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TITLE OF INVENTION
A resin bound type magnet and ite production process

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

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

for~ electrifics-inst:uments, etc. and its production process, especially
cylindri ca.i '

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

production process by using an extrusion moulding methed.

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

moulding process.

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

temperature at which a sufficient fluidity is attained. ¢ -

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

resin into a die of a press machine.

-1- This Sheet Has Been Replaced

L




S

il extrusion moulding method is-.a moulding method by qharging_a magnetic
nogition in a fluidized state by heating a mixturs of a magnetic
{

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

Bnger into a die, and by converging it there.

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

' Jélow-listed equation, can only be moulded.

20L / &% < 1

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

Committee 1986)
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?ordingly_as to a cylindrical magnet which satisfles . . -
2DL / a2 2 1,

x'y 2 kinds were obtainable ie one was a single moulded magnet with an
| tropy or with a poor magnet performance and the other was a one which
prepared by sticking p;ural number of the magnets having a radiated

B sotropy.

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

&

f) In order to get a high performance motor or an actuator by using an
fgotropic magnet or a magnet having a performance claose to the isotropic

#Ponet, the volume of the magnet to bta used has €to be large, and a

In c¢ase that plural number of the magnets having a radicated

Inisotropy 1s stuck, there are following problems.

(11 The gticking is weak againsgt delamination and there is a danger
of des grying the bond by a repeated hot and cold cycle It has an
inferior reliability such as a variation of the sticking strength,

etc.

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

finished by a cutting fabrication, etc to ensure a dimensional
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.?‘ accuraey of the moulded -article resulting a further increase of the

production cost.

[3] In case of the finish by the cutting fabrication of the moulded
article, there is a possibility of a deterioration of the magnet

performance by the f£inish.

1) As for the injection mouldihg method and the press moulding method,
reguires a fixed cycle of a packing, a moulding and a taking out of a

b gnet composition to/from a die in the moulding proceds, and the

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

ffroduction cost.

giél As for the conventional aextrusion moulding methed, it 4is a major-
dhechod not to apply . a magnetic €ield at the moulding stage. Howevel an

fisotropic magnet can only be attained by this moulding method.

;bccordingly the extrusion moulding method, which has 1 very high
J. oductivity due to an ability of a continuous operation from a supply of
a4 raw material to a receipt of a moulded article; and is able to easily
mould a long sized magnet, becomes popular.' Particularly there are nany
researches to improve the magnet performance, especially raeearches on an
extrugion moulding method in a magnetic field in order to reform the

! magnetic property which has been considered to be poor.
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cerning @ method to charge a magnetic fileld at the. moulding step, as
a column type magnet, there is a repo:t by R.E. Johnson ('Davelopmen<t
rThe Production of Bonded Rare Earth-Cobalt Magnets." Sth International
fl-kshop on Rare Earth-Cobalt Magnets and Their Appllications, 1981), and
for a cylindrical magnet, there are methods shown in Japan Patent

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

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

anisotropy even if this method is applied. _

Moreovaer there are below-listed problems in the aforementioned production

method.

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

electromagnetic coil is merely inastalled on the die and no congideration
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3;paid for-a demagnetization of. a moulded article prodpced. If therg_is
‘Bosidual magnetism in a moulded article, it is very difficult teo handle
¥ -ne post process such as an adhegion at a cut stage to a cutter or

;,er magnetic materials. Further when a predetermined magnetization is

the residual magnetism give an unfavorable
<

MH-ied out for the magnet,

;afluence to a g;ance of the magnetization.

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

e extrusion moulded article is conzidered i1s disclosed in Japan Patent

;é-id-Open sho 60-217617. However since the demagnetizapion coil 1is
*}quipped at a front end of a die in this case, it results an extremely

?jarge die and a mouldability is poor. Especially since a passage of a
7 aw material compound in the die is long, the moulding speed ig glow and

3ﬂtbe moulding itself is also difficult.

-]

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

with a high magnet performance having a gmall inner diameter.

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

the orientation section can bhe made long in a certain degree. However a
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lifcnarqed at the orientation too high, The magnet performance of the

M article therefore drops.

A
-

WMeront end of the die. when a thermogetting resin is used as a resin,
‘ are methods to mould by a solidification with cooling after

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

1

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

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

System ware utilized in the conventional method.

Howaver the conventional cutting methods had below-listed problems.

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

Mmoulded by a solidification with cooling by using a thermosetting resin
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iicut and a-thin thickness magnet characterized by an extrusion moulding
dMcut, & crack, a breakage and/or a deformation of the magnet 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 magnetic powder in a resin bound
e magnhat is increased in order to improve a performance of the magnet,
volume ratio of the resin decreases and the aforementicned problems
dg to happen further easily because of a reduction of bonding force of
resin with the magnetic powder. Moreover in case of thd “mechanical
gtting method, a cut dust is unavoidably produced. In case of a rare
:rth magnet, especially a R-Co type magnet, a treatment of the cut dust
extremely impartant because cobalt has a bad effect to a human bedy,

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

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

ommonly used,

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

dlameter to the jig.
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problems of the aforedescribed conventional.technology are summarized

'>'~ helow.

srly 1t 1s a uge of a thermoplastic resin for moulding a magnet by an
ghection moulding and the extrusion moulding. In order to make a magnet
f:lded by a thermoplastic regin to be usadle even at a temperatufa at
='ound 150°C, its moulding temperature hag to be at 200°C or more.
'ﬂerefore a magnetic powder blended with the resin is exposged at such a

fpnperature.

&

Bhen a rare earth magnet, espaclally a R-Fe~B type magnet is used as a

‘4
1
|
|

agnetic powder, a deterioration of a magnet performance of the magnet

Bappens due to an oxidation of the magnetic powder at a high temperature
fihove 200°C since the magnetic powder is easily to be oxidized.
Moreover, the thermoplastic resin has problems on heat resistance and

§lsolvent resistance when compared with a thermosetting resin.

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

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

In order to achieve {t, methods in the conventional technology are
available. However in a conventional precduction procegs of a cylindrical
Tesin bound type magnet, since the inner diameter is not fixed, a fixing
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of the.-outer diameter is rotated with a sample to secure the shape

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

rchermore it ig difficult to operate the curing treatment for lots of

gnets bY this method, and it has problems such as a curing treatment

ther in the past, as to a particle size of a magnetic powder in a

re

Mlesin bound type magnet, a concern of an oxidation when the magnetic

rurther in order to mould a magnet with a thickness of 1mm, 1t was
Brecegsary to make the desired thickness by a cutting fabrication after
@] moulding one with the thickness more than lmm by a presg moulding or an

tnjection moulding in advance.

However the particle size of a magnetic powder gives a large influence to
le thickness of a moulded article of an anisotropic’ resin ‘bound type
magnet. Namely if the average particle szize of. a magnetic powder does
not change, an orientation of one magnetic particle affects more to a
degree of the orientation of the magnet by thinning the thickness of the
moulded article, For example, when an anisotropic magnet with a
thickness of 0.5mm is moulded, if the average particle size of the
nagnetic powder is 50um, the influence that onhe magnetic particle gives .

to the orientation is around 10%., Although the influence is reduced if
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the thickness of the moulded article bacomes 0.5mm or more, the influence
enlarged L1f the thickness becomes thinner., Accordingly ag to the

erage particle size of the magnet, a problem ig generated that it

ould relate to the thickness of the magnet moulded article.

rther by a conventional method to mould a magnet with the thickness l1mm
legs, 1t resulted a high production ceost, .etc becauge of the

abrication process required.

Sfiinis < B i

rther, a rare earth magnet, especlally a rare earth-iron-boron type

L

agnet was easily oxidized, and there was a problem of a formation of a

Fust during lts service.

. -
s

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

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

ﬁ magnetic powder were invegtigated in the past.

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

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

an 1mposeibility of the moulding and a deterioration of a magnet

- 11 -
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ymance. —Moreover if a slight pin hole ig present in a coating film
the moulding, there is a problem that the magnat inside it is

% od from it.

considering these problems, the latter method in which a metal
-I ing or a coating with a ceramic, a resin, etc on the magnetic powder

" pe a methed to solve the aforementioned problems.

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

$#lim coated.

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

pethod and an injection moulding method.

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

rolling with hot rollers.

However the production process of the aforementioned thin plate state

Tesin bound type magnet has below-listed problems.
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£l case of the calendar moulding method, an isotropic moulded article
#E-nly be obtained when a rare earth magnetic powder is used since it
4 ot possible to charge a magnetic field during the moulding, and thus

:{ngnet performance of the magnet is low.

her because of a heating capacility of the rollers, it ie not
ff&sxble to use a regin having a very high melting point as a binder, and

‘J, neat resistance of the moulded article isg inferior.

kehermore it requires a certain flexibility in the moulded,article for
L_'f. e moulding, and therefore an amount of a magnetic powder in a raw

erial c¢an not be considerably large resulting a low magnet performance

i?£ rhe moulded article.

