SPECI FI CATI ON Secondary Cool i ng Apparatus and Casting Apparat us
TECHNI CAL FI ELD 5The present invention relates to a cooling apparatus
and cooling nethod for cast thin pieces in a strip casting nethod as
a method for producing a raw material alloy for a
neodym um i ron- boron based sintered magnet. Mre particularly, the
invention relates to the cooling apparatus 10 and the cooling nethod
in which a value of cooling velocity in a high tenperature region can
be changed. BACKGROUND ART Wt h high performance and miniaturization
in electronics 15 devices incl usbgtarrreaaesrl conputers and peri pheral
devi ces thereof, demands for neodym umiron-boron based sintered

nmagnet s (her@e@@haafyr@&@lrirr@dAb@agatﬂgomdﬁ@agtaa%eﬂpﬁa%@ﬁ) havi ng
hi gh perfornmance have been recently increasing. Further, in order to
reduce power consunptions in home 20 el ectronics (such as, air
conditioners, refrigerators or the like), or for electric cars of a
hybri d t ypece§rdaie srielke, notors having higher efficiency have been in
dermand. A denand for the neodym um based magnets has al so been

i ncreasi ng i ThkhgsesénelienBd6R +EatdNeL Hapdel ipIReh 8k £3q Of

t he neodym um based nmagnets have inproved. Technol ogi &5 for i nproving

the chargsdBirfmbehod s a8 QAR KeLasSial kedih Mg mEPRoQf
themrelates to a tissue control for the raw naterial alldys. The

other relges tRetdi O¥8PEHrddhcingetnebhadindiribie 1 Mpdyeti op of
magnet s.
necdymium-iron-boron based sintered magnet: . More
particularly, the invention relates to the cooling apparatus

10 and the cooling method in which a value of cooling velocity in

a high temperature region can be changed.

BACKGROUN‘D ART
With high performance and miniaturization in electronics
15 devices including personal computers and peripheral devices
thereof, demands for neodymium-iron-boron based sintered
magnets (hereinafter referred to as neodymium based magnets)
having high performance have been recently increasing.
Further, in order to reduce power consumptions in home
20 electronics (such as, air conditioners, refrigerators or the
like), or for electric cars of a hybrid type or the like, motors
having higher efficiency have been in demand. A demand for the
neodymium based magnets has also been increasing in these
fields.

25 On the other hand, characteristics of the neodymium based



In order to inprove the characteristics of the nmagnet, the production
steps of the nmagnets are not only to be inproved, but also techniques
for producing nagnet alloys as raw naterials are inportant

consi derations. 10For exanple, in the case of the neodym um based
magnet s of which the production anount is the highest anong rare
earth magnets, an Nd2Fel4B phase as a supporter of a magnetic
property is produced froma |liquid phase by a peritectic reaction in
a Nd-Fe-B ternary systemequilibriumdiagram For this reason, 15 as
the magnehaghdty apReoatiR®vadst oi ¢BLRABL &G Te£0WBOSI {ibvdingt Nehe
Nd2Fel4B phase having particul arly higher performance, primry
crystal s ghadadi® st ibBIERABEEY HRoadugad Alsitfheqtinm eforelddengs and
casting. Since this T Fe phase is produced in a dendrite norphol ogy,
20 and | otken relltee € FEBSEORS cdritreANSHF CURUShY wv@des hheoys.
crushability characteristic of an ingot so that the powder obtained
in the crusdi pghét epelatdderSt epSrd RIMHONUCT ATt AcRRENR}y exd bthe a

di sturbed grain dianmeter distribution or a deviated composition. 25In
order 40 py¥entiSUehoZ REghLesn a strip casting nethod (hereinafter
referred to as SC nethod) which can speed up the solidification rate
on casting has &eddfr EecaitoraatRPl@hrathRerekids AWM R Rigndl: ,"ehd ed
in acrucible is cooled by a cooling roller, and a cast thin piece
havi ng a phodldtash atephodt thedmblRets L abRedn1 M iEhet BRpESSLAL hi N
piece is finely crushed with a crusher, crushed pieces are placed in
a recei vipg: 4856 €kechadfuéfken pRbubi A A gEaE Tedl'l@P(éMba_fﬂ Hetafigls

cool i ng. When the cooling on the cooling roller is classified
into a prararimReehhbdcansiddiataenki ng of the cast thin piece

rel eased 10 fromthe cooling roller is classified into a secondary

coolimy, the Fb@lea&ngﬂeqoghim_& ¥8EO W1t ¥hk el itin84 ¥e s REORAREYoE
cooling is regulated by cooling with an inert gas (such as, an Ar gas

or the |ike)cbeneeepotiier £o0ldntintok ketnangi JHastCasonl 958" 85841 NY
box, alternatively cooling during the carriage with 15 a conveyer or

belt, or dardier, Hy N, penaskhd Besdpgﬁfztt&aéf angd e tikepegsdr B} ece

receiving vessel. In addition, a nethod in which the cast pieces are

cool ed byideirBgusaaditdahadl Wniin P sPaby 5 fbriebatidd-HRItisSn o8 2
method in which they are put directly into liquid Ar, and other

met hods al® reanr t&ehDHE sydfeRiiNALLe0s @fadSe Bt Reds F8Yeon,
suffice. However, when the value of cooling velocity in the high
15 as the magnet alloy approaches a stoichiometric composition of
the Nd,Fe;3;B phase having particularly higher performance,
primary crystals of 7 Fe are more easily produced at the time
of melting and casting.
Since this 7 Fe phase is produced in a dendrite morphology,
20 and join in three dimensions, it conspicuously damages the
crushability characteristic of an ingot so that the powder
obtained in the crushing step in the steps for producing a magnet
exhibit a disturbed grain diameter distribution or a deviated

composition.

25 In order to aveid such a problem, a strip casting method



tenperature range is controlled, cooling becones slower as a
tenperature difference decreases if cooling is down to a | ow
tenperature range by the sanme nethod, so that even when the cast 25
thin pieces are taken out froma chanber, the tine for themto go
down to such a tenperature and causi ng no oxi dation probl em becones
| ong. A concrete solution for such a problem has not been known. On
the other hand, a nethod is proposed in which intervals 5 between
Rare earths rich phases (R-rich phases) are widened to 3 to 15 urn by
setting threnybiafyeryaklieroéd arobbngr wRicbol) Ywibbiean $Hed upbBfe
degrees Celsius at 1.0 degrees Cel sius/second or bel ow. For exanple,
a nelt of selidtPieariich elatrenin cHtdingi tasaldedy iredsadeyt adbbewapnt o
a cooled rotary 10 roller inside a chanber in a vacuumor in an inert
gas anbi erherennd ranmieatial ynedftlearin 4 circsbl ¢ disfdrd eldbipa tbBhOAG
shape by cooling, the solidified thin ribbon is crushed into pieces,
t he crushedl bt oyapiiecessbentg giece Madiriga a iekak®kRE yeseeh . phaced
in the chanber; and the value of the cooling velocity of the 15
crushesl alil®mptpiifeds isfreantheldsed vhim pdeeeold Fdnaedi afished wiBha
specific method, cooling partition plates are provided inside the
recei vi ngavwasster, anithdHed yoddes ofe gaakbadiy alsidiyiat ¢ dlr,ushed
alloy pieces is controlled by the flow of a gas or liquid therein as
a cool i ngrakesh Wit Zebawevesst ieragdagadas astaseasbasrghe cooling
mediumin this nmethod, the heat capacity of the gas per volune is
extremely smahken Sife tdoail idgl & gheatbuin®frdinergas deads fiedbento
introduced. In case that the inert gas is used as the cooling gas,
al t hough & brimardiceettihy ahldmid deonighy afmRg ddse SHAackedes sl ehbed
pi eces, 25 large dianeter pipes are placed around, and a heat
exchamper frdmvhagonplinbfidlient 1y cdkdei head igepdisttondareacoMnmgh
recovers the heated gas and cools and returns it, is necessary;
t her eby nitd RE1Lbe guobpIBG tveleedtPpsibuhkyrdinarihes dedaryt B8ol ing
required for cooling |onger.

is regulated by cooling with an inert gas (such as, an Ar gas

or the like) between the cooling roller and the cast piece

receiving box, alternatively cooling during the carriage with
15 a conveyer or belt, or further by cooling with the inert gas

inside the cast piece receiving vessel. In addition, a method

in which the cast pieces are cooled by being sandwiched with

two pairs of rotating belts, or a method in which they are put

directly into ligquid Ar, and other methods are carried out.
20 Combinations of these methods may suffice.

However, when the value of c¢ooling velocity in the high
temperature range is controlled, cooling becomes slower as a
temperature difference decreases if cooling is down to a low
temperature range by the same method, so that even when the cast

26 thin pieces are taken out from a chamber, the time for them to



5Al t hough an exanple of using air as a gas is shown, partition plates
-wWth a sealed structure need to be provided in this case. However,
since the heat capacity per volune of air is small, partition plates
having an extrenely | arge heat conduction area through which a | arge
anount of air is introduced are required 10 in order to increase the
val ue of cooling velocity, and the cast thin pieces are placed in
gaps thereof. Therefore, the receiving vessel becones considerably

| arge particularly in the apparatus of a mass production scale.

