SPECIFICATION EVAPORATING MATERIAL AND METHOD OF MANUFACTURING THE SAME
[Technical Field] [0001]The present invention relates to an evaporating material and a method of
manufacturing the evaporating material. Particularly, it relates to an evaporating material and the method
of manufacturing the evaporating material which is adapted for use in manufacturing high-performance
magnets to improve the coercive force of neodymium-iron-boron sintered magnet or hot plastic working
magnet by carrying out heat treatment while evaporating dysprosium or terbium in vacuum or in a
reduced-pressure inert gas atmosphere. [BaSkRiOURHCAT{0N02]Conventionally, in order to obtain a
high-performance magnet
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[0001] The present invention relates to an evaporating material and a
method of manufacturing the evaporating material. Particularly, it relates
to an evaporating material and the method of manufacturing the
evaporating material which is adapted for use in manufacturing
high-performance magnets to improve the coercive force of
neodymium-iron-boron sintered magnet or hot plastic working magnet by
carrying out heat treatment while evaporating dysprosium or terbium in
vacuum or in a reduced-pressure inert gas atmosphere.

[Background Art]

[0002] Conventionally, in order to obtain a high-performance magnet
having a dramatically enhanced coercive force, the following art has been
proposed (e.g., in Patent Document 1) by the applicant of this patent
application. The art in question discloses: to contain in a processing box
neodymium-iron-boron sintered magnets and evaporating materials
containing at least one of dysprosium (Dy) and terbium (Tb) at a distance
from each other; to heat the processing box in a vacuum atmosphere to
thereby evaporate the evaporating materials; to adjust the amount of supply
of the evaporated metal atoms to the surfaces of the sintered magnets so
that the metal atoms get adhered; and to perform the processing treatment
to diffuse the adhered metal atoms into the grain boundaries and/or grain
boundary phases of the sintered magnets so that a thin film made up of the
metal evaporating material is not formed on the respective surfaces of the

sintered magnets (vacuum vapor processing).



having a dramatically enhanced coercive force, the following art has been proposed (e.g., in Patent
Document 1) by the applicant of this patent application. The art in question discloses: to contain in a
processing box neodymium-iron-boron sintered magnets and evaporating materials containing at least
one of dysprosium (Dy) and terbium (Tb) at a distance from each other; to heat the processing box in a
vacuum atmosphere to thereby evaporate the evaporating materials; to adjust the amount of supply of the
evaporated metal atoms to the surfaces of the sintered magnets so that the metal atoms get adhered; and
to perform the pooea3sing tréatrheniito ofifthsedbevadhenethnedtd sttamDintathengraimbatndaries and/or
grain boundary phases of the sintered magnets so that a thin film made up of the metal evaporating
materialis not fOFARE SR EYABAGy BT Bl iR g iets Rbaum VA Brocessing).
[0003]In the art@afitihe abpeesmantionadiRatareRecumenttt, s theevaperaing seademaldesmall particles,
for example, were used so.that they can be disposed around the sintered magnets that have been
disposed inside iieSrSEEERG Box. Wi the EVARNTARG Materials S S SR E R the volumetric

occupancy becemesdaigr and e 4asyith tienanontef Ghargint of shagnets inte dag frgcessing box
cannot be increased. There was therefore a disadvantage in that the cost becomes hﬁfgr for the
above-mentionSB33HEEseing aEattielta T heiditiesestiBie hexasa it disativaiasd-in Ttthe work of

manually dispoging smalkpadicledRhgvarelating matarialsintosthe aaessinginax tegeather with the
sintered magnets is troublesome. [0004]As a solution, the applicant of the present patent application has

proposed to coftie ingaEtRerotecsitigHoi gglanehapdd edapiiating Adterialseantbsitered magnets
by vertically staging,themewhile {erReRing SRACErSREHaRY, PIRYRIING Wi fromeqeuing into contact

with one another and thereby allowing for the metal atoms t0 pass therethrough (see Japanese Patent
Application No.200841855 M e0B]As attébisonrer eraimedwatiriogethiin yidke reDyiaeTed it is
considered to melt &%qgt%%%fg%%eTb and cast them into slabs, e.g., in an inert gas atmosphere, and
then subject them to rolling work. However, since Dy and Tb have high melting points and are extremely
active, they reatlQ0ith the fufmagesniatérialsior easlingmhaitishi isriverdfaratelifficuiptzmisin and cast them
into slabs withotf?~| inclusioré (Pfcénggg{ities.theﬁein Even concedbigg thﬁttthghgeégn and ggsﬁting into slabs

L
. th : ; e .
were possible, they'hale hexagonal lattice structufe and this are Poor in workability. In addition, in order

to roll them intorthiteplaltes aib decomesdecesgartdo bubjeettihelytostedtitigatvhents iwlatheinert gas for

several tmes for annealing curing (e prpcessing yeamients; Therg was terefore 2 problem in that the
manufacturing COSts'o € evaporating

BRAEC
one another and thereby allowing for the metal atoms to pass therethrough
(see Japanese Patent Application No. 2008-41555).

[0005] As a method of manufacturing a thin plate of Dy or Tb, it is
considered to melt the ingots of Dy or Tb and cast them into slabs, e.g., in an
inert gas atmosphere, and then subject them to rolling work. However,
since Dy and Tb have high melting points and are extremely active, they
react with the furnace materials or casting molds. It is therefore difficult
to melt and cast them into slabs without inclusion of impurities therein.
Even conceding that the melting and casting into slabs were possible, they
have hexagonal lattice structure and thus are poor in workability. In
addition, in order to roll them into thin plates, it becomes necessary to
subject them to heat treatments in an inert gas for several times for

annealing during the processing treatments. There was therefore a

problem in that the manufacturing costs of the plate-like evaporating



materials rapidly rise. [Prior Art Document] [Patent Document] [0006]Patent Document 1: WO
2008/023731 [Summary of the Invention] [Problems to be Solved by the Invention] [0007]In view of the
above points, this invention has a first problem of

materials rapidly rise.

[Prior Art Document]

[Patent Document]

[0006] Patent Document 1: WO 2008/023731

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0007] In view of the above points, this invention has a first problem of
providing a plate-shaped evaporating material which can be manufactured
at low cost. It is a second problem to provide a method of manufacturing
an evaporating material which is capable of manufacturing a plate-shaped
evaporating material at a high productivity and at a low cost.

[Means for Solving the Problems]

[0008] In order to solve the above-mentioned first problem, the
evaporating material according to this invention comprises a core member
made of a fire-resistant metal and having a multiplicity of through holes.
The core member has a rare-earth metal or an alloy thereof that is melted,
adhered to, and solidified on, the core member.

[0009] According to this invention, the rare-earth metal or the alloy
thereof is melted, and the core member is dipped into the molten bath of the
rare-earth metal or of the alloy thereof, and the core member is then pulled
up or lifted. Alternatively, the core member is sprayed with the molten
rare-earth metal or the molten alloy thereof (thermal spraying). At this
time, since the core member has the multiplicity of through holes, the
molten rare-earth metal or the molten alloy thereof gets adhered to the
surface of the core member through surface tension of the through holes.
By cooling the core member in this state down to the temperature below the
melting point of the rare-earth metal or the alloy thereof, the molten
rare-earth metal or the molten alloy thereof gets solidified. There can thus

be obtained an evaporating material of plate shape, cylindrical shape, or the



providing a plate-shaped evaporating material which can be manufactured at low cost. It is a second
problem to provide a method of manufacturing an evaporating material which is capable of manufacturing
a plate-shaped evaporating material at a high productivity and at a low cost. [Means for Solving the
Problems] [0008]In order to solve the above-mentioned first problem, the evaporating material according
to this invention comprises a core member made of a fire-resistant metal and having a multiplicity of
through holes. The core member has a rare-earth metal or an alloy thereof that is melted, adhered to, and
solidified on, théikera wéichesa DO Ac thhdinghtt this inwe ntianpitk aatesdsstimmdiadiotiee alloy thereof

is melted, and the core ber is dipped into the molt tﬁuh of the rare-earth metal or of the alloy
thereof, and the SHAe et e 2 B BB B A AT o tharteird Memitseh 1 Sprayed wih
the molten rares€atth maiakartheralten alloy thereof (thermal spraying). At this time, since the core
member has thi muliiplicity of through holes, the molten rare-earth meta) or the molten alloy thereof gets

adhered to the SH&Le of the CEFETHBRLE: HPSUPIERHIRe iR #¥dfghthdfe By cooling the

core member imhissstate tdampjie thadempesatyrehalans i mgitino peieb pfdhadrigsearth metal or the
alloy thereof, the molten rare-earth metal or the molten alloy thereof gets solidified. There can thus be

obtained an ev&pstahyitatihs of MAREHAPe Pey MRSl diaper coripe ke i Hhidoeh of the through
holes are occupjed aoH-FsOtibVhigh the siufigcs efitheicare.-membenis coatedavith the sase-earth metal

or (the alloy of) the rare-earth metal. [0010]According to this invention, as described above, it is not
shape. In this manner, without requiring particular cutting work, rolling

work, or the like, it is possible to eliminate the raw material losses due to
the occurrence, as a result of cutting work or the like, of portions that
cannot be utilized as the evaporating material. As combined effects of the
above, the evaporating material can be manufactured at an extremely low
cost.

[0011] In this invention, preferably the rare-earth metal or the alloy
thereof adhered to the core member is formed by dipping the core member
into a molten bath of the rare-earth metal or of the alloy thereof, and by
pulling up the core member therefrom. According to this arrangement, as
compared with the case in which the rare-earth metal or the alloy thereof is
caused to get adhered by thermal spraying, the adhesion of the rare-earth
metal or the alloy thereof to the core member can be made easily. In
addition, since there will be no waste in the raw material, the productivity
can be further enhanced and further reduction in cost can be attained.

[0012] In this invention, preferably the rare-earth metal is a member
selected from the group consisting of terbium, dysprosium, and holmium.
[0013] Preferably, the fire-resistant metal is a member selected from
the group consisting of niobium, molybdenum, tantalum, titan, vanadium,
and tungsten.

[0014] Further, the core member preferably comprises one of a net

member which is made by assembling a plurality of wire materials into



necessary to subject the rare-earth metal or the alloy thereof to melting and casting into slabs. In addition,
by making the core member itself into the plate shape, there can be easily obtained an evaporating
material in a plate shape. In this manner, without requiring particular cutting work, rolling work, or the like,
it is possible to eliminate the raw material losses due to the occurrence, as a result of cutting work or the
like, of portions that cannot be utilized as the evaporating material. As combined effects of the above, the
evaporating material can be manufactured at an extremely low cost. [0011]In this invention, preferably the
rare-earth metalantitieeshHpy, thereqfadheratctalthendareenfmrdred imtarhed by dipping the core member

into a molten b the rarg-earth metal or of the alloy thereqf, and by pulling up the core member
thereiom. ACCOTING t this A anBERIRE RS CBHISEHB HEHHE e (ORI THE SIS 250n metal or the
alloy thereof is gatigeebineg@t athenechbyriheanal sprayingvhsadhegionwivhe sarespardhenetal or the
alloy thereof to the core member ¢can be made easily. In addition, since there will be no waste in the raw

material, the prEStREAR MR A BE NG BIEh b BV SRECRIH P PELS RO N ROGCLA Y dRdined. [0012]In

this invention, prefarailytbesiake-aaith melahisdJprerberEelastegFromhegrauptopsisting of terbium,
dysprosium, and holmium. [0013]Preferably, the fire-resistant metal is a member selected from the group
consisting of niGBRIEEIENbHER UM, TRRENGHS titasogE eI dotcarty RYSISHYBOT2IERRNNEY, the core

member preferably GRERIISERPBE 16 tENeItic working magnet.

[0016] In order to solve the above-mentioned second problem, the
method of manufacturing an evaporating material according to this
invention comprises the steps of: forming a solidified body of a rare-earth
metal or of an alloy thereof by melting the rare-earth metal or the alloy
thereof, dipping a base member made of a fire-resistant metal into a molten
bath of the rare-earth metal or of the alloy thereof in a state of maintaining
the base member at a temperature below the melting temperature of the
rare-earth metal or the alloy thereof, and thereafter pulling up the base
member to thereby form on a surface of the base member the solidified body:;
detaching the solidified body off from the base member; and working the
solidified body thus detached into a plate shape.

