; e3enn\ 8Z6T$ BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The
prgsent invention relates to a deposited- filmform ng apparat i

ffor formng a deposited filmof alumnumor the |ike on the su@ﬂm‘“ﬁmmm
wor k piece such as a rare earth netal -based pernmanent mnagnet. I

OF THE RELATED ART A rare earth netal -based pernmanent magnet such’'#4*an

R- Fe- B based permanent magnet) of which an Nd- Fe-B based per ;

is representative, is used at present in a variety of fields) ﬂ@@'wgﬂ@@mﬂ'm
has a hi gh magnetic characteristic. However, the rare earth netal-

per manent magnet cont ai DEPOSIAEDS pEtiMeSoRMaNGi EBbARAYYISR) |i abl e {'&PM8E
corroded by oxidation in the atnosphere. Therefore, when the rare earth
net al - based pernmanent nagnet is used w thout being subjected to a surface
treatment, the corrosion of the nagnet is advanced fromits surface due to
t he i nfl ueswex@towns now | Temotieefr@eci d, al kali and/ or water to produce
rust, thereby bringing about the deterioration and di spersion of the
magnet i ¢ charagielgstine vENghy Wwhen t he magnet having the rust produced
therein is incorporated rnto a dévice such as a magnetic circuit, there is
a possibility thaie pResbHst dvenIqaint &L dH tBA hEb8sSHEROHNTR G A Of
conponents. Wth the foregoing in view, it is a conventional practice

4.~ 2 tOah9draeusleRAYalAd Ebkm OfnalEl Q6P L céd e ik 8 £OR dRenSHIace of
a rare earth netal -based permanent nmagnet for the purpose of providing an

excel | ent €Rs rosiONd aHSLANGRAO NG (8RR F8ELD SBLRAI 5 Dased, Rerdmnant
magnet. Exanpl es of conventionally known apparatus used for formng a

deposited fi{Mm Oba 84N HHMPLnt haddde on the surface of a rare earth
net al - based permanent ‘nmagnet, 1 nclude an apparatus described in US Patent

No. 4, 116, NG f ?ﬁ i in G aham Legge "l on Vapor
Deposi t ed m%@ﬁmﬂ S A% Protection” Reprinted from
I_ndustrl al H.eat'I[-'gar§%gg%'mt%tall-3b5§s]e@p %Iggéenfhggg Essu%hdésagk - F t-!BC front
view (a partial 'y perspective View) 0 the T hsT de%ofta vac_uumtreaetl ng
O A SRR R, A SR AL S 4 T B0 AP o of
net of a stai ss_steel ar i.sposed si de- by-side | n’up er, area in the
chanber foég“%%%gtll%n}%boeu engta&o vfllzf"r'y ls?hélfsteglﬁé bhea® r?’ioant‘g rlre;(@)ktyatoléonal
axis. A pl Lty of boats, 102 i are evaporating .sectiagns for

H{g‘Jrclié bécat?gé %gz)asz% tal‘n icg{mtnéarg'nzﬁt,aicarc acfa%terelcft c.a boat

evapor at i ng~ al um num as” a i“Spos

t b 104, ri t _tabl 03 | I in th
Chanber . W ih UHIS SRfr abde TRCRI GPAERL oG i RPECdarion R BT

13 K _pi . I [ h of th
Cyl i nar! caf CRARFf Sek0a. SHRA: SF UG B of bt Bt T oot R SRR etb2

heated to a predeterm ned.tenperature by heat i ng ans_.(not shown), ,
whi 1 oot oY RECRE G | RTICAr BaP D eTs- JgRRetore WRER L 2arE e ln

metal-based permanent magnet is used without being subjected

to a surface treatment, the corrosion of the magnet is advanced
from its surface due to the influence of a small amount of acid,
alkall and/or water to prodﬁce rust, thereby bringing about the
deterioration and dispersion of the magnetic characteristic.
Further, when the magnet having the rust produced therein is
incorporated into a device such as a magnetic circuit, there
isapossibility that therustisscattered topollute surrounding
parts or components.

With the foregoing in view, it is a conventional practice



3 the rotary shaft 106, as shown by an arrow in Fig.9, thereby formng a
dgposited filmof alum numon the surface of each of the rare earth
et al - based pernmanent nagnets 130 in the cylindrical barrels 105. The
deposited-fil mform ng apparatus shown _in Fig.9 is capable of treating a
| ar ge anount of the work pieces and excel lent in productivity. However,
damage nmay be observed in sone cases on the deposited film of alum num
formed on each of the rare earth netal -based pernmanent magnets. This damage
exerts an adverse influence to the provision of a corrosion resistance to
the rare &€& £RTRe? Aenepddedhéikirhe lvndnansor ddiisilaget o thcsaadecien yiel d
to be inpeded. In addition, projections may be produced in sone cases on
t he deposiafe@ frialrm ehrghumehahr bosaddd ormanerht gfagqret rfare tdégr Phrwesagl - based
per mmnent magnets, and when the magnet is incorporated into a part using an
adhesi ve, ofuphoptdjrg rinoexc ehlerik eprraniadwasies tandeiendd et va rheaadhesi on.
SUMMARY OF THE | NVENTI ON Accordingly, it is an object of the present
i nvent i on mex air-dAstal P edepasntedafginiedn.f or m ng appar at us capabl e of form ng
a deposited filmof alum numor the |ike on the surface of each of rare
eart h net al - bas@xaperle@nenf pagmetsiatadlhi ghogualdnpadatusespeed dbra
corrosion resistance and the |like and at a | ow cost) wherein the damagi ng
of and t hef qumuiduyrti depod i pedjfddm ohs lamitrdven depdse tlddkef ohmlod salrdriceum can
be inhibited. The present inventors have made various reviews with the
foregoi ng dm #i ewranceasustla mesaltbasbey peawankatndhddait t hendavaging | 4
of the deposited filmof alum numforned on the surface of each of the rare
earth met alpfhasad: PaesBprepbdBgost Sa ttditk kWbe 4proraict 6 DAndf aPa@pachitars on
the deposited filmare directly caused mainly by the collision of the
magnet s aged disdi ke SN ardNtbdde TP e tDepR itthe rRanrehy sardt he
barrel during the