5.2) Iin case of a moulding of a thin plate state magnet by an aextrusion
t;culding method, an unevenness of the moulded article'is likely to happen
ic:e to a difference of the extrusion rate betwesen a central point and an
) cuter point of the outlet of the die. Accordingly in order to produce an
Yen moulded article, a complicated design of the passage in the die is
- -quired and the die becomes extremely expensive.
Rirther when the moulding is carried out in a magnetic £ield, the gap
tetween pole pieces can not make very small because of a concarn of
Techanical strength of the die, and thug the magnetic.field tc be charged
at the moulding can not be very high. Consequently a magnet performance

°f the moulded article is dateriorated.
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3 n case-of a moulding of a.thin plate.gtate magnet by an injection
;[;ded' it is difficult to mould one having a thickness of lmm or less.
7\3 ig due to a generation of a poor moulding by an insufficient packing
the moulding raw material into the cavity of the die if the thickness
j thin, gince the moulding raw material has a poor fluidity containniﬁg
‘jﬁarge amount of a magnetic powder. .

«her when an anisotropic madheé iz moulded and if the thickness is=
Jin, a moulding with a substantially isotropy can only be obtained
',ause of an effect of a skin layer (a section where the sratio of the

;fsin is high) of the magnet surface.

Blirther a big moulding machine is required to mould a magnet having a
Lfn:ge area, and it is digadvantageous from a moulding cost,

§fh.s invention, therefore, is to solve the above-discussed problems, and

125 objective is to provide a resin bound type magnet with a high magnes

i»erformance, especially a long sized e¢ylindrical resin bound type magnet

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

net with a good productivity. T

Jiurther the objective is to provide a production process of a magnet with

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

furthermore this invention aims to provide a production process with

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

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

- 14 -
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tion between a magnetic powder and a thickness of the magnet, and by
ding a magnet by an extrusion with superior oxidation resistance and

M per resistance,

sover thig invention aimq to provide a production procesg with a good
'ductivity for a high performance thin plate state resin bound type

E2: carth magnet.

cf EXPLANATION OF FIGURES

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

.8 invention.

®lhoure 2 is a sketch of a die structure for an extrusion moulding in a
agnetic field of a cylindrical resin bound type magnet used in Example

¢ this invention.

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

ERt2is invention.

figure 4 s a sketch of a pulse magnetization unit used in Example of

his invention.

figqure 5 ig a graph showing a relation between a magnetic field for the
Poulding and a residual magnetic flux density of the moulded article for
“8ses with and without a magnetization of a magnetic powder prior to the

Moulding.
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uwre 7 16 a graph showing a relation Dbetween a mnagnetic field for
8l -ctization before the moulding and a resudial magnetic flux density of

Ale noulded article.

] gure 8 is a sketch of an extrusion moulding machine used in Example of

.s invention. 2

sure 9 is a sketch of a die structure for an extrusion moulding in a
gnetic field of a c¢ylindrical resin bound type maghet used in Example

¢ <his invention.

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

2 17 of this invention.

T:3ure 12 18 a sketch of a prage unit for moulding of a thin plate gtate

‘4gnet used in Example 17 of this invention.

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

“8crineg below;

- 1 6 -
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a resin bound type. magnet comprising a magr}e{_:ic powc_ifer and an organic
jjin wherein it {g moulded as a single body in a cyiindrical fo‘::m
(sfying a relation ¢ —
’ 2bL / a® a1

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

the magnet, and it also has é radiated anisotropy in the diameter.

A compogition of a resin bound type magnet of the aforementioned

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

» A production process of a resin bound type magnet whersin a raw
Bi~erial for the moulding comprising a magnetic powder and an oxganic
¢sin 1s moulded by an extrusion by passing through a die in which a
gpianetic field is charged while it ig being cured, is formed % a single
iy in a cylindrical form satisfying a relation %

. 2oL / 4% 3 1 | &
B tnong the outer diameter (D), the inner diameter (d) and the length (L)
£ the @i cydwdarzs2 magnet and it also has a radiated anisotropy in

--¢ diameter direction.

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

3% the aforasmentioned invention comprises a magnetic powder, an organic

“e6in and an additive.

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

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

- 17 -
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nic resin wherein.a die structure for moulding is constituted t:hat a
.c end of a mandrel section is projected in front of an edge of a
r die, a magnetic circuit is formed between the said mandrel section,

, e
—anelectromagnetic c¢oil installed at an outer circumference of the

‘ TG @ Lap eald die, it 1s moulded in a cylindrical form by
8L ;ing a magnetic field in the die by the electromagneftic coil, and
moulded article extruded is demagnetized at the front end of the

drel,

+ A Composition of the magnet of the aforementioned invent{;.?n comprises

aagnetic powder, an organic resin and an additive.

. A production process of a resin bound type magnet by an extrusion
i c.iding of a moulding raw material comprising a magnetic powder and an
f j rjanic resin wherein ag‘ electromagnetic coil is installed at an outer
"i sircumference of a di it is moulded in a cylindrical form by charging a
"M;'letlc field in the die, an electromagnetic coil with an air-core isg
t 80 installed in front of the aforementioned electromagnetic coil to
V irerate a magnetic field for demagnetization in the said electromagnetic

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

|

&) A compositicn of the magnet of the aforamentioned invention comprises
! Jagnetic powder, an organic resin and an additive.

9 A Production process of a resin bound type magnet which 1is
“instituteq by orientating a magnetic powder in a molten mixture of a

A
tShetyc powder and a resin in a section where a magnetic field is

- 18 -
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Sfarged 3t -3 front end of -a die, moulding it in a. cylindrical farm,
' gifying it with cooling and extruding it wherein when thg magnet ig
-, the resin is cut by ma‘t;ng by contacting the magnet with a heated £

-

A production process of a resin bound type magnet wherein a

sposition of the molten mixture of the

aforementioned invention
wprises a magneti¢ powder, an 6rqanic resin and an additive

A production process of a

resin bound type magaat of the
fiscrementioned (9)

or (10) wherein the resin bound type magnet is an

b}
e 2 &

A production process of moulding & resin bound type magnet ir a
s.indrical form by. an injection moulding or an extrusion moulding of a
tjnetic powder and a thermosetting resin wherein in order to cure the
}ilten mixture of 3 magnetic powder and geresin by heating, it is cured
{ heating with fixing the outer circumference of the cylindrical magnet

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

$3]

A production process of a resin bound type magnet wherein a
**3position of the molten mixture

of the aforementioned invention
“*Prises a magnetic powder, an organic resin and an additive.
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A production process of -a resin hound type magnet of the

2l. » production process of a resin bound type magnet comprising a
& the .
¥..tic powder and an organic resin wherein a mixture of 4 rare earth

ﬁﬁ”gtic powder pramagnetized in a magnetic field which is stronger than

FLoercive force of the magnetic’powder and s organic resin is kneaded,

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

20

S

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

e R

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

.

agnetic powder, an organic resin and an additive.

&
¥

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

:u‘dmgiwith a die in a magnetic fieWof a moulding raw ma\.ex,.a___

« e S e cmr— =

e @ mrme—apem—. AW . . e w

mpris;ng a magnetic powder and an organic resin)wherein it isg mouldec

+ e e s
s ¢ ma oy . = T

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

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

lagnetic powder, an organic resin and an additive.

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

satigfies

r ¢ 0.1t (t ¢ lmm) &

- 20 -
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f :ne thickness t of the moulded article of an anisotropic resin bound

nagnet compriging the said magnetic powder and the resin.

4] rurther (acprediettenciEcoesa-of) a resin bound type rare earth magnet
$tcin a composition of the magnet of the aforementioned invention

orices a magnetic powder, an orqgnic resin and an additive.

) A production process of a resin bound type magnet compriging a

S g

netic powder and a resin wherein an average particle size r of the

%#rementioned magnetic powder gatisfies P &
2 . "

rg0.1¢t(tg lmm

< the thickness t of the moulded article of an anisotropic resin hound
7{, pe magnet comprising the said magnetic powder and the resin, and the

agnet 16 produced by an extrusion moulding withh a die in a magnetic

<" Ll

AE:eld,

'22) A production process of a resin bound type rare earth magnet wherein

2 composition of the magnet of the aforementioned invention comprises a

agnetic powder, an crganic resin and an additive.

(23) A production process of a resin bound tybe magnet comprisging a

noulding of a mixture of a maghetic powder and an organic resin by an

injection moulding or an extrusion moulding wherein a compound is

Drepared by charging in a kneading machine after making & viscogity ffof

the mixture of the aforementioned magnetic powder and organic resin in a

state of
ko ~
® < 8 [Kpoise] (shear rate = 10000 sec” )y &
P/ //-’;’.‘EIIT’-? . ]
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A bpraduction process .of .a resin bound type . magnet  wherein

magnet ©Of the aforementicned invention comprises

_-Z osition of the
etic powder, an organic resin and an additive.

y A production proceseg of a resin bound type magnet in the inventions

2l -he aforementioned (23) and (24) wherein the surface of the magnetic

f der is coated with a metal plating or ceramics.