[0017] According to this invention, the rare-earth metal or the alloy
thereof is melted, and the base member which is below the melting
temperature, e.g., at room temperature, and in a predetermined shape is
dipped into this molten bath. At this time, if the base member having a
large thermal capacity per unit volume is dipped, the molten bath is rapidly
cooled by the base member. As a result, there will be formed on the surface
of the base member a film made of the rare-earth metal or the alloy thereof.
By pulling out the base member out of the molten bath, the film is
immediately cooled to a temperature below the melting point and is
solidified. There will thus be formed on the surface of the base member a

solidified body made of the rare-earth metal or the alloy thereof having a



member which is made by assembling a plurality of wire materials into lattice shape, an expanded metal,
and a perforated metal. [0015]The evaporating material according to the above-mentioned arrangement is
heat-treated while evaporating (sublimating) the evaporating material inclusive of dysprosium and terbium
in vacuum or in a reduced-pressure inert gas atmosphere, the evaporating material being adapted for use
in enhancing a coercive force of neodymium-iron-boron sintered magnet or hot plastic working magnet.
[0016]In order to solve the above-mentioned second problem, the method of manufacturing an
evaporating mapesidd @eaontbdg hacthie save Siinde abio pridesr he Siepstal: dorming: a«alidwied body of a

rare-earth metal,or of an alloy thereof by.melting the rare-earth metal or the, alloy thereof, dipping a base
ember made % 5 ATGHLE BT GERARGY it Gt R s BeE A ST Or BF eSSy thereat in
a state of maintaigingethellgseymelaher athadeinpe@iwieobeiowiheadglting @npEtedur @f the rare-earth
metal or the all%%th reof, and hereaft(ir, pullingfggithe base member to thereby form on a surface of the

base member tHeASoRBfBE Do HOELAME thREMaTHBE Y BT B the BASE MBMBErSand working
the solidified bogdy:thudsidesachadiintmaflataishane 190 WdAccrydianiiastis pruentienythe rare-earth

metal or the alloiyéhereof is melted, and the base member which is below the melting temperature, e.g., at
room temperatdRETERY iR HreaSermifeRRAEIEE divpsdiHoithiPititethBam. Althidife, if the base

member haVi”Qﬁd&ﬁ%ﬂb%@?&&@@@@ﬁ)&lﬂ%%@HM@ME&WR@E%&H@ﬁ@@ﬂ@%@@hﬂéxfﬁﬁiﬂ”y cooled by
the base member. As a result, there will be formed on the surface of the base member a film made of the

rare-earth metaliltsy theranal aperedt B thaIhegomand BasemBRtber BmeoftreanBIrREn D AM, the film is
immediately cogled 1o, temperatyie,helow the melting point and is solidified. There will thus be formed

on the surface of the base member a solidified body made of the rare-earth metal or the alloy thereof
having a [0018] As described, according to this invention, it is not necessary to

subject the rare-earth metal or the alloy thereof to casting by melting into
slab shape. In addition, by performing cutting work, rolling work or the
like to the material that has been detached off from the base member, there
can be obtained an evaporating material of plate shape with smaller number
of steps. Therefore, the evaporating material in plate shape can be
manufactured at a lower cost and with good productivity.

[0019] When the material that has been detached off from the base
member is subjected to cutting work or the like in plate shape, the base
member is preferably of columnar shape or of prismatic shape in order to
facilitate the working and also in order to eliminate the loss in raw material.
[0020] Preferably, the time of dipping the base member into the molten
bath is increased or decreased, to thereby control the thickness of the
solidified body.

[0021] On the other hand, there may be employed an arrangement in
which the temperature of the base member is changed at the time of dipping
the base member into the molten bath, thereby controlling the thickness of
the solidified body.

[0022] According to this invention, preferably the rare-earth metal is a

member selected from the group consisting of terbium, dysprosium, and



predetermined thickness. Since the molten bath metal does not react with the base member, the solidified
body can be easily peeled off from the base member only by adding vibrations or shocks. Finally, the
solidified body that has been detached is cut off by cutting work into a plate shape or is formed into a
plate shape, after cutting work, by rolling or pressing work, thereby obtaining an evaporating material in
plate shape. In this invention, in order to enable to adhere the molten bath to the base member, the
thermal capacity of the base member per unit volume is required to be about at least 2 MJ/km3. [0018]As
described, accdrdinguethis invention, it is not necessary to subject the rare-earth metal or the alloy

thereof to casti melting.into slab shape..In addition, by performing cutting work, rolling work or the
ke 10 the matel At has DBeR AL HeRTEIFTFOI thah ALe FRSBED HREIE oai beBTAREd ar
evaporating mageliated plate shapeowithaisaiaihombebiohsiepsiybhenalore.thervapeiratig material in

plate shape can be manufactyred at a lower cost and with good productivity. [0019]When the material that
has been detacH P oMM Bt Rember is subjected to cutting work or the like in plate shape, the

base member ispRiErhir @i relunnar BhaResespf prismatic shape in order to facilitate the working and
also in order to eliminate the loss in raw material. [0020] Preferably, the time of dipping the base member

into the molten 4ﬂs increased or decreased, to thereby control the thickness of the solidified body.

[0021]On the other hanggthere May bRISMAOYSd anarangrRMeRtiphich.the dapperatyye of the base
member is changed at the time of dipping the base member into the molten bath, thereby controlling the

thickness of thesSbfpifEgBbdys POU2DEA D rdiNaRer Bhig shvBYeHabretereshipg e ttaré-e B metal is a

embodiment of this invention.

FIG. 2 is a schematic view showing a dipping apparatus used in the
manufacturing of the evaporating material according to the
above-mentioned first embodiment of this invention.

FIGS. 3(a) to 3(f) are views showing the manufacturing steps of the
evaporating material according to a second embodiment of this invention.

FIG. 4 is a schematic view showing a dipping apparatus used in the
manufacturing of the evaporating material according to a modified example
of the above-mentioned second embodiment.

FIG. 5 is a view schematically showing a vacuum evaporating
processing apparatus in which the evaporating material of this invention is
used.

FIG. 6 is a view showing how the evaporating materials and sintered
magnets are housed into a processing box.

FIG. 7 is a table showing a volumetric ratio and weight of the
evaporating material manufactured according to example 1.

FIGS. 8(a) and 8(b) are photographs of external appearance of the
evaporating material manufactured according to Example 1.

FIG. 9 is a table showing whether the evaporating material
manufactured according to Example 2 is acceptable or not.

FIG. 10 is a table showing specific heat, specific weight, and thermal



member selected from the group consisting of terbium, dysprosium, and holmium. [0023]In addition,
preferably the fire-resistant metal is a member selected from the group consisting of niobium,
molybdenum, tantalum, titan, vanadium, and tungsten. [Brief Description of the Drawings] [0024]  FIGS.
1(a) and 1(b) are plan view and sectional view, respectively, schematically showing an evaporating
material according to a first embodiment of this invention.
capacity per unit weight of each of the materials of base member used in
Example 3.
[Embodiments for Carrying Out the Invention]
[0025] A description will now be made of an evaporating material 1, 10
as well as of a method of manufacturing the evaporating material 1, 10
according to an embodiment of this invention, in which the evaporating
material is used in the manufacturing of a high-performance magnet which
enhances the coercive force of neodymium-iron-boron sintered magnet or hot
plastic working magnet by heat-treating the magnet while evaporating Dy
in vacuum or in a reduced-pressure inert gas atmosphere.
[0026] With reference to FIG. 1, the evaporating material 1 according
to a first embodiment is made: by melting a rare-earth metal or an alloy
thereof; by causing the molten metal of the rare-earth metal or the alloy
thereof to get adhered to a core member 1a made of a fire-resistant material
having a multiplicity of through holes; and by solidifying the molten metal.
As the core member 1la, there is used a net member which is formed by
assembling wires W made of fire-resistant metal such as niobium,
molybdenum, tantalum, titan, vanadium, tungsten, or the like into a lattice
shape for further forming it into a plate shape. In this case, as the wires W
to constitute the net member 1a, the diameter shall preferably be 0.1 to 1.2
mm, the apertures of the wire meshes 1b as the through holes shall
preferably be 8 to 50 meshes, more preferably 10 to 30 meshes. The
apertures larger than 50 meshes are not suitable for mass productivity due
to lack of strength as the core member la. On the other hand, the
apertures smaller than 8 meshes have a disadvantage in that, even if the
core member la dipped into the molten bath of the rare-earth metal is
pulled up out of the molten bath, the rare-earth metal can hardly be
adhered to the entire region of the core member la in a manner to fill the

meshes.



FIG. 2 is a schematic view showing a dipping apparatus used in the manufacturing of the evaporating
material according to the above-mentioned first embodiment of this invention.  FIGS. 3(a) to 3(f) are
views showing the manufacturing steps of the evaporating material according to a second embodiment of
this invention.  FIG. 4 is a schematic view showing a dipping apparatus used in the manufacturing of
the evaporating material according to a modified example of the above-mentioned second embodiment.
FIG. 5 is a view schematically showing a vacuum evaporating processing apparatus in which the
evaporating malediilof this Dueahiiortistbedd, adike taisayieh skoaing thevathy ekapartating materials

and sm.tered magnets, are d mto roce box.  FIG, BIS a taple sho a vglumetric ratio
and weight of (18 BabErRI TAEEH T EnTRCL 8 bR g o S b NERGS: Bty and a(0) are
photographs of @xietal @apfiealdncenobideremaporeaivig dnaterial mam&a@weed)ﬁ@or@hngl@ Example 1.
FIG. 9 is a table showgg Vé/li’\n?tflll%r thedevarp{og?tllln% mr%tenal ar}lufa)((:t%e al%:or Exiample 2is
acceptable or {"s embodiment, a description 1s made a example w ys

exemplified because the rare earth to be used is for the purpose of

manufacturing a high-performance magnet. This invention is, however,

not to be limited thereto, but may also be applied to a case in manufacturing

an evaporating material made of other rare-earth metals such as holmium

or the like or the alloy thereof.

[0028] FIG. 2 shows a dipping apparatus M1 which is used in

manufacturing the evaporating material 1 according to the first embodiment.

The dipping apparatus M1 has a melting furnace 2 which defines a dipping

chamber 2a, and a vacuum chamber 4 which defines a preparation chamber

4a connected through a gate valve 3 to an upper side of the melting furnace

2.

[0029] At the bottom of the melting furnace 2, there is disposed a

crucible 5 for containing therein ingots of Dy. The crucible 5 is made up of

a fire-resistant metal such as molybdenum, tungsten, vanadium, yttria,

tantalum, or the like which does not react with Dy. In addition, inside the

melting furnace 2, there is provided a heating means 6 for heating and

melting Dy. The heating means 6 has no particular limitation and

anything may be used that can heat the Dy inside the crucible 5 above the

melting point (1407 °C) so that Dy inside the crucible 5 can be melted and

can keep the melted Dy in a state of molten bath. The heating means may

thus be of a known tungsten heater or a carbon heater. Otherwise, the

heating means may be constituted by a furnace of a high frequency

induction type or of an arc melting type. A side wall of the melting furnace

2 has connected thereto a gas introduction pipe 7a so that an inert gas such

as argon, helium or the like can be introduced into the dipping chamber 2a



FIG. 10 is a table showing specific heat, specific weight, and thermal capacity per unit weight of each of
the materials of base member used in Example 3. [Embodiments for Carrying Out the Invention] [0025]A
description will now be made of an evaporating material 1, 10 as well as of a method of manufacturing the
evaporating material 1, 10 according to an embodiment of this invention, in which the evaporating
material is used in the manufacturing of a high-performance magnet which enhances the coercive force of
neodymiume-iron-boron sintered magnet or hot plastic working magnet by heat-treating the magnet while
evaporating Dydn sagtadeteriisetefueedpressurelined djamaimiosphehen DO26]8¢itoréfesence to FIG. 1,

the evaporating materjal 1 according to a first embogdiment is made: by melting a rare-earth metal or an
oy thereo. oy DSBS Eh TBLATS: BT G eI Rl THorSBH S BEF adnered to

core member lajippdesafiafitberegistamipaiaiialdaving anadtiplicitehf dhrenphrelesp@md by solidifying
the molten metal. As the core member |a, there is used a net memper which is formed by assembling

wires W made SFAFEIRSSEELH ATl bR A RidDnT b ddsuHPRIRGICRATERSR. SEhEum, tungsten,

or the like into a-akticashans for fushaeigming {idtauaplpiesshapeattiis CRSRI as th@yvires W to
constitute the net member la, the diameter shall preferably be 0.1 to 1.2 mm, the apertures of the wire

meshes Ib as tHEEATHLEh holes shall preferably be 8 to 50 meshes, more preferably 10 to 30 meshes.

The apertures lgsggathan S@merbes e R SUIRDIGIQrIRASE RrRduCIVi, duedn-lagl@ftstrength as the
core member la. On the other hand, the apertures smaller than 8 meshes have a disadvantage in that,

even if the coreEpHNELfal HipIRsE dtto IS E BN RISRAT DR thecFireetrt mmItiip afiee theout of the
molten bath, the fare-gasimesal.6anaardixheAdhsiadde e ARlisI e el Gl pember la in a

manner to fill the meshes.
P1 on the side of the vacuum pump P of the on-off valve PV1. It is thus so

arranged that, by controlling the opening and closing of another on-off valve
PV2 which is interposed in the exhaust pipe P2, the vacuum chamber can be
evacuated by the same vacuum pump P. In addition, the vacuum chamber
4 has connected to the side wall thereof a gas introduction pipe 7b so that an
inert gas such as argon gas, helium gas or the like can be introduced into
the preparation chamber 4a at a predetermined flow amount.