Fur t her norgo donotslenchhatcembersesse landyabel ig koot idaibmoptopied he
casting chanber 15 or that the cast thin pieces falling fromthe

cool i ng r dbédememyohg. plaaeetcerenlyplutibhermesarh, a thoniess 8hsnesds
to have a structure capable of being noved. Thus, it is difficult to
pl ace t he berrga&ndiwanet er pi pes around such a receiving vessel and
feed a | arge amount of air, fromthe standpoint of 20 reliability in
t he equi pment onMtee cphet i@ bYme tHIA &s i Pgce@ €A MH1 cGOMh B FFd10s
alloy is chemically extrenely active, an apparatus whi ch handl es the
cast thi n ipitecen REte calrtRYIE ANphstéy qrall o) pHadekavirg wadkaegeo
specific surface at a high tenperature also faces a | arge problem
fromthe s3andpeinh W SriSethe averagdbFLaMElr WoBNiNgt fL148i Ysed
as the cooling nmedium if water is introduced after casting, water
directly flemweenrgom tdeopaldgreeardllsatiesta] . @dbyobe ¢ €8RS at YscoSiiat e,
whi ch causes a rapid boiling phenonmenon and poses a safety probl em

5 Furthernaf e, bdleat. | NpaFelr URSAnbIE, Pa&t | eQl PloFt ek | Srd0 |18t

whi ch causes cracking and deformation due to heat strain and poses a
dr awback iglemeatdusabilning afl 1bhel Paatiet tOE Lhwabito SPeebibaatdtary
the partition plate is broken, the | eaked water and the cast thin

pi ecesloat mllieghi isitees athamdeleact da@u@aNer aheanl Onby dIR@eamb W
causes a serious safety problem If water is introduced prior to
starting tdi@l cametabgtely asfter dvoid SoTIaHf fHDEheE riBBok Oshdd Hyower
is so large that it is difficult to attain a slow cooling condition
ai med at tdeelhingh tienpel ified enpe ribbdn el hogklied dheskasedsi nnehi ch
a receiving vessel having cast thin pieces placed therein is noved to
anot her chatished aA1dyqidiced Byinistadk Aed Nehtradas vahghre skilkel e,
e.g. , Patent Document 5) . According to this nethod, the cooling in
the hi gh tienpaeathiwbamngad shgenanal bf sheVeodiawryeelotht$ €OAHNG

15 crushed alloy pieces is controlled with a cooling medium.
As a specific method, cooling partition plates are provided
inside the receiving vessel, and the value of cooling velocity
of the c¢rushed alloy pieces is controlled by the flow of a gas
or ligquid therein as a cooling medium.

20 However, when the gas is used as the cooling medium in this
method, the heat capacity of the gas per volume is extremely
small, so that a large amount of the gas needs to be introduced.
In case that the inert gas is used as the cooling gas, although
it can directly flow through among the stacked cast thin pieces,

25 large diameter pipes are placed around, and a heat exchanger



20 nethod is not ainmed at controlling the tissue of the alloy, so
that the value of cooling velocity cannot be regul ated. Mreover,
cooling is also slowin a |low tenperature range, so that a long tine
period is required to | ower the cast thin pieces to such a
tenperature as to allow themto be open to the 25 atnosphere.
Therefore, a |l arge nunber of receiving vessels are 5 required.
Pat ent Docunent Patent Docunent Patent Docunent Patent Docunent
Pat ent Docunent Patent Docunent 1: 2: 3: 4:
having a sufficiently wide heat conduction area, which recovers
the heated gas and cocls and returns it, is necessary; thereby
making the equipment becomes bulky. Furthermore, the time
reqguired for cooling longer.
5 Although an example of using air as a gas is shown, partition
plates with a sealed structure need to be provided in this case.
However, since the heat capacity per volume of air is small,
partition plates having an extremely large heat conduction area
through which a large amount of air is introduced are required
10 in order to increase the value of cooling velocity, and the cast
thin pieces are placed in gaps thereof. Therefore, the
receiving vessel becomes considerably large particularly in the
apparatus of a mass production scale. Furthermore, in order
that the vessel may be taken in and out of the casting chamber
15 or that the cast thin pieces falling from the cooling roller
may be placed evenly in the vessel, the vessel needs to have
a structure capable of being moved. Thus, it is difficult to
place the large diameter pipes around such a receiving vessel
and feed a large amount of air, from the standpoint of
20 reliability in the equipment. More particularly, since the
rare earth containing alloy is chemically extremely active, an
apparatus which handles the cast thin pieces made of such an
active alloy and having a large specific surface at a high

temperature also faces a large problem from the standpoint of

25 safety.



5: 6: JP-A 63-317643 JP-A 8-269643 JP-A 9- 155507 JP-A 10- 36949 JP-A
2002- 266006 JP- A 2005- 193295 DI SCLOSURE OF THE | NVENTI ON 10 PROBLEMS
TO BE SCOLVED BY THE | NVENTI ON As expl ai ned above, in the SC net hod
for the alloy of the neodym um based magnet, it is inportant to
control the value of cooling velocity on the cooling roller as well

as the value of cooling velocity after the cast thin piece is

rel eased from 15 the cooing roller, and particularly the val ue of
cooling velocity in a tenperature range in which Rrich phases are

di ssol ved i mwpshictivelry wHdrbwat&e igasded &6 RhRI @GR ing med BAS edr ket he

cooling roller. In order to regulate the value of cooling velocity in

such a tenpeiatdbQuéadgeridiatcadRinBe ARRESPALIAE@IY flows into the
partition plates at a high temperature state, which causes a
rapid boiling phenomenon and poses a safety problem.

5 Furthermore, heat impact upon the partition plates is too
large, which causes cracking and deformation due to heat strain
and poses a drawback in the durability of the partition plate.
Specifically, if the partitionplate is broken, the leaked water
and the cast thin pieces at a high temperature react to generate

10 hydrogen, which causes a serious safety problem. If water is
introduced prior to starting the casting so as to avoid such
a problem, the cooling power is so large that it is difficult
toattain a slow cooling conditicon aimed at the high temperature
range.

15 A method is disclosed in which a receiving vessel having
cast thin pieces placed therein is moved to another chamber,
and cooled by using an inert gas or the like (see, e.g., Patent
Document 5). According to this method, the cooling in the high
temperature range is generally slow. However, this cooling

20 method is not aimed at controlling the tissue of the alloy, so
that the wvalue of cooling velocity cannot be regqulated.
Moreover, cooling is also slow in a low temperature range, so
that a long time periecd is required to lower the cast thin pieces
to such a temperature as to allow them to be open to the

25 atmosphere. Therefore, a large number of receiving vessels are



20 small and the tissue of the alloy may be controlled to neet the
required characteristics of the nmagnet, an apparatus and a nethod are
required to arbitrarily regulate the value of cooling velocity and
thereafter to cool the cast thin pieces in a short time period so as
to enhance productivity. In addition, the 25 apparatus is to handle
the rare earth alloy being extrenely active and having a | arge
specific area, and it needs to be an equi pnment which fully considers
the heat stress, strain, corrosion, etc. not only fromthe standpoint
of the tissigieantrol but also fromthe standpoint of safety. Such a
highly 5 reli abl e apparatus has not been known yet. The present

invention is paf@et iHJARKEAE. ayERAC16@2ki Ng apparatus and a
cool i ng net hod, which have high safety features and can freely

control the cpatdhto riRRiebhiof. | fipperd ofgigng an optimum tissue control
for a raw material alloy of a neodym um 10 based sintered nmagnet
havi ng a hi ghppesdfiommneent hal agh el i8hisgsoYEANS TO SOLVE THE PROBLEM
5 Patent Document 4: JP-A 10-36949
Patent Deocument 5: JP-A 2002-266006

Patent Deocument 6: JP-A 2005-193285

DISCLOSURE OF THE INVENTION
10 PROBLEMS TO BE SOLVED BY THE INVENTION
As explained above, in the SC method for the alloy of the
neocdymium based magnet, it is important to control the value
of cooling velocity on the cooling roller as well as the value
of cooling velocity after the cast thin piece is released from
15 the cooing roller, and particularly the value of cooling
velocity in a temperature range in which R-rich phases are
dissclved immediately after the cast thinpiece is released from
the cooling roller. In order to regulate the value of cooling
velocity in such a temperature range that may be appropriately
20 small and the tissue of the alloy may be controlled to meet the
required characteristics of the magnet, an apparatus and a
method are required to arbitrarily regulate the value of cooling
velocity and thereafter to cool the cast thin pieces in a short
time periocd so as to enhance productivity. 1In addition, the

25 apparatus is to handle the rare earth alloy being extremely



In order to solve the above problem the present invention is
directed to a secondary cooling apparatus, including a vessel, 15 a
conb tooth-shaped device in which a plurality of plate-Ilike cooling
teeth are provided upright at a predetermned interval, a pressing
device having a plurality of pressing teeth to be inserted between
the cooling teeth, and cooling pipes provided on the cooling teeth
and through which a liquid cooling nedium 20 is nmade to fl ow

Further, the present invention is directed to the secondary cooling
appar at us acwhes eindl heingssehryé Jp¥cTEdci drén bahtoMedieeyki AdLah
shape, and the cooling teeth are each forned in a ring-like shape and
concent ri eghli ymédit awgeeh 2hFuyt hensdders t BRe phegentstira¥ent is@ralis,
directed to a casting apparatus, which includes a crucible in which
a nelt of carreydidmt efticdl rick Phagedrom Phé NBEIndRQlHtNGrARPRr @t wgukor
cooling the nelt fed fromthe crucible and formng plate-like cast

t hi n pi ecesntadl bavtyaDéo FremSEed BHandpapPalcH YSEStRS @h&ﬁ@?ﬁ?h@?ove,
5 wherein the cast thin pieces are fed into the secondary cooling
devices relidibld hgipiteust hes Pies eden RWERKI pacl el ates to the casing
appar atus, which further includes a crushing device for crushing the

cast thin pi egespaeskd0lAlagL LonisBeM @t ppbesas a d6mphet ebb1hagh
the cast thin piece and the crushed small pieces can be fed to the

secondar yappardigs apgal ébeFing methdd. Whech GAvRMIMahrappaeatuses,
the SC material is too rapidly cooled after being released fromthe

rol l er, aafdtdwes €raeékyldirge olatha@ldddsngnBsgn 1thienStn I &idrali®ig an
rel eased fromthe 15 roller. In the present invention, since the

val ue of epolmbagtiekagidont@olt fer Gasiw it rPhece doerasbedysiah!
pieces is small, the distribution state of Nd-rich phases change and