A production process of a thin plate state resin bound type rare

o Y
g4rth magnet wherein a moulding raw material comprising a maguetic powder
44 an organic resin is moulded by an extrusion in a cylindrical magnet

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

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

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

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

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

compogition of the moulding raw material of the aforementioned invention

'"‘wﬂl’"ﬂ'& .

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

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

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

{d) satisfy a relation of

0.75 ¢d / D < 1.

i



é ) A production process of a.thin plate state resip ?ound type rare
| . magnet wherein a moulding raw material comprising a magnaetic powher
:§§,an organic resin ig passed through a die where a magnetic field is
“ﬁ«ged to mould a cylindrical magnet having a radiated anisotropy in the
seter direction by an gxtrusion, then one or plural points on the
H_cumference of tha gaid cylindrical magnet is/are cut in a direction
g;allel with the central axis of the moulded article and the moulded

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

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

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

Aditive,

.

.31} A production process of a resin bound type magnet in the inventions

iy

sf the aforementioned (29) and (30) wherein the outer diameter (D) of the

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

e

(d} satigfy a relation 051.

0.85 5, d / D < @, S

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

the additivef are limited for this invention.

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

metals mainly constituting cobalt and iron ag a basic composition, or a
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.. powder composging of a rare earth. metal, transition metals malnly

“a

 ; scr an organic resin which can be applied in this invention, it can be
ffher a thermoplastic resin or a thermosetting resin, and as for the
i;.gmplastic resin, for example, a plastic such as polyamide,
;'ypropylene, polycarbonate, polyphenylenesulphide (PP8), etc, an
%listomer such as chlorinated polyethlene, ethylene vinylacetate
colymer (EVA), etc and synthetic rubber are enumerated.

g

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

“klyester resin, epoxy resin, etc are enumeratad.

further as for the additive, a 1lubricant to reduce an extrusion
resistance at the moulding such as a metal socap (zinc¢ stearate, calcium
stearate), wax, etc can Dbe used, and as for the aforementioned

slosslinkable thermosetting resin, an additive such as peroxides which

iccelerates the clogslinking reaction can alsc bhe used.

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

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

T2 Sheet Has Been Replaced
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'” in the—raw material to a directien-of a magnetic.field by passing
-:;h a die in which a magnetic field is charged. The magnetic
B ..cion is solidified with cooling whila it is in the magnetic field
.4 in the die, and it is extruded. The moulded article is then cut
a suitable length. Whe# a closalinkabls organic resin ig used as a
'-"ar, after a demagnetization of the moulded article cut, a
slinking of the organic reein 1is achieved by heating or an
diation (r ray, electron beam, etc). A resin bound type magnet is
-5 produced.

7

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

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

fey
TS

pndrel and a yoke of the slectromagnetic coil, The moulded article

txcruded from the die is also demagnetized by charging a magnetic field

.

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

emagnetization. A cylindrical resin bound magnet is thus produced,

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

“8chanical vibration such ag a vibrator, etc.

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

Jagnetic powder with a thickness of an anisotropic resin bound type

e T e
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,c moulded article, and the magnet is moulded by an extrusion, it is
&) vle to mould a thin thickness anisotropic magnet without a

-;hfabrication, and further a high performance magnet ilg able to mould.

mer according to this_ invention, 1t has effects to prevent a
amination of a coated film on the surface of a magnetic powder and to
prove &an oxidafion resistance of the magnet moulded by Kkneading a
leure of the magnetic powder and a resin after heating it to make a
L kcosity of the mixture at 300 Xpoisa or lesg prior to the kneading to
vkort the molten state resin on the surface of the magnetic powder

ssulting a relief of a mechanical stress.

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

ne clircumference of the moulded article in a c¢ylindrical form is cut in

Jearallel with the central axis of the moulded article, Then the

‘fiforementioned moulded article cut is made in a thin plate state Dby

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

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

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

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

Plate gtate.

~ 26 - This Sheet Has Been Reﬁlaced
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ccriped above, -a magnet of this. invention 1g superior to _a
qgional magnet, 1in which plural magnets are sticked, from a
.int Of a reliability. Furthermore by an application of a

.ction process of this invention,

s cylindrical resin bound type magnet with a high magnet performance

‘%] ve produced with a high productivity and an economic cast.

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

“feing step by cutting an extruded resin bound type magnet with a wire
Jated by an electric resistance, it is possible to cut an uncured magnet

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

-~

reakage.
'3) A large amount of & thermosetting treatment can be cperated with a
‘ow cost, the operation becomes easy, and further a dimension accuracy of

1 cylindrical resin bound type magnet can be improved.

i) Tt hag a significant effect for moulding a cylindrical magnet having
a radlated anisotropy in a diameter direction though it iq difficult to

get a strong magnetic field at the moulding.

(5) Tt can be widly used for a magnetic gensor, an encoder, an acutuator,
a linear actuator which requires a miniturization, a precision and a high

performance.
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.,- according to this invention by defining _i:"he average particle size
..e magnetic powder by the thickness of the anisotropic resgin bound
aagnet moulded article and by moulding the magnet by an extrusion,
. poseible to mould a thin thickness aniesotropic magnet without a
sapbrication, and it is also possible to mould a magnet with a high

_grmance .

£ phermore according to this invention by kneading a mixture of a

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

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

2 magnet moulded,

is invention is explained in details in accordance with examples shown

low,

ixample 1

‘4w materials were molten to make a cemposition as Sm (Co 0.672 Cu 0.08

A a
‘€ 0,22 zr 0.028) 8.35, after cigeting, an ingot produced wasg magnetically &

‘ured by a heat treatment, and then a magnetic powder of its average

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

_\_\\
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1 agnetic-powder, nylon 12 powder and zing skearate powder were mixed

-f,sxe a ratio of 92 wti, 7.9 wt$ and 0.1 wts respectively.
pixture was kneaded by an 2 axas extrugsion kneading machine at 260°C.
xneaded material was granulated to make granules of an outer diameter

- l0omm, they were used as a raw material compound 111, and a

" indrical magnet was produced by an extrusion machine.

)

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

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

A yoke 110 comprising a magnetic material is installed around the

electromagnetic coil 109.

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

eXtrusion machine.

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

die structure is shown in Figure 2.

—— .
—
B S
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, 16 constituted by an .outer die 201 .and.a mandrel 202. Althoygh
cer 4ie is made of a non-magnetic material, a ring shaped outer die
- magnetic material 201ia to induce a xﬁagnetic flux is installed at
gnt. end. The mandrel 201 is also made of a non-magnetic material,

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

end.

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

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

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

Accordingly, an orientated raw material compound was moulded by an

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

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

0f the moulded article produced was

- 30 - This Sheet Has Been Repia
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gr-= 5.8 KG .and

sonets thus produced were assembled in 25 units of DC motor, and a

i, ..ous operation test for 500 hours Test 1 was carried out,

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

Br = 5.7 KG and

(BH) max = 7.0 MGOe.

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

fzaprication.

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

were ghown in Table 1.

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

- 31 -
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. (gxample) 25
(comparative
example) 25 A

those of which the motor showed a deteriorated property

, Table 1,
ases8 that the rotation of the motor stopped or the torgque was

A due to an insufficient magnetic flux available by a delamination

adhesive area of the magnets sticked.

mently by an application of the magnet of this ig;gention, a

;ility of the motor can be improved.

aterials to make a composition N:%f3 Fe/ag 4 %‘; were molten, were

d and a quenched ribbon was prepared in an argen atmosphere by usingc¢—
The

mching and a ribbon rolling machine from the ingot obtained
hed ribbon was coarsely crushed, was charged in a mould and a high

wwature press moulding was performed by applying a pressure of 20
A density

n2

le consolidated article was almost 100%.

for a short time at 700 - 800°C in an argon atmosphere

congolidated article was again processed with a high temperature

i moulding in a vertical direction to the first pressing direction

800°C in an argon atmosgphere.

| a pressure of 10 Xg/mm® at 700 -

nely it was treated with a die upset)

- 32 -~
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sulk magnet obtained was. crushed .to. make .a magneﬁiq powder of - an

;yage particle size of 20um.

; magnetic powdaer was mixed with a resiming powder comprising bisphenol ¢~

.ype epoxXy, novolak type epoxy and vinylbutyral-vinylalcohol copolymer,

icium gtearate powder and gilica powder as additives.

: ratio in the mixture was the magnetic powder 90.3 wt%, the resin
der 8.1 wt% and the additive 0.6 wt%.

4 at §o°¢ 7o

: mixture was kneaded by a 2 roller type sz}(N’;he kneaded mixture was
inulated £to an outer diamter of 1 - 10mm granules to make a raw
serial compound and was moulded in a cylindrical magnet by an extrusion

chine as same asg Example 1, and it was cut and was filred after a

lagnetization.