[0031] One side wall of the vacuum chamber 4 is provided with an
open-close door 4b for use in bringing in, and taking out, the core member
la. On an inner surface of the upper wall, there is hung an electronic type
of hoist 8 so as to be positioned above the crucible 5 in the dipping chamber
2a. The hoist 8 is provided with a hoisting mechanism made up of: a drum
8b with a motor 8a and a wire 8¢ wound around the drum 8b; and a hook
block 8d mounted at the front end of the wire 8c. It is so arranged that the
core member la can be moved between a mounting-dismounting position in
which the core member la is mounted on, or dismounted from, the hook
block 8d by the hoist 8 inside the preparation chamber 4a; and a dipping
position in which the core member 1a mounted on the hook block 8d can be
dipped in its entirety into the molten bath inside the crucible 5 in the
dipping chamber 2a.

10



[0027]0n the other hand, as the rare-earth metal or the alloy thereof, aside from Dy, there can be used Tbh
or an alloy of Dy or Tb with Nd, Pr, Al, Cu, Ga, or the like in order to further enhance the coercive force. In
the first embodiment, a description is made of an example in which Dy is exemplified because the rare
earth to be used is for the purpose of manufacturing a high-performance magnet. This invention is,
however, not to be limited thereto, but may also be applied to a case in manufacturing an evaporating
material made of other rare-earth metals such as holmium or the like or the alloy thereof. [0028]FIG. 2
shows a dippingoapgharatus NHevehich is yseteimbbarthiacttirind tok eslagiorating naddriabfl according to the

first embodiment. The dipping apparatus M1 has a melting furnace 2 which defi a djppjng chamber 2a,
and o vacuun QHSHEEP H U CH oS r TS el S8 St o A gite vaive 3 (0
an upper side oidbe neltieg-furnacel HORSIADe bottamaofithplaelingHumase Rotresd js disposed a
crucible 5 for containing therein ingotﬁ of Dy. The crucible 5 is made up of a fire-resistant metal such as

molybdenum, tiRGEteMaaRadRROSAta, Ratdar Al BremETREAMh RSO B ot Fesieaith 5. In addition,

inside the meltingifuface 2itherrys sroavdednicnasting Taeans-6 sed heatingpaddmelingeQy. The heating
means 6 has no particular limitation and anything may be used that can heat the Dy inside the crucible 5

above the meltiftiFEIFR (107 WP PHEEDYINdia heltiidibled carep@sREd dAdean Reep the melted

Dy in a state of qnglten;RashnEhgieating: Means mashthusherha known tungsten heater or a carbon
heater. Otherwise, the heati&g means may be constituted béea furnace of a high frequency induction type
a

or of an arc melgH pe. A dastwaldsemiptrinalipABE 2eHstbsnmesatpaiering #lgHeintroduction
gfe 7a so that an, NEHGRS SHED AS PO BRIE @6 thelike Garbe Jatmdicas intgithe gjeping chamber

dipping apparatus M1 as shown in FIG. 2. First, ingots of Dy are set in
position in the crucible 5 in the dipping chamber 2a. After having isolated
the dipping chamber 2a by closing the gate valve 3, the vacuum pump P is
operated and also the on-off valve PV1 is opened so as to start the
evacuation of the dipping chamber 2a. Then, while maintaining the
dipping chamber 2a at a predetermined pressure (e.g., 1 Pa), Dy is heated.
When the temperature of Dy has reached a temperature at which Dy starts
sublimation (about 800°C), Ar gas is introduced through the gas introduction
pipe 7a into the dipping chamber 2a.

[0034] The reason why Ar gas is introduced is to prevent the Dy from
getting splashed as a result of sublimation. A loss of Dy is thus prevented.
Ar gas is introduced in such a manner that the pressure inside the dipping
chamber 2a becomes 15 to 200 kPa, preferably 50 to 100 kPa. In this state
the heating is continued. Once the melting point has reached, Dy gets
melted, and the operation of the heating means 6 is controlled to maintain
the molten bath temperature (e.g., 1440 “C) at a constant temperature
above the melting point.

[0035] In the preparation chamber 4a, on the other hand, the on-off
valve PV2 is opened in a state in which the open-close door 4b is kept closed.

The preparation chamber is thus once lowered by the vacuum pump P down
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at a predetermined flow amount. In addition, the melting furnace 2 has connected thereto a vacuum pump
P for reducing the pressure inside the dipping chamber 2a. The connection is made through an exhaust
pipe P1 provided with an on-off valve PV1 so that the dipping chamber can be evacuated to a
predetermined vacuum pressure and be held at that pressure. [0030]On the other hand, the vacuum
chamber 4 is also arranged to be reduced in pressure inside the preparation chamber 4a. In this case, the
exhaust pipe P2 from the vacuum chamber is connected to the exhaust pipe P1 on the side of the
vacuum pump Roohtheredetifmahel PXatulins thrissarart@nged that) by cdntreliingldyaopining and closing

of another on-off valve PV2 which is interposgd in the exhaust pipe P2, the vacuum chamber can be
ovatuated by (S Rioho B Shcioh, (st hEAA A Hie FoRRollEs to the Side
wall thereof a gaminttosiiaionpipeidy sosibiahan Meck gapsdchamaiganeasdhalitim@asor the like can

be introduced into the preparation chambey 4a at a predetermined flow amount. [0031]One side wall of
the vacuum chaffisé &%eﬁragrdémmgaﬂfo%@n%%@&a& Ak ireb¥ngiNg i a}ﬁaﬁkmg out, the

core member lay £Ana innessuifacerefithe uppen wad . ghayerig funechamBlecirpRisbResafhoist 8 so as to
be positioned above the crucible 5 in the dipping chamber 2a. The hoist 8 is provided with a hoisting

mechanism maBEtSRICEREFERIRIH 2indeEa Bl WiFRBRHMRuf IR fTa4RParENBb; and a hook

block 8d mountgg:aftthesfrantend afthe wine 86idtds 80, anapgad Rkths-cor Mephrila.can be moved
between a mounting-dismounting position in which the core member la is mounted on, or dismounted

from, the hook BIOER 88 ERetisesomReB hsside thedorepabstierreHafpeeate SAFasppiag pdsition in which
the core membeg Jaypaknigiorihe Raek plack fck AN pe.AIRAGA dndis ANUIRY dtadhe melten bath inside

the crucible 5 in the dipping chamber 2a. [0032]Here, it is preferable that the hook block 8d is made of a

fire-resistant mat¥Ralsseitnasd ewlgdiea @%bm%ﬂﬂ%ﬂkéhﬁkﬁ@hméﬁmtcmbwtﬁ&he molten Dy.
Further, in P'“Bﬂﬁ@%&%?&l&%dﬁth%&é%&%@%odtﬂ?&ﬁ?%%%h%%%&OMLI%'{&? %@E&%W (not

illustrated) for holding a p y of core members’la arrange a predetermine tance from one
another so that&ippinglitheofaereamebebdrs iafmashied. dipped into the molten bath of Dy at the same time.

[0036] Then, in a state in which the molten bath temperature is
maintained at the predetermined temperature, Ar gas is kept introduced
through the gas introduction pipe 7b into the preparation chamber 4a until
the preparation chamber reaches the same pressure as that in the dipping
chamber 2a. Once the dipping chamber 2a and the preparation chamber 4a
have attained the same pressure, the gate valve 3 is opened. In this state,
the motor 8a of the hoisting means is rotated in the normal direction of
rotation so that the core member la is lowered from the preparation
chamber 4a toward the dipping chamber 2a through the hook block 8d.
When the core member la is lowered, the core member is sequentially
dipped into the molten bath of Dy and reaches the dipping position.

[0037] When the core member has reached the dipping position, the
motor 8a of the hoisting means is rotated in the opposite direction of
rotation so as to sequentially pull the core member 1a out of the molten bath
through the hook block 8d. Here, since the core member 1a is made up of
wires W, when the core member 1la gets dipped into the molten bath, the

molten bath of Dy gets penetrated into the wire meshes 1b of the core
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[0033]Next, a description will be made of the manufacturing of the evaporating material 1 according to the
first embodiment by using the dipping apparatus M1 as shown in FIG. 2. First, ingots of Dy are set in
position in the crucible 5 in the dipping chamber 2a. After having isolated the dipping chamber 2a by
closing the gate valve 3, the vacuum pump P is operated and also the on-off valve PV1 is opened so as
to start the evacuation of the dipping chamber 2a. Then, while maintaining the dipping chamber 2a at a
predetermined pressure (e.g., 1 Pa), Dy is heated. When the temperature of Dy has reached a
temperature at whinhdyl ataits:suhknatiom@ahbeit 3QAUE) Asoglas éstinbibidy eeidhiodghotbengas

introduction pipg 7a inta the dipping chamber 2a. [0034]The reason why Ar gas is introduced is to prevent
the Dy from G B Rihed MR TGP SEhATAAEH IRTGUS f B & S LT BRBHOA s 1
introduced in sughsmatannehibatite piessuseénsigeihgrdippinghehambaiedabeecnmgsidsto 200 kPa,
preferably 50 to 100 kPa. In thi stat&%éhe heatiré%liﬁ, continued. Onpa(j&ghe melting point has reached, Dy

gets melted, andHs GfRietiol SFThESBRGIRBRSS Sad torMuRaRaHEs T heThstERebath
temperature (€.81o1244® £2h 2t GUISIGRTIEIRREBIUR abave thataehing peidmlQ032 e preparation

chamber 4a, on the other hand, the on-off valve PV2 is opened in a state in which the open-close door 4b

is kept closed. THEGYébar&ibseiiandber s tradricelibneae ol the wrsheh pufpertadim

surface tension and so as to cover the surface of the core member 1la.
Immediately after being pulled up out of the molten bath, the Dy is cooled to
a temperature below the melting point and gets solidified. When the core
member la has been completely pulled up out of the molten bath, there can
be obtained an evaporating material 1 of plate shape. The speed of pulling
up the core member out of the molten bath may appropriately be
determined considering the point: that Dy can be solidified in each of the
wire meshes 1b; and that the amount of adhesion of Dy becomes as uniform
and as large as possible; or the like.

[0038] Then, when the hook block 8d reaches the mounting position,
the gate valve 3 is closed. In this state, Ar gas (e.g., of 100 kPa) is further
introduced into the preparation chamber 4a and the evaporating material is
cooled for a predetermined period of time. After having cooled, Ar gas is
further introduced into the preparation chamber 4a to bring it back to
atmospheric pressure. The open-close door 4b is opened to thereby bring
out the evaporating material 1.

[0039] In this manner, in the first embodiment, it is not necessary to
subject Dy to melting and casting into slabs. Further, a plate-shaped
evaporating material made of Dy can be manufactured only by making the
core member la itself into plate shape. Therefore, since no particular
cutting work or rolling work is required, it is possible to avoid the loss in
raw material that may happen as wastes by cutting work or the like. As a

combined effect thereof, it is possible to obtain the evaporating material 1 at
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to a predetermined vacuum pressure (e.g., 1 Pa) to thereby degas the preparation chamber 4a. At this
time, the hook block 8d is in the mounting-dismounting position. Once a predetermined period of time has
lapsed after the starting of the evacuation, the on-off valve PV2 is closed and also Ar gas is introduced
until the preparation chamber 4a becomes an atmospheric pressure so as to return the preparation
chamber 4a back to the atmospheric pressure. In this state, the open-close door 4b is opened to bring in
the core member la and set the core member to be suspended by the hook block 8d. After closing the
open-close doosidbxthentsisoféwaluet PV2 is opened once again to thereby evacuate the preparation
chamber 4a by ﬁ cuum pump P. According to this arrangement, the preparation for digping the core
momber la s frIAAL. [003GLAREN S A5 SEALE T RFERHAE rORER At SSRGS ainad at the
predetermined tempehatufiestAe@dsdsnkept iradedes thifaughthe:gag intidduciordipantds into the
preparation chamber 4a until the preparation chamber reaches the same pressure as that in the dipping
chamber 2a. ORI diSPhg RhHErSS An bt PRt TpADETOET 8 AREREEFthe same

pressure, the gateMaie1d inoRerethdNdbs Biaiedhe tnetrl-8RRf thehgistigdneansds 1etated in the
normal direction of rotation so that the core member la is lowered from the preparation chamber 4a

toward the dippitiychaiibetBaaprdifdprhelitonr BRSO iR A HRROEBHE BRI JsT®ered, the core

member is sequgntigy digpeddpiathaimaligriPath of Ry.apddeachas tEngiﬁQinQrH&%itiﬁrb [0037]When
the core member has reached the dipping Eosition, the motor 8a of the hoisting means is rotated in the
opposite directierAdPFaians st asolstlehtiany sardner ddelHiember la out of the molten bath through

the hook block fighpre, sinpg,ihe.cogsmemperads, s HRhYres Ws When tgaaig.member la gets

dipped into the molten bath, the moiten bath of Dy gets penetrated into the wire meshes Ib of the core
member la sincestdesesrecthahser ihisagoon edetvapiitg With mrtenitencsatho g Siace the thermal

capacity per unj f C rla,i ] in thi te, t Iten bat he core
member la is in%ﬁ?gfﬁg s%g?e.%%ﬁlﬁt%%} %olr%ér%tz{r}n%ér Ialj?{élss%é%%ntﬁ}f?y ghﬁé}a ?g%(%?%]ft é molten bath,
the portion pullednspmgdaftheonadites hathhelcbnds shstanelitenvhidh wielhy yetdadhsletso as to fill

each of the meshes I_bdgéJe to %sf a%lillrlface tger}§éqqand so.as to cover éhe gurga%gsgﬁghﬁl%olrje member la.