IS comverbased siacsted ﬂabﬂeﬂ\hhﬁth%a-rﬁglﬂL%i‘ﬂ:&'ﬂﬁ%'de&ﬂaa&*a@%é@@§tﬂ:; e. ,
the 20 average di stance between the -rich phases becones | onger)

In the state such that the cast thin piece or the crushed snal
pi eces reach a predeterm ned tenperature, the pressing nenber is
pressed thexds Moo soroe eheverdseMast thin piece or the crushed small

pi eces, so that the cast thin piece is crushed
In order to solve the above problem, the present invention
is directed to a secondary cooling apparatus, including a vessel,
15 a comb tooth-shaped device in which a plurality of plate-like
cooling teeth are provided upright at a predetermined interval,
a pressing device having a plurality of pressing teeth to be
inserted between the cooling teeth, and cooling pipes provided
on the cooling teeth and through which a liguid cooling medium
20 is made to flow.
Further, the present invention is directed to the secondary
cocling apparatus, wherein the vessel is formed in a bottomed
cylindrical shape, and the cooling teeth are each formed in a

ring-like shape and concentrically arranged.

25 Furthermore, the present invention is directed to a casting



25 in order to drop the crushed small pieces between the cooling
conbs. The crushed small pieces need to be cooled to 150 degrees
Cel sius or lower at which the oxidation thereof will not proceed even
when taken out to the atnosphere. Since the value of 5 cooling
velocity of the crushed small pieces falling between the cooling
teeth becones | arger, they can be cooled to a tenperature of 150
degrees Celsius or belowin a short tine period, so that the
productivity can be inproved. In addition, the tissues of the

crushed smparpitasgswicigh 18cheqeond colbed1dyirt haRghng e bEn® wRes i od
during which they are held on the cooling teeth. EFFECTS OF THE

| NVENTI ONmAftle@fiall higs pRAded S ardfindly €aslied absdrdhe EQ@'GBBQiﬁ%'t'I"Fer 15
and the cast thin piece or the crushed snmall pieces are fornmed, they

can be coalegd iFadt feomtiHe crwehiblBaind ey PILtaD1tRe SEHORIRRY
cool ing apparatus. Thus, the value of cooling velocity when the nelt

i's solidifpiedeks andlr £8; ofRUeldRonak Y Ppacaolibal aked hiskedtadie ti me
when they are cooled from 800 20 degrees Cel sius to 600 degrees

Cel si us beperesnym tassenifalidde istreubuitrdrht aleRkBlatheddrirkgch
phases can be controll ed.
device.

Furthermore, the present invention relates to the casing
apparatus, which further includes a crushing device for
crushing the cast thin pieces and forming crushed small pieces,

10 wherein both the cast thin piece and the crushed small pieces
can be fed to the secondary cooling apparatus.

In the conventional apparatuses, the SC material is too
rapidly cooled after being released from the roller, and there
are large variations among the SC materials released from the

15 roller.

In the present invention, since the value of cooling
velocity of the cast thin piece and crushed small pieces is small,
the distribution state of Nd-rich phases change and is converted
to a state in which so-called annealing proceeds (i.e., the

20 average distance between the Nd-rich phases becomes longer) .

In the state such that the cast thin piece or the crushed
small pieces reach a predetermined temperature, the pressing
member is pressed thereinto from above the cast thin piece or
the crushed small pieces, so that the cast thin piece is crushed

25 in order to drop the crushed small pieces between the cooling



Mor eover, when the tenperature is |ower than 600 degrees Cel sius, the
cast thin piece or the crushed small pieces can be rapidly cool ed
with the secondary cooling apparatus, so that 25 they can be taken
out to the air atnosphere at a tenperature of 150 degrees Cel sius or
| ower within short tine period and the crushed snmall pieces will not
be oxi di zed. BRI EF DESCRI PTION OF THE DRAWNGS 5Fig. 1 is a first

figure for illustrating a casting apparatus of the present invention.
Fig. 2 is a second figure for illustrating the casting apparatus of
t he presegbmbgyenti on. Fig. 3(a) and 3(h) illustrate a vessel

Fig. 3(a) is a plan 10view and Fig. 3(h) is a sectional view thereof
cut along an ¥heAcluBRedMsnd10. p3E8es need kbdbe HoWleNdod B ddgrdekrate

a conb tooth-shaped device; Fig 4(a) is a plan view and Fig. 4(b) is
a sect i ongklyiesosUlowd 0y waiBh B Hel &6l ddt ibinteheledt wilbFhet prodkeand
Fig. 5(b) illustrate a secondary cooling
even when taken out to the atmosphere. 8Since the value of
5 cooling velocity of the crushed small pieces falling between
the cooling teeth becomes larger, they can be cooled to a
temperature of 150 degrees Celsius or below in a short time
period, so that the productivity can be improved.
In addition, the tissues of the crushed small pieces can

10 be controlled by changing the time period during which they are

held on the cooling teeth.

EFFECTS OF THE INVENTION
After the melt is rapidly cooled with the cooling roller
15 and the cast thin piece or the crushed small pieces are formed,
they can be cooled in the state such that they are put on the
secondary cooling apparatus. Thus, the value of cooling
velocity when the melt is solidified is large; and the value
of cooling velocity at the time when they are cooled from 800
20 degrees Celsius to 600 degrees Celsius becomes small, so that
the distributed state of the R-rich phases can be controlled.
Moreover, when the temperature is lower than 600 degrees
Celsius, the cast thin piece or the crushed small pieces can
be rapidly cooled with the secondary cooling apparatus, so that

256 they can be taken out to the air atmosphere at a temperature

10



apparatus; Fig. 5(a) is a plan view and Fig. 5(b) is a sectional view

cut along aline GCin Fig. 5(a). Fig. 6 is a first figure for
illustrating a gradually cooling step. 20Fig. 7 is a second figure
for illustrating a gradually cooling step. Fig. 8is athird
figure for illustrating a gradually cooling step. Fig. 9is
a first figure for illustrating a step to transfer 25 fromthe
gradual cooling to the rapid cooling. Fig. 10 is a second
figure for illustrating a step to transfer fromthe gradual cooling

to the rapifdisootédipes CelEigs dd licwed Whthoh fdipsechine
a step to transfer fromthe gradual cooling to the rapi

&

1 1sd @ddl ng

cool i ng.

S5Fig. 12 ipeactighed dnorll biesksaking ot Mol dkyqegedqi ng step. Fig. 13
is a figure for illustrating a state in which the crushed snall
pi eces are taken out of the casting apparatus. EXPLANATI ON OF

REFERENCE NUMERALS 10 11
'~ BRIEF DESCRIPTION OF THE DRAWINGS

5 Fig. lisa first figure for illustrating a casting apparatus

of the present invention.

Fig. 2 is a second figure for illustrating the casting

apparatus of the present invention.

Fig. 3(a) and 3(b) illustrate a vessel; Fig. 3(a) is a plan

10 view and Fig. 3(b) is a sectional view thereof cut along an

A-A line in Fig. 3(a).

Fig. 4(a} and 4(b) illustrate a comb tooth-shaped device;

Fig 4(a) is a plan view and Fig. 4(b) is a sectional view cut

along a B-B line in Fig. 4(a}.

15 Fig. 5(a) and Fig. 5(b) illustrate a secondary cooling

apparatus; Fig. 5{(a) is a plan view and Fig. 5(b) is a sectional

view cut along a line C-C in Fig. 5(a}.

Fig. 6 isa first figure for illustratinga gradually cooling

step.

20 Fig. 7 is a second figure for illustrating a gradually

cooling step.

Fig. 8 isa third figure for illustrating a gradually cooling

step.

Fig. 9 is a first figure for illustrating a step to transfer

25 from the gradual cooling to the rapid cooling.

11



--- Casting apparatus 21 --- crucible 23 --- primary cooling

appar at us

10

15

20

25

26 --- crushing device

Fig. 10 is a second figure for illustrating a step to
transfer from the gradual cooling to the rapid cooling.

Fig. llis a third figure for illustrating a step to transfer
from the gradual cooling to the rapid cooling.

Fig. 12 is a figure for illustrating a rapidly cooling step.

Fig. 13 is a figure for illustrating a state in which the

c¢rushed small pieces are taken out of the casting apparatus.

EXPLANATION OF REFERENCE NUMERALS

11 --- Casting apparatus

21 --- crucible

23 --- primary cooling apparatus
26 ~--- crushing device

40 --- vessel

45, 55 --- cooling pipe

50 --- comb tooth-shaped device
51, to 51, --- cooling teeth

60 --- pressing device

61l; to 61, --- pressing teeth

BEST MODE TO CARRY OUT THE INVENTION

In Fig. 1, a reference numeral 11 denotes one embodiment
of the casting apparatus of the present invention, which
includes a melting chamber 12, a collection chamber 13 and a

cooling chamber 14.

12



Phii—

40 --- vessel 15 45, 55 --- cooling pipe 50 --- conb tooth-shaped
device 511 to 51, --- cooling teeth

A vacuum evacuation system 35 and a gas introduction system
36 are connected to the casting apparatus 11. After the
interior of each of the chambers 12 to 14 is vacuum evacuated
by the vacuum evacuation system 35, an inert gas (here, argon)

5 1is introduced from the gas introduction system 36, so that the
interior of each of the chambers 12 to 14 is set in an inert
gas ambience.

