is beinq cured., is formed to a single 

in a cylindrical form satisfying a relation of 

2DL I d 2 > 1 
fl# 
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magnet with a high magnet performance can be produced. 

}I.IMS 

1 A resin hound type maqnet comprisinq a magnetic: powder and an organic 

sin wherein it is moulded as a sinqle body in a cylindrical form 

~isfy1nq a relation of 

2DL I d 2 .! l 

:nq the outer diamet:er (O), the inner diameter {d) and the length {L) 

the maqnet, and it also has a radiated anisotropy in the diameter 

A resin bound type magnet. ccmprisinq a magnetic: powder, an organic 

:n and an additive wherein it is moulded as a single body i.n a 

.ndrical form satisfying a relation of 

2DL I d 2 > l 
~ 

q the outer diam@ter (D), the inner diameter (d) and the lenqth (L) 

:he magnet, and i.t also has a radiated anisotropy in the diameter 

:tion. 

A production process of a resin bound type . magnet · where-in a raw 

~ial for the moulding comprising a maqnetic powder and -an oJ:ganic 

! is moulded by an extrusion by passing throuqh a die in which a 

itic field is charged while it is being cured, is formed to a single 

in a cylindrical form satisfying a relation of 

2DL I d2 > 1 
to# 
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~mong the outer diametet· {D), the inner diameter (d) and the length {L) 

)f the magnet and it also has ·a radi~ted · anisotropy· in th~ diameier 

iirection. 

4) A p1~oduction proeesa of a resin bound type maqnet wherein a raw 

aterial for the mouldin9 comprising a magnetic powder, an orqanic r~sin 

ld an additive 1s moulded .bY an extrusion by passing throu9h a die in 

1ich magnetic field is charged while it is beinq cured, is formed to a 

.ngle body in a cylindrical form satisfying a relation of 

2DL < d2 > 1 
~ ~ I 

,nq the outer diameter (D), the inner diameter (d) and the length (t) 

the magnet and it also has a radiated anisotropy in the diameter 

:ection. 

A production process of a resin bound type magnet by an extr·usion 

:ldinq of a moulding raw material comprising a magnetic powder and an 

anic resin whereirl. a die structure for moulding is constituted that a 

nt end of a mandrel section is projected in front of an edge 1Jf a 

er die, a magnetic circuit is formed among the said mandrel section, 

( outer die and an electromaqnet1c coil installed at an outer 

:umferenc:e of the said die, it is mould.ed in a cylindrical form by 

7ging a magnetic field in the die by the electromagnetic co Tl, and t:he 

ded article extruded is demagnetized at the front end of the mandrel. 

I\ production process of a resin bound type magnet by an extl."'Usion 

1inq of a moulding raw material comprising a magnetic powdet', an 

~ic resin and an additive wherein a die structure for moulding .is 

- 80 -



- .. - ... _ ,, .. "" . - . - ..... f e :..c.+/ "'+U 
~~ : .... c:; """""!, ~ 

~~Ciii:: :'.'J!'.J 

111111111111111111111111111111 
* C L M S * 

:onstitued that a front end of a mandrel section is projected in front of 

an edge of a outer die I a maqrietic cii•"cui't- i"s formed among the sal.d 

Dandrel section, the outer die and an electromagnetic coil installed at 

3n outer circumference of the said die, it is moulded in a cylindrical 

~orm by charging a magnetic field in the die by the electromagnetic •-:!Oil, 

~d the moulded article extruded is demagnetized at the front end of che 

·andrel. 

'l A production process of a resin bound type magnet by an extr'l.lsion 

.. ulding of a moulding raw material comprising a magnetic powder and an 

, ·qanic resin ·wherein an electromaqnetic coil is installed tat an m.1t.er 

.rcumf erence of a die, it is moulded in a cylindrical form by chat·g_.Lng a 

4netic field in the die by it, an electromaQnet1c coil with an air-core 

also installed in front of the aforementioned electromagnetic coil to 

~rate a magnetic field for demagnetization in the said electroma~1etic 

~1. and the moulded article extruded is demaqnetized. 