Immediately aftler%%’lng pﬁﬁga up o of the molte%aBatﬁﬁﬁ%eB@ is cooled’t6 a temperaturg below the
melting point antl getsrsoligifimth Mkt thiee corelmeapoes fenpasdiesia lcbnipidielyemabtdchsiptout of the
molten bath, there cgn bg c%{)talned n evaéporatm materjal 1 of.plate shag% Thce sg%egiag pulling up the

core member olit Of (e)umg eh ba lmagﬁl/a p%sroap?laﬁael?y be Uetermine goensri&leﬁnogn% e point: that Dy can

be solidified in aachsedite avireameshesridsandihak ty,afount hfcatikesian dieDyffoedosigs as uniform
and as large as IRﬁ?ZSelgl?n %1 tggtllfig%eggoeefgyilgenmvgg%grt.he hook block 8d reaches the mounting position,
[0042] In the above-mentioned first embodiment, a description has
been made of an example in which a core member la was formed into a
plate shape. However, without being limited to this example, a cylindrical
evaporating material may be manufactured by using a wire net material
formed into a cylindrical shape so as to be used as an evaporating material
for use in manufacturing a ring-shaped sintered magnet or a hot plastic
working magnet. In addition, the core member 1la having formed a
multiplicity of through holes of a predetermined diameter may serve the
purpose. In place of the wire net material, an expanded metal or a
perforated metal may be used as well.

[0043] In the above-mentioned first embodiment, a description has

been made of an example in which the adhesion of Dy was performed by
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the gate valve 3 is closed. In this state, Ar gas (e.g., of 100 kPa) is further introduced into the preparation
chamber 4a and the evaporating material is cooled for a predetermined period of time. After having
cooled, Ar gas is further introduced into the preparation chamber 4a to bring it back to atmospheric
pressure. The open-close door 4b is opened to thereby bring out the evaporating material 1. [0039]In this
manner, in the first embodiment, it is not necessary to subject Dy to melting and casting into slabs.
Further, a plate-shaped evaporating material made of Dy can be manufactured only by making the core
member la itselflipiorplatashape. nibwiaiorea sinte aonpatiouksatbutithihweark af linghd/dsk is required, it

is possible to avoid.the loss in raw magerial that happen as wastes by cutting work or the like. As a
combined effec Pegi)ft,?ffisc%r&ﬁbﬁgl g%t?tlétin(’lﬂ]ﬁgevéﬁ%&gﬁn ‘ter?é’lsiegfyarﬁ égxt‘i%%e%ﬂow cost.

[0040]Here, as gléiseriedtaereinaftasrén casmbee evapdsating ragiadal 1 afubehfirst @mbagiment is used in
manufacturing a_high-performance magnet, with the progress of consumption of the Dy adhered to the

core member | MR SAHENe T & FSEnfRhAdR e she S5 B JtRS ePAINSE AR uIt, the
conditions of canguntian of thenevapatinghaaterial 4 ¢aR Beavisealty,regognigad, tiichis

advantageous in judging when the evaporating material 1 shall be rg@laced, or the like. [0041]Further,
when the evapStamiBgreRerlihasiBeti ConsuRed B destrsapebdnatitiecdapingdevaporating

material 1 can be\sed AOHHYHIPHHARY RIGHRIRAY LIGAHRSRL 13 OHICL YeREssH BY diRing the consumed

evaporating material 1 into the molten bath of Dy, and by pulling it up, the evaporating material 1 can be
regenerated. ASO445ult, the\DpsREPFARAY are R fieeofi e sesvap sraheg imardriafl thean be reused

as it is without throwing: it, aWay, A58 BC{AP wRHPeRSIVR FREE-RANR alors WHIGH are,s6a5¢6,as raw materials
such as Dy, Tb or the like can be effectively utilized in an extremely effective manner.

material 10 is manufactured by the following steps, i.e.: a step in which Dy
1s melted, and a base member 10a is dipped into the molten bath of Dy in a
state in which the base member 10a is maintained at a temperature below
the melting temperature of Dy, and the base member is then pulled up or
lifted out of the molten bath to thereby form a solidified body 10b made of
Dy on the surface of the base member 10a (solidified body forming step); a
step in which the solidified body 10b is released or detached off from the
base member 10a (detaching step); and a step in which the detached
solidified body 10b is worked into a plate shape (working step).

[0045] As the base member 10a, out of consideration that the solidified
body 10b is worked into a plate shape after having formed the solidified
body 10b, there is used a solid prismatic shape or columnar shape, each
being made of a fire-resistant metal such as niobium, molybdenum,
tantalum, titan, vanadium, tungsten or the like. As the base member 10a,
there is used one having a thermal capacity of about 2.5 MdJ/km3. If the
thermal capacity is below 2 MdJ/km3, as described hereinafter, when the base
member is dipped into the molten bath of Dy, the base member 10a itself
will rapidly rise in temperature so that the Dy film formed on the surface
thereof will be melted once again and, as a result, the solidified body 10b

cannot be formed efficiently.
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[0042]In the above-mentioned first embodiment, a description has been made of an example in which a
core member la was formed into a plate shape. However, without being limited to this example, a
cylindrical evaporating material may be manufactured by using a wire net material formed into a
cylindrical shape so as to be used as an evaporating material for use in manufacturing a ring-shaped
sintered magnet or a hot plastic working magnet. In addition, the core member la having formed a
multiplicity of through holes of a predetermined diameter may serve the purpose. In place of the wire net
material, an expaoield metaDor th petioraieghcheialtinaydre-tuseth asandllofGB4 3] livshehabayfe-mentioned
first embodiment,.g description has been made n exam%ae in whjch the adhesiqn of. Dy was performed
by dipping the CEISTEHBORTatRGE PRGN 155th BF bl I3y ARd BY SUMRGPLBER Fember out of
the molten bathDinstead 2Dy ¢vdyvgechdaerbertertharteetnesabedila Byrspraygak Wthary,in the
above-mentioned first embodiment, a description has been made of an example in which the core
member la Wasfﬁa@ufé%maw&we G ST iEbRTG e T ARSI TRERE AT Atth ﬁss@‘%%dawaﬁged that the
dipping is perforatesbitt ®ltwaHimas phenaiationsdachanging the dirrctiomphidinring1{(3044] A
description will now be made of a second embodiment of the evaporating material 10 with reference to
FIG. 3. The evadD8haRAGMHERR4 138RanMdiumts HyAth & ToRSHme Steploveves stEphiatfhich Dy is
melted, and a basg nemed 1RaissliPRRdIRO-BERalieR baipidy ima sialainmishdae base member
10a is maintained at a temperature below the melting temperature of Dy, and the base member is then
pulled up or lifteihsit SVaROTABREN Bade R IReranYFori atBelidimed Bt 1ol BIDY8N the surface
of the base memper;10a (selidified body formuing sieRkoa step in which the solidified body 10b is released

or detached off from the base member 10a (detaching step); and a step in which the detached solidified
body 10b is wofREdThto a plktetkpapen(wofkine veep)e [ovadifiertthedyase dinnittmAnDar afus of
consideration t%&t@% (sj&lwl?qlpqu(}log kﬁlé{g,o%eqlgg}tg a plate (ﬁ%p&ga 5%\.&@9 g’nﬁgst.he sol|ld|f|ed
body 10b, there Is used a solid prismatic shape or columnar shape, each being made of a fire-resistant
metal such as riobitiantmblyddensmm ¢agimbinuctitam, asathelionte empiieedofthalikedippitie base member
10a, there is used one havj th I acity. of about 2.5 MJ/km3. If the thermal.capacity is below 2
VIS, 25 o M e Lo e panit B e el HIE ISR = e base
member 10a itsHbwékregpadiylrésérimteenpdesitarese hiabothe Dyidilmdotinect os thresdedcethereof will be
melted once aggfn an(()jf asayre Itmt(t]C sgg’dlfle bodygaO?O% nrlat be formed efficiently.

ace e hoo a clamp olding one Fongitu mal ‘end

portion of the base member 10a. It is thus so arranged that, by means of
the hoist 80, the base member 10a can be moved between: a
mounting-dismounting position in which the mounting or dismounting of
the base member 10a to and from the clamp 82 is performed inside the
preparation chamber 4a; and a dipping position in which the base member
10a held by the clamp 82 is dipped into the molten bath in the crucible 5
inside the dipping chamber 2a except for the portion that is being held by
the clamp 82. In FIG. 4, the same reference numerals are assigned to the
same parts as in the dipping apparatus M1.

[0048] Preferably, the clamp 82 is formed, in a similar manner as in
the above-mentioned embodiment 1, of a fire-resistant metal such as
molybdenum, tantalum or the like which does not react with the melted Dy.
It may also be so arranged that a plurality of clamps 82 are disposed in line

at a front end of the wire 8c (81) through a jig (not illustrated) so as to be
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[0046]0n the other hand, as the rare-earth metal or the alloy thereof, aside from Dy, there may be used
Tb or an alloy made by compounding into Dy or Th a metal which further enhances the coercive force,
such as Nd, Pr, Al, Cu, Ga or the like. Since this second embodiment is also described with reference to
the evaporating material adapted for use in manufacturing a high-performance magnet, Dy is used as an
example. However, without being limited thereto, this invention can be applied to the manufacturing of
other evaporating materials made of other rare-earth metals such as holmium or the like, or of an alloy
thereof. [0047]Ialthetstdipof fdminigthe bakidifiechtiedy, Zdifpingnapparathislid? Bstdhafrbdyin FIG. 4 may
be used. The djﬁgﬂp}%a aratus M2 has substantially the same construction as the one employed for the
dipping apparatus S(%ﬁ% Ef&ef'Z) used in the above-mentioned first embodiment. However, at the front
end of a wire 8]ooi4g]hoist 8@, dbeteijsiprowildoin aee @f dTaahesk bloekBd, dyclasmp8Rdor holding one

longitudinal end_portion of the base member 10a. I{ |s thus so arranged that, by means of the hoist 80, the
base member 10RRAR BERAGVSL &R@éeﬁ%%ﬁb‘&#th%-ﬁiﬁﬁ%ﬂf%gs%éﬁ&p %n}ﬂﬁﬂlﬂqeoﬁounting or
dismounting of the hase.reFbend Osute and fipen theaclampr8isierforped insideHhe praparation
chamber 4a; and a déi%ping position in which the base member 10a held by the clamp 82 is dipped into the

molten bath in tFRIEHIEHIROSTnitheith® AippthiPcHiriber 2 ke pr eirBansdiSNaRat3siB8ing held by the

clamp 82. In FIG.4etha $8me reference numerals are assigned to the same parts as in the dipping
apparatus Ml. [0048(}Preferab!y, the clamp 82 is formed, in a similar manner as in the above-mentioned
embodiment 1, 90&%re-residtint rirgarsatR B8t sKbdepeFititaitihe BLEARIAIRIRFHN HSes not react

with the melted By, ey alaubes0 auangelihala eraly ol lampn 82 are:iRRosedy e at a fron

end of the wire 8c. (81) through a jig (not illustrated) so as to be able Ip a plurality of base members
la (10a) into theclponartbaigpts Dylee thetberyretma pump P is operated and also the on-off

valve PV1 is opened to start evacuation. At the same time, the heating
means 6 is operated to start the heating. Then, heating is performed while
maintaining the dipping chamber 2a to a predetermined pressure (e.g., 1
Pa). When the temperature of Dy has reached a temperature at which Dy
starts sublimation (about 800 °C), Ar gas is introduced into the dipping
chamber 2a through the gas introduction pipe 7a.

[0051] Here, the purpose of introducing Ar gas is to keep the
evaporation of Dy under control. Ar gas is introduced so that the pressure
in the dipping chamber 2a becomes 15 to 105 kPa, preferably 80 kPa.
Heating is continued in this state and, when the melting point has reached,
Dy gets melted. The operation of the heating means 6 is then controlled to
maintain the molten bath temperature (e.g., 1440 C) at a constant
temperature which is higher than the melting point.