Improved Corrosion Protection” Reprinted from Industrial

Heating, September, 135-140, 1994. Fig.9 is a diagrammatic
front view (a partially perspective view) of the inside of a
vacuum-treating chamber 101 connected to an evacuating system
(not shown) in one example of such apparatus. Two cylindrical
barrels 105, for example, formed of a mesh net of a stainless
steel are disposed side-by-side in an upper area in the chamber
for rotation about a rotary shaft 106 on a horizontal rotational
axis. A plurality of boats 102, which are evaporating sections
for evaporating aluminum ag a depositing xpaterial, are disposed
on a boat support base 104 risen on a support table 103 in a
lower area in the chamber.

with this apparatus, apluralityof rare earthmetal-based
permanent magnets 130 as work pleces are placed into each of
the cylindrical barrels 105, and aluminum is evaporated from
the boats 102 heated to a predetermined temperature by a heating

means (not shown), while rotating the cylindrical barrels about



deposited-filmformng step, More specifically, in the deposited-film

form ng apparatus shown in Fig.9, the distance between the cylindrical
Barrel and the evaporating section is not varied. For this reason, the rare
earth netal -based pernnanent magnets ar__g al ways stirred in a fixed area near
to the evaporating section and heated by a radi ant heat fromthe
evaporating section. Thus, the deposited filmof alum numforned on the
surface of each of the nagnets is softened by a rise in tenperature of the
magnet s due to the above fact, whereby the deposited fi|mis liable to be
damaged oFPEhEREITBISHatD Moviade S§‘ﬁ’ i HgsanwﬁFEﬂwa%’é T1%pl e $REHRPY
deposited_on another portion of the film The present invention has been
acconpl i sheambaged dapasid eshbd émkpb i ledyEumAl e s fare cfecapbyef obj ect
according to a first aspect and feature of the present invention, there is
provi ded Ehfegddia eB2F FRmitediri-TRg s8sh P 8¥ RN &R FRENAG Sant B apsr athag
section for a depositing material, and a tubular barrel forned of a nesh
net for a@Ebﬁﬁ@daFﬂbnbérrabﬁk1®5eces on each of the surfaces of which a
depositing material is to be deposited, the evaporating section and the
tubul ar barrel Peé¢depeaited finlm fAcgoume appezeitng ehawbetd Mheribst he

t ubul ar. 5 barrel is supported circunferentially outside a horizontal

rot ati onatapabieoff reaippwra largbemonotatfath ®@wabbot eckhe argt ex¢ohbdéntaxi s,

for rotation about the rotational axis, so that the distance between the

t ubul ar banrmtodwttat eick abotbweker; clatd gmabkydxd sbekrivhe suppoet careder and
t he evaporating section can be varied by rotating the support nenber.

Accor di ngohotheséeposdli asfpettlmnd fadammimanoff oirlvedpoeseathi afenbeorgren
addition to the first feature, a plurality of the tubular barrels are
supportedeartinmanaul Basehapernanennf ragnetal | yIiold sdateaddeexet od i amal axi s
of the support nenber. According to a third aspect and feature of the
present i BadeBkrseninfhuafdéttOHo dree ifdirest offeat voerobbent tbal atabasr el

to the rare earth metal-based permanent magnets, causing the
increase in yield to be impeded. 1In addition, projections may
beproduéedinsomecasesonthedepositedfilmofaluminumformed
on each of the rare earth metal-based permanent magnets, and
when the magnet is incorporated into a part using an adhesive,
such projections may exert an adverse influence to the adhesion.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a deposited-film forming apparatus capable of forming
a deposited film of aluminum or the like on the surface of each
of rare earth metal-based permanent magnets at a high quality
in respect of a corrosion resistance and the like and at a low
cost, wherein the damaging of and the production of projections
on the deposited film of aluminum can be inhibited.

The present inventors have made various reviews with the

foregoinginviewandasaresult, theyhave found that the damaging



is detachably supported on the support nenber. According to a fourth aspect
and feature of the present invention, there is provided a

deposi ted-fil nform ng apparatus conprising an evaporating section for a
depositing material, and a tubular barrel rotatable about a horizontal
rotational. axis and formed of a mesh fiet far acconmodation of work pi eces,
on each of the surfaces of which a depositing material is to be deposited,
t he evaporating section and the tubular barrel being nmounted in a

vacuum Creating chanber, wherein the inside of the tubular barrel is

di vi ded i ®fothe\derss ifd fadpvhddamingrséerredon the seebnmo@ft pagh
sections being defined, so that the distance between the accommobdati ng
section a®d t ke evayer atdngh séetipdn beandberartdrean thympgnatpngnthethabul ar
barrel. f G According to a fifth aspect and feature of the present

i nvent i onpriodugddion of poothetionston fidm Wdepoaifed ddildeast dheertbul ar
barrel is divided radiately froma rotational axis into two or nore
acconmodatciang esieta i whs by Adooedl higs ton afdiha haaspeeirgaddsteatainpobherhe
present invention, there is provided a process for formng a deposited film
usi ng a depdsithedrbbbim§ oreti vepmpiher atgsesecandi e the nred fKurdtngothkourt h
feature. According to a seventh aspect and feature of the present

i nvent i on,deposddadid-ifdint ofbheisg xtdtdpeat uMeret hepewoi kKipakle, i Sa taee earth
net al - based pernmanent nagnet. According to a eighth aspect and feature of

t he presertedowdarsld-@i,ln Boaaldhyi appdatud ehswnt hnfrepd Lo e tHehaidepasiet i ng
material is at |east one material selected fromthe group consisting of

al um num pEv@ert kReadyl IRGNESA LBk 1aanadl LY Seidtdd ity atedtaast igne of
t hese netal conponents. Wth the deposited-filmform ng apparatus accordi ng

to the fimyt featlee. of Fole fHieseptabdiventhen (& i éstcienhedumentsel the

present invention), the distance between the tubul ar
permanent magnets are always stirred in a fixed area near to
the evaporating section and heated by a radiant heat from the
evaporating section. Thus, the deposited film of aluminum
formed on the surface of each of the magnets is softened by a
rise in temperature of the magnets due to the above fact, whereby
the deposited filmisliable tobedamaged or shavedoff toprovide
shavings, which are liable to be deposited on another portion
of the film.