The collection chamber 13 is connected to the melting
chamber 12, and the cooling chamber 14 is connected to the

10 collection chamber 13.

Transfer rollers 32 are arranged on the bottom walls of the
collection chamber 13 and the cooling chamber 14; and a
secondary cooling apparatus 22 is placed on the transfer rollers
32 in the collection chamber 13.

15 A primary cooling apparatus 23 is arranged at a position
above the secondary cooling apparatus 22 inside the collection
chamber 13.

A melt trough 31 is arranged between the melting chamber
12 and the collection chamber 13, bridging the interior of the

20 melting chamber 12 and the interior of the collection chamber
13.

A crucible 21 is arranged inside the melting chamber 12,
raw materials of a neodymium-iron-boron based sintered magnet
being charged into the crucible 21 at predetermined compounding

25 rates.

13



60 --- pressing device 611 to 61, --- pressing teeth 20 BEST MODE
TO CARRY OUT THE | NVENTI ON In Fig. 1, a reference nuneral 11
denot es one enbodi nent of the casting apparatus of the present

i nvention, which includes a nelting chanber 12, a collection chanber
13 and a 25 cooling chanber 14. A vacuum evacuati on system 35
and a gas introduction system 36 are connected to the casting
apparatus 11. After the interior of each of the chanbers 12 to 14 is
vacuum evacuat ed by the vacuum evacuati on system 35, an inert gas
(here, argon)rhe melting chamber 12 is provided with a heater; and a melt

is formed by heating and melting the rawmaterials placed inside
the crucible 21 to be around 1400 degrees Celsius in the inert
gas amblence.

5 Next, when the melt is poured into the melt trough 31 by
tilting the crucible 21, the melt flows inside the melt trough
31, and is poured into a receiving tray 33 (tundish) of the
primary cooling apparatus 23.

The primary cooling apparatus 23 includes a cooling roller

10 25 and a crushing device 26. The cooling roller 25 has water
passage in which cooling water is passed. The cooling rollexr
25 is rotated in the state such that it is cooled with water.
The melt poured into the receiving tray 33 contacts the cooling
roller 25, and is placed on the cooling roller 25 through the

15 rotation thereof, and carried to a place where the crushing
device 26 is arranged, while being cooled.

At such time, the melt is solidified by cooling to form a
cast thin piece in a thin sheet-1ike form. The cast thin piece
is released from the cooling roller 25 through the rotation

20 thereof, and drops into the interior of the crushing device 26.
The thickness of the cast thin piece is around ¢.3mm.

Two crushing rollers 27 are arranged inside the crushing
device 26.

A moving device is connected to the crushing rollers 27 so

2b  that the position of one or both of the c¢rushing rollers 27 can

14



5 is introduced fromthe gas introduction system 36, so that the
interior of each of the chanbers 12 to 14 is set in an inert gas

anbi ence. The coll ection chanber 13 is connected to the nelting
chanber 12, and the cooling chanber 14 is connected to the 10
col l ecti on chamber 13. Transfer rollers 32 are arranged on the

bottomwal Is of the collection chanber 13 and the cooling chanmber 14;
and a secondary cooling apparatus 22 is placed on the transfer
rollers 32 in the collection chanber 13. 15A primary cooling

appar at usb@3mndwedar ranged at a position above the secondary cooling
apparatus 22 inside the collection chanber 13. A nelt trough 31

i s arranged hikenedre the crekhing rehaeber2712ramddehe edbs€ny contabanber
13, bridging the interior of the 20 nelting chanber 12 and the
interior afdttte cakktethimmicherierdidped onfocthiei dhasithd sodleagged
inside the nelting chanber 12, raw materials of a

neodymi unz? nari-lzorha bassiig roeleds nEgnate being £hediGeTl ithkoch ke
cruci ble 21 at predeterm ned conmpoundi ng 25 rates. The nelting

chanbes 1Phirs girew fledemisted theat@shedithad 1Mphéceés rfmmed Pywheat i ng
and nelting the raw materials placed inside the crucible 21 to be

around l1l4Pfrmleghded Gebpiwsdén Hie priitkltyJeSoBIHY engRradexbs . when
the nelt is poured into the nelt trough 31 by tilting the crucible
21, the nelt whenwhel maistd nigheoIedris 17 @ugbpaded apdrt Sroohd edushingg a
receiving tray 33 (tundish) of the primary cooling apparatus 23. The
primary cosllerg 2ppaeaicieedBromehygrsidieanitidie tigd kakt khhi2bpaask a
crushing device 26. The cooling roller 25 has water passage In which
cool i ng véatays,i shpasssad thiheptamd dRgphed | Bfor? 8heScédt @i dol let hes
state such that it is cooled with water. The nelt poured into the
recei Wi ngitapay uhdieeomhac bsihley Cooblitgy r@ideatab, 28nditEoRt ag&thdN
the cooling roller 25 through the

crushed.

Meanwhile, it may be that when a detour is formed and after
the cast thin piece dropped from the cooling roller 25 passes
the detour, the cast thin piece drops from the primary cooling

15 apparatus 23, and the cast thin piece passes the crushing device
26 without passing the detour, and then, the crushed small
pieces may drop.

The cast thin piece and the crushed small pieces dropping
and fed from the primary cocling apparatus 23 drop into the

20 secondary cooling apparatus 22.

Figs. 5{a} and (b) are figures for illustrating the
secondary cooling apparatus 22, and Fig. 5{(a) is a plan view
thereof, and Fig. 5(b) is a sectional view cut along a C-C line

in Fig. 5(a). The secondary cooling apparatus 22 includes a

25 vessel 40 and a comb tooth-shaped device 50.
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15 rotation thereof, and carried to a place where the crushing device
26 is arranged, while being cool ed. At such tine, the nelt is
solidified by cooling to forma cast thin piece in a thin sheet-Iike
form The cast thin piece is released fromthe cooling roller 25
through the rotation 20 thereof, and drops into the interior of the
crushing device 26. The thickness of the cast thin piece is around

0. 3mm Two crushing rollers 27 are arranged inside the crushing
devi ce 26. A nmovi ng device is connected to the crushing
rollers 27 sdiys.t héa) temd ploks iatrieofii @i rem Eonri batdt reft ihhet ke walsisag
rollers 27 can be noved. When the two crushing rollers 27 are
made to chOseFygcontlakctisna phene asiew Mitereiofce and digppedbpnie khe
crushing rollers 27 while the crushing rollers 27 are being rotated,

t he cast Settiongl edewi sutcrldshgdan a-arlishednsihy] 3Qia¢cesTheaeskal
powder form which drop under the primary cooling apparatus 23.

Wien the <0 isisi aporobhed y2Iindrecspabageapard in¢lidws araginagicell ers
27 are noved fromthe position where the cast thin piece drops, the
cast thi npetisierhloppad tLponathbe:wmohialgd kol tess Ay halreeds oingee t he
primary cooling apparatus 23 w thout being crushed. Meanwhi | e,

it may bepéhirtherzdnwaltlet burnidsafqringd radds afiiseprohede@siptiht gt ece
dropped fromthe cooling roller 25 passes the detour, the cast thin
pi ece dr opscdntomlt Necprioaryf ciod ibagtbm apaparaz us 23, and the cast
thin piece passes the crushing device 26 w thout passing the detour,
and then, the&igsushéa) sarad |(bpi eeesfimyredy dpr illustrathitficadle tbind

pi ece and the crushed small pieces dropping and fed fromthe prinmary
cool i ng appeirtatUmp2d dewjrd 800 Rike 20asacongany s, agdapar atbs 22.

10 is a sectional view cut along a B-B line in Fig. 4{(a). The comb
tooth-shaped device 50 has a plurality of cooling teeth 51,
51, ---, 51n. Each of the cocoling teeth 51, 51, --~-, 51, is
in a ring shape, and they are concentrically arranged, while
being spaced at a predetermined interval, and mutually fixed

15 by connecting plates 52.

The inner diameter of the cooling tooth 51; at the innermost
circle is set larger than the outer diameter of the guide rod
43, whereas the outer diameter of the cooling tooth 51, at the
ocutermost circle is set smaller than the inner diameter of the

20 peripheral wall 41 of the vessel 40. The comb tooth-shaped
device 50 is disposed inside the vessel 40 in the state such
that the comb tooth-shaped device is inserted through the guide
rod 43. In the state such that the comb tooth-shaped device
50 is disposed inside the vessel 40, each of the cooling teeth

25 51,, 51;, ---, 51, does not contact the bottom wall 42 of the

16



Figs. 5 (a) and (b) are figures for illustrating the secondary

cool ing apparatus 22, and Fig. 5 (a) is a plan view thereof, and Fig.
5 (b) is a sectional viewcut along a CGClinein Fig. 5 (a) . The
secondary cooling apparatus 22 includes a 25 vessel 40 and a conb

t oot h- shaped devi ce 50. Figs. 3(a) and (b) are figures for
illustrating the vessel 40, Fig. 3(a) is a plane view thereof, and
Fig. 3(b) is a sectional view cut along an A-Aline in Fig. 3(a). The
vessel 40 wassal Hdtt yhddecy|dnads éal fotrpd themdbehwkedes Burther, in
cylindrical 5 peripheral wall 41, a bottomwall 42 closing one end of
t he peripheha$ swdte.4theandodingittketiodl43 55:,provi deth apei ghrtatah
central location of the bottomwall 42. Figs. 4(a) and (b) are
figures fotoithedetdidmgaie4@onb t oot h- shaped device 50, Fig. 4(a)
is a plan view, and Fig. 4(b) 10 is a sectional view cut along a E-B
line in Fig. Ahgp thhaedonbnsiobt thehapediitey bt el Sinhasdaced untld tye of
cooling teeth 51/, 512, ---, 51n. Each of the cooling teeth 511, 512,
---, 5 imrivexy cPadisdarearatdst e pndrehe casertlvircal bye drer fingeed,,
whi | e being spaced at a predetermned interval, and nutually fixed 15
by connectilgcphahéngs11lEre 2hrer finsemevedfad Héscostedgboret, harkl
at the innernost circle is set |arger than the outer dianeter of the
gui de rod @8 ehetredbinheimneerisli dmeppedoftot hthec opdarglamot doSlinat
the outernost circle is set smaller than the inner dianeter of the 20
peri pher alangddatars @R whshevtskeeing. cighesbnb t oot h- shaped device 50
is disposed inside the vessel 40 in the state such that the conb

t oot h- shaped &be¢i trtéxvalnodrtkd aduldughtehehdili.de51l,, --~, 51, is set

10 more closely (30 to 100mm, more desirably 50 to 70mm) than the-
size of the cast thin piece, and the cast thin piece dropped
inside the secondary cooling apparatus 22 is placed on the
cooling teeth 51,, 51, --~, 51, so as to cover spaces between
the cooling teeth 51,, 51, ---, 51,.