[0052] On the other hand, in the preparation chamber 4a, the on-off
valve PV2 is opened in a closed state of the open-close door 4b to thereby
once reduce the pressure by the vacuum pump P to a predetermined vacuum
pressure (e.g., 1 Pa) to thereby degas the preparation chamber 4a. At this
time, the preparation chamber 4a is at room temperature, and the clamp 82

of the hoist 80 is in the mounting-dismounting position. @When a
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[0049]A description will now be made of a case in which, by using the dipping apparatus M2 as shown in
FIG. 4, a solidified body 10b is formed on the surface of the base member 10a of prismatic shape, and
then the solidified body 10b is worked to thereby obtain a plate-shaped evaporating material 10.
[0050]First, ingots of Dy are set in position in the crucible 5 inside the dipping chamber 2a. After having
isolated the dipping chamber 2a by closing the gate valve 3, the vacuum pump P is operated and also the
on-off valve PV1 is opened to start evacuation. At the same time, the heating means 6 is operated to start
the heating. Thenedheatingrispeared whike maaihipkidgather dippitig chhmbesi2atoma, pledetermined

pressure (e.g., 1 Pa), When temperature qf Dy has reached a t erature at which Dy starts
D mation G B Eh B e T TR B 100 S5 e A U o PEHPHE Y roduction
pipe 7a. [0051]dieien sbe punpesenek intiadusingiApgassis-todkesp the @vaporatigrafdytisider control. Ar

gas is introduced so that the pressure in the dipping chamber 2a becomes 15 to 105 kPa, preferably 80
kPa. Heating isS REeATPITE Hac P OaR ﬁrfﬁéoméﬁm@-po?ﬂt TEHEN RS PRPEtfielted. The

operation of thejheatindi nesis8 i then cantalled temditairnthemedentbathdemperatiyee (e.9., 1440 C
) at a constant temperature which is higher than theézgltingapoint. [0052]On the other hand, in the

preparation chah® e aBatAEGh Srwdice Bee I Epaial indnadsagisudmat endopitianst door 4b to

thereby once regidce,thepigssire by i@@a@@ﬁ%@%@d‘%&%ﬁ@&%fﬁ%W&M@@b&“%@f%sure (eg.1
Pa) to thereby degas the preparation chamber 4a. At this time, the preparation chamber 4a is at room

temperature, afdSHETIEHPrSR GPHEHbistIBTTs HiprhnBuRingseRHBsUPRRY JosstidreviRen a

the on-off valve PV2 is opened once again to thereby evacuate the
preparation chamber 4a by the vacuum pump P. According to this
arrangement, the preparation for dipping of the base member 10a is
finished.

[0053] Then, in a state in which the molten bath temperature is
maintained at a predetermined temperature, Ar gas is introduced into the
preparation chamber 4a through the gas pipe 7b until the preparation
chamber 4a attains a pressure that is the same as the dipping chamber 2a.
Then, when the dipping chamber 2a and the preparation chamber 4a have
reached the same pressure, the gate valve 3 is opened and, in this state, the
motor 8a of the hoisting means is rotated in the normal direction of rotation.
The base member 10a is thus lowered through the clamp 82 from the
preparation chamber 4a to the dipping chamber 2a. With the lowering of
the base member 10a, it sequentially gets dipped into the molten bath of Dy,
finally reaching the dipping position. The base member is then held at the
dipping position for a predetermined period of time. In this case, the
holding time is appropriately set depending on the thermal capacity of the
base member 10a and the thickness to be obtained of the solidified body 10b.
It is to be noted, however, that dipping beyond the predetermined period of
time will result in melting again of the film once formed on the surface of

the base member 10a. The holding time shall therefore be set taking the
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predetermined period of time has lapsed after starting the evacuation, the on-off valve PV2 is closed and
Ar gas is introduced until the preparation chamber 4a becomes atmospheric pressure so as to return the
preparation chamber 4a back to the atmospheric pressure. In this state, the open-close door 4b is opened
to bring the base member 10a of room temperature into the preparation chamber (see FIG. 3(a)). One
longitudinal end portion of the base member 10a is caused to be held by the clamp 82 to thereby set the
base member in position. Then, after having closed the open-close door 4b, the on-off valve PV2 is
opened once agavvtocihareby avacuate thegiepatation chamber 4a by the vacuum pump P. According to
this arrangemen g1 preparatjon for dipping of the base member 10a is finished. {10053 hen, in a state
in which the mo[fég Zgath temp ?Hreaisg%%%%mél&%‘?é) B]Féodietgnﬂﬁ‘éedi?ﬁ"ﬁsgr%?ﬁ e,"Ar g8s is introduced
into the preparativehambenda threugththegas Bipe7ihumidithe preparationrobamber 4acattains a
pressure that is the same as the dipping chamber 2a, Then, when the djpping. chamber 2a and the
preparation chaPRBRT1a HAg1dhe éatﬁ’féoga?ﬂélb‘?%%ﬁéflﬂf‘élb‘ﬁ%éyvgwg s RBEBERAGT in this state,

the motor 8a of the tipisting JaeansHs miated bathe nEeRalidirepian LfketBlisn mhevasemember 10a is
thus lowered through the clamp 82 from the preparation chamber 4a to the digging chamber 2a. With the

lowering of the Bha8MbmBeMIdamt 4B fhshinaly GORCHH IS HBte ate BB BR teMally reaching

the dipping posjign. The haseemAskia thenhgidyatsbr dippingenasitiondeia Piedeiasained period of
time. In this case, the holding time is appropriately set depending on the thermal capacity of the base

member 10a arfeheagsidrsedieio Hia obtdineabinhe datidrrdteBdeRthoB Bels Belried thowever, that
dipping beyondiifie predetenpingd patiod affimme Wil reswlt ip meling.again ofthe filmmnge formed on the

surface of the base member 10a. The holding time shall therefore be set taking the above circumstances

into consideratiB)TW@@_SQ]WEM&%@&@@@@G}@@?M@{tiBﬂa_Hﬂal%_ilI@BEdh@ Mat@w@ﬁéntioned state,
the motor 8a Ofltﬁgbmﬁ%mg%%%%}%%ﬂtﬁq t'ﬂi%;gt %?cﬁﬁ%efﬁ’fﬁe&rtﬂﬁm%{%%%%éhc%@@& sequentially

pull the base member 10a upward out of the molten bath. Here, by dipping the base member 10a of about
2.5 MJ/km3 in thewnaiccapgacityeperunsitheddumier intohieng olert ati, ghes malidifiodth Wik e rapidly

cooled by the base member. en,the hase.membgr 10a is dipped inte the ten,bath, and gets
achered 1o the LTtibe Lt B Ao S B SRR s B AR
predetermined fitlenthiokh@s<s8y PifRirtfp tHEHaseemeofpedi0a opttbbthesmaolentzatia this state, the

film will immediately be cooled down to a temperature below,the.melting.point and gets.solidified. As a
result, & sORHTEELR OB AN BE Yo e e O HE L R A B R . a(b). The
speed of pullingaththe base member 10a is appropriately set considering the time of dipping the jig into

the molten batty 30 W he e TR Sa 83 1oaSRadhog o umng RN ne 82 ate
valve 3 is closed. In this state, Ar gas is introduced into the preparation
chamber 4a (e.g., 100 Pa), and the solidified body is cooled for a
predetermined period of time. After cooling, Ar gas is further introduced
into the preparation chamber 4a to bring the preparation chamber 4a back
to atmospheric pressure. The open-close valve 4b is opened, and the base
member 10a having formed the solidified body 10b on the surface is taken
out of the preparation chamber.
[0056] Then, the solidified body 10b is released off from the base
member 10a. In this case, out of the base member 10a, that portion which
was held by the clamp 82 is kept free from formation of the solidified body
10b. Therefore, in a state in which the solidified body 10b is fixed in

position, the above-mentioned portion of the base member 10a is given a
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valve 3 is closed. In this state, Ar gas is introduced into the preparation chamber 4a (e.g., 100 Pa), and
the solidified body is cooled for a predetermined period of time. After cooling, Ar gas is further introduced
into the preparation chamber 4a to bring the preparation chamber 4a back to atmospheric pressure. The
open-close valve 4h is opened, and the base member 10a having formed the solidified body 10b on the
surface is taken out of the preparation chamber. [0056]Then, the solidified body 10b is released off from
the base member 10a. In this case, out of the base member 10a, that portion which was held by the
clamp 82 is kepidttadrdioréermatitn ef bje sakdifteddathpiOhidticreforetivna staithin dideh the solidified

body 10b is fixed in position, the @above-mention ortion of the base member 104 is given a pulling

forca wihle subiBETAE (ORSHIB AT GIBEAR RS PR Hico e HE Y 26 16 S HRUSHE pulied ont. O

the other hand, BEGSB{IN ¥y klGtid(Crhysoliidiife: theosklidiedbeBy 1dgom diedbngipydisiadly opposite side

of the base memtﬁ?r Oa along a breg}létxline shown in chain ljne in the figure, by means of cutting work or
d

the like, the longh B SRR S HE D ALY B e A O s TRBR . SAER JESABWASN FIG. 3(d),
the base membes Q2 Kyay e sWIiecteth iowhiacks tRusiiag fiosass @t taenierr thatrthe selidified body

10b pushes out the base member 10a. In this manner, since the base member 10a and the metal of the
molten bath do 1t R2set MRABEEH Bthist, $ReeserldifictBBody £88Fan B dSsily fbicikelast from the base

member 10a onlyeRyhgivieh iRsgIons upQTka. @F sRsdike JOOX Ak inalys 3% shoWMRe&8 tHAHIG. 3(8), if the
solidified body 10b is cut along a break line shown in chain line in the figure by means of cutting work or

the like, there cEitiFobBERTEHA Y A0-drebed evhpbrabneerrehsar(dde-FI& ey mamsimanner, in the
second embodigent, b SHRENBEssSaAYI i Al 2Rd GasLPYIIR.SRbRMpALtR L SINFeYhat has been

released off from the base member 10a is subjected only to cutting work, the plate-shaped evaporating

material 10 can'élopaginetheratiowsebstiaed bty gebdopmdectrst)y [0088iFd rehiefrene deaporating
material 10 malglé{fs%cé%ggo%s mgrgjﬁg;%(} QR%% mgyatgl%gytstg?ggg by {ﬁgﬁm Subjecting it to rolling work. It
lled i [

is to be noted here that, If the slabs are’manufactured and ro into thin plates as in the conventional art,
the workability i®pd6r due td'thelbrystatlstmnture.oth&l&gctel, |Hitibe Hodididipddsedit tH¥réin. In order to
roll the slabs into, \%ha'x'f'oﬁlate yiLis ﬂ%%essﬁsoa%tpns&tglergltgee% rp? eé codrse of the RIegessing treatments,

to heat treatment for annéa Ing, thereby giving rise to the pro ml%'ﬁum iﬁlf?ﬁl%anu acturing cost. The

product manufaetute dradeotdingtivetiis anviea b pioe dhe dtiershapddis e thire plagerod sevaral mm in

thickness and Iﬁ@geﬁ%&r%{? dﬂ? tt%lrg prir(lja%%%lliﬂth the second embodiment, it i1s not
necessary to melt and cast Dy into slabs. In addition, since what has been
released off from the base member 10a is subjected only to cutting work, the
plate-shaped evaporating material 10 can be obtained at a low cost and with
good productivity.
[0058] Further, the evaporating material 10 manufactured as
mentioned above may be put to use by further subjecting it to rolling work.
It is to be noted here that, if the slabs are manufactured and rolled into thin
plates as in the conventional art, the workability is poor due to the crystal
structure of hexagonal lattice that is present therein. In order to roll the
slabs into thin plates, it is necessary to subject them, in the course of the
processing treatments, to heat treatment for annealing, thereby giving rise
to the problem of jumping in manufacturing -cost. The product
manufactured according to this invention, on the other hand, is a thin plate

of several mm in thickness and has fine structure due to rapid cooling.
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Therefore, it is rich in rolling characteristics so as to be capable of rolling down to below 1 mm without the
need for annealing. [0059]In the above-mentioned second embodiment, a description has been made of
an example of prismatic shape as the base member 10a. However, without being limited thereto, a
columnar shape may also be employed. In this case, a ring-shaped solidified body in cross section which
is detached from the base member 10a is cut along the longitudinal direction so as to become
semicircular in cross section. What is thus obtained may then be subjected to rolling or press working,
thereby obtainifitharptate;shapeadcavapesdting nhateriabrjeficOFuten, be thepabbyefmehiioned second
embodiment, a%escr{ptiéoril ha§ been made ot%an ex% ple in vﬁjch the thickness of the solidified body 10b
e Phaghen

is varied by cha Od?'r?g iMe o‘in(ﬁ’i’p‘ﬁl'rﬁ THH ea%’ﬁ "Without being limited thereto, the

temperature of fhesghse menmbghel @Boatthetitivhell dipping kidtiemeltca latkniasohenelkanged to
thereby control the thickness of the solidified body 10b. In this case, a known cooling means may be

disposed insidePfifE VRS PEn BER AR RS r BB BB Fo PP e A dPstuPa ST THE'BAEE A¥mber 10a.

[0061]Still furthersaseedn $nerbevesmentionesiserend ¢ mbedimanha Segwiptien hasbeen made of an
example in which the base member 10a was dipped into the molten bath of melted ingots of Dy. Without

being limited therepdoxed., DY I sirsratddnasiBaRA ddedry eRampstostirdien iR a vapor

atmosphere of RyyaadHbe LasetmenkemOani: 8 & iveupaliapparatwa isreughtdpip the vapor
atmosphere of Dy. Due to the difference in temperature between the two, Dy may be caused to be

adhered and deiSoditéd BpcHBsRBITEHET 1T FFIgsnsasRer; th¥ afidiicéauoeltatestditto a modified
example can bg;farmed by, goaling. Thiskinfhef BroGessingaRRarRtuS ias shads dhe sibiect of an

International Patent Application by the applicant of this patent application and is described in
internationally |RigtepEy Nl YvaPOOEGIRg0968: THerefore, the details thereof are omitted here.