? size of the moulded article wag the outer diameter 22mm and the inner
. ameter 21lmm, and the magnetic field for the moulding was 14 KOe. The
gnetic property of the moulded article obtained was

5. Br = 6.6 KG and R

(BH) max = 9.8 MGOs. _

ngequently as for the production process of this invention a high

rformance magnet can be obtained even a closglinkable thermosetting

gin is used.

tample 3

e
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.~ -agnetic powder of an average particle. size of 10um was prepared by the
s [ - . >

e compeslition and procedure as Example 1.

percive force iHc of this powder was 8 KOe. This ig called as Powder

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

2

w -
‘~lled as Powder B

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

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

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

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

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

an extrusion moulding machine as shown in Figure 1.

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

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

m——

——
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; current-flows in- the electromagnetic coil -equipped outgide of the
the magnetic flux generated flows in the arrow H in Figure since Lt
i to pass through a magnetic material with a high magnetic

seability.

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

gider.

sthermore & magnetic field with a reverse direction to the magnetic
.21d in the orientation section is generated in a space between _the
:ont end of the mandrel and the yoke 110 of the coll. Therefcre a
amagnetization of the moulded article can be achieved by making the
agnetic f£ield of this gpace at a suitable strength with an adjustment of
idistance between the mandrel and the yoke 110.

i
~e .
. this Example, the magnetic field for moulding was 14 KOe, the
‘emperature of the die at the moulding was 250°C and the c<ooling was

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

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

3trength of the demagnetization magnetic field was adjusted to almost the
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> .0 the coercive force iHc Of the -magnetic powder in the moulded

Ca

le.

;1ze of ths moulded article wasg the outer diameter 30mm and the inner
gter 25mm. In Table 2, surface magnetic f£lux denslties for cases
;3 and 4 in which the demagnetization was performed, and for cases

. 5 and 6 without the demagnetization and shown.

Ry 2.

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

example A 150
2gt 6 Comparative

example B 220

l‘gﬁmple 4

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

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

1s called as Powder A,

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

gize 20um and a coercive force iHc 12 KOe was prepared by the same

This Sheet Has Been Replaced
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s ssition and procedure as Example 2.. This powder ie called as Powder

same to Example 3, the bowder A was mixed with nylon 12 powder and
. gtearate powder to make a ratio of 92 wt%, 7.9 wtid and 0.1 wt%

pectively.

Ader B was also mixed with the Eforementioned regin powder and additive
make a ratio of 91 wt%, 8.8 wt® and 0.2 wth respectively.
250 mixture were Kkneaded by a 2 axes extrusion kneading machine at
LTal The kneaded mixture was granulated to granules of the outer
ameter 1 - 10mm to make a raw material compound, and a cylindrical

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

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

for demagnetization ia installed in front of it.

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

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

- 37 - This Sheet Has Been Replaced
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% ample 1+ According to this invention, when the magnetic composition
.asged through the orientation gection, it is moulded with a progréks

; orientation of the magnetic powder as same to Example 3.

.nis Example, the magnetic field for moulding was also 14 KOe, the

cperature of the die at the moulding was 250°C, and the cooling - was

"t

en by a forced air cosling to the outlet sgection of the die. The
sentated raw material compound 111 was moulded by an extrﬁsion by a
aidification with cooling at the outlet of the die.
l'.’ &
- demagnetization was carried out by generating a magnetic field for
+e demagnetization by turning on an attenuated pulse current in the
sectromagnetic ceil 113. The strength of the magnetic field for the
ismagnetization was 30 KOe, and it was attenuated with 800m sec. The
sagnetic field was generated in the electromagnetic cocil 113 in every 15

-
-

sec, and the demagnetization was carried out continuously. The size <

-he moulded article was the outer diameter 30mm and the inner diameter

! zomm. Surface magnetic £lux densities of the moulded articles for cases

iL.n which the demagnetization was performed (Test 7 and 8) and for cases

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

Table 3

Powder = Surface Magpetic Flux Density (G)
Test 7 Example A 10
Test 8 Example B 15

Test 9 Comparative
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. example . A ; e e 150 . -

10 Comparative

exxample B '220

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

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

‘tmpie 3

magﬁetic Powder A or Powder B as the same compositions to Example 1 and
and Resin a (a thermosetting epoxy resin) or Resin b (a thermoplastic
isin ﬁglon 12) were weighed to make a desired volume ratio, were mixed &
:d a sheet sgtate compound was prepared by Xneading the mixture by
288ing it through a. gap of a twin roller mill repeatedly after charging
2 in the mill.
["he kneading temperature of the mixture was at $0°C when Resin a was used
. at 250°C when Resin b was used. R
Then the compound was crushed ihto particlesg énd wag moulded by an
extrusion by passing through a cylindrical die by charging it in a screw

lype extrusion moulding machine.

————
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sarrel temperature of the extrusion -moulding .machine was at 130°C for
sin & and at 2509C for Regin b and the die temperature was the moulding

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

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

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

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

fhown in Table .4.

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

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

Magnet is cut by melting with heating.
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ults of the cutting, when the magnets. produced by these procssses were

»

., were shown in Table 5.

thig test, the magnet cut was a cylindrical magnhet with the outer
ameter 30mm and the inner diameter 2%9mm, and the volume ratio of <the
gnetic powder was 60 voyg.

sface

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

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

-he magnet of Process 1 was the most difficult sample to cut among the
‘!ﬁzgnets of Process 1 - 3 because it was the most brittle, As it is clear
m Table S5, the cutting method 1 and the cutting 'met_hod_ 3 can be
practiced for cutting these magnets, and it is not possible to cut it by
the cutting method 2. .

ixample 6

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

thanged, were shown in Table 6.
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< pagnets this time has an outer diameter of 30mm, was a cylindrical
st and the magnet prepared by Process 1 was used. The results cf

#er the magnetic Powder A or B were the same.

Iﬂh;s_ﬁ
Thickness (ma)
1.0 9.7 0.8 0.1 0,053
stting Method 1 good excallent excellent excellent excellent
Mtting Method 2 excellent good ordinary bad s, bad

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

wmportant to cut a thin thicknesgs magnet.

n case of the Cutting Method 3, it was difficult to cut 1if the thicknese

of the magnet became 0.5mm or less, and it was not possible to cut when

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

+si the other hand, in case of the Cutting Method 1, a thin thickness

magnet can be cut since no excess sgtress is appiied to the mégnet at the

cutting step.

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

is an advantageous method £or the cutting.

Example 7

D oe—
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v ;1ts of the cutting when the- volume ratioc of the mggnetic_powder was

aged were shown in Table 7.

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

metic powder used was the magnetic Powder {%

Table 7
$facs
A voluge Ratio of Maanetic Powder (volAy —
8Q 83 68 ig0 22
uatting Method 1 excellent excellent excellent excellent good
utting Method 2 ordinary  ordinary bad bad bad

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

the magnetic powder drops.

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

case of a large volume ratio of the magnetic powder.

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

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

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

mcured cylindrical magnet was produced in accordance with followings
yse it for a curing unit of this invention.
. rl‘{%r o

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

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

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

ac.,

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

- - ding machine.

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

% orjentated in a die, the molten mixture was solidified with cooling
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+ s state—"and an uncured -cylindrical-. magnet was prepared after a

;netization.

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

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

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

-ementioned uncured cylindrical'maqnet is shown.

£
(. Table 8

Shape \. Operability cost
%11 excellent good good
vl excellent ordinary ordinary
st 13 bad excellent excellent

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

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

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

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

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

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

en ag it is without the fixing. o —
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.~ thermocuring condition here. was -at. 2Q0°C for one hours In N,

sphere. The shape in Table was the shape of the magnet after the

:se of Test 13, the magnet after the cure is completely deformed and
is obvious that the éixing of the sghape is necesgary at 'the
mocuring step. On the other hand, in cases that the shape is fixed,
cylindrical form is nearly Kept, and thus Test 11 and Test 12 are

ul process from a viewpoint of the shape.

{

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

Pz

ability for processing a large amount of the sample.

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

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

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

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

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

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

it 11 and Test 12 i1e shown in Table 9.

Table 9
Stralghtness Roundnegs
Teat 11 0,003 .0,
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. Test 12 ) 0.07 . ... .. N.04 . . -
Before the cure Q.08 0.05
(Unit: mm)

rotation rate of Test 12 here wasg 3500 rpm. This is the maximum rate

4 can be practicad by taking the cost into consideration.
airpressure of the inner body of Test 11 was 1 atm.

'magnet before the cure was prepared by somewhat decféésing its
msion accuracy in order to check a correction ability sm the &~

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

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

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

5 is because that in case of Test 11 the alr in the inner body is
anded in the atmosphere of the thermocuring, it applieg a force to the

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

©1 a thermoplastic state.