A production process of a resin bound type magnet by an extrusion 

:ldinq of a moulding I:aw material comprising a magnetic powder, a.n 

~anic resin and an additive wherein an electromaqnetic coil is 

tal led·· at an outer circumference of a die, it i·s -mou-lded in a 

~ndrical form by charqinq a magnetic field in the die-- by it, an 

ctromagnetic coil with an air-core is also installed in front of the 

~ernentioned electroma.qnetic coil to qenerate a magnetic field for 

1gnetization in the said electromagnetic coil, and the moulded a~ticle 

·uded is demagnetized. 

- 81 -



.. ····----------·--···----· .... 

I 41 ~V/ --f'..J 

~·-'- .: -:.::. ... : a'=~. ?c"IJr 
r.:!:·:?"I: • - ":- .. ' 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
* C L M S 

{ 9) A production pt·ocess of a resin bound type macmet which is 

constituted-by orientating a magnetic powder in a molten mixture of a· 

magnetic powder and an orqanic resin in a section where a maqnetic field 

is charged at a front end of a die, mouldinq it 1n a cylindrical form, 

solidifying it with coolinq and extrudinq it wherein wh~m the maqn~!t is 

:ut, the resin is cut by meltinq by contactinq the magnet with a heated 

~ire. 

10) A production process of a resin bound type magnet which 1s 

:ms ti tuted by orientating a magnetic powder in a molten mixture of a 

"qnetic powder, an organic resin and an additive in a aec;ion where a 

1qnetic field is charged at a front end of a die, moulding it in a 

1indrical form, solidifyinq it with cool1nq and extruding it wherein 

.en the maqnet is cut, the resin is cut by melting by contacting the 

;net with a heated wire. 

:) A production process of a resin bound type magnet of Claim (9) or 

iim (10) whereil1 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 cylindrical r·esin bound type 

let by an inj action moulding or an extrusion moulding of--a magnetic 

ier and a thermosetting resin wherein in order to cure the molten 

:ure of the magnetic powder and the thermosettiri.g resin by heating, it 

ured with fixing the outer circumference of the cylindrical maqnet hy 
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jig and the inne1: circumference by an elastic matei.·ial expanded by a 

~3 l A producticn process of mouldinq a cylindr1c.a_l resin bound type 

ignet by an injection mouldinq or an extrusion mouldi11q of a maq11etic 

,wder, a thermosetting resin and an additive wherein in ordei: to cure 

1e molten mixture of the magnetic powder, the thert:nosettinq res in and 

:e additive by heating, it is cured with fixing the outer circumfe~ence 

: the cylindrical magnet by a · j iq and the inner circumference by an 

.astic material expanded by a qas. 
t /) 

( 

4) A production process of a resin bound type magnet of Claim (12) or 

aim ( 13) wherein the aforementioned elastic material is a silicone 

bber. 

!I) A production process of a resin bound type magnet compris1nq a 

qnetic powder and an orqanic resin where1.n a mixture of the rai·e ea2:th 

qnetic powder premagnetized in a maqnetic field which is stronger than 

coercive force of the maqnet1c powder ~d the organic resin are 

taded, and the kneaded mixture is moulded by an extrusion 1n a magnetic 
I ·. ~ld. 

i) A production process of a resin bound type maqnet comprising a 

metic resin, an organic resin and an additive wherein a mixture of the 

~e earth magnetic powder premaqnetized in a maqnet1c field which is 

:onger than a coercive force of the magnetic powder, the orqanic ~esin 

---- - --- --------------
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.r.d the additive ara kneaded, and the kneaded mixture is moulded by an 

xtrusion i~a maqnetic field~ 
.. 

17) A production process of a resin bound type maqnet by an extrusion 

:iulding of a moulding raw material comprising a ma~metic powder and an 

:qanic resin with a die in a maqnet.ic field wherein it is moulded by an 

>Plication of a sliqht vibration to the die at the mould.ino. 

S) A production process of a resin· bound type maqnet by an extrusion 

uldinq of a moulding raw material comprising a maqnetic powder, an 

1~anic resin and an additive with a die in a maqnetic field' wherein it 

moulded by an application of a sliqht vibration to the die at the 

ildinq. 

!J A resin bound type magnet comprising a magnetic powder and an 

;anic resin whe1-ein an average particle size r of the aforementioned 

netic powder satisfies 

r < 0.1 t (t < lmm) 
-;: ~ 

\ the thickness t of the mould.ad article of an anisotropi·C resin bound 

fe maqnet comprising the said magnetic powder and the resin. 