The present invention has been accomplished based on the

above knowledge, and to achieve the above object, according to
a first aspect and feature of the present invention, there is
provided a deposited-film forming apparatus comprising an
evaporating section for a depositing material, and a tubular
barrel formed of a mesh net for accommodation of work pieces,
on each of the surfaces of which a depositing material is to

be deposited, the evaporating section and the tubular barrel

being mounted in a vacuum- treating chamber, wherein the tubular



barrel and the evaporating section can be varied, unlike the prior art
deposited-filmform ng apparatus and hence, the efficient formation of the
deposited filmon the surface of each of the work pieces accombdated in
the tubular barrel and the inhibition of the softening of the formed film
can be achi eved simultaneously. Ther efosre) it is possible to inhibit the
damagi ng of the deposited filmformed on the surface of each 4 of the
wor k pi eces and the production of projections on the deposited film and to
forma deposited filmat a high quality in respect of a corrosion

resi st anceP@tRk hes | PREPAKHC @t cClsgnBbsrentyahly heudepssi redomiliznttaini ng
apparatus according to the fourth feature of the present invention (a
second enbodiamimnaf ekésprabent dunmant ompmber hgadiadedmice deoveerrhehe
accommodat i ng section defined in the tubul ar barrel and the evaporating
secti on camtmtiard edxand frrencetathos abdepasiiedotakimhol mxig appartattus al so
exhibits an effect simlar to that in the deposited-filmform ng apparatus
accordi ng tloe t@bstansé beawere athet haalpriesentarrekentobatedhebabovetand

ot her objects, features and advantages of the invent ion w 11 becone
apparent frotatiendl akikodi tie despot pheabeofaridhehprebporedispiseditnent t aken
in conjunction with the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fign .hd v&r bedlimgraomeating farontsutipew o aepdvetri.al |y perspective
view) of the inside of a vacuumtreating chanber in one exanple of a

deposi ted-fil m fxrde i raprar at s6coed e shat: adatbaksteetbodisgntesaint he
present invention; Fig.2 is a diagramatic perspective view show ng one
enbodi ment ; \ & Lo | N hgal « bas @) sheuppard edaeirs N raRAIRer S£ ivheone
exanpl e of the apparatus; Fig.3 is a diagranmatic perspective view show ng

anot her tubular Dbarrels are supported in an annular shape
circumferentially outside the rotational axis of the support
member,

According to a third aspect and feature of the present
invention, in addition to the fi;st feature, the tubular barrel
is detachably supported on the support member.

According to a fourth aspect and feature of the present
invention, there is provided a deposited-film forming apparatus
comprising an evaporating section for a depositing material,
and a tubular barrel rotatable about a horizontal rotational
axis and formed of a mesh net for accommodation of work pieces,
on each of the surfaces of which a depositing material is to
be deposited, the evaporating section and the tubular barrel
being mounted in a vacuum-treating chamber, wherein the inside
of the tubular barrel is divided into two or more accommodating
sections, the accommodating sections being defined, so that the

distance between the accommodating section and the evaporating

section can be varied by rotating the tubular barrel.



enbodi ment wth cylindrical barrels supported on other support 8 nenbers
in one exanple of the apparatus; Fig . 4 is a diagranmtic perspective view
of the cylindrical barrel used in the enbodiment shown in Fig.3; Fig.5is a
di agrammatic partially front view showi ng how the cylindrical barrel is
supported on the support nenber in the Gnbodi ment shown in Fi g.3; Fig.6 is
a diagrammtic frontview (a partially perspective view of the inside of a
vacuum treating chanber in one exanple of a deposited-filmform ng
apparatus according to a second enbodi nrent of the present invention; Fig.7
is a di agrammat idcqErdigerttiova fildwhohsphetcyhd nbied tate baff ridle whesentnsi de
is divided in one exanple of the apparatus; Fig.Bis a schematic

i |l ustratibwedtsohovnshdpedi omgretheskdinith Erabpke, 4 haddsEdg. 9f ithea

di agrammatic front view (a partially perspective view of the inside of a
vacuum t r eathunbac barired i dilvd derd pad bd t e e gasint € d-oftialthoharnna nis dppar at us.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention wll now be
descri bed byovway mdrenboshrnmidst Wid lsgefiermnce to t he acconpanyi ng

drawi ngs. A typical exanple of a work piece on which a deposited-filmis
formed in a depesddefiiid md @r gikghapppeat usnAcLed thi g 4O tdHe freasad
invention) is a rare earth netal -based permanent nagnet. This is because

t he deposiigdedtldnf Anemgiappeseidsd aceos e g tdr themphgseiegdrniaidd on i s
particularly suitable for such a magnet in respect of that a

corrosion-f esh A hidepdited FAmiEaRngHa! dfya faiudHa cborme goro arir f ace
of the nmagnet wi thout
first or fourth feature,

According to a seventh aspect and feature of the present
invention, in addition to the sixth feature, the work plece is
a rare earth metal-based permanent'magnet.

According to a eighth aspect and feature of the present
invention, in addition to the sixth feature, the depositing
material 1s at least one material selected from the group
consisting of aluminum, zinc, tin and magnesium and an alloy
containing at least one of these metal components.

With the deposited-film forming apparatus according to
the first feature of the present invention (a first embodiment
of the present invention), the distance between the tubular
barrel and the evaporating section can be varied, unlike the
prior art deposited-film forming apparatus and hence, the
efficient formation of the deposited £ilm on the surface of each
of the work pieces accommodated in the tubular barrel and the
inhibition of the softening of the formed film can be achieved

simultaneously. Therefore, it is possible to inhibit the

damaging of the deposited film formed on the surface of each



occurrence of cracking and breaking of the magnet. However, the work piece
is not limted to the rare earth netal -based permanent nagnet, and nay be
any piece on which a deposited filmcan be f.ormed. The deposited-film
form ng apparatus according to the present invention is utilized for
formati on of a deposited filmusing a d@positing material such as a netal
and an all oy, and anong others, a soft netal or an alloy containing a soft
nmetal component (s) , e.g. , alumnum zinc, tin) magnesium or an all oy
containing at | east one of these netal conponents. Particularly, alum num
used as thefdepdsyerkgriafesiandisheupredretifrerh RiIe s ian thare
earth netal -based permanent magnet requiring a strong adhesive strength,
because a feppedted|filal, andniaufeys acdepbbehedi hl boratosi bhoh esistiamce and
in addition, excellent in reliability of adhesion with an adhesive required
in the incorpoesiéon of pararyqsd gedlesdptansedpnfli thetlibe ozrdira bektaveen t he
filmand the adhesive before an breaking strength essentially possessed by
t he adhesivests reached) . A filmfornmed using any of these depositing
material contributes to an enhancenent in corrosion resistance of a work
pi ece, either asWithithe dreposdried- fids dnonheg &pbarévusedcorrdisurface
thereof. The deposited-filmform ng apparatus according to the present