-

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

-further improved.
‘3 15 because that the force by expangion of the air is stronger than
4 centrifugal force rasulting better correction of the dimension. From
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. correctidn ability of the dihénsidﬁ, it is also understood the

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

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

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

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

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

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

ixes extrusion kneading machlneb"' ~

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

305 {8 a raw material magnetic powder,

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

die ghown in Figure 2 with a game procedura described above.
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I this ExXample, the die temperature ati the moulding was 250°C, and a

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

ordingly, an orientated raw material compound was moulded by an

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

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

imeter 32mm,

('Figure 5, a comparison of changes of residual magnetic %Zl_px dengity
'r) with magnetic £ields for moulding for cases with and without

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

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

:eld for the moulding is low.

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

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

1.672 Cu 0.08 Fe 0.22 2r 0.028) 8.35, an ingot produced was magnetically
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cured by a hsat treatment after casting, .and magnatic powders having an

average particle size of 10um were obtained by crushing the said ingot.

;: kinds of the magnetic powders having the coercive force iHec 7 KOe and
) KOe respectively ware prepared by changing a condition of the hea:

--eatment.

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

eée@ magnetic powders were magnetized by ueing a direct current
.ectromagnet unit, and then they were kneaded by a two axes extrusion
-eading machine at 280°C.

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

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

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

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

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

'lmm, and the gtrength of the magnetic field at the moulding was 12
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:n Figure 7“"?EI"Efifiggggggn—%he=stzéﬁg_p Of the magnetic field at’ Ere-

T

oulding was-+2K0e. ——
.-/- ) -~

-~

w4 Figure 7, a relation between the strength of the magnetic £ield for
ne magnetization prior to the moulding, and the residual magnetic flux

meity of the moulded article ig shown.

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

snetic fleld stronger than the coercive force,
imple 11

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

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

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

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

! congolidated article obtained had a density almogt 100%. The

*'olidated article obtained was moulded again by the high temperature

% moulding in & vertical direction to the initial pressing direction &—
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in argon atmosphere at 700 - 800°C with a 1Q Kg/mm"~ pressure {Namely,-a

die upset was carried out).

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

sagnetic powder was 12 KOa.

-1¢ magnetic powder was mixed with a resining powder comprising bisphenol

. type epoXy, novolak type epoxy and vinylbutyral-vinylalcohol copolfg;,é-
!HQFium stearate powder and silica powder as additives to make a ratio

.6 magnetic powder 90.3 wt%, the resin powder 9.1 wtg and the additive

6 wt% respectively.

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

Ynet by an extrusion machine as same as Example 9,

“‘his Example, the die temperature at the moulding was 140°C, and the

ength of the magnetic f£ield for the moulding was 8 KOe,

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

‘HQnetized and was fired in conditions of 200°C x 45 minutes.
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‘he magnetic property of the moulded articles obtained in Test 13 - 15 is
siown 1in Table 10. Tegt 14 - 15, the comparative exémplea were a
.agnetic property of sgample moulded with the magnetic field for the
qulding af 8 KOe without the magnetization prior to the moulding (Test
4) and a sample magnetic property moulded with the magnetic field fcr
e moulding at 18 KOe and a die of which the orientation section at the

ront end was ghortened (Test 15).

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

i it is clear form Table 10, almost no orientation is observed in a
nparative example Test 14, and the magnet ohtained merely shows a

.‘igformance close to an isotropic one.

- the contrary a high performance magnet with a sufficient orientation

‘obtained by this Example.

cage of Test 15, the magnetic propearty is low in épite of its high
netic field for the moulding, and it is considered that a sufficient
‘entation of the magnetic powder is not attalnad at the moulding since
? length of the orientation section becomes extremely short such as lmm
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.e88 in arder to charge a. 15 KOe magnetic field at the orientation
4on due to its very £ine c¢ylindrical form having the innher diameter

he noulded article émm.

efore a moulding process of thigs invention ig a very effective

ess for a case in which a high magnetic £ield for moulding is not

ined hecause o¢of a limitation of a moulded article or a structual

lam of a die.

ple 12 g
{ §:

hie invention, Powder A and B were prepared by thé game compositicn
pngbedure to Example 4, thay were kneaded with the resin, and
adrical magnets were moulded by an extrusion moulding machine afier
1lating the kneaded mixture to particles having the outer diameter 1
mm To make a raw material compound. The moulding process is briefed

sing rigqure 8,

xtrusion moulding machine of Figure 8 has a similar composition tc

axtrusion moulding machine of Figure 1. However, at-the front end of

die, 4 pieces of ultrasonic oscillator (Léngevin typa) 114 areCc—

1lled to generate a 9§=g¥s-vibration.

Sh}ﬁf‘
aforementioned granulatad raw material compound 111 was charged to
axtrusion moulding machina of Figure 8. The raw material compound

heated in the c¢ylinder 102 at 260°C to make 1t in a fluidized state

it was passed through the d&ie 105,
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The die structure was the same ag Figure 2 explained in Example 1.

in this example, ‘the magnetic powder i{g moulded while it 1is being
orientated when the magnetic composition passes through the orientation
section, The slight vibration £rom the ultrasonic¢c osgcillator was

-ransmitted to the front end of the dia,

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

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

fferences of the magnet performance of the moulded article the moulding

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

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

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

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

~ ..
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Test 18 - A S6.7 1.8

Test 19 B 8.5 1.5

As it is clear fron Table 11, EXamples shows an improvement on both of
the magnetic property and the moulding rate. It is considered that it is
due to an improved orientation by facilitating a rotation of the magnetic

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

furthermore it can also be said that the moulding rate is improved by a

3%""&uction of the extrusion resistance by the =slight vibration. The

~

reason of the low magneticppowder-did not sufficiently orientated because -~
wn comparalone apample wra 2l ohe &
the magnetic field for the moulding which was able to charge was only 10

Qe

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

)

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

‘pregs moulding method and_én injection moulding method.

Tahle 12

" m\\s \“ Re\‘xaccd
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Moulding Method 1.0 Q.2 0.7 L.l Q0L
Extrusion Moulding P P 4 P P
press Moulding P P I I I

~ Injection Moulding P P I I I

P = possible

I = impossible

Iﬂﬂgnets prepared here was ring shaped with the outer diamet;; of 30mm,

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

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

sress moulding method.,

he mixing ratio of the magnetic powder and the resin was 50 wt : 10 wes &—
,!b“ the extrusxon moulding method and the injection moulding met;:; and

S wty/ 2 wt® for the press moulding method.

s it ise 'undérstood from Table 12, the moulding was not —be able to

serform if the thickness of the magnetic moulded article became thin for

the press moulding method and the'injection moulding. method. This was

te to a difficulty to fill the magnetic powder in a cavity if the

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

aze of the injection moulding method, it could also not be moulded
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pecause 0f a difficulty to inject a molten migture of the magnetic powder

and the resin in a cavity.

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

Lample 14

sext effects on moulding radial magnet with a thin thickness by changing
the magnetic powders are shown in Table 13.

moaldad .
e magnet ‘Dulded was a ring shapad magnet of the outer diameter 32.gmm, &—
e inner diameter 31.8mm and the thickness 0.5mm, and it was moulded by

n extrusion.

-regin and nylon 12 was used for the resin.

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

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

‘Table 13.
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as shown in Table 13, there was. a_change of the magnet

aagnet moulded by changing the average particle sgize r of the magneilc

-----

performance of the

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

small, the magnet perxformance of the magnet is improved.

smnd a sufficient

magnet performance was obtained when the

average

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

woulded article.

"i@ever in case when the average particle size is not less than 1/10 cf

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

Ye reason why th

ttrusion moulding,

£

Iable 13
Test No »Y BR (BH) max
luml  [KG1 IMGoel
20 50 5.88 7.5
21 20 5.95 7.8
* 22 10 6.18 8.1
23 1 6.33 8.5
24 0.1 6.16 8.0 _
25 70 5.60 6.5 B
26 100 5.01 5.2
27 150 4.70 4.5

e above results was obtained was,

in cage of the

the magnetic powder in the molten mixture of the
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The reason why the above results were obtained was, in cage of the
extrusion d;ulding, the magnetic powder in -the molten mixture of the
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 extruded outside the die after golidifying it
with cooling in the die by keeping the state as it is. Accordingly the
molten mixture received a friction force at the contact section witﬁ the
die. Thue the orientation of the magnetic powder at the contact surface
of the molten mixture with the die might he disorde;ed by the friction
sorce while it was being solidified with cooling even though the magnetic

owder was once orientated in the die. | 7

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

the magnet performance of the magnet.

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

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

rucible, it was cooled rapidly by a meltspan method and a thinh piece was

repared,
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the thin plece was crushed till it had an average particle size of 35um,

and treatmeﬁfs shown in Table 14 were processed thereafter, : By
Table 14
Ireatmant
Treatment 1 Cobalt-phosphorus.chromium plating
Treatment 2 Sio2 coating

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

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

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

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

"!Eded and was stirred for a predetermined time.