15 InFig. 6, a reference numeral 71 denotes the cast thin piece
placed on the ccoling teeth 51;, 51, ---, 51,.

A motor is connected to the wvessel 40 in which the comb
tooth-shaped device 50 is arranged; and the vessel 40 is rotated
while the cast thin pieces 71 are being dropped £rom the primary

20 cooling apparatus 23. The comb tooth-shaped device 50 is also
rotated following the rotation of the vessel 40, and the cast
thin pieces 71 axe placed all over the entire peripheries of
the cooling teeth 51,, 51, ---, 51,. Accordingly, as shown in
Fig. 7, the upper sides of the cooling teeth 51,, 51,, ---,

25 51, are covered with the cast thin pieces 71 without a gap.
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rod 43. In the state such that the conb tooth-shaped device 50 15
di sposed inside the vessel 40, each of the cooling teeth 25 511, 512,
---, Sln does not contact the bottomwall 42 of the vessel 40, while

a space is forned therebetween. Further, in this state, the cooling
teeth 511, 512, ---, SIn are vertical to the bottomwall 42. \Wen the
melt inside the crucible 21 is introduced into the 5 primary cooling
apparatus 23 and the cast thin piece is forned, the crushing rollers
27 are first noved as di scussed above, and the cast thin piece is

dropped to the:secendarsushaaki dy et atdige22 Mat Sitite PBLNG-HHASRE.
The interval of the cooling teeth 511, 512, ---, 51 21 is set 10 nore

closely (3fet€ad®@Hn Eﬂé@e dsshapbbyiROthe TRF@vd NaBtiBensiZe t9b t he
cast thin piece, and t cast thin piece dropped inside the secondary

cool i ng appacBing 2AlIdrPlagednencide ol ipigckeet hidlied Fdm the
Sln so as to cover spaces between the cooling teeth 511, 512, ---

51,. 151 ncbb@ing. ral Ieaf e5 s @ heUSBES inkl d@eme&eﬁs tehe @@@éhiﬁg N spigece
placed on the cooling teeth 511, 512, ---, 51 A not or

connectedthe dhgheassedl ¥Piéfesire hiztdweaomcd eRé @e%aaag%d;%\al%g%

is arranged; and the vessel 40 is rotated while the cast thin pieces

71 are beibpgadsopped.f ram thesidd BRAY1 3 &Rl 40 sRRPREQ ISt RS calhe
conb t oot h-shaped device 50 is also rotated following the rotation of

t he vessekhéf, ppérkd he .cast thin pieces 71 are placed all over the
entire perlpherles of the cooling teeth 511, 512, ---, 51n.

Accordingly, Bsrs§ow) hn-dfiedenée i 4NPES Sindessafnd heysnal ispaiteet h
511, 512, 25 Sin are covered with the cast thin pieces 71 without a
gap. pleces stacked on the cast thin pieces 71.
10 After the melt inside the c¢rucible 21 is entirely moved into
the secondary cooling apparatus 22 as the cast thin pieces 71
and the crushed small pieces 72, the secondary cooling apparatus
22 is moved from the collection chamber 13 into the cooling
chamber 14 by rotating the transfer rollers 32.
15 The pressing device 60 is arranged in an upper side of the
cooling chamber 14.
The secondary cocling apparatus 22 is stopped under the
pressing device 60.
The cast thin pieces 71 are placed on the upper ends of the
20 cooling teeth 51,, 51;, ---, 51,, and since a contact area betweean
the cast thin pieces and the cooling teeth 51;, 51,, ----, Sl,
is small, the cast thin pieces 71 and the crushed small grains
72 thereon are gradually cooled inside the cooling chamber
having the inert gas filled therein (gradual cooling). At this

25 time, a cooling medium is introduced through a cooling pipe 45,
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Next, the crushing device 26 is set to a state for crushing the cast
thin piece by narrowing the interval between the two crushing rollers
27; the cast thin piece 71 is fed fromthe cooling roller 25 to the
crushing device 26 for crushing; and 5 the crushed small pieces are
dropped into the secondary cooling apparatus 22. The crushed snal

pi eces are stacked on the cast thin pieces 71. In Fig. 8, a
reference nuneral 72 denotes the crushed snall pieces stacked on the
cast thin pieces 71. 10After the melt inside the crucible 21 is
entirely EBV@tbdU¥sRdl DersLCaMApYeSO0Md G vARRAE AlHss 3 AR NG LSt
thin pieces 71 and the crushed small pieces 72, the secondary  cooling
appar at usp2sssndnd H 6aQ) tdwg, coll ecéd onsghanben i3 #iRf.0 ot he cooling
chanber 12 by rotating thg]tégnsfer roll'ers 32. 15The Eiegsing devi ce

60 is arrangeghd tnBérePBE Sidgrefsihe reaehidy chprber. 141 is sefhe
secondary cooling apparatus 22 is stopped under the pressing device

60. The castihdlidund 26@Srvd1 AL fIra¢hd eBo1 ey WAL eAds of  the_ 20
cooling teeth 512, 512, ---, 51, and since a contact area between the

cast thinspjeces end ﬁé@pé&ékﬁengré@@iﬁg bt bd,, 61,5, -2l 45 spal |,

the cast thin pieces 71 and the crushed small grains 72 theréon are

gradual | yagpohgeh hBel8aHgos00! di¥oshaehabay g b 4 HeLboY28y |
filled therein (gradual cooling) . At this 25 time, a cooling nedium

I's introdygsth BALOwAD, & Co6Y [ BAGRIHECAS1 ing teeth 515, 51,, ---, 51,.

After the cast thin pieces 71 and the c¢rushed small pieces

72 are cocoled to a predetermined temperature, the pressing

10 device 60 is lowered so as to contact the ends of the pressing

teeth 61,, 61,, ---, 61, with the cast thin pieces 71, as shown

in Fig. 10, and further lowered. As a result, as shown in Fig.

11, the pressing teeth 61,, €1;, ---, 61, are inserted between
the cooling teeth 51,, 51, ---, 51,, while crushing the cast

15 thin pieces 71 positioned on the cooling teeth 51,, 51;, ---~,
51, (here, m = n~1, and the pressing teeth 61,, 61, ---, 61,
are inserted between the cooling teeth 51;, 515, ---, 51, one
by one) .

Since the cast thin pieces 71 are crushed so as to become

20 crushed small pieces 72, which are smaller than the gaps between
the cooling teeth 51,, 51,, ---, 51,, they are pushed in between

the cooling teeth 51,, 51, ---, 51, together with the crushed
small pieces 72 stacked on the cast thin pieces 71, so that they
£ill up the gap between the lower ends of the cooling teeth 51,,

25 51;, ---, 51, and the bottom wall 42, and between the cooling
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as discussed | ater. The pressing device 60 has a plurality of

pressing teeth 611, 612, ---, 61,, as shown in Fig. 9. The interval
of the pressing teeth 611, 612, ---, 61, is set to the sane interval
as for the cooling teeth 512, 512, ---, 5 51n, and the respective
pressing teeth 611, 612, ---, 61, are arranged above the positions of
t he spaces between the cooling teeth 511, 512, --, 51n and the
cooling teeth 511, 512, ---, 51. After the cast thin pieces 71 and

the crushed small pieces 72 are cooled to a predeterm ned
t enper at Uggetty her pregssi ng 10sdgvice 60 is |owered so as to contact

the ends of the pressing teeth 611, 612, ---, 61, with the cast thin
pieces 71, asmehgBséindit@erhls1,angyfuctbersy ones GlvelSud &ikFHblm as
shown in Fig. 11, the pressing teeth 611, 612, ---, 61, are inserted

bet ween thgqg Qﬁ@[}jx‘?ﬁsti%%f[ﬂbeﬁq%lél@lz,'—'~'-,_ 81 ardhich8atEdSPIiRgeLREqCaST
15 thin pieces positioned on the cooling teeth 511, 512, ---, 51n

(here, M fnHe hindRdmbhed KRS ERE $458 Bebltenblite 08 1hgSELLAH et ween
the cooling teeth 511, 512, ---, Si'n one by one). Sincé the cast thin

pi ecess 7158y e_Cr UshedoshASt ko ch8E UM% & '
whi ch are g%aller tﬁaﬁ t he gapg betmeg%gihégiﬂgﬁﬁggﬁ{g%?%f%%%?ﬁé%z,