i nventi on che floarudefle asuaa odppdes prasefhorinventiing &2 deposdtathddimerby any
of all form ng technol ogies, but can exhibit a high effect, when a
deposi t ed &f ltheipx ds@mterhvan tal gre)s,| Sli@dt etance beeakeAd Heetddmhmgya st h i s
attended with a large radi ant heat from an evaporating section for a
deposi ti ngsgat eohadlef iard Wtes thHueHR!HRWEE 1 4n @ tHaGHAPMARAM gOLPOSi ¢k ON
process, an ion plating process and the |ike. Especially, in a technol ogy
in which acdgpasivhiri@anBi@Hedcd,StRPRId dBEIS o -SURR F8dml Agadp YAPOEat i Ng
section heated by supplying of electric current, where it is nolten, it is

necessary Losbeathiber £ @ fRVAPHLALLAE S &HAAN 1hOt Re NAGHSS 1 ¢ £OPEI B UT €.
As a result, the radiant heat fromthe evaporating section is very |large

and hence, r§hRiapRaire AXBEBbEE1 ARghibheffiecdt FRaslel ¢ taehnedogye A
deposited-filmform ng apparatus according to a first
invention.
The above and other objects, features and advantages of
the inventionwill becomeapparent fromthe followingdescription
of the preferred embodiment taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lisadiagrammatic frontview (apartiallyperspective
view) of the inside of a vacuum-treating chamber in one example
of a deposited-film forming apparatus according to a first
embodiment of the present invention;

Fig.2 is a diagrammatic perspective view showing one
embodimentwithcylindrical barrels supportedon support members
in one example of the apparatus;

Fig.3 is a diagrammatic perspective view showing another

embodiment with cylindrical barrels supported on other support



enbodi mrent of the present invention will be described below This
deposited-filmform ng apparatus includes an evaporating section for a
depositing material) and a tubular barrel forned of a nesh net for
acconmodat i on of work pieces, on each gf t he surfaces of which a depositing
material is to be deposited. The evapofating section and the tubular barrel
are nounted in a vacuumtreating chanber. The tubular barrel is supported
circunferentially outside a horizontal rotational. axis of a support nenber
rotatabl e about the rotational axis, for rotation about the rotational
axis) so PREPerEeldi spgne¥apeifetfh the 2BBATAFUBarrel rotated about the
rotational axis of the support nmenber and the evaporating section can, be
vari ed by rotatFhg- ¢ He ssdippdrammeibeper gpec bhiy e vhevwer Wrrecekimprécat t he
deposited-fil mform ng apparatus (an apparatus for formng a deposited film
of al um nbaroelt heedudihatbeobmbadhmefitr ahewratn hFig13; et al - based per manent
magnets) wll be described belowwth the drawings. Fig.l is a diagramatic
front view (a paigialiy apéispeznnyel vipaw)t igfl liyhéronsidewihawing how
vacuumtreating chanber 1 connected to an evacuating system (not shown).
Two suppothenepbéndricrdthétabék bboutprmrtddon shaf subpomtambhobezontal
rotational axis are di sposed side-by-side in an upper area in the chanber.
Si X cyl i ndhiecambbdimens Shbenntd ®figa3pmesh net of a stainless steel are
supported in an annul ar shape circunferentially outside the rotary shaft 6
of the support Repbhérnsia djasuqpoxticshabhtiker(amiatianlabeuspeheivetary
shaft 6. A plurality of boats 2, which are evaporating sections for

evapor at i ng eal) uot e Assaddepbai ta ngumnat wyd talng ahembiespios ectheoaxampdat
support base 4 risen on a support table 3 in a |ower area in the chanber.
An al um neh W BepdsiwkidcH ils dodepnasi kbpgraater hakordéngetai acdeanddwound
around a feed reel 10 bel ow the support table 3. A proceeding end of the

al um num Winbh® a9 mes tgBifded et @ rabevie theecheabn? by a thermal resistant
protective tube 11 facing toward an inner surface of the boat 2 . A notched
wi ndow 12 is preyyded siddfaPeshm@ni ©betbpept OveGticve i tihectiinandcheedi ng
gears 13 axe nounted in correspondence to the notched w ndow 12 to cone

barrel whose inside is divided in one example of the apparatus;
Fig.8 is a schematic illustration of a bow-shaped magnet
used in Example 4; and
Fig.9isadiagrammatic frontview (apartiallyperspective
view) of the inside of a vacuum-treating chamber in the priorx
art deposited-film forming apparatus.

DETAILED DESCRIPTION QF THE INVENTION

The present invention will now be described by way of
embodiments with reference to the accompanying drawings.

A typical example of awork piece on which a deposited-£ilm
is formed in a deposited-film forming apparatus according to
the present invention, is a rare earth metal-based permanent
magnet. This is because the deposited-film forming apparatus
according to the present invention is particularly suitable for

such a magnet in respect of that a corrosion-resistant film of



into«direct contact with the alumnumwre 9, so that alumnumis
constantly supplied into the boat 2 by feeding the alumnumwire 9. Fig.2
i's a diagrammati c perspective view showi ng the six 12 cylindri cal
barrels 5 formed of the nmesh net of a stainless steel and supported in the
annul ar shape circunferentially outsidé the rotary shaft 6 on the

hori zontal rotational axis of the support nenber 7 by the support shaft 8
for rotation about the rotary shaft 6) so that they can be rotated about
the rotary shaft 6 (the cylindrical barrels are supported in two series and
hence, thé PagBIavhbler g PALRehan e dufaceps shppaaret Wsthastve)
(magnets are still not accommobdated). Wien the support nenber 7 is rotated
about t he acsgmensigatf 6raskénanandrovednim pf Ihhe weaned.i nlpweskerbarrel 5
supported by the support shaft 8 circunferentially outside the rotary shaft
6 of the $dsporarkngritsse 715 qototldtmdd edbdat thherroeaeprshafmet8li-hasesponse
to the rotation of the support nenber 7 . As a result, the distance between
t he i ndi virdualanzarty vhgaat, tenal peafor aty g esecon ovh idits pobarh didd agvi i ha
support nenber is varied, whereby an effect is provided) which will be
descri bed dzel s fBranecll i ndrical. barrel |ocated at a | ower portion of the
support nenber 7 is close to the evaporating section. Therefore, a
deposited fil m chealdepondneids thommEdrminh apgeedtetf accendyngnta suef ace of
each of rare earth netal -based pernanent magnets 30 acconmodated in this
cylindri cardsamnteinvéntibe ot beilbaed, forafereatibn et al adaseid e Eaanent
magnets acconmodated in the cylindrical barrel noved away fromthe
evapor at i ng isecti 6apaeetipheasesr {4 Dmide aheat hega anchd eal ad 1by ,aananount
corresponding to a distance fromthe evaporating section. Therefore, during