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

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

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

‘atio of 60 vol % and 40 vol % were weighed and were mixed, and after the

- 6 l - m—— = ————— e e i £ AT -———
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aixing, it was charged in a kneading machine to Knead it and a compound

w#a8 brepared. ' o oo - S . -

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

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

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

soulding.

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

step in the total process.

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

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

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

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

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

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

‘he coated film by the mixed resin especially after the kneading.
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Tabhle 195
Step Coverage Rate (%}
Before mixing 100
After mixing (Before kneading) ' 95
. After kneading (Before crushing) 50
After crushing (Before moulding) - 48
After moulding 46

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

£ilm, and therefore the coated £ilm is removed by a strong gtrese to the

2 merely mixed, the reein does not give the protection for the coated

nagnetic powder applied during the kneading.

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

temperatures weres shown in Table 16.

ahe magnetic powders herewith used were that plating-treated of the
slating thickness of 1lum for Test 28 - 33, and Test 34 thereafter wers

Moz coated. ' _

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

‘he Kkneading (after mixing) as 100, and the viscosity was a viscosity at
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a shear rate 1000 sec?1 when the mixture was heated at the temperature

o—

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

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

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

L

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

lecause of its weak adhesion of the film, an improvement is seen when the
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viscosity reaches a£9uﬁé’300 kpoise, and e it, the coated film was

sufficiently protected.

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

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

yext an oxidation resistance of a magnet produced by the production
‘rocess of this invention was investigated. The results of Test 39 and

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

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

41 " 1 ¢ -

42 ) 2 ¢
A = Excellent
B = Good
C =B ad
s . e
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-pst 41 and 42 of the comparative examples were the cases in which the
meading was carried out without heating before the Kneading, and Test 39

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

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

nours.

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

Weatment before the kneading.
txample 16

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

particle size of lOum was cbtained by crushing it.

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

("&ake a ratio of 92 wt%, 7.8 wt% and 0.1 wt%, respectively.

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

hagnet was moulded by an extrusion moulding machine.

The moulding method is explained in accordance with Figure 10.
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; shown in Figure 10, the extrusion mdulding machine is constituted by a
-gper 101 ;hich is a gection of charging matdérial, & cylinder 102, a
-cew 103, an adaptor plate 104 to install a die to the cylinder section
:z, & die 105 and a driving motor for the screw (which is not sghown in

~qure) .

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

: :gsed through the die 105.
qbll

o

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

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

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

Mgure 11.

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

in the rearward of the cutter 501.
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Tthen the end surfaces of the thin plate state magnet 503 was cut to make

it in a desi;ed gize. The size of the moulded article was the width of

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

irticle obtained is shown in Table 18.

s & ¢omparative example, a thin plate state moulded article was moulded

y an extrusion by using a die which wasg generally used for an extrusion
oulding of a thin plate state plastic,
wownt as Test 44.

2

for the raw material compound,

and its magnetic property is

the same magnetic powder, nylen 12

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

ratlo of 91.5 wt%, 8.3 wtt and 0.2 wty respectively, they were kneaded,

re granulated, and were moulded for the determination of the magnetic

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

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

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

‘perty.
K
Iable 18 -
(Bﬁ) max
{MGQ2) Mouldability
‘est 43 (Example) 2.5 G
legt 44 (Comparative
example) 2.4 o}
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1 it is clear from Table 18, there is no significant defference on the
-agnetic property between Test 43 of Example and Test 44 of the
omparative example, and a magnet, having its magnet performance equal to
~ above those obtained by the conventional moulding method, c¢an De

ulded.

ﬂsgpthe other hand, from a viewpoint of the mouldability, it was difficult
-achieve a stable moulding for Test 44 of the comparative example, and
;ate of an rejected article was high. Furthermore the fabrication cost
the die used in Test 44 of the comparative example was approximately 3

28 higher than the die of Test 43 of Bxample, and it was more
wnsive than a total cost of the die and the press unit of Example.
wdingly, a high performance thin plate state resin bound type rare

*h magnet can be produced with a high productivity by using the

ding method of this invention.
{

{ .
ple 17 -- _ Co

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

led.

- 69 -
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The quenched ribbon was crushed and a magnetic powder of an average

“a

particle size of 20um was obtained.

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

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

12 mixXture wasg Rneaded by & 2 roller type mill at 90°C. The kneaded
xture was granulated to outer diameter of 1 - 10mm particles to make a

W material compound and was moulded in a cylindrical magnet by using

e

e extrusion moulding machine gshown in Figure 10 of the aforementioned

ample 16,

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

i central axis.

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

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

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

. The thickness of the moulded article 603 is adjusted by a spacer

e Sheet Has Been Rcilaced
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The press unit was placed 1in a firing furnace, was heated and the

aforementiofied moulded article was set on the-press plate 601. -

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

organic resiﬁ in the moulded article.

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

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

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

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

ire altered, were shown in Table 19,

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

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

e ag a magnet because of a formation of c¢racks on the surface.
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As it is clear from Table 19, if the ratic d/D between the outer diameter
(B) and the inner diameter (4) 1is beIoW'O(?&,'it 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 relative

to the suter diameter.

oncerning the magnetic property, there is no problem if d/D is 0.75 or

ore.

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

acKk, etc can be produced.
mple 18

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

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

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

a ratio of 92 wt%, 7.8 wt3 and 0.2 wt% respectively.

- 72 -
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-hen the mixture was kneaded by a two axes extrusion Kneading machine at
160eC. ‘The kneaded mixture was éranulétéd to-particles having the outer
jjamater of 1 - 10mm to make a raw material compound, and a cylindrical

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

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

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

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

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

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

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

3 magnetic material 202a is installed as wéll.

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

ide the die, the magnetic flux generated flows in a directiaon of the

- 73 -
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syrow H in Figure since it tends to pase in a magnetic material with a
=igh magnetf& permeaﬁility. Therefore a radiated magnetic- field fte
senerated in a ‘space (hereinafter called as an orientation section)
.etween the front end 202a of the mandrel and magnetic material ring 20la
qnstalled in the outer die. Thus while a magnetic composition passes
hrough the orientation gection, it is moulded with a progress of an

rientation of the magnetic powder.

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

meter of 32mm,

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

moulded article was set on the press plate.
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.press was carried out to make a thin plate state when the viscosity of
ne moulded article dropped, the edges were cut, and finally a thin plakte
cate magnet with the desired size was obtained. The size of the moulded
sticle was the width of 30mm and the thickness of lmm. The maghetic

roperty of the moulded article obtained in Test 54 is shown in Table 20.

; a comparative example, Test 55 was carried out by an extrusion
ulding by using a die shown in Figure 6, and the magnetic property of

e moulded article in a thin plate state is also shown.
’hfor the raw material compound, the same cne to Test 54 was’ used.

the die, when a current is turned on in the electromagnetic coil 403,
lagnetic field vertical to the éassage ¢f the compound in the die is
med between Upper and lower pole pieces 404. Therefore a thin plate
te magnet of which the magnetic powder is orientated in the thickness
ection can be moulded. The magnetic field at the moulding was 11 koe,

‘the gize of the moulded article was the same to Example of Test 54.

uldability is also shown in Table 20 with the magnetic property.

(BH) max
{MGOe) Moudability
t 54 (Example) 7.5 Good

L 55 (Comparative
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example) 2.4 Oordinary

As 1t is clear from Table 20, though the same modiéing raw material was
used, the comparative example Test 55 showed lower magnetic property. It
was considered that it was due to an impogsibility to enlarge the
iagnetic field for the moulding because of the structural problem of'the
ile in case of the comparative example Test 55 resulting an ingufficient

irientation of the magnetic powder.

irthermore it was very difficult to achieve a stable moulding in case of
’ast 55 of the comparative example, and it had a high rejfection rate.
weover the fabrication cosgt of the die uged in the comparative example
8t 55 was approximately 3 times more expensive than the die used in
15 54 of Example, and it was more costy than the total cost of the die

i the press unit in Example of Test 54.

nsequently, by using the moulding method of this invention, a high
rformance thin plate gtate resin bound type rare earth magnet can be
tduced with a good productivity.
{
!'ample 19. _ -
! materiale to make a composiﬁion of Nd 13 Fe 82.7 B 4.3 were molten as
illar to Example 17, were casted and a quenched ribbon was prepared in
argon atmosphere by using a quenching and ribbon rolling machine from

ingot obtained.
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The quenched ribbon was coarsely crushed, it was transfered to a mould,

and a high pressure press moulding was carried out in an argon atmogpltere

at 700 - 800°C with a 20 Kg/mm2 pressure for a sghort time.

The consolidated article o¢btained had a density almost 100%. The
congolidated article obtained was moulded again by the high temperature
oress moulding in a vertical directicon to the first pressing direction in
i argon atmosphere at 700 - 800°C with a 10 Kg/mm2 pressure (Namely a

ie upset was carried out).

ge bulk state magnet was crushed and a magnetic powder of an average

irticle size of 20um was ohtained.