---, 51n, aﬁa%r&ra%teasbféhiﬂhéﬂ%@%gﬁewf RS BY Eﬁ@téb&%g 2&étn

51n together with the crushed SmalT pieces 72 stacked on the cast
thin piecgs, 753,50 thatsitheyafind diprhbe gaPcRStMRSR RE1hoys! ends

of the cooli'ng teeth 511,
Fig. 12 shows a state whereby the pressing device 60 is moved
upwardly and pulled out from the secondary cooling apparatus
10 22. In this state, the crushed small pieces 72 are in contact
with the bottom wall 42 and the peripheral faces of the cooling
teeth 51, 51, ---, 51;.
The bottom wall 42 and the cooling teeth 51,, 51, ---, 51,
are provided with cooling pipes 45 and 55, respectively. The
15 cooling pipes 45, 55 are connected to a cooler so that a liquid
cooling medium can be introduced therein. 1In this embodiment,
water is used as the cooling medium.
The cast thin pieces 71 and the crushed small pieces 72 are
not rapidly cooled in such a state that the cast thin pieces
20 71 and the crushed small pieces 72 are placed on the cooling
teeth 51,, 51,, ---, 51;.
When the crushed small pieces 72 are cocoled in such a state
that the crushed small pieces 72 are in contact with the bottom

wall 42 and the peripheral faces of the cooling teeth 51,, 51,,

25 ---, 51, after the pressing teeth 61,, 61,,---, 61, are inserted

20



25 512, ---, 51n and the bottomwall 42, and between the cooling

teeth 511, 512, ---, Sin. The pressing teeth 611, 612, ---, 61,
are noved up and down and the pressing teeth 611, 612, ---, 61, are
repeatedly inserted into and renoved fromthe gaps between the
cooling teeth 511, 5 512, ---, 51n so that the cast thin pieces 71
maybe fully crushed and contacted with the peripheral faces of the
cooling teeth 511, 512, ---, 51n and the surface of the bottom wall
42. Fig. 12 shows a state whereby the pressing device 60 is noved

upwar dl'y agkéuil ltad eublirgnddia seconrdgry- coolging appailtdm 4191%2-

In this state, the crushed small pieces 72 are’in contact with the

bottom wakd A and &aslﬂeg{it@@ehaéllf,agﬁg af--tNg1,ca0ki AGI&KELD Phdr -
512, ---, 51n. The bottomwall 42 and the cooling teeth 511, 512,

---, Sin ghe PRavedednit i HhRld Y, PiPaSh 45208 Eontd&SRAGH YRLY, The
15 cooling pipes 45, 55 are connected to a cooler so that a liquid

cool i ng negd WG yoeobhkyoduced therein. In this enbodi ment, water
is used as the cooling nmedium The cast thin pieces 71 and the

crusheg smal rnpi €685int2pdhe IWhrHaPaEH HrnCoN @doiingUided, 84 at €11 hat
the cast thin pieces 20 71 and the crushed small preces 72 are placed

on the coolingitesf RodldioRd@ at 1oweplendd8R {He Ld3Rgd sdB] |51pi eces

72 are cooled in such a state that the crushed snmall preces 72 are in
contact wih the bottomyalihcd2cddARecReshPherikcbaces lefsrl']lEgi:iin

cooling teeth 511, 512, 25|---, 51n after the pressing téet
612, ---, SdRL thRS@ELEIng teeth 51;, 51,, ---, 51, by the pressing
device 60 are in contact with the peripheral faces of the lower
10 ends of the cooling teeth 51,, 51,, ---, 51,, they are effectively
cooled.

The crushed small pieces 72 are cooled in the state such
that the pressing device 60 is pulled out from the secondary
cooling apparatus 22, and when the crushed small pieces 72 are

15 cocled to around 150 degrees Celsius, the comb tooth-shaped
device 50 is taken out from the interior of the vessel 40, as
shown in Fig. 13. Thereafter, when the vessel 40 in which the
crushed small pieces 72 are placed is taken out from the casting
apparatus 11, a rawmaterial for the neocdymium-iron-boron based

20 sintered magnet is obtained.

Meanwhile, in the above embodiment, the cooling teeth 51;,
51, ---, 51, are ring shapes, and a plurality of the cooling
teeth 51,, 51,, ---, 51, are arranged concentrically. However,
the present invention is not limited thereto, and it may be that

26 a plurality of cooling teeth are arranged spaced apart and the
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bet ween the cooling teeth 511, 512, ---, 51n, the bottomwall 42 and
the cooling teeth 511, 512, ---, 51 are cooled so that the crushed
smal | pieces 72, which are in contact with them are rapidly cool ed.
5The cool i ng pipe 55 provided on the cooling teeth 51k, 512, ---, 51n
is positioned at | ower ends of the cooling teeth 511, 512, ---, 51n,
and since the crushed small pieces 72 pushed in between the cooling
teeth 511, 512, ---, Sin by the pressing device 60 are in contact
with the peripheral faces of the | ower 10 endsofthecoolingteeth511,

512, ---, chdt cHikeyiabesedf& glacellyaf@odathually 88164 UshethemTakb
pi eces 72 are cooled in the state such that the pressing device 60 is

pul | ed outhd @Rk tSECAERE Yef Q8L PEGhaRRR FE tife ed?s haBHo YNGR tEREH
crushed smal| pieces 72 are 15 cooled to around 150 degrees Cel si us,

the conb 4peéh-tghagedadsyi €sobid,s ahakegp ity bemebhe #dit %&hﬁglef t he
vessel 40, as shown in Fig. 13. Thereaf ter, mhen t he vessel

whi ch thea%li&hﬁ@t?”@i" FRILGASLE218KE é&@ﬁ@ keetAkedn Y phboiuEae

casting apparatus 11, a raw material for the neodym umiron-boron

based 20 §pﬂ%{teqrn?g§}gglé§ bt ethotMeanwhil e, in the above
enbodi nent e cooling teeth 511, 512, ---,-51, are ring shapes, and

a plurality ghrthergepd] ng: tr@et préddnt %Zrentmn S N5y idy’ @aBYede
concentrically. However, the present invention s not I'imted

thereto, ﬁ@@rkhngaa%obaa&hééeaoﬂawbbbhﬁé deRRkbknh t gRER 1Y Bast
arranged spaced apart and the cast thin pieces are placed and

gradual | yrgobedces 11hgns e @f\@éhé&gmawpﬂef&ba B aeessﬁaeyeqyéheg in
bet ween the cooling teeth after the gradual cooling, and rapid

gool ed. (';Q('ije 8%aBRASry 20Bh ¥hg dgpar@tub Bt sBlale- tihde caaald agr&ﬁgé@ can
e provide

10 uniformly.

Since the thickness of the cast thin piece 71 obtained in
the present invention is thin, the value of cooling velocity
near the solidification point is around 1000 degrees Celsius
/s or more, so that the Nd.Fe,;B phases as magnetic phases are

15 produced directly from the liquid phase without 7 Fe as the
primary crystals being formed, and an ingot free from @ Fe phases
can be obtained. Furthermore, the value of the cooling velocity
of the cast thin pieces 71 released from the cooling roller 25
(that is, the secondary value of the cooling velocity) can be

20 retarded, and since the distributed state of the R-rich phases
can be controlled by regulating the time period in which the
cast thin pieces 71 are pushed in between the cooling teeth 51,,
51,, ---, 51y byusing the pushing teeth 61,, 61,, ---, 61, alloys
for highly magnetized type magnets to highly magnetic coercive

25 force type magnets can be widely produced. Moreover, since the

22



5 upright in parallel to one another. Furthernore, in the
present invention, a spraying device is arranged above the secondary
cooling device 22, and the cast thin pieces 71 and the crushed snal |
pi eces 72 are sprayed onto the secondary cooling apparatus 22 so that
t hey can be arranged 10 uniformy. Since the thickness of the cast
thin piece 71 obtained in the present invention is thin, the val ue of
cooling velocity near the solidification point is around 1000 degrees
Celsius /s or nore, so that the Nd2Fel4S phases as nmgneti c phases

are 15 preeorisl diimecthy e eRbtbendd Gy € PHEES WhEhorbdqute: i8S thhes
primary crystals being formed, and an ingot free froma Fe phases can
be obtain rdwdd.hernore, the value of the cooling velocity of the
cast thin pieces 71 released fromthe cooling roller 25 (that is, the

secondary valgdaceftidgocteak f NeavediDepkld GARiR2Gd 8bapaesa tangn
since the distributed state of the R-rich phases can be controll ed by

regul ati ngngdre HalvilRgPE! ¢ 1Rtk 88 be hat ben € a3t BbPaPhEE Ay Gl s@5Lem
pushed i n between tﬁe cooling teeth 511,

5 in which casting is carried out by using a conventionally
ordinary mold, the Nd-rich phases included in the cast thin
pieces 71 and the crushed small pileces 72 are finely
distributed.

This Nd-rich phase becomes a liquid phase at the time of

10 sintering in the magnet producing process, which promotes the
increase in the density owing to a so-called liquid phase
sintering. Further, in the sintered magnet, the Nd-rich phase
contributes to the increase in the magnetic coercive force by
magnetically shielding the Nd,Fe,B magnetic phases. For this

15 reason, when the Nd-rich phases are more finely and uniformly
spaced in the raw material alloy, the dispersed distribution
state is also improved even in the state of the fine powder
crushed in the producing step of the magnet, which serves to
improve the magnetic characteristics.

20 Furthermore, in the neodymium based magnet which can be used
in the present invention, heat resistance and economic
efficiency can be improved by adding Dy or Pr besides Nd to the
raw materials so as to partially replace Nd.