this tineandig seheesing ff amdepasot eth failllmyotoatyih g £ fomdmetal
component(s), e.g., aluminum, zinc, tin, magnesium, or an alloy
containingat least oneof thesemetal components. Particularly,
aluminumused as the depositing material is suitable when a work
piece is a rare earth metal-based permanent magnet requiring
a strong adhesive strength, because a formed film of aluminum
is excellent in corrosion resistance and in addition, excellent
in reliability of adhesion with an adhesive required in the
incorporation of parts (a peel-off ig difficult to occur between
the filmand the adhesivebeforeanbreaking strengthessentially
possessged by the adhesive is reached). A film formed using any
of thege depositing material contributes to an enhancement in
corrosion resistance of a work piece, either as it ia, or when
it has another film formed on a surface thereof.
The deposited-film forming apparatus according to the
present invention can be Qsed ae an apparatus for forming a
depositedfilmbyanyofall forming technologies, but canexhibit

a high effect, when a deposited film is formed by a resistance



13 on a surface of each of the magnets is inhibited. In this way) if this
deposited-filmform ng apparatus is used, the efficient formation of the
deposited filmof alum numand the inhibition of the softening of the
formed filmof alum num can be achieved sinultaneously. Fig.3 is a

di agrammati ¢ perspective view show ng af embodi nent other than the

enbodi nent in which the cylindrical barrels are supported on the support
menber shown in Fig.2. Six cylindrical barrels 35 forned of a nesh net of.
a stainless steel are support in an annular shape circunferentially outside
a rotary steAtins terhacHegyzehial roestesAsn vkt sof aagsuppdiantdaddr 37 by
a support shaft 38 fox rotation about the rotary shaft 36, so that they can
be rot at edf aroar evareating shatioBd ot hdepplsifdnoded tardralel sndmdisipport ed
in two series and hence, the total nunmber of the cylindrical barrels
supported isemmdloyey {magretsumrvepstiddparitt iaocpmodasedn ifnglatdng a

di agrammati c perspective view of the cylindrical barrel 35 used in the
enbodi nentpshoews iand-itdhe 3ikeTheEgyda imrixalinbar ceth8sdlogy chpadi isctofa bei ng
opened and closed in a longitudinal direction and conprises an upper cage
portion 35depmsh aldpwartecdgé Horctonari n¥sln sflgr srepp hise & yroneh rd vegdo red telment s
capabl e of being opened and cl osed through a hinge (not shown) . The

cyl i ndri casebatsrel habrdiadia ssippierinhgshaf e188tkde berngnsupposted by« he

support nmenber 37 . If such a cylindrical barrel 35 is used, it is possible
to easily mongee! ithesphactdgamndor radvalhokntatre €aipdraeird -dmseicbn
per manent nmagnets into and out of the cylindrical 14 barrel 35 and hence,

it is posstdl£ Kighdthididpdeaeeur hgngeroéul be e ackd dhrthdyeakidig of
t he magnets during the placing and renoval of the nagnets into and out of

the cylindehealvQRydlindpse¥heBnSUeR ea CYLEHETd AL cBREN eEnb S fiYd fipousl y
used many tinmes, there is a possibility that the nesh form ng the barrel

may be defgoripdi by Amiph|sepce: ofn addiprdmle dHidiygy at t endant

A deposited-film forming apparatus according to a first
embodiment of the present invention will be described below.
This deposited-film forming apparatus includes an evaporating
gsection for a depositing material, and a tubular barrel formed
of a mesh net for accommodation of work pieces, on each of the
surfaces of which a depositingmaterial is to be deposited. The
evaporating section and the tubular barrel are mounted in a
vacuum- treating chamber, The tubular barrel 1s supported
circumferentially outside a horizontal rotational axis of a
support member rotatable about the rotational axis, for rotation
about the rotational axis, so that the distance between the
tubular barrel rotated about the rotational axis of the support
member and the evaporating section can be varied by rotating
the support member, The outline of one example of ¢the
deposited-film forming apparatus (an apparatus for forming a

deposited film of aluminum on the surface of each of rare earth



on the depositing treatnent) whereby a gap may be created between the upper
and | ower cage portions 35a and 35b, and nagnets are dropped out through
such gap. Therefore, it is desirable that a work piece dropout preventing
plate 39 i9 nmounted longitudinally in an opening in the | ower cage portion
35b. Alternatively, the work piece drogéut preventing plate may be nounted
longitudinally in an opening in the upper cage portion 35a. During the
depositing treatnent, the upper and | ower cage portions 35a and 35b are
fastened to each other by a clip (not shown) . In addition, net-shaped or
pl at e- shapBEL#T vPHF BY DRAMAS SRy BEN 9 Bl Vdéd Refepeilbgditekaevi shditaudi nal
direction within the cylindrical barrel 35, so that one rare earth

met al - basedrp¥tRAHent nmagnet nmay be accormmopdated in each of partitioned
chanber portions defined by the dividing walls, whereby the rare earth

met al - based per ndhent 1 maghaar amng tie Bum) evi ed (rpagpdeddyaprarapattites to a
depositing treatnent. Fig.5 is a diagrammatic partially front view show ng
how t he cyviedtiehl thrarindids dfs asyppurnedroatihe cshppoer herdrered@7d n the
enbodi ment shown in Fig.3. The cylindrical barrel 35 is supported by

cl anpi ng t he auppvactushify SBstemt heosupporn) . 1S nenber 37. It is
desirable that the clanping of the support shaft 38 in the support nenber
37 is resilient|Iweondusied mndmire rax dnploéatadlienahonechane sanytsha zi niga
repul sive force of a spring, so that the cylindrical barrel 35 is

det achabl yosuppost exbrore 1 heo tsuppovall eeiisenr87di dhesdéposdd eoly f41de fior m ng
apparatus according to the first enbodi nent of the present invention shown
in Fig. 1l ianathised ageausn ither €speisér of sibatylineéxbtdi e rtried sabofuergiescri bed
ef fect and has advantages which will be described bel ow. Even when a nass
treatment b8 £afddlede@Ubf d tstiadnadwank8gedusrd hatpptaanRet snase mcedrin a
smal | er anount into each of the cylindrical barrels in this deposited-film
form ng appasptus.rchaitkelntzian 1yrowt d il e 2BRHRY shAlER Ao Sith@ Sulyd+ndri cal
barrel in the prior art deposited-filmform ng apparatus. In this case, the
fr quencyd@émg@kli Blyosu B o £ & NHEENet for2gaitASH ofNg ANO MY rvth bl nsRde: barr el
can be reduced,

6. A plurality of boats 2, which are evaporating sections for
evaporating aluminum as a depositing material, are disposed on
a boat support base 4 risen on a support table 3 in a lower area
in the chamber.