¢ magnetic powder was mixed with a resin powder comprising a mixture of
sphenol A type epoxy, hovolak type epoxy and vinvlbutyral-vinylalcohol
polymer, calcium stearate powder and silica powder as additives to make

tatio of 90.3 wt%,- 9.1 wtd and 0.4 wtg and 0.2 wtd respectively.

n the mixture was kneaded by a 2 roller type mill at 909C. The
faded mixture was granulated to particles of the outer diameter aof 1 -
-m to make a raw material compound, and a cylindficai magnet was

lded by using an extrusion Noulding machine shown in Figure 1 and a

shown in Figure 2 as similar to Example 18.

moulded article was cut inte a suitable length, were demagnetized,
further one point on the circumference parallel to the central axis

he moulded article wasg cut. The moulded article was fired at 2n0°c
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st 45 minutes while. it was being made in a thin plate state by a pregs
sit similar to Example 18 to crosslink theé  ordganic resin. in the moulded

ticle.

e magnetic properties of the thin plate state moulded articles when
8t 56 - 61 were carried out bhy 'chanqinq the 8ize of the moulded

ticles of the extrusion moulding are shown in Table 21.

Tahle 21
( OQuter Diametar Inner Diameter (BH) max ~

6 22 20 0.91 10.2
1 22 19 0.886 10.0
3 2z 18 0.82 8.2
) 33 32 0.97  10.4
) 33 - 28 0.85 10.1

33 25 g.76 7.5

t i clear from Table 21, if the ratio d/D between the ocuter dizmeter
and the inner diameter (d) is below 0.85, the magnetic property is
riorated. It is considered that this is due to a €£ormation of
der on the orientation oﬁ-the magnetic paowder while it is being made

thin plate state hecause the thickness of the cylindrical moulded
le i8 thick in comparision with the outer diameter. Consequently in

loulding process of this invention when the d/D is8 limited as

0.85 < d/D < 1,
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magnet with a high maguet performance can be produced.

- - - ‘s

AIMS

| A resin bound type magnet comprising a magnetic powder and an organic
sin wherein it is moulded as a gingle body in a c¢ylindrical fprm
:isfying a relation of

2pL 7 4% 3 1
ng the outer diametar (D), the inner diameter (d) and the length (L)
the magnet, and it also has a radiated anisotropy in the diameter

Bection., s

A resin bound type maghet comprising a magnetic powder, an organic
n and an additive wherein it is moulded as a single body in a
ndrical form satisfying a relation of

2oL 7 a2 3 1
g the ocuter diameter (D), the inner diameter (d4) and the length (L)
he magnet, and it also has a radiated anisotrppy in the diameter
tion.
‘A production process o0f a resin bound type _maqnet':-where-in a raw
ial for the moulding compriaing a magnetic powder and =an organic
' is moulded by an extrusion by pasgsing through a é.ie in which a
tic field is charged while it ig being cured, is formed to a gingle
in a eylindrical form satisfying a relation of

2
2DL / 4 ;1
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magnet with a high magnet performance can be produced.

AIMS

| A resin bound type magnet comprising a magnetic powder and an organic

sin wherein it iz moulded as & sgingle body in a c¢ylindrical form

-i8fying a relation of

2oL 7 d% 3 1
ng the outer diameter (D), the inner diameter (d) and the length (L)

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

@ ction.

A resin bound type magnet comprising a magnetic powder, an organic

n and an additive wherein it is moulded as a single body in a
ndrical form satisfying a relation of

2oL / d° 21

g the outer diameter (D},
and it also has a radiated anisotropy in the diameter

the inner diameter (d) and the length (L)

‘he magnet,

tion.

A production process of a resin bound type magnet  wherein a raw
tal for the moulding comprising a magnetic powder and an organic
' is moulded by an extrueion by pasgsing through a die in which a

tic field is charged while it is being cured, is formed to a single

in a cylindrical form satisfying a relation of

DL / d° 51
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among the outer diameter (D), the inner diameter (4) and the length (L)

6 the magnet and it also has a radiated anisotropy in the diamefer

ilrection.

4} A production process of a resin bound type magnet wherein a raw
aterial for the moulding comprising a magnetic powdser, an organic resin
1d an additive is moulded by an extrusion by passing through a die in
iich magnetic field is charged while it 1s being cured, is formed to a
ngle body in a cylindrical form satisfying a relation of
0L < a% 3 1
imng the outer diameter (D), the inner diameter (d) and th: length (L)
the magnet and it also has a radiated anisotropy in the diameter

ection.

A production process of a regin bound type magnet by an extrusion
lding of a moulding raw material comprising a magnetic powder and an
anic resin wherein a die structure for moulding is constituted that a
nt end o0f a mandrel section 1g projected in front of an edge of a
¢&r die, a magnetic circuit is formed among the said mandrel section,
{ outer die and an electromagnetic c<oil installe.d at an outer
umference of the said die, it is moulded in a cylindrical form by
'ging a magnetic field in the dis by the electromagnetic coil, and the

ded article extruded is demaghetized at the front end of the mandrel.

A production process of a resin bound type magnet by an extrusion
ling of a moulding raw material comprising a magnetic powder, an
ic resin and an additive wherein a die structure for moulding is

- B0 -
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constitued that a front end of a mandrel section is projected in front of
mn edge of a outer die, a magnetic circult- is forméd amond the said
sandrel section, the outer die and an electromaqnet;c ¢oil installed at
in outer circumference of the said die, it is moulded in a cylindrical
torm by charging a magnetic field in the die by the electromagnetic woll,
md the moulded article extruded is demagnetized at the front end of the

andrel.

1) A production procesg of a resin bound type magnet by an extrusion
wlding of a moulding raw material comprising a magnetic powder and an

¢+ -ganic resin wherein an elaectromagnetic coil is installed “at an outer
rcumference of a die, it ig moulded in & c¢cylindrical form by charging a
gnetic field in the die by it, an electromagnetic coil with an air-core
also installed in front of the aforementioned electromagnetic coil to
lerate a magnetic field for demagnetization in the said electromagietic

.1, and the moulded article extruded is demagnetized.

A production process of a resin bound type magnet by an extrusion
lding of a moulding raw material comprising a magnetic powder, an
Ynic resin and an additive wherein an electromagnetic coil is
talled -rat an outer circumference of a die, it is -moulded in a
:ndrical form by charging a magnetic f£field in the die-Dby it, an
‘tromagnetic coil with an air-core is also installed in froﬂt of the
‘ementioned electromagnetic coll to generate a magnetic field for

gnetization in the said electromagnetic coil, and the moulded article

Uded is demagnetized,
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(9) A production process of a resin bound type magnet which is
constituted by orientating a magnetic powder in a moélten mixture of a
magnetic powder and an organic resin in a section wherg a magnetic fielq
is charged at a front end of a die, moulding it in a cylindrical form,
sgolidifying it with cooling and extruding it wherein when the magnet is
:ut, the resin is cut by melting by contacting the magnet with a heated

ire.

10) A production process of a resin bound type magnet which s
snstituted by orientating a magnetic powder in a molten f}xture of a
’!gnetic powder, an organic resin and an additive in a secﬁion where a
wgnetic field is charged at a front end of a die, moulding it in a
lindrical form, solidifying it with cooling and extruding it wherein
en the magnet ig cut, the resin is cut by melting by contacting the

jnat with a heated wire.

.} A production process of a resin bound type magnet of Claim (9) or
im (10) wherein the resin bound type magnet is an isotropic magnet
lded by an extrusion in a cylindrical form without an orientation.
{
| A production process of moulding & cylindrical resfn bound type
let by an ;njection moulding or an extrusion moulding of"a magnetic
ler and a thermosetting resin wherein in order to cure the molten
Ure of the magnetic powder and the thermosetting resin by heating, it

ured with £ixing the outer circumference of the cylindrical magnet hy
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3ig and the inner circumference by an elastic material expanded by a

T . Ch v

‘2

a6 .

:3) A production process of moulding a cylindrical réain bound type
ignet by an injection moulding or an extrusion moulding of a magnetic
wder, a thermosetting resin and an additive wherein in order to cure
e molten mixture of the magnetic powdesr, the thermosetting resin and
.2 additive by heating, it is cured with £ixing the outer circumference
! the cylindrical magnet by a ‘jig and the inner circumference by an
astic material expanded by a gas.

¢ - ’

4) A production process of a resin bound type magnet of Claim (12) or
alm (13) wherein the aforementioned elastic. material is a silicone

bber.

3) A production process of a resin bound type magnet compriging a
gnetic powder and an organic resin wherein a mixture of the rare earth |
getic powder premagnetized in a magnetic f£ield which is stronger than
coercive force of the magnetic powder and the organic resin are
§aded, and the kneaded mixture is moulded by an extrusion in a magnetic

- ald. .. .

{

3) A production process of a resin bound type magnet comprising a
nhetic resin, an organic resin and an additive wherein a mixture of the
‘e earth magnetic powder premagnetized in a magnetic field which 1is

‘onger than a coercive force of the magnetic powder, the organic 1asin
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nd the additive are kneaded, and the knheaded mixture is moulded by an

Ta

gtrusion in a magnetic field.