[0060] Further, in the above-mentioned second embodiment, a
description has been made of an example in which the thickness of the
solidified body 10b is varied by changing the time of dipping in the dipping
position. Without being limited thereto, the temperature of the base
member 10a at the time of dipping into the molten bath may be changed to
thereby control the thickness of the solidified body 10b. In this case, a
known cooling means may be disposed inside the vacuum chamber 4 to
thereby control the temperature of the base member 10a.

[0061] Still furthermore, in the above-mentioned second embodiment,
a description has been made of an example in which the base member 10a
was dipped into the molten bath of melted ingots of Dy. Without being
limited thereto, e.g., Dy is evaporated inside the processing chamber to
thereby form a vapor atmosphere of Dy, and the base member 10a of, e.g.,
normal temperature is brought into the vapor atmosphere of Dy. Due to
the difference in temperature between the two, Dy may be caused to be
adhered and deposited on the base member. In this manner, the solidified
body according to a modified example can be formed by cooling. This kind
of processing apparatus was made the subject of an International Patent

Application by the applicant of this patent application and is described in
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[0062]Now, a description will be made of the manufacturing of high-performance magnet in which was
used the plate-shaped evaporating material 1 or 10 manufactured according to the above-mentioned first
and the second embodiments. The high-performance magnet was manufactured by performing a series
of processing treatments (vacuum vapor processing) at the same time, i.e., the evaporating material 1
(10); was caused to be evaporated and the evaporated Dy atoms were caused to get adhered to the
surface of known neodymium-iron-boron sintered magnet S that was formed into a predetermined shape;
and was diffusadtatadhegriin boidrcsstesdnd/Bf@Ravchansdary plasesfofdhetbintekaditnagnet S so as
to be spread uniformly. A descriptjgn will hereinafter be made, with reference to FIG. 5, of a vacuum
vapor processiﬁéegﬁﬁﬁ?gfaugl%tﬁee (f%?ﬁ? this kind of vacuum vapor processing. [0063]As shown in FIG. 5,
the vacuum vagjoo@zbcessinghappatatassvdphias awvacwsnmhamber the whighuéan berngdoiced in pressure
down to a pred t,ermineg pressure (e.g., 1 x 10-5 Pa) and can be maintained thereat through an
evacuating medHE PR S B b b Buips &%?&%%Mﬁ?ﬁﬁgéﬁwa%e like. Inside
the vacuum chamheridP there are previded:an insdAling Mmatadad dad whichenetasasdhadrcumference of

a processing box 20 (to be described hereinafter), and a heat generating body 14 which is disposed on
the inside thereBte Theehtiflati SPRAAERENES is mathe e.§igbrmsloampase heRirgahtratifif body 14 is an

electric heater haying:a filapaent o Meomake (Aot dlustraledrEbesfilament ishenesgizgs.iva power source

(not illustrated) of an electrical resistance heating system, and is enclosed by the insulating material 13
and can heat tHEABEREEOLSSHRM h the SHBedd8IRgiBoxtho w urspatas. Ak aph Y 5Hhere is disposed

a mounting tablg, 16, -g19f M Make.a0that At 1835haNR RIA9eSSING.L .20 £an.be moynted thereon.

[0064]The processing box 20 is made up of a box portion 21 of rectangular parallelepiped with an upper
surface left operdlagngd tidl thertiontacevehitnisvacteedsbiimountel oamAlopped sudasetobthe open box

portion 21. The@‘d&%&%ﬂp&%'&‘hpﬂ%"%Qéy‘@&e gpAtion 42,pas farned a [ianae 433 Arqyad the entire

circumference thereof in a manner to be bent downward. When the i portion 22 is mounted on the upper
surface of the bgwapohiomddritveaflaligeamdetsfidimfortheseatef thalkotitredoxagodion &1 (in this case

no vacuum sealing, such as metal seal is, provided), whereb rocessing chamber 20a.isolated from the
VG chambit 13 e T A R e O own w0
predetermined peéssue (@.4°1 4. 0,105 Pajiynoperating thessirgragtingameanspbifcie phocessing
chamber 20a ngé%bﬁ? eruced to a pressure which is higher (e.g., 1 x 10-4 Pa) than that in the vacuum

S

chamber 12. [0 Rowin He. %],mtﬁees%g)%'portion 21 of the processing box 20

[0063] As shown in FIG. 5, the vacuum vapor processing apparatus
M3 has a vacuum chamber 12 which can be reduced in pressure down to a
predetermined pressure (e.g., 1 x 105 Pa) and can be maintained thereat
through an evacuating means 11 such as a turbo molecular pump, a
cryo-pump, a diffusion pump or the like. Inside the vacuum chamber 12
there are provided an insulating material 13 which encloses the
circumference of a processing box 20 (to be described hereinafter), and a
heat generating body 14 which is disposed on the inside thereof. The
insulating material 13 is made, e.g., of Mo, and the heat generating body 14
is an electric heater having a filament of Mo make (not illustrated). The
filament is energized by a power source (not illustrated) of an electrical
resistance heating system, and is enclosed by the insulating material 13 and
can heat the space 15 in which the processing box 20 is disposed. In this

space 15 there is disposed a mounting table 16, e.g., of Mo make so that at
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contains therein the sintered magnets S and the evaporating materials 1 according to the
above-mentioned embodiment. The sintered magnets S and the evaporating materials 1 are vertically
stacked with spacers 30 interposed among them so as to prevent them from coming into contact with one
another. Each of the spacers 30 is constituted by arranging a plurality of wire materials (e.g., 0.1 to 10
mm in diameter) into a lattice shape so as to become smaller area in cross section than the lateral cross
section of the box portion 21. The outer peripheral portion of the spacer 30 is bent upward substantially at
right angles. Thiedwight pfrtieiss biet portocismdeat dependihtherctie height of the sintered magnets S to be

subjected to va vapor processing. On the horjzontal portion of this spacer 30, a plurality of sintered
magnets S are Eﬁéjé%][ed by d %éfﬁ& stértﬁ}i%ﬁn sfgnggaf{%rﬁ%no fngi%)érpﬂr%oﬁ’re%:a le to dispose,
among the sintetamagaetsataistpidoRs oy ing pacgan stitrcR Argasita ke appdptetioihe
evaporating materials 1 (logc.ﬁln addition, the spacers 30 may be con:fgtituted by plate members or bar

members. By appropiztef, tHEHRARY tHe SPEbrL AR AP e LHitsFed fRSRGE ROXHROEBred magnets S

on the lower stage canadviastageapisty Neppreventedfionibsirgsieiormes tongritherlaageof the sintered
magnets S on the upper stage. [0066]After having disposed an evaporating material 1 (10) on the bottom

surface of the b&3@pSHfoH2 1thke Ypateratr B iEHiasthEhsiRer et nfaghetierats dhspdsdd in lines is
mounted on topjthergRfr@ndveRethareManating smaterrlh {4@bis disnased thaees ontthis manner, the

evaporating materials 1 (10) and the spacers 30 having disposed thereon in lines a plurality of sintered

magnets S are AR PRItaRNstackbE {rhgsabirothbs fi Hershe enéetppel Ghdhst Bos praéissing box 20.
Since the lid pogoR, 2, RQSIIRN&d Glese R4 Srace3than e UPRE PRI SIBIG bR Fyaporating

material 1 may be omitted. [0067]In this manner, the sintered magnets S and the evaporating materials 1
(10) are first dighdseet it duupsitiéApisoktted Havinmdhnomsaanhehianpertibh B2definkd.-opened upper
surface of the bgx portion, g1, the pIORGSSIg RMLLOS ‘i’ésfilgéﬁge%”i SPIUINNG Shled6, Then, the
vacuum chamber 12’is reduced in pressure by evacuating through the ‘evacuating means 11 until it
reaches a predetedninec iedsprestauy, (bx.10L14:P3)) WhHeh the vpetaimgHamberat2diasgeached the

predetermined pressury e, NERHNG Means A5 SCTARS 19 5RI M PIOSRSEING GHamper 202

higher (e.g., 1 x 104 Pa) than that in the vacuum chamber 12.

[0065] As shown in FIG. 6, the box portion 21 of the processing box 20
contains therein the sintered magnets S and the evaporating materials 1
according to the above-mentioned embodiment. The sintered magnets S
and the evaporating materials 1 are vertically stacked with spacers 30
interposed among them so as to prevent them from coming into contact with
one another. Each of the spacers 30 is constituted by arranging a plurality
of wire materials (e.g., 0.1 to 10 mm in diameter) into a lattice shape so as to
become smaller area in cross section than the lateral cross section of the box
portion 21. The outer peripheral portion of the spacer 30 is bent upward
substantially at right angles. The height of this bent portion is set
depending on the height of the sintered magnets S to be subjected to
vacuum vapor processing. On the horizontal portion of this spacer 30, a
plurality of sintered magnets S are mounted by disposing at a uniform
distance from one another. It is preferable to dispose, among the sintered

magnets, those portions having larger surface areas to lie opposite to the
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[0068]When the temperature in the processing chamber 20a under reduced pressure has reached a
predetermined temperature, the Dy in the processing chamber 20a is heated to substantially the same
temperature as that of the processing chamber 20a. As a result, Dy starts evaporating and Dy vapor
atmosphere is formed in the processing chamber 20a. At this time, an inert gas such as Ar or the like is
introduced into the vacuum chamber 3 (12) at a constant amount of introduction from a gas introduction
means (not illustrated). According to this arrangement, the inert gas is also introduced into the processing
box 20 and, by enaposatiife inetidigals, the (hexal alomaddatihaveheespavaporatednmihebprocessing
chamber 20a get diffused, The jntroductipn pressure of the inert gas such as Ar or the like shall preferably
be 1 kP to 30 KPR RRTRHAII S RIS o J0Tb A BOBET In BrcRPREBRHFGINHL B0aBeFating amount
of Dy, the heatifigenapans-d 4isagntiolethiesel thedempe atike dmtaecaracassing shamher to a range of
800 to 1050 t, preferably of 850 to 950 t (for example, when the tem er,aturg ig)the rocessing chamber is
900 t to 1000 t, ESattRateGVa A0y BREESEPEDY DY WHEBEHBOUT IR P61B& SERAI84) YBBY0] According to

the above arrangemsidt othé agawtedf @¥aneramofHagaerag Lantrolled by adjusting the partial
pressure of the Eiqr):gert as such as Ar or the like, and the Dy atoms that have bee(n ée)vaporated by the

introduction of t rt gas AftelifisdusSisRoteE rocesuinpEmpatanal As'APestittdecombined
effects in that the {yatomeate.canserbio gatkaghered e the eatir Kfanssiph ihe sinigrad magnets S
while controlling the amount of supply of Dy atoms to the sintered magnets S, and that the diffusion speed
becomes fasterBy2iehting e siterselmaghBes Ssimeppréadtenminedthennsérare 38 the Dy atoms
that have been adpgeredio.tha suriages Qb ie;sinilsskerInerssa cambepilicigatly diffyged and
uniformly spread into the grain boundaries and/or grain boundary phases before being deposited on the
surfaces of the %Wme@m&gm‘t@r&l_ﬁhbr@@} @fﬂnihg appyelsy8p @@IﬁlﬁmimSWd]N@aeﬁésm, the magnet
surfaces can be;ReeveniEg IR apingdeleionied. '3 addion.hisagstaipediiariie Rufo be
excessively diffused into the grain boundaries in"the regions closer to the surfaces of the sintered
magnets. Sinceothegiaindeuadaryiphaseshand DY-tleh prrasesifghbses2Aaviimeey theHedrange of 5 to

p :
80 %) and, furtr}‘)%grrplglrle2£) ¥slspositioned close to the spacer 30 on the uppermost stage, the

evaporating material 1 may be omitted.

[0067] In this manner, the sintered magnets S and the evaporating
materials 1 (10) are first disposed in the box portion 21. After having
mounted the lid portion 22 on the opened upper surface of the box portion 21,
the processing box 20 is disposed on the mounting table 16. Then, the
vacuum chamber 12 is reduced in pressure by evacuating through the
evacuating means 11 until it reaches a predetermined pressure (e.g., 1 x 104
Pa). When the vacuum chamber 12 has reached the predetermined
pressure, the heating means 14 is operated to heat the processing chamber
20a.