An aluminum wire 9, which is a depositing material, is
retained and wound around a feed reel 10 below the support table
3. A proceeding end of the aluminum wire 9 is guided to above
the boat 2 by a thermal resistant protective tube 11 facing toward
an inner surface of the boat 2. A notched window 12 is provided
in a portion of the protective tube 11, and feeding gears 13
are mounted in correspondence to the notched window 12 to come
into direct contact with the aluminum wire 9, so that aluminum
is constantly supplied into the boat 2 by feeding the aluminum
wire 9.

Fig.2 is a diagrammatic perspective view showing the six



and the collision energy can be reduced and hence, it is possible to
inhibit the cracking and breaking of the magnets. \Wen work pieces such as
bow shaped magnets or | arge-sized nmagnets are placed into a cylindrical
barrel having a | arge radi us R of curvqéure in the prior art deposited-
filmform ng apparatus, where they are ‘Subjected to a depositing treatnent,
the foll owi ng phenonenon is |iable to be generated: the nagnets are slipped
down al ong the inner surface of the barrel, whereby only one si de of each
of the magne g faces th E evaﬁggftgn section _. Howe if even such
nmagnet s ar%yt}% EHC P@rFﬁ&SE§ PRBE t %%R?EPfH%@Fﬁ@née§ﬁ£q%ﬁlrad|us
R of curvature than that, the barrel in the prior art in this deposited-film
farm ng appafatRPoGket et Hd\e aneudap) ebtrg ?br?%%fQE%%%%Q1h@ et dent
the stirring of the magnets can be conducted honpgeneously and hence, the

formation bhe&eRarytsde 1§ PRk PG I anded TR ¥4 leraitidea ¥ 1S PRitdIeREP T be
achi eved. In addition, magnets having different shapes or magnets having

di ff erent memeercarbbdhgcsupmodst edafh bdelr gbtatdopyhbadti the barawey s,
respectively, and the cylindrical barrels are fixed in an annul ar shape
circunfereahplt!|§, ;s gildg ttheyr otathonatabeds apoutthéhsuppoatryneinder o
carry out the depositing treatnent. Therefore, the depasiting treatnents of
a pluralitytbé aylpesimfcaiagaergle@rereupneried loutwatsarnied and. heugdural ity
of cylindrical barrels having different nmesh shapes are used in conbination
w th one anbehertadnoufbeedfi thanyahndkrarcadiepe «dis supper ead iial twebetsi de
the rotational axis of the support nenber to carry out the depositing
treat nent, (nheneby ahe depdsi hongaetbmedeneydcan be varied for every
cylindrical barrels. Therefore, it is possible to formdeposited filns

havi ng di fferentwhéh ¢kResisppcd LUREMBAr MBI ebsade8APRAAL RE riot a@YesNaf t
cylindrical barrels. In the prior art, for the purpose of the reduction of
the frequepcys@é £0ldri:w0RnofFi§he) MGNelS, 136113 1088 r2B0t Beguyhdhi &a
by the support shaft 8 circumferentiallyoutside therotary shaft
6 of the support member 7 is rotated about the rotary shaft 6
in response to the rotation of the support member 7. As aresult,
the distance between the individual barrel and the evaporating
section disposed below the support member is varied, whereby
an effect ig provided, which will be described below.
The cylindrical barrel located at a lower portion of the
supportmember 7 ig close to the evaporatingsection. Therefore,
a deposited film of aluminum is formed with a good efficiency
on a surface of each of rare earth metal-based permanent magnets
30 accommodated in this cylindrical barrel. On the other hand,
rare earth metal-based permanent magnets accommodated in the
cylindrical barrel moved away from the evaporating section are
released from the heating and cooled by an amount corresponding

to a distance from the evaporating section. Therefore, during

this time, the softening of a deposited film of aluminum formed



the barrel) dummes (e.g., ceramc balls having a dianeter of 10 nml
accommodated along with magnets in the barrel may be used in sone cases.
However, the use of this deposited-filmform ng 17 apparatus elim nates

t he need for use of the dunm es, and n enhance the efficiency of the
formati on of deposited filns on the magnets. This provides effects such as
the inhibition of a rise in tenperature of the nagnets, the inhibition of
the daneging of the deposited films and the inhibition of the production of

t i ble to el te lahor for placing th
Tmghets | T & SURORAE® ?oeraca}aée@?"ss' Esnia?eéifyr(”laqe?ﬂ exBPES HET

spring-1li | 'indrical ng is formed a |inear materia
with a gaggt?fls dERCHhF R h Jsméﬁﬂf“élngf%&%%“a‘iu% Bd%%ﬁtde éﬂase Eidehantt
magnets can be accommodated in the cylindrical, nmenber) By det achabl y
support i n§P¥RRE E9P iHdtheadeDfetd It Limet s%ﬂﬁ-ﬁ%ﬂrrt“%ﬁﬁei“)‘e ddveiitidged are
provi ded) which w |l be described below. The placing and renoval of the
magnet s | pf clengodtenasnataie ther fermed f idan edrai wol win can hayadiiavethd
hence, it is possible to enhance the convenience and to inhibit the
occurrencelmﬂltheeeuatking and breaking of. the magnets during the placing
and renoval of the nmagnets. There is a possibility that as the frequency of
conti nuous servite. df ithe cdddgwmmpelidaperéréstiver vased showd ndeposi ting
material is preferentially deposited onto the nesh surface facing the
evapor at i egbsétnenh dioret hdagdepbsi enimed ireeret iiml whantd the apenmidgiqalt e of
the mesh is gradually decreased with this deposition, or the opening and
cl osi ng obathel bamectupper nadien tUS sdpbbircuiamidmr shewddpoBigi @n ofix he
depositing material on the

cylindrical barrels 35 formed of a mesh net of a stainless steel

are support in an annular shape circumferentially outside a

rotary shaft 36 on a horizontal rotational axis of a support

member 37 by a support shaft 38 for rotation about the rotary

shaft 36, so that they can be rotated about the rotary shaft

36 (thecylindricalbarrelsaresupportedintwoseriesandhence,

the total number of the cylindrical barrels supported is twelve)

(magnets are still not accommodated) .