A resin bound type maqnet comprising a magnetic powder, an organic 

:11 and an additive wherein an average particle size r of the 

:ementioned magnetic powder satisfies 

r ~ o. 1 t ( t ~ lmm) 

. the thickness t of the moulded article of an anisotropic resin bound 

magnet comprisinq the said magnetic powder, resin and additive. 
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2620 

2l) A production process of a resin bound type magnet compl:ising a 

a,gnetic powaer and an organic resin wherein an- average particle size·; r 

f the aforementioned magnetic powder satisfies 

r .~ o. l t ( t ~ lmm) 

~th the thickness t of the moulded article of an anisotropic resin bound 

rpe ma;net comprisinq the said maqnetic powder and the resin, and the 

1qnet is produced by an extrusion moulding with a die in a maqnetic 

eld. 

2) A production process of a resin bound type maqnet comprising a 

tgnetic powdei:, an organic resin and an additive wherein° an average 
( 

:ticle si2e r of the aforementioned maqnetic powder satisfies 

r ~ O.l t (t ~ lmm) 

:h the thickness t of the moulded article of an anisotropic resin bound 

~e magnet comprising the said magnet powder, the resin and the 

:itive, and the magnet is by an extnision moulding with a die in a. 

;netic field. 

l A production process of a resin bound type magnet comp1-isi11q a 

flding of a mixture of a. maqnetic powder and an organic l:'esin by an 
( 
-action .mouldinq or an extrusion mouldinq w~erein -a -compound is 

pared by charging in a kneadinq machine after making a visecsity ¥ .of 

mixture of the aforementioned magnetic powder and orqanic resi11 Ln a 

te of 

5' ~ 300 [kpoisej (shear rate = 1000 sec1 } 

1ea.ting. 

- 85 -



- ; , :·; !'"-
., - .- -_. 

1111111111111111111 1111111 1111 
* C L M S * 

24) A. production proeess of a resin bound type magnet cornpris.i 1111 a 

·oulding of a mixture of a maqnetic powder; an orqanic· resin and ··an 

.ddi tive by an injection moulding or an extrusion mouldinq wherein a 

ompound is prepared. by eharqinq in a kneadinq .machine after making a 

iscosity y of the mixture of the aforementioned magnetic powder, organic 

esin and additive in a state of 

y ~ 300 [kpoise] (shear rate = 1000 sec1 ) 

r heating. 

f 5) A production PL'"ocess of a resin bound type magnet descri~ed. ir1 Cl aim 

1 3) or Claim ( 24) wherein the surface of t~e afo1·ementioned magnetic 

wder is coated with a metal plating or ceramics. 

6) A production process of a resin bound type maqnet wherein a moulding 

w material comprising a maqnetic powder and an orqanic resin is moulded 

an extrusion in a cylindrical maqnet by passing it through a die, then 

a or plural points- on the circumference of the said cylindrical magnet 

/are cut in a direction parallel with the central axis of the moulded 

:icle and the moulded article cut is spread to make it in a thin plate 

tte. 

!} A p~oduction process of a resin bound type maqnet wherein-a moulding 

' material compr1sinq a magnetic powder, an organic resin and an 

'.1tive is moulded by an extrusion in a cylindrical magnet by passinq it 

·ouqh a die, then one or plural points on the circumference of the said 

indrical mar;Jnet is/are cut in a direction parallel with the centr-al 
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1xis of the moulded article and the moulded article cut is spread to make 

~t in a thin plate state. -. 

:28) A production process of a resin bound type magnet described .1.n 

:laim (26) or claim (27) wherein the outer diameter {D) and the inner 

iiameter (d) of the aforementioned cylindrical magnet to be moulded by an 

ixtrusion satisfy a relation of 

o.75 id Io ~ l. 

f29) A production process of a resin bound type magnet where~n a mouldinq 

r aw material comprisinq a magnetic powder and. an orqanic reS"in !s paased 

hrough a die where a magnetic field. is charqed to mould a cylindrical 

aqnet having a l·adiated anisotropy in the diameter direct.Lon }1y an 

~trusion moulding, then one or plural points on the circumference of the 

aid cylindrical magnet is/are cut in a direction parallel. wj.th the 

mtral axis of the mculded article and the moulded article cut ts £•PJ.~e.ad 

' make it in a thin plate state. 