17) A production process of a resin bound type magnet hy an extrusion
sulding of a moulding raw material comprising a magnetic powder and an
:ganic resin with a die in a magnetic field wherein it is moulded by an

splication of a slight vibration to the die at the moulding.

8) A production process of a resin bound type magnet by an extrusion

ulding of a moulding raw material comprising a magnetic powder, an
4

’Lanic resin and an additive with a die in a magnetic field wherein it

moulded by an application of a slight vibration to the die at the
1lding.

1 A resin bound tvype magnet compriging a magnetic powder and an
anic fasin wherein an average particle size r of the aforementioned
netic powder satisfies

r ¢ 0.1t (t < lmm)
1 the thickness t of the moulded article ¢f an anisotropic resin hound

‘e magnet comprising the said magnetic powder and the resin.
C ' T

+ A resin bound type magnet comprising a magnetic powder, an organic
n and an additive wherein an average particle size 1 of the
ementioned magnetic powder satisfies

r 0.1 ¢t (¢t s imm)

itn

. the thickness t of the moulded article of an anigotropic regin bound

magnet comprising the said magnetic powder, resin and additive.

) 8 4 - - — e mem S v e m————
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_él) A production procaesgs of a resgin bound type magnet comprising a
agnetic powder and an organic resin whereinr an average particle size-r
f the aforementioned magnetic powder satigfies
< 0.1t (t< lmm)

.th the thickness t of the moulded article of an anisotropic resin bound
e magnet comprising the galid magnetic powder and the resin, and the
gnet 18 produced by an extrusion moulding with a die in a maqnétic
eld.

2) A production procees of a resin bound type magnet c_omprising a
('bnetic powder, an organic resin and an additive whereins/ an average
sticle size r of the aforementioned magnetic powder satisfies

. r¢o0.1¢t {(tg imm)

h the thickness t of the moulded article of an anisotropic resin bound
¥ maghet éomprising the said magnet powder, the resin and the
ditive, and the magnet is by an extrusion moulding with a die in a

netic field.

) A producti.cn process of a resin bound type magnet comprising a
flding of a mixture of a magnetic powder and an organic resin by an
(-ection .mouldingﬁ or an extrusion moulding wherein.-a - compound  is

pared by charging in a kneading machine after making a viseosity gy of

mixture of the aforementioned magnetic powder and organic resin in a

le of

¥ < 300 [kpoise] {(eshear rate = 1000 sec?l)

leating.
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- 28) A production procesg of a resin bound type magnet comprising a
oulding of a mixture of a magnetic powder, an orgahic resin and "an
dditive by an injection moulding or an extrusion moulding wherein a
ompound 1s prepared by charging in a kheading 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 gect)

¢y heating.

'5) A production process of a resin bound type magnet described in Claim
[.‘
t 3) or Claim (24) wherein the surface of the aforementioned magnetic

wder 18 coated with a metal plating or ceramics.

6) A production process of a resin bound type magnet wherein a moulding
# material comprising a magnetic powder and an organic resin is moulded
an extrusion in a cylindrical magnet by passing 1t through a die, then
2 or plural points on the circumference of the said cylindrical magnet
fare cut in a direction parallel with tne central axis of the moulded

:icle and the moulded article cut is spread to make it in a thin plate

ﬁte.

'} A production process of a resin bound type magnet whereini a moulding
I material comprising & magnetic powder, an organic resin and an
itive is moulded by an extrusion in a cylindrical magnet by passing it
ough a die, then one or plural peints on the circumference of the said

indrical magnet ig/are cut in a direction parallel with the central

- B6 - [ ———
Sheet Has Been Replaced

iy




D ISztT Ay FUE TURYUY ; £y 0Us %y
J

\\!\\\\l\\\\\l\\\i\\\\\! \\ N |

- xis of the moulded article and the moulded article cut is spread to make

:t in a thin plate state. - S e IR ' i,

'28) A production process of a resin bound type .maqnet described in
- :laim (26) or Claim (27) wherein the outer diameter (D) and the inner

liameter (d) of the aforementioned cylindrical magnet to be moulded by an

ixtrusion gatisfy a relation of |

0.75 ¢d /b < 1,

29) A production process of a resin bound type magnet wherein a moulding
{ aw material comprising a magnetlic powder and an organic redin is passed
hrough a die where a magnetic field is charged to mould a cylindrical
agnet having a radiated anisotropy in the diameter direction hy an
ktrusion moulding, then one or plural points on the circumference of the
ald cylindrical magnet is/are cut in a direction parallel with the
sntral axis of the moulded article and the moulded article cut is spread

» make it in a thin plate state.

i0) A production process of a resin bound type magnet wherein a moulding
iw material comprising a magnetic powder, an organic resin and an
lditive is passed through a die where a magnetic field-i:.charged to
mld a cylindrical magnet having a rediated anisotropy in—the diameter
rection by an extrusion moulding, then one or plural points on the
reumference of the said cylindrical maghet is/are cut in a direction
wallel with the central axis of the moulded article and the moulded

‘ticle cut is spread to make it in a thin plate state.
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.11 A production process of a resin bound type magnet described -n Zlaim
s3) or Claim (30} wherein the outer dismeter (D) and ‘the. inner dianeter

.+ of the aforementioned cylindrical magnet to be moulded Ly an

20
xerusion satisfy a relation of

0.8 ¢d/ D < 1,

12) A resin bound type magnetic described in Claim 1, Claim 2, Claim 19
~d Claim 20 wherein the aforementioned magnetic powder is selected from
wgnetic powdars of a ferrite family magnet, a magnet having a

.mposition comprising rare earth metal and transition metals mainly

‘Q‘nstituting cobalt and iron or a magnet having a compogitior! comprising

- earth metal, transition metal mainly constituting iron and boron.

1) A production process of a resin bound type magnet described in Claim
- ¢laim 10, Claim 12, Claim 13, Claim 15 - Claim 18, Claim 21 - Claim
. Claim 286, élaim 27, Claim 29 and Claim 30 wherein the aforementiened
metic powder is selected from magnetic powders of a ferrite family
met, a magnet having a composition comprising rare earth metal,
mnsition metals mainly constituting cobalt ahd iron or a magnet having
‘composition compriging rare earth meﬁal, transition metal mainly

stituting iron and boron. cooT

)] A resin bhound tyﬁe magnet degcribped in Claim 1, Claim 2, Claim 19
Claim 20 wherein the aforementioned organic resin is a thermoplastic

N or a thermosetting resin.

¢
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i5) A production process of a resin bound type magnat described in Claim
- 10, Claim 12, Claim 13, Claim 15 --18, Claim 21 -~ 24, Claim 26, Clgim
', Claim 29 and Claim 30 wherein the aforementioned corganic resin is a

ermoplagtic resin or a thermosetting resin.

6) A resin bound type magnet described in ciaim 34 whsrein the
orementioned"thermoplastic resin is gelacted £from one or more- of
lyamide, polypropylene, pelycarbonate, polyphenylenesulphide,
lorinated polyethylene, an elastomer of vinylethyleneacetate copolymer
i a gynthetic rubber.

{) A preduction process of a resin hound type magnet described in Claim
wherein the aforementioned thermoplastic resin is selected from one or
e Qf polyamide, polypropylene, polyphenylenesulphide, chlorinated
vethylene, an elastomer of vinylethyleneacetate copolymer and a

thetic rubber.

] A resin bound type magnet described in Claim 34 wherein the
rementicned thermosetting resin is an ethylene family unsaturvated

regter resin or an epoxy rasin.

A

A production process of a reegin bound type magnet descrihed in Claim
herein the aforementioned thermoéetting resin ig an ethylene family

turated polyester resin or an epoxy resin.

heet Has Been Replaced
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j) A resin bound type magnet described in Claim 2 or Claim 20 wherein

; aforementioned additive is sgelected from one or more of zinc

:arate, calcilum stearate, wax and peroxides.

.} A production process of a resin bound type magnet described in Claim
Claim &6, Claim 8, Claim 10, Claim 13, Claim 18, Claim 18, Clafm 22,
iim 24, Claim 27 and Claim 30 wherein the sgaid additive iz selected

m one or more of zinc gtearate, calcium gstearate, wax and peroxides.

STRACT

¢

ig invention relates to a resin bound type magnhnet and its production

P

icess, esgpecially a cylindrical or a thin plate state magnet and its

duction process.

resin bound typre magnet comprising a magnetic powder and an organic
gin or further with an additive and its production process whersin it

moulded as a single hody in a cylindrical form satisfying a relaticn

[ ZDL/dzil
ong the ‘outer diameter (D), the innar diameter (d) and the length (L)
the said magnet, and it also has a radiated anisctropy in_the diameter

rection.

“ther this invantion is a resin bound type magnet and a production

ocegg of a resin bound type magnet by an extrusion moulding of the said
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