Fig.4isadiagrammaticperspectiveviewof thecylindrical

barrel 35used in the embodiment shown inFig.3. Thecylindrical

barrel 35 1s capable of being opened and closed in a longitudinal

direction and comprises an upper cage portion 35a and a lower

cage portion 35b formed as symmetrical elements capable of being

opened and closed through a hinge (not shown). The cylindrical

barrel 35 has a support shaft 38 for being supported by the support

member 37. If suchacylindricalbarrel35isused, it ispossible

to easily conduct the placing and removal of rare earth

metal-based permanent magnets into and out of the cylindrical



openirng/ cl osi ng portion of the barrel. Therefore, it is desirable that the
cylindrical barrel is washed properly by an al kali aqueous sol ution such as
an aqueous sol ution of sodi um hydroxi de to dissolve off the deposited
depositing material. By detachably supporting the cylindrical. barrel on

t he support nenber and further providi a neans for ensuring that the nesh
surface facing the evaporating section can be changed to the ot her nesh
surface, the following effects are provided: If the cylindrical barrel is
det achabl y supported on the support nmenber) and for exanple, the support
shaft is PEFFEd PAtINA PASRHond 16rPaRsS bRt L9 A rddbriitohhe) PCFerEpRated t hat
when the cylindrical barrel once renoved fromthe support nenber is fixed
agai n to PhetBRpPOEX thBad braekipg Pk EPraRRINAL e H AN héhef BtediRbe
evaporating section can be fixed to face the evaporating section.

Ther ef or e 2ndhees Pfitdre BaIRAES dagesind ry tralt EnpalY ldmamieateRAr 58t f ace
can be dispersed and hence, it is possible to decrease the nunber of runs
of an operati ofhenrsyehoyicngd ladpdseti hagrrat ers dlonidimygusie seRrdl hangueous
solution. For exanple, if the support shaft is formed as a pl at e- shaped
menber, a$isigewnthareiis a3pesssbithey dldathdhecaesbaiqwtingthsebasrdobed from
the support nenber at a tine point when the deposition of the depositing
mat eri al owayohe debdrmed oacanhiast besnr adfancdremid hdgdloroyhEheanfleak barrel
can be fixed again to the support nenber, so that the nesh surface, which
has facedanhehedaposating tseettimem tandh érasb it h e adapay bei ane atetebekvedrposi t ed
thereon to an advanced 19 extent, faces inwards the support nenber (i.e.,
with the ayle ndpeecainddrawedr shgenpont Fogs.3Fa eanB, 35, aardl meghietrs howard t he
center and opposite fromthe evaporating section | ocated outside the
support neiraeped cabndiimugteshchugdpce hariafgpra ,siral 1 £ rdesimantl eothtthe
depositing material deposited thereon faces the evaporating section (i.e.)
with the ayl iwadiki calidear r élropldawn prekiegsidgt opdatkhe3eyl iadrimeahtbarrel is
fixed, turned through 180 degrees in parallel to the rotational axis), and
in this staneitldd ndapesiin ng bpheatimgntincanebeoceatr cadeopbrtIbar gbnre, the
above-descri bed effects are provided. Further, the cylindrical barrel can
be fornmed Attt e nditz&re@RSUEhBgwd Hiatp itdte: aybbbdri saévbatied piswamayt behandl e
and thus, one barrel can be consistently used at the deposited- film

form ng stemunaed abnpiecéthayl anch aucoeenl ng ist eps (poer exapberttihe
preceding step may be a blast treatnent, and the succeeding step may be a
peeni ng t r3sat.meptirang thedbpeqienhgaherdwmdntgoanensipwr Ahimdwymtcage
treatnent) . Therefore, the need for carrying out an operation for

t ransf err igyg tike s19gaeh 54 bgyveer thetshePstd Larih BtRatedy and 1iengaptit is
possible to inhibit the occurrence of the cracking and breaking of the
magnets, WhHdaH)MRY 16 RBUSes ,dv t Nghd p a6t @1EtRg s0fa pleliied IRRpDEi $ wand si n
addition, to elimnate |abor fox the transferring operation. In the

deposi t edfay Be ffioNi 1kG EAPEAE BEAIB] BhaVhd Nohigdsukiand & rddei supRentnnember
7 for supporting the cylindrical barrel 5 is disposed in the upper area in

the vacuurgd egtisRargRanbgiriel THe, ReALhtVWohENd 5 e taVARRRAL bAGegECt i ON,
i s di sposed Ointhe lower area in the chanber 1) but t:he positional

rel ati onshiddrhetadre haldie S WROHe MRIMgIm.ARE clihe nevapar i pareeetbagal S not
limted to the above rel ationship. The support nenber and the evaporating

section nehdhdl 5698 66nAlaeFANiosRt hansyviidi ddey1 8§ € whRd r3pRoshd karal
rel ati onship ensuriny that the distance between the cylindrical barrel and

the evaporghing seehhoBagal Qe Mt DYafREAE! Mk NBeSUNRYTdc tBATDE.
However, if the
spaced-apart states to a depositing treatment.
Fig.5 is a dlagrammatic partially front view showing how
the cylindrical barrel 35 1g supported on the support member

37 in the embodiment shown in Fig.3. The cylindrical barrel

35 is supported by clamping the support shaft 38 in the support



evaperating section is disposed outside the support nenber, the distance
bet ween the support nenber and the evaporating section can be set in a w de
range within the internal space in the vacuumtreati ng chanber. Therefore,
it is possible to easily set a distance desirable for efficiently formng a
deposited filmand inhibiting the softéhing of the forned deposited film
In addition, even when the depositing material is evaporated while being
nolten to conduct the formation of a deposited film each of the nmenbers or
conponents can be easily disposed and is excellent in handle ability. In
addi ti on, iTRMRRIepOS t 88- LBI Aot ArbYe abpal athe Slhvowning ofi gdhel sapgo2)t t he
six cylindrical barrels 5 are supported on one surface of one of the
support medtsefts 3% {n W@ ecyuppar b crmbeay B @lis aeeiddppolvesprnduated séoires and
hence, the total number of. the cylindrical barrels supported is twelve) ,
but the nuenFrPlof, ahengyieqithnica ubbl ¥ 2l By suppuleéded e b sphré nguppor t
menbers is not limted to six and may be one. The cylindrical barrel 5 may
be supportsa, thed ttihet chy indrarrdgbeheesuppors derebdrably isupearr teel oot at ed
about the rotary 21 shaft 6 of the support menber 7 and can be al so
rotated abthe dumpaxti sndmbex I3%own nechani sm The shape of the barrel is not
limted to the cylindrical shape, and the barrel maybe pol ygonal in section
such as hexagonaheantkpactiagandlilm fforiniing tappalrartusThe coyldiingr itealthlzarrel 5
may be detachable fromthe support nenber 7, and the support nenber 7 may
be renovabt £rdt osmb el nvearct W tHieatp gk danherenk i dox @plwess 1of rilke 1mEsh net