io) A production process of a resin bound type magnet wherein a moulding 

~w material comprisilig a magnetic: powder, an organic resin and an 

iclit1ve ·ts passed through a die where a magnetic:: field- is. chai-qed to 

iuld a cylindrical magnet having a rediated anisotropy in-the diameter 

.rection by an extrusion moulding, then one or plural points on the 

.rcumference of the said cylindrical magnet is/are. cut in a dii:~ction 

1rallel with the central axis of the moulded article and the m(1lllded 

:ticle cut is spread to make it in a thin plate state. 
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31 l A production proceGs of a resin bound type mdqnet described .:.~1 .:'laim 

29) or Claim ( 30) wherein the outer diameter- c-o l and ·the. inner d.:i. s=iei:er 

~i of the aforementioned cylindrical maqnet to be moulded by an 

!Xtrusion satisfy a relation of 

o.ss ~ d I o < 1. 

32) A. resin .bound type maqnetic described in Claim l, Claim 2, Cl a.;.m 19 

~d Claim 20 wherein the aforementioned magnetic powder is seler.:t:ed from 

!gr.etic powders of a ferrite family magnet, a magnet having a 

:mposi tion comprising rare earth metal and transition metals mainly 

· 9:isti tutinq cobalt and iron or a maqnet having a composi ti or! compr::. sing 

1:.-e earth metal, transition metal mainly cons ti tu ting iron and boron. 

3) A production process of a resin bound type magnet described in claim 

- Claim 10, Claim 12, Claim 13, Claim 15 - Claim lS, 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 

;::et, a magnet having a composition comprisinq rare earth metal, 

msition metals mainly constituting cobalt and iron or a magnet havtng 

~~omposition comprising rare ear~h metal, transition metal mainly 

Sti tuti_~g iron and boron. 

I A resin bound type magnet described in Claim 1, Claim 2, Claitn 19 

Claim 20 wherein the aforementioned orqanic resin is a thermoplastic 

:n or a thermosetting resin. 
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;S) A product.ion process of a resin bound type maqnet described in Claim 

- lO, Cla±m 12, Claim 13, Claim 15 -·1a, Claim 21 - 2·4, 9laim 26, Cl~im 

Claim 29 and Claim 30 wherein the aforementioned orqanic resin is a 

;ermoplastic resin or a thermosettinq resin. 

6) A resin bound type maqnet described in Claim 34 wherein the 

orementioned thermoplastic resin is selected from one or more of 

lyamide, polypropylene, polycarbonate, polyphenylenesulphide, 

Lorinated polyethylene, an elastomer of vinyleehyleneacetate copolymer 

i a synthetic rubber. 

.9 

') A production process of a resin bound type maqnet described in claim 

wherein the aforementioned thermoplastic resin is selected from one or 

·e of polyamide, polypropylene, polyphenylenesulphide, chlorinated 

yethylene, an elastomer of vinylethyleneacetate copolymer and a 

t:!1etic rubber. 

A resin bound type magnet described 1n Claim 34 wherein the 

:-ementioned thermosetting resin is an ethylene family unsatut'ated 

rester resin or an epoxy resin. 

A production process of a resin bound type maqnet descri~~d in Claim 

rh.erein the aforementioned thermosetti.nq res111 is an ethylene F.amily 

.tul~ated polyester resin or an epoKy resin. 
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)) A resin bound type magnet descri~ed 1n Claim 2 or Claim 20 wherein 

aforementioned additive is· selected from· one or more· of zinc .. 
?arate, calcium 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 16, Claim la, Claim 22, 

!im 24, Claim 2 7 and claim 30 wherein the said a.ddi ti ve is sel tacted 

'm one or more of zinc stearate, calcium stearate, wax and peroxides. 

5TRACT 

• ;/ 

~s invention :-elates to a. resin bound type magnet and its production 

:>cess, especially a cylind:"ical or a thin plate state magnet and its 

'duction process. 

resin bou.."'ld type mag~et comp::.-!sin; a Clagnetic powder and an o.: ga?1ic 

sin or further with an additive and its production p1·ocess wherei.n it 

moulded as a s1nqle body in a cylindrical form satisfying a relation 

onq the ·aut:er diameter (O), the inner diametel.· (d) ·and _the_ lengt.h (L) 

the said magnet, and it also has a radiated anisotropy in the diamete~ 

i:-ection. 

::-ther this invention is a resin bound type magnet. and a production 

~cesa of a resin bound type magnet by an extrusion.moulding of the said 
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