[0068] When the temperature in the processing chamber 20a under
reduced pressure has reached a predetermined temperature, the Dy in the
processing chamber 20a is heated to substantially the same temperature as
that of the processing chamber 20a. As a result, Dy starts evaporating and
Dy vapor atmosphere is formed in the processing chamber 20a. At this

time, an inert gas such as Ar or the like is introduced into the vacuum
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diffused only near the surfaces of the grain boundaries. Consequently, the magnetizing force and the
coercive force can effectively be enhanced or recovered. In addition, there can be obtained
high-performance magnets which do not require finish working and which are superior in productivity.
[0072] Finally, after having carried out the above-mentioned processing treatments for a predetermined
period of time (e.g., 4 to 48 hours), the operation of the heating means 14 is stopped and also the
introduction of the inert gas by the gas introduction means is stopped once. Successively, the inert gas is
introduced oncelagairef1901RPa) tocsinpthe evaparadiom obthe tuadosatingzasatetiatbuttid@. Then, the
temperature in the processing chamber 2Qa is ance lowered to, e.g., 500 C. Thereafter, the heating
means 14 is opBICARE Ptk MUSH “H/ Letrhg R RémiSetalar & HES Bt S G RRE T 50a to a range
of 450 t to 650 glsbeatitriragihis phosrieckiontber Enhadc® pmieaavestibeecoriciveatorce. Then, the
processing chamber is rapidly cooled down to about roor%q{emperature to thereby taltﬁke out the processing

(0]
box 20 out of thd*¢4BGEH TRERHER PR BTk oY 197 3T EXARHIRFICHHERSR SPBFARFG #Haterials 1 were

manufactured byetisirautiid dippid appaiatsViras showntReFikar? cAS thelcare Aesnhaes la there were
prepared ones that were formed into a plate shape of 100 mm x 100 mm in size, each by varying the

quality of matertdiof iRt wideaablinbedtdraiée aRd rrednaseorpfsiahly G&Ppis2 tfin FIG. 7). As a
comparative exaippls, thereryas MeERaresharplalgmeaREA{SaMpI.LO) s, Makenwhistyis 100 mm x

100 mm in size and 0.5 mm in thickness. As the rare-earth metal for deposition, Dy (composition ratio 99

%) was used. TREA preeassmtigdrenteierite heragsarbiad bn REassEs e Barohskdefthe same

conditions. [0074]Tist X6 kilogsamsofynaeis Mg s Se3dnPostion Insidehe rEucHale,(3R0 mm in
diameter x 300 mm). After having isolated the dipping chamber 2a by closing the gate valve 3, the

vacuum pump Pewesitparsten tberneersiamatonmiethe 98m it LH heatthg Aréaratedvas operated

to start heatingv'gggpppgs%mg %yp‘gﬁp[)tgggo\ﬁlgiieﬂ%i@tt%iqi@g P@S pressure inside the dipping chamber
2a to 1 Pa. When the temperature of Dy has reached 800 C, Ar was introduced into the dipping chamber

2a through the ¥ Mtrodudtivnygipe 2a.the above arrangement, the amount of evaporation
of Dy can be controlled by adjusting the partial pressure of the inert gas
such as Ar or the like, and the Dy atoms that have been evaporated by the
introduction of the inert gas are diffused inside the processing chamber 20a.
As a result of combined effects in that the Dy atoms are caused to get
adhered to the entire surfaces of the sintered magnets S while controlling
the amount of supply of Dy atoms to the sintered magnets S, and that the
diffusion speed becomes faster by heating the sintered magnets S in a
predetermined temperature range, the Dy atoms that have been adhered to
the surfaces of the sintered magnets S can be efficiently diffused and
uniformly spread into the grain boundaries and/or grain boundary phases
before being deposited on the surfaces of the sintered magnets S, thereby
forming a Dy layer (thin film).
[0071] As a result, the magnet surfaces can be prevented from getting
deteriorated. In addition, it is restrained for the Dy to be excessively
diffused into the grain boundaries in the regions closer to the surfaces of the
sintered magnets. Since the grain boundary phases have Dy-rich phases

(phases having Dy in the range of 5 to 80 %) and, furthermore, Dy is
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[0075]On the other hand, in the preparation chamber 4a, the pressure therein was once reduced to 1 Pa
by the vacuum pump P in a state of closing the open-close door 4b, and maintained the pressure for one
minute to thereby degas the preparation chamber 4a. Thereafter, Ar gas was introduced until the
preparation chamber 4a attained the atmospheric pressure. Then, the open-close door 4b was opened
and the above-mentioned samples 1 to 10 were brought into the preparation chamber, and were
respectively set in position to the hook block 8d of the hoist 8. Then, after having closed the open-close
door 4b, the prejiffiaitdnoahamber de wasfevacufitbd gnem dgaindayide vatuisey pemjy,HO076]In the

dipping chamber 4a (2a), when the temperature of Dy exceeded 1400 t as a resylt of heating, Dy ingots
ot By BRSPS O A e S 3 RS ABARSERatth & of he ot
bath at 1440 C réherréd.gds waklifisaduhedetReaLigh thiet gias dtigdughofonipendd ntgthepreparation

chamber 4a until the pressure therein attained the same pressure as that in the djpping chamber 2a.
Once the dippingt r%‘bé‘P'?ﬁe&HHfﬁfé%?Qﬁ’é‘?é]ﬁH’r%@ﬁ’eﬂ%‘a&hé‘%ﬁtﬁw&&l%é%ﬁﬁ?él‘b?%&%e, the gate valve

3 was opened. [pdihig state, the meiaryBa-@fdhehigistingdmeans was retateshisvthe.epipabdirection of
rotation to thereby lower the core member la througEFh the hook block 8d from ?e preparation chamber 4a

toward the dippfi§EREmB e oat nFptfo friAgreseatr aimetimrindsdetiin ©. e firs ATHR é8re member

was sequentialiygigpechinte b maliest halh abhviandieachad e dippia PasitiansMgn the core

member reached the dippin%fosition, the motor 8a of the hoisting means was rotated in the opposite

direction of rotafsFod gty seedeitafigsiin the &ard MEIABEHR sedItHe phomerfdiee The pull-up
speed at this tigg Was R4 {0 $03.48(3- éQQﬁZHMHdMH@i%”o% Pladosdrerchedhene

mounting-dismounting position, the gate valve 3 was closed. In this state, Ar gas was introduced so that
the pressure in eMensispratidriehavibrerabingmsaigineindd H- 10Dhema thadeapbrydfercobe minute. After

cooling, Ar gas was, flHNeE IQAUCEA 19ER, e, REGRALALIRR chambes R 1o bring.if hagk tofhe atmospheric

pressure. The open-close door 4h was opened to bring out the evaporating materials 1.
heating means 14 is operated once again. By setting the temperature in

the processing chamber 20a to a range of 450 ‘C to 650 C, heat treatment
1s performed to further enhance or recover the coercive force. Then, the
processing chamber is rapidly cooled down to about room temperature to

thereby take out the processing box 20 out of the vacuum chamber 12.

Example 1

[0073] In Example 1, the evaporating materials 1 were manufactured
by using the dipping apparatus M1 as shown in FIG. 2. As the core
members la there were prepared ones that were formed into a plate shape
of 100 mm x 100 mm in size, each by varying the quality of material of the
wire and the diameter and meshes of the wire (samples 1 to 9 in FIG. 7).
As a comparative example, there was prepared a plate member (sample 10)
of Mo make which is 100 mm x 100 mm in size and 0.5 mm in thickness.
As the rare-earth metal for deposition, Dy (composition ratio 99 %) was used.
The same processing treatments were performed on samples 1 to 10 under
the same conditions.

[0074] First, 160 kilograms of ingots were set in position inside the
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[0078]FIG. 7 is a table showing the volumetric ratio (regions free from adhesion of Dy) and the weight of
Dy by varying, respectively, the material of the wire, as well as the diameter and meshes of the wire. FIG.
8 are photographs showing appearances of sample 2 (FIG. 8(a)), and sample 5 (FIG. 8(b)). According to
them, samples 1 and 2 show that Dy failed to effectively adhere and, therefore, they were found unfit for
forming into evaporating materials. On the other hand, in samples 3 and 9, Dy can be seen to have
adhered to the core member la in such a manner that each of the meshes was filled over the entire region
of the core memherilﬂea@@(ahmﬂhﬁtdﬂmgﬂbamemlhezeffneirehsegﬁg\i@cﬂthecbdne digpiber la. Especially,

in samples 4 to een that got adhered in weight over 45 grams. Example, 2 [0079]In
Example 2, by % p%' go §91\/ELV§§ Wﬁlécﬂ%é)fﬁ}lg ?8%%%3 xample 1 as

the core membetda; Bieeya@matlmg mai@m Tiweretheahehaiipretander she sﬁummhdcbtions as those
in Example 1, except that the puII p speed at the time of Ilng upél core member Ia from the dipping

t
position was vatiéd! [O5861RES. 9 Saﬂfb%vlﬁﬁ‘fh@? BRIy th

pressure inside the dlpplng chamber 2a to 1 Pa. When the temperature of
Dy has reached 800 C, Ar was introduced into the dipping chamber 2a
through the gas introduction pipe 7a.

[0075] On the other hand, in the preparation chamber 4a, the pressure
therein was once reduced to 1 Pa by the vacuum pump P in a state of closing
the open-close door 4b, and maintained the pressure for one minute to
thereby degas the preparation chamber 4a. Thereafter, Ar gas was
introduced until the preparation chamber 4a attained the atmospheric
pressure. Then, the open-close door 4b was opened and the
above-mentioned samples 1 to 10 were brought into the preparation
chamber, and were respectively set in position to the hook block 8d of the
hoist 8. Then, after having closed the open-close door 4b, the preparation
chamber 4a was evacuated once again by the vacuum pump P.

[0076] In the dipping chamber 4a (2a), when the temperature of Dy
exceeded 1400 C as a result of heating, Dy ingots got melted. By
controlling the heating means, an attempt was made to keep the
temperature of the molten bath at 1440 “C. Then, Ar gas was introduced
through the gas introduction pipe 7b into the preparation chamber 4a until
the pressure therein attained the same pressure as that in the dipping
chamber 2a. Once the dipping chamber 2a and the preparation chamber 4a
attained the same pressure, the gate valve 3 was opened. In this state, the
motor 8a of the hoisting means was rotated in the normal direction of
rotation to thereby lower the core member 1la through the hook block 8d
from the preparation chamber 4a toward the dipping chamber 2a. The

lowering speed at this time was set to 0.1 m/s. The core member was
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as to whether the product obtained can be used as the evaporating material when the pull-up speed at
the time of pulling up was varied at 0.005 to 1 m/sec. In FIG. 9, those that have been judged, in a visual
inspection, to be unfit for mass production due to the occurrence of splashes on the external surfaces are
marked with "x." According to this inspection, it has been confirmed that the evaporating materials 1 could
be manufactured at good efficiency if the speed range falls within 0.01 to 0.5 m/sec. Example 3 [0081] In
Example 3, by using the dipping apparatus M2 as shown in FIG. 4, solidified bodies 10b have been
manufactured o dlesisideed phdhiei noset e mbiksn1DatAsftHeycatelnrenchers da diygpengyere prepared,
respectively, a Mo make olumnar shape %sl mple 1) w rl%(:d into 200 mm in digmeter x 300 mm, and of
s priematic shaBES i g ol Rect o e Rt 1 S & A SOEPAHE Rl Cample 1. a6
the core membep Hahthawswiag piepasedene madeiaftGe ShiMgitdirbasidh W rddativnotoCu. Further, as
the rare-earth to get adhered, there waﬁet%sed Dy (composition ratio, 99 %). Processing treatments were

carried out on SAAEIBE fegHAB ANy

RAIGHINGSRE Lh b RS oL ots (1B0g) of Dy were

set in position iRt@ith iblet(80Q mmkiky diassetgrox@0@mm). After closing the gate valve 3 and
AT Gipicd
isolating the dip in%ihamber 2a, the vacuum pump P was operated to thereby start evacuation and, at

the same time, @

ating Prandemie dinekatiacts daitadstnigiernerHeift Wel&ormed while

maintaining the,fipRipg, Aharehes a1t B Ras\Whsbdhernemmeraiwe afiuiepsbed: 3R%dedAr was

introduced into the dipping chamber 2a through the gas introduction pipe 7a.

so that the pressure in the preparation chamber 4a was maintained at 100

kPa, and cooled for one minute. After cooling, Ar gas was further

introduced into the preparation chamber 4a to bring it back to the

atmospheric pressure. The open-close door 4b was opened to bring out the

evaporating materials 1.

[0078] FIG. 7 is a table showing the volumetric ratio (regions free from

adhesion of Dy) and the weight of Dy by varying, respectively, the material

of the wire, as well as the diameter and meshes of the wire.

FIG. 8 are

photographs showing appearances of sample 2 (FIG. 8(a)), and sample 5

(FIG. 8(b)). According to them, samples 1 and 2 show that Dy failed to

effectively adhere and, therefore, they were found unfit for forming into

evaporating materials. On the other hand, in samples 3 and 9, Dy can be

seen to have adhered to the core member 1a in such a manner that each of

the meshes was filled over the entire region of the core member 1a and also

that Dy got adhered to the entire region of the core member 1a.

Especially,

in samples 4 to 6, it can be seen that Dy got adhered in weight over 45

grams.