Furthermore, a part of Fe can be replaced by Co or another

25 transition metal element which has the effects of increasing

23



512, - - - , 51n by using the pushing teeth 611, 612, - - - , 61n,

all oys for highly magnetized type nmagnets to highly magnetic coercive
25 force type magnets can be w dely produced. Moreover, since the
cooling tine can be shortened as a whole, the productivity is

i mproved. Since the solidification speed is higher as conpared to
an ingot having a thickness of around 30mm obtai ned by a system5 in
whi ch casting is carried out by using a conventionally ordinary nold,
the Nd-rich phases included in the cast thin pieces 71 and the

crushed swmkl cl_ﬂrfé?ﬁéiﬂ@ RIL 1 thp A& Mk BE I'd IR on T 51 Mdmiclecn RRase
becones a |liquid phase at the tine of 10 sintering in the nagnet
produci ngspkREeSsS, which pronotes the increase in the density ow ng
to a so-called liquid phase sintering. Further, in the sintered

magnet, the Ni; bisghphase rcomh HPULEs il LPNEa3R4 I b dRgRat i C
coercive force by magnetically shielding the Nd2Fel43 magnetic

phases. Foustbig o reeasaitnwiesssdie thid- ﬁ&%ﬂ%lp@ $e2L8 éﬂHrgg(ffd Rely

and uniformy spaced in the raw material alldy, "the dispers

di striput baTsEideS MPOnd FALLYENHE 'Bﬁel@;%ﬁt By
powder crug%e§ ?% t he produci ng steg %%gfhe mag ef%ﬁﬁﬁ?%%gggf%ggﬁto
i nprove thgag@gnetic characteristics. 20Furthernore, in the neodym um

based maghet which can be used in the present invention, heat

resi stance anghe£eeRavisr &df it@ieeﬂci‘iéﬁfb%éﬂhoiélﬁg @yscf%ﬁglg%cer Pr

besides Nd to the raw materials so as to partially replace

tFur ther nope, ad-ipRf thefcd& iGRNwhe1 Neblased i R¥a Gk ?xbrén&é@ﬂl .25Thﬁt
ransition nmetal "el ement which has the“effects of increasing the
Curie poi gk, anthd MRLLYENIphbEeEOTdRS| BRoELRLP! 2DER | JbITRA¥162%E8n

10 interfaces together with the growth of the R,T:4B phases as the
main phases at the time of cooling on the cooling roller 25,
and the R-rich phases are produced in a lamellar form inside
crystal grains of the R;T14B phases, partially formed in grain
boundaries.

15 The melting point of the R-rich phase is around 660 degrees
Celsius in an Nd-Fe-B ternary equilibrium diagram, for example,
and it is considerably lower as compared to the surface
temperature of the 1liquid phase of the magnet constituting alloy.
On the other hand, in the casting condition of the SC method

20 like the present invention, the average temperature of the cast
thin piece 71 is 700 degrees Celsius or more at the time when
it leaves the cooling roller 25, and the R-rich phase is still
in the liquid phase state.

The diffusion of atoms in the 1liquid phase or via the liquid

25 phase is generally several orders of magnitude faster as
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In addition, R can be used instead of Nd, and T can be used

instead of Fe. In this case, the Nd2Fel4B phase is changed to 5 a
R2Ti 4B phase, and the Nd-rich phase can be expressed as an R-rich
phase. The behavior of the R-rich phases in the cast thin piece
71 during the casting wll be explained in nore detail. That is, the
R-rich phases are expelled fromsolidification 10 interfaces together
with the growh of the R2T34B phases as the main phases at the tine
of cooling on the cooling roller 25 and the Rrich phases are
produced tbmpatedeblaadi f AisNonihedorenvati a gbai8pHaket, P32 Ei481y,
phases, partially fornmed in grain boundaries. 15The nelting point of
the R-ricbheh@semi sfandenk-648C¢hdegiees Gel I tdsancih Fei&cé enmpary
equilibriumdiagram for exanple, and it is considerably |ower as
conpar ed foahdiei cailThacshareEper dege@d®hgt igohi HEdvRlasecef cbbeinggnet
constituting alloy. On the other hand, in the casting condition of
the SC nmet806c; birkend kaspresanbibayent h8fer (8 cAveHaR ARIe L8R Ur €
of the cast thin piece 71 is 700 degrees Celsius or nore at the tine
when i§ | epvesodli;gceenngg sl ler 25, and the Rrich phase is stil

in the liquid phase state. The diffusion of atoms in the
liquid phase wbleniie vABué bEUdsblAngPharity 6£164aldne ReVLiRPhALEST S
of magnitude faster as conpared to a diffusion phenonenon in a solid
phase. Acgps dilighy lytiirdeam Rfoldie shrihkigdRESEBe i1AmeNeaCashst fbN

pi ece 71 dramatically changes, dependi ng upon the value of cooling
vel ocity pédaide sgashcehidedir@grlnatHiden naleersedchsiands bhampet he
cooling roller 25. When the val ue of cooling velocity is |ow,
the R richofi@sghagée sorebiky, rawhdere HRbeHgEe T ¢ tQfrd,Nehe

| anel | a so as to reduce an interface energy between the R-rich phases

and tie neéhesntaasen WBr ROVAr thad Rhride gleLaseRbakespessluige the
10 concentration of Rin the R-rich phases increases, and the vol une

ratio of ‘deurte MaghoPbasehe deGHiRASPhases ded&¥eddtys Other hand, in the
case where the value of the cooling velocity is large, there is a

tendency for chhendhbgher hkaapanathl easé atherenimiial € wrafHebobeng
rel ease fromthe roller
velocity i1s large, there is a tendency for the higher
temperature state immediately after the release from the roller
15 to becom frozen; that is, the lamella state immediately after
the solidification is kept as it is, and a secondary lamellar
is also clearly recognized in a sectional tissue of the cast
thin pieces 71 in addition to the primary lamellar. 1In such
a case, the volume ratio of the R-rich phase is large, and the
20 concentration of R in the R-rich phase decreases.
For example, when a sectional tissue of a cast thin piece
71 is observed based on a reflection electron image with a
scanning electron microscope, the above state can be

guantitatively evaluated by a line segment method in which a

256 line segment of a length of L is drawn on the obtained microscope
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15 to becomirozen; that 1s, the lanella state Tmediately arter the
solidification is kept as it is, and a secondary lanellar is also
clearly recognized in a sectional tissue of the cast thin pieces 71
in addition to the primary lanellar. In such a case, the volune ratio
of the Rrich phase is large, and the 20 concentration of Rin the
R-rich phase decreases. For exanple, when a sectional tissue of a
cast thin piece 71 is observed based on a reflection el ectron inmage
with a scanning el ectron mcroscope, the above state can be

quant i t at Fﬁgt?gg@y@{ léé&\'ﬁ;go_@i’t forl L REgSPITRE BB ol b G2 B w3 chi Ne

segnent o engt h of Is drawn On the obtained m'croscope

phot ogr aphné GugRSIL & A8k 4 BRE) rich BRaBHEDE c%‘aﬂi 01035 ag?'gg et he

segnent crosses Nd-rich phases IS counted, a t he average nce

L/N of thgi R id&drphidsasd 8- AebeERd iéﬁ%@%gmiﬂ%%itg&gggfx@?vﬁﬁﬁlﬂ L

h
of the Iine segnment by N. The above-obtai ned va ones smafl er,

as the valye 1Qhgther, e20lhd 9 118! ér%gllrrfeglrta%%w R 2bBLE Q:?ﬁt%{]néch Gatdst

thin piece 71 fromthe cooling i ncreases. I'S manner

when the Bé&&ﬁééﬂgﬁéi@éf, ok Eﬁ@vglﬁé%& Phas al?zﬂg%%ci@ydaﬁ%%ﬂ@fuéon

and a finely crushing step in the nagnet 10 producing process are

i nfl uence i d . a C i Skl f. b
bt a1 ned Rapt” She i Tignaad ™ PlebOPE IACLEL ShEind reitr 2o
sintered yREASIsedlydrogenation crushing treatnent (HD treatnent) is

general |y perfornmed before crushing is finely performed by using a
crusher (suchpdshi @mhfher, when the existing state of the R-rich phases

changes, hydrogenation and a finely crushing step in the magnet
10 producing process are influenced as discussed below, and the
characteristics of the obtained magnet are influenced.

In the production of the sintered magnet, hydrogenation
crushing treatment (HD treatment) is generally performed before
crushing is finely performed by using a crusher (such as, a jet

156 mill or the like). The alloy for the R,Ty,B based magnet is
likely to absorb hydrogen, and particularly the R-rich phases
are likely to absorb hydrogen, so that a hydride is produced
s0 as to cause a volume expansicn. Consequently, fine cracks
are formed inside the alloy by a wedge effect of the volume

20 expansion and embrittlement of the hydrogenation.

For this reason, when the value of the cooling velocity after
the release of the cast thin piece from the cooling roller 25
is large and the intervals of the R-rich phases are narrow, it
tends to be finely cracked. Also, if the average grain diameter

25 of the crushed powdery grains is too small, the powder becomes
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15 mill or the like) . The alloy for the R2T14B based magnet is
likely to absorb hydrogen, and particularly the Rrich phases are
likely to absorb hydrogen, so that a hydride is produced so as to
cause a vol une expansi on. Consequently, fine cracks are fornmed inside
the alloy by a wedge effect of the volune 20 expansi on and

enbrittl ement of the hydrogenation. For this reason, when the val ue
of the cooling velocity after the release of the cast thin piece from
the cooling roller 25 is large and the intervals of the Rrich phases
are narraigrd tadtings ¢ et | el Yootk afbr Al SQamnablleheraviedagei gr ai n
di aneter 25 of the crushed powdery grains is too small, the powder
beconmes afMdspeire\r Sat BAE doncBAEPAEEONBE @xiyyaATRN @K 15 hhemALT

at mosphere or that the concentration of oxygen, which is harnful to
the magnedd ehehmdAedtald ehhescodridia @bbaiRdoRBINREG n@Rde, tfends
increase. In addition, as the powder beconmes finer, the 5 orientation
degree i scdmiRrebkely 1P LrGRease 88 Phé Wddlidr LRcBREEekifef | ofrh
which is likely to cause a problemin that the magnetic _
char agt erd:Sitdnsic 1BAr ddftd i kYmd e 1TRANGL 4 F FdQBasHESH §RIRInGOLntdi S
reason, one generally tends to dislike the alloy 10 rapidly~cool ed

i medi at edagraftier Fidei, gheanei Phi1kbey aastahbi i Pr8Eeer lid FARY LR
cooling roller 25, as the raw material alloy for the magnets. Mre
parti cul afdgherwiencHai@ crakst ofs | hﬁagepél_amwel Pké t Yabfet 02at ASLE,
while the concentrations of Rin the Rrich phases aré too |ow, the
hydr ogenajd@eakeaction 15 is unlikely to occur or occurs too slowy,
which may cause a problemin the production process. ~ However,
when nol di ngrbh dHie FBEB6h] Grfd 8hfeARth ¢ Wehber t ¥ AGUEIME! BhErd 11G,AT €
carried out by using a powder having a finer grain diameter _

di st ripbutda@nd1g seaNat iRAsENIcaL ¥ iaFRerOfd FedQadbanBligle dhst iy i on
can be obtai ned; and a nagnet having a greater nagnetic coercive

force isgiee Pfadu Phe.cob18hef ASELert B, CASEnbhisy Riageeidl MAdNg
small intervals between the R-rich phases is suitable as a raw

material il evel QaghefBINQIotAHAIG i2uhb gDy TBGRER | ErL ORIGIY & f Qe tO
be used in, for exanple, a
cooling velocity is too large, while the concentrations of R
in the R-rich phases are too low, the hydrogenation reaction
15 is unlikely to occur or occurs too slowly, which may cause a
problem in the production process.

However, when molding in the magnetic field and further
vacuum sintering are carried out by using a powder having a finer
grain diameter distribution, a magnet having a finer grain

20 diameter distribution can be obtained; and a magnet having a
greater magnetic coercive force is more producible. Therefore,
the cast thin piece 71 having small intervals between the R-rich
phases is suitable as a raw material alloy for a magnet having

a high magnetic coercive force to be used in, for example, a

25 ~motor or the like. As discussed above, however, too large value
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25 nmotor or the |like. As discussed above, however, too |arge val ue
of the cooling velocity is not suitable even in that case, and a cast
thin piece 71, having tissues in which a secondary |anellar of the
R-rich phases is noderately | ost by cooling at an appropriately small
val ue of the cooling velocity in a high 5 tenperature range after the

rel ease fromthe cooling roller, is nore suitable. When t he val ue
of the cooling velocity of the cast thin piece 71 after being
rel eased fromthe cooling roller is snmall, there is a tendency for

the i nter il shdbebseegtha dirhchs m&ssﬁlﬁébﬂ@ elVBEl B$9a2NE24O) ahie
average of grain dianmeter of the crushed grains after the flnely

crushi ng &reakBERhihopheceMe1 gr gavflg #ibSldE i@ GAS®h ekt i on
degree is nore easily increased on f%e orientation in the magnetic

field; andaihBUbar W¥ethé IROYS chayhdlee S ismddesstes vyt 2ot 19 bsopast ked in
t he productlon of 15 magnets having | arge nmagnetization to be ‘used,

for exanphfl,approp2lie@etPl dmd Ml 04 5ué WeM ndhic iaG & e tact Ha @i gnf or
hard disc drives (HDD). As discussed above, according td the SC

met hods stef geimlca FhhgBULF 0 SRl eePbatd e Rl kel BH& 2M1heh, has

a serious influence on the magnetic characteristics, needs to 20 be

control |l efls f®Fe tdHiSapEpOSe, it is inportant to control the cooling
condition after the cast thin piece 71 is released fromthe cooling

roller. More ypehlt Kl -A1hY ofitthd SobIRY {v@ﬂscitq; sw%%&@ehiﬁweaét ure
in the high tenperature range of the nelting point of the Rrich

phases ang ter By k@fe@g@&@%mlﬂnéee@é vBeNet NG &RO11 NgnaRet he
cooling roller 25 is the primary cooling, &%ereas the cooling of the

cast thin;pi£q@ngbnalt eér ﬂ}@ ekeasg1 s napee eael kg dldHREed5thS
separately the secondary cooling, the secondary val ue of 'the cooling

vel ocidy ¢AcrdsLantr fbl @ohel AviRegP FSERL1H WiGMIRR Sf BheRNgHAY the

time period during which the cast™thin pieces
grains after the finely crushing treatment to become greater.

In such a case, the orientation degree is more easily increased
on the orientation in the magnetic field; and thus, the alloys
having such tissues tend to be desired in the production of

16 magnets having large magnetization to be used, for example, in
voice coil motors (VCM) which are head actuators for hard disc
drives (HDD). As discussed above, according to the SC method,
since the distribution state of the R-rich phases, which has
a serious influence on the magnetic characteristics, needs to

20 be controlled. For this purpose, it is important to control
the cooling condition after the cast thin piece 71 is released
from the cooling roller. More particularly, it is important
to control the temperature in the high temperature range of the
melting point of the R-rich phases and more.

25 In the present invention, when the cooling on the cooling
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71 and the crushed snmall pieces 72 are placed on the cooling teeth

512, 512, --- , 51,, and the tenperature and the flow rate of the
cooling water that flows in the cooling pipes for the cooling teeth
511, 512, --- , 51,. Thus, cooling can be performed 10 at the val ue

of the cooling velocity in the range of 50 degrees Celsius /mn. to
2x103 degrees Celsius/mm, which is |lower than the solidus
tenperature of the alloy (the solidification conpletion tenperature =
the ternary eutectic tenperature) . SCOPE OF CLAIMS: 1. A secondary

cool i ng appaledt b5 1€00RE iRt NGEryAcYeSsRly, whereas 8héoddblngy rshaged
device in which a plurality of 5 plate-like cooling teeth are

provi ded dpst gitimbiacerelleifter BRd ral@is@lfrom the FSESTigGodeui-ce
having a plurality of pressing teeth to be inserted between the

cool i ng teetiy sepatrately the GR@dndgrPi dr13MRY | €esl seohlgrgagilivadoteet h
and a liquid 10 cooling nmediumflows through the cooling pipe.
the cooling velocity can be controlled in the present invention
5 by changing the time period during which the cast thin pieces
71 and the crushed small pieces 72 are placed on the cooling
teeth 51;, 51;, ---, 51., and the temperature and the flow rate
of the cooling water that flows in the cooling pipes for the
cooling teeth 51,, 51;, ---, 51,. Thus, cooling can be performed
10  at the value of the cooling velocity in the range of 50 degrees
Celsius /min. to 2x103 degrees Celsius/min., which is lower than

the solidus temperature of the alloy {the solidification

completion temperature = the ternary eutectic temperature).

29



2. The secondary cooling apparatus according to claim1l1, wherein

the vessel is forned in a bottoned cylindrical shape, and 15t he
cooling teeth are each forned in a ring shape and concentrically
arranged. 3. A casting apparatus, conprising: a crucible in which a
nmelt of a raw material is placed; 20a primary cooling apparatus for
cooling the nelt fed fromthe crucible and formng a plate-like cast
thin piece; and a secondary apparatus, wherein the cast thin piece is
fed into the secondary cooling device, 25wherein the secondary
cool i ng apperRto® guxIMgdes: a vessel, a conb tooth-shaped device
in which a plurality of plate-like cooling teeth are provided upright

at a predeter m Bedohdh £y \iloliny APPSShPYs dedniiRawgng a plurality of
pressing teeth to be inserted between the cooling teeth, and
cool i ng pi pe aprewsded on the cooling teeth and a |iquid cooling
medi um fl ows through the cooling pipe.
a comb tooth-shaped device in which a plurality of
5 plate-like cooling teeth are provided upright at a
predetermined interwval;
a pressing device having a plurality of pressing teeth to
be inserted between the cooling teeth; and

cooling pipe provided on the cooling teeth and a ligquid

10 cooling medium flows through the cooling pipe.

2. The secondary cooling apparatus according to claim 1,
wherein

the vessel is formed in a bottomed cylindrical shape, and

15 the cooling teeth are each formed in a ring shape and

concentrically arranged.

3. A casting apparatus, comprising:
a crucible in which a melt of a raw material is placedq;
20 a primary cooling apparatus for cooling the melt fed from
the c¢rucible and forming a plate-like cast thin piece;
and a secondary apparatus,
wherein the cast thinpiece is fed into the secondary cooling
device,

25 wherein the secondary cooling apparatus includes:
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10 4. The casting apparatus according to claim3, further conprising:
a crushing device for crushing the cast thin piece and form ng
crushed smal | pieces, wherein both the cast thin piece and
the crushed small pieces 15 can be fed to the secondary cooling

appar at us.

a vessel,

a comb tooth-shaped device in which a plurality of
plate-like cooling teeth are provided upright at a
predetermined interval,

5 a pressing device having a plurality of pressing teeth to
be inserted between the cooling teeth, and

cooling pipe provided on the cooling teeth and a liquid

cooling medium flows through the cooling pipe.

10 4. The casting apparatus according to claim 3, further
comprising:
a crushing device for crushing the cast thin piece and
forming crushed small pieces,
wherein both the cast thinpiece and the crushed small pieces

15 can be fed to the secondary cooling apparatus.
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