Example 2

[0079] In Example 2, by using the dipping apparatus M1 shown in

FIG. 2 and by using sample 5 in Example 1 as the core member 1la, the

evaporating materials 1 were manufactured under the same conditions as
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[0083]On the other hand, the preparation chamber 4a was once reduced in pressure by the vacuum
pump P down to 1 Pa in a state of closing the open-close door 4b and was left for 2 minutes to thereby
degas the preparation chamber 4a. Thereafter, Ar was introduced until the preparation chamber 4a
reached atmospheric pressure. Then, the open-close door 4b was opened to bring the above-mentioned
samples 1 and 2 into the preparation chamber. The samples were respectively set to the clamp 82 of the
hoist 8. Then, after having closed the open-close door 4b, the preparation chamber 4a was once again

evacuated by thaosciiuinxaumppe P, [@084finlihe dippindlchaspleed 4a (Re)tintieof theltaigpgsature of Dy
has reached 1407 t as a resuylt of heating, the.ingots of Dy started to get melted. By controlling the heating
BTk E WA AR RSP TS d

means, the moltBR B4 gFa%ﬁr Wa HRIREP S 1500 C S THER “Ar gas was introduced into the

preparation chagux] 4a thraugh hesgasdbieosiusiioizpine rduntibthedsamnetbessuitabiityat in the
dipping chamber 2a was reached. When the dipping chamber 2a and the preparation chamber 4a

attained the saff® Gr8LE RS HHREGRIRNGK BP3ARIS5ENRY UirthiS IRk ROKIGIBE 8826f 1Y hoisting
means was rotatedintte nanragl giection ehsaatientplowastis hasevagmbet la. ¢bBajthrough the

clamp 82 from the preparation chamber 4a toward the dipping chamber 2a. The lowering speed at this
time was set to'®/85m/dBd 1 tfisthrasidr it padeshd 167 JBS YRS P BFBERF into the molten

bath of Dy so ag¢ifeaehihe JIPRINGRASIHAR tO0EE theukaseemberdias kaehed the Aipping position, it
was held for 5 seconds and thereafter the motor 8a of the hoisting means was rotated in the opposite

direction of rotatiIHasEREte PRNEEETE hass meffserding sottdnthepisBabath BoR§s®he clamp 82.
The pul-up spegghk i e WA Sebin802 Hies: 1908 hrnywhen e daren G2 egened the

mounting-dismounting position, the gate valve 3 was closed. In this state, Ar gas was introduced into the
preparation chagfibaeuey sbtiraspeehransaritiseratihioad Gk tmAintaifed. at 100 kPa and cooled the base
member for 2 minutes. After cooling, Ar gas was further introduced into the preparation chamber 4a to
bring the preparation chamber back to atmospheric pressure. The open-close door 4h was opened and
brought out the Bresaphember.

[0081]

In Example 3, by using the dipping apparatus M2 as shown in FIG. 4,
solidified bodies 10b have been manufactured on the surfaces of the core
members 10a. As the core members 10a there were prepared, respectively,
a Mo make of columnar shape (sample 1) worked into 200 mm in diameter x
300 mm, and of a prismatic shape (sample 2) worked into 150 mm in square
shape x 300 mm. Regarding sample 1, as the core member 10a, there was
prepared one made of C, Si, Mg, Nb, Ta, Ti, W, Mo, V or Cu. Further, as the
rare-earth to get adhered, there was used Dy (composition ratio 99 %).
Processing treatments were carried out on samples 1 and 2 under the
following same conditions.

[0082] First, ingots (100g) of Dy were set in position into the crucible
(300 mm in diameter x 500 mm). After closing the gate valve 3 and
isolating the dipping chamber 2a, the vacuum pump P was operated to
thereby start evacuation and, at the same time, the heating means 6 was
operated to start heating. Then, heating was performed while maintaining

the dipping chamber 2a at 1 Pa. When the temperature of Dy reached
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[0086]FIG. 10 is a table showing the specific heat, specific weight, and thermal capacity per unit volume
of each of the materials of the base member la (10a) of sample 1. According to this table, in the case of
base member 10a made of Nb, Ta, Ti, W, Mo or V and sample 2, those portions, out of the base member
10a, which are dipped into the molten bath can be recognized to have formed a solidified body of Dy in a
substantially uniform thickness. According to this result, it has been found that the material whose thermal
capacity (specific heat x specific weight) per unit volume was 2 to 3 MJ/km3 is suitable. On the other
hand, in the cas®0f Bastrmemsbeartmddecdf Bit&ithe Mdphittle ohambyr Ras tiovngho thaveadhered. In
addition, in the case of base member made of Cu, the molten bath of Dy was solidified. Further, when a
pulling force Wégtéﬂrgé?ilg&% R%B%@%e member 10a with the solidified body having been fixed, the base

member could eoeasily pulledpuhef dieesolidifiad bedyrEperthicknessiafiibe solid fsolidified body) was
lling work in a kpnown direction

measured to be 2,0 mm. In addition, whep this product was subjected to_r

(method), it coma%lé%omearﬁﬁ%%?swrﬁhﬁa%%%%ﬁbﬁwei’ei% rherdid it €Aiietrers] (0087] 1,

10evaporating gatesialiee 1 sRwamhenipwie meshfthfaughhigledes to thereby degas
the preparation chamber 4a. Thereafter, Ar was introduced until the
preparation chamber 4a reached atmospheric pressure. Then, the
open-close door 4b was opened to bring the above-mentioned samples 1 and
2 into the preparation chamber. The samples were respectively set to the
clamp 82 of the hoist 8. Then, after having closed the open-close door 4b,
the preparation chamber 4a was once again evacuated by the vacuum pump
P.
[0084] In the dipping chamber 4a (2a), when the temperature of Dy
has reached 1407 “C as a result of heating, the ingots of Dy started to get
melted. By controlling the heating means, the molten bath temperature
was maintained at 1500 C. Then, Ar gas was introduced into the
preparation chamber 4a through the gas introduction pipe 7b until the same
pressure as that in the dipping chamber 2a was reached. When the
dipping chamber 2a and the preparation chamber 4a attained the same
pressure, the gate valve 3 was opened. In this state, the motor 8a of the
hoisting means was rotated in the normal direction of rotation to lower the
base member Za (10a) through the clamp 82 from the preparation chamber
4a toward the dipping chamber 2a. The lowering speed at this time was set
to 0.05 m/sec. In this manner, the base member 10a was sequentially
dipped into the molten bath of Dy so as to reach the dipping position. Once
the base member has reached the dipping position, it was held for 5 seconds
and thereafter the motor 8a of the hoisting means was rotated in the
opposite direction of rotation so as to pull out the base member 10a out of

the molten bath through the clamp 82. The pull-up speed at this time was
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(10abase member) 10bsolidified body Wwire material Dy(rare-earth metal) MI, M2 dipping apparatus
WHAT IS CLAIMED IS: 1. An evaporating material comprising a core member made of a

set to 0.02 m/sec.
[0085] Then, when the clamp 82 reached the mounting-dismounting
position, the gate valve 3 was closed. In this state, Ar gas was introduced
into the preparation chamber 4a so that the pressure therein can be
maintained at 100 kPa and cooled the base member for 2 minutes. After
cooling, Ar gas was further introduced into the preparation chamber 4a to
bring the preparation chamber back to atmospheric pressure. The
open-close door 4b was opened and brought out the base member.
[0086] FIG. 10 is a table showing the specific heat, specific weight, and
thermal capacity per unit volume of each of the materials of the base
member Za (10a) of sample 1. According to this table, in the case of base
member 10a made of Nb, Ta, Ti, W, Mo or V and sample 2, those portions,
out of the base member 10a, which are dipped into the molten bath can be
recognized to have formed a solidified body of Dy in a substantially uniform
thickness. According to this result, it has been found that the material
whose thermal capacity (specific heat x specific weight) per unit volume was
2 to 3 Md/kms3 i1s suitable. On the other hand, in the case of base member
made of C, Si or Mg, little or no Dy was found to have adhered. In addition,
in the case of base member made of Cu, the molten bath of Dy was solidified.
Further, when a pulling force was applied to the base member 10a with the
solidified body having been fixed, the base member could be easily pulled
out of the solidified body. The thickness of the solid (solidified body) was
measured to be 2.0 mm. In addition, when this product was subjected to
rolling work in a known direction (method), it could be worked into 0.3 mm.
[Description of Reference Numerals and Characters]
[0087]

1,10 evaporating material

la, 10a core member

1b wire mesh (through hole)
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fire-resistant metal and having a multiplicity of through holes, the core member having a rare-earth metal
or an alloy thereof that is melted, adhered to, and solidified on, the core member. 2. The evaporating
material according to claim 1, wherein the rare-earth metal or the alloy thereof adhered to the core
member is formed by dipping the core member into a molten bath of the rare-earth metal or of the alloy
thereof, and by pulling up the core member therefrom. 3. The evaporating material according to claim 1
or 2, wherein the rare-earth metal is a member selected from the group consisting of terbium, dysprosium,
and holmium. 4. Thdaporatingennatartatraccording to any one of claims 1 through 3, wherein the
fire-resistant metal is.a. member, soﬁ#e(éi d from the group consisting of niobium, molybdenum, tantalum,
titan, vanadium, and @Rgstens.og. H %\9 orating material according to any one of claims 1 through 4,
W wire material

Dy (rare-earth metal)
M1, M2 dipping apparatus
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wherein the core member comprises one of a net member which is made by assembling a plurality of wire
materials into lattice shape, an expanded metal, and a perforated metal. 6. The evaporating material
according to any one of claims 1 through 5, wherein the evaporating material is heat-treated while
evaporating the evaporating material inclusive of dysprosium and terbium in vacuum or in a
reduced-pressure inert gas atmosphere, the evaporating material being adapted for use in enhancing a
coercive force of neodymium-iron-boron sintered magnet or hot plastic working magnet. 7. A method of
manufacturing AMeAENS @tingIividtBried:comprising the steps of; forming a solidified body of a

rare-earth meta| or of an alloy thereof by melting the rare-earth metal or the alloy thereof, by dipping a
ase mermiber mhade of AfrdNBBRATE ARG s TROREUH o P rAPEIBLFH T OF f e alloy

thereof in a statgrefraaintainingethe hadeHnempes ahaltepipasaturebelaghtheraglting tesaperature of the
rare-earth metal or the alloy thereof, and thereafter by pulling ijp the base member to thereby form on a

surface of the bRSEREMBEYHHe 2ofiafifetPbUly GEcHingtha SiidietrBbdy) 3 FomHsbase member:

and working the, gplidilieg bogly $hugidethehetchinterd phataishiape. 8. The method of manufacturing the
evaporating material according to claim 7, wherein the base member is columnar shape or prismatic

shape.
2. The evaporating material according to claim 1, wherein the

rare-earth metal or the alloy thereof adhered to the core member is formed
by dipping the core member into a molten bath of the rare-earth metal or of

the alloy thereof, and by pulling up the core member therefrom.

3. The evaporating material according to claim 1 or 2, wherein the
rare-earth metal is a member selected from the group consisting of terbium,

dysprosium, and holmium.

4, The evaporating material according to any one of claims 1 through 3,
wherein the fire-resistant metal is a member selected from the group
consisting of niobium, molybdenum, tantalum, titan, vanadium, and

tungsten.

5. The evaporating material according to any one of claims 1 through 4,
wherein the core member comprises one of a net member which is made by
assembling a plurality of wire materials into lattice shape, an expanded

metal, and a perforated metal.

6. The evaporating material according to any one of claims 1 through 5,
wherein the evaporating material is heat-treated while evaporating the
evaporating material inclusive of dysprosium and terbium in vacuum or in a

reduced-pressure inert gas atmosphere, the evaporating material being
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9. The method of manufacturing the evaporating material according to claim 7 or 8, further comprising
increasing or decreasing the time of dipping the base member into the molten bath, thereby controlling a
thickness of the solidified body. 10. The method of manufacturing the evaporating material according to
any one of claims 7 through 9, further comprising changing the temperature of the base member when
dipping the base member into the molten bath, thereby controlling the thickness of the solidified body.
11.The method of manufacturing the evaporating material according to any one of claims 7 through 10,
wherein the raradzqitbdmieiahisea imeenbemnsalgcte dfkowi b efgrau piarsidiinguwoh terdidmyraysprosium, and
holmium. 12.The method of manuf%cturl)r%gghe el]\?/%ooratin material according to any one of claims 7

through 11, whEBITIRS FREPSSLEaMRatEls WA b B S k ted from the group consisting of niobium,

molybdenum, tantalum, titan, vanadium, and tungsten.

7. A method of manufacturing an evaporating material comprising the
steps of:

forming a solidified body of a rare-earth metal or of an alloy thereof
by melting the rare-earth metal or the alloy thereof, by dipping a base
member made of a fire-resistant metal into a molten bath of the rare-earth
metal or of the alloy thereof in a state of maintaining the base member at a
temperature below the melting temperature of the rare-earth metal or the
alloy thereof, and thereafter by pulling up the base member to thereby form
on a surface of the base member the solidified body;

detaching the solidified body off from the base member; and

working the solidified body thus detached into a plate shape.

8. The method of manufacturing the evaporating material according to

claim 7, wherein the base member is columnar shape or prismatic shape.

9. The method of manufacturing the evaporating material according to
claim 7 or 8, further comprising increasing or decreasing the time of dipping
the base member into the molten bath, thereby controlling a thickness of the

solidified body.

10. The method of manufacturing the evaporating material according to
any one of claims 7 through 9, further comprising changing the temperature
of the base member when dipping the base member into the molten bath,

thereby controlling the thickness of the solidified body.

11. The method of manufacturing the evaporating material according to
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any one of claims 7 through 10, wherein the rare-earth metal is a member

selected from the group consisting of terbium, dysprosium, and holmium.

12. The method of manufacturing the evaporating material according to
any one of claims 7 through 11, wherein the fire-resistant metal is a member
selected from the group consisting of niobium, molybdenum, tantalum, titan,

vanadium, and tungsten.
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