i ncl ude those made of a stainless steel and titanium The reason why, a
desirabl e s@taitaledy ihhedpRadt BeteHat at shaiibiesstBé e@lovand dsictrabiedm i s
that these materials are excellent in strength and in durability to an

al kal i aquepgisc S Al 11Hs UsBh g d e HIRE 311N HeOly @M Yl Heh@wdeposi ti ng

mat eri al deposited on the barrel. The nesh net may

Even when a mass treatment is carried out, it is
advantageous that magnets are placed in a smaller amount into
each of the cylindrical barrels in this deposited-£film forming
apparatus, rather than 4in a larger amount into a single
cylindrical barrel in the prior art deposited-film forming
apparatus. In this case, the frequency of collision of the
magnets against one another within the barrel can be reduced,
and the collision energy can be reduced and hence, it ig possible
to inhibit the cracking and breaking of the magnets,

When work pieces such as bow-shaped magnets or large-sized
magnetgsareplacedintoacylindricalbarrel havinga large radius
Rof curvaturein thepriorartdeposited-film forming apparatus,
where they are subjected toa depositing treatment, the following
phenomenon 1s liable to be generatéd: the magnets are slipped
down along the inner surface of the barrel, whereby only one

side of eachof themagnets always faces the evaporating section.

However, if even such magnets are placed into the cylindrical



be made using a net-shaped plate produced by punching or etching a flat
plate, or may be made by knitting a linear material. The opening rate of
the nesh (the proportion of the area of an opening to the area of the nesh)
depends on the shape and the size o a work pijgce) but is desirably in a
range of 50 %to 95 % nore desirably in a range of 60 %to 85 % If the
opening rate isb%nlﬁller than 50 %9 there is a possibility that the nesh
itself is an obstadi®d hwot gt-ne. evaporating section and the work piece,
resulting in a greld ced depositlﬁ léf‘flia@ji@@qyo | f the opening rate is |larger
than 95 %t here 1 s"& Poksi gg,ltiit t hat the rresﬁcPS”VdeﬁQgrg%oal or damaged
during the depqshi ting treatnen B?iﬁdébagi@n ther handli ng.n Ehpet hé @y,
di ameter of the eYZ’Zl‘wesbbygc el ected in con fglélfatfiogmgf t he openi ng f8te
and the streng tf) and is gene ‘éijIS/Od&g rdggl e.to bein a f’af’r?@’értaftu@.ljwﬂrénto
10 mm FurthergJ i fhemeagiand] i ng ease is taken‘ingotsengjderation, the Wte
di aneter of the nesh is desir© |éet°°b§u£9%$ range of 0.3 fm tthe ey, Wth
t he deposited- ‘i‘[“fﬁtfi@:rmpgoa par at us accor ri'gontayetrfg% fsi rst enbodi nent "§f
the present invention, magn%?ésﬁﬁlyt BeipLaced in a smal 1°é¥ &mduhenhpt o, each
of the cylindfPBabebagpels iLn a mass treé"t’lr‘fﬁrﬁ%egagngg than in a [ afgkPe
anount into the single cy??ﬂdri cal barrel in the pri oreﬁ?‘ﬁcdépquith{d-fi I m
form ng apparat us. Iinnagm .case, the load applied to the mesh is smali%r
and hence, the deformation'8®: tiwey, hi s difficult to occur. Therefore,
the wire di aﬁét"éngofditflgg nesh can be rédléed dbr gcl ease the opening rate
and hence, it is possibl &°04 @riha@c%athh deposi ting e fhébency,
deposi ted-fi?%imm(_&gl Qar atus accordi A O AnRRLS nd. enbodi nent” B¥ tshe
present invention will Be fdederiad hel.ow. This deposit e fédam f ormi ng
appar at us i fdeuddsegn ﬁvagor ating sectir8Rl¥orarmy ggpositing material t?eand a
tubul ar barrel rotatable? b8bnuaaspogj zont al rotatloﬁilliaﬂirscgqq)gorned of a
mesh net fof°bzcbsmpdation of work pl eR2sc1om, of the surfaces o¥s which
a depositing material 1&5t¢ tlee dgpgsited. The evapdrd@ildg 20l gn and the
t ubul ar bartrr@Iatafe%trmu§t ed in a vaculifeméarimng, ghanber. The Tnstdéhef the
tubul ar barrel is divi }éﬂrﬁnme,t\gge%r nor e accommﬁ‘éPPng:I&e@élj,gns.'The
accommdatPﬁgtﬁleggigps are defined, §8°tsldating,h§.edi st ance bet weeh® tirg
acconmodat i ng section Zandhe gyaporating secti on "@&m thses watj;ed by rotating
the tubular 23 parrel . The outl |en§a@‘&‘i@aeog§an*gl e of the &eﬁ&éiltte'd- film
form ng appar at us ‘é‘?\ajabmba_té? ‘{FO formng a def spredefphlm of al um num on
the surfaebapbgeggch of rare earlt %l—baﬂéglg rmanent nagnhets) will be
descri bed bel ow Wi T H'%4mk idf@\g:mg?s. Fig. 6is a aé’g}m@nargﬂ-%:rfront view (a
partial | yYpenspeglive view o fétinside. pf & vacuumtrea | TRt Stemmber 51
connected to an ev q ngreyskem (not shown)-.® R taeli RAL %EI barrels 5S
formed offatgesh net of a stai nfE3t 51 pp) oflkg, i sposed side- Y¥edite in an
upper area int ep%%‘l?rbmma‘égx Jotation about a Fdﬂaeryoggfggt 56 on a
hori zontehergfat [ pnal axis. ThE FAsFdeoof ghie cylindrical BBffelxiss is
di vi ded radi atel y'fr8apasy @jz_g%i onal axis into B@saezqggrrggati ng sections
f an- shaped iina,Section. A plur | Ff§ioteh t§,52, which are &¥&penating
sections for evap rahéimgalag'urri num as a epos'l’t?’ﬁg Vit @yl atJ are di sposed on
a boat éeip@g)ﬂegafsi% 54 risen oR arstppert it g °T ever,
ms haVJ.ng differe
nt thj



table 53 in a lower area in the chanber. An alum numwre 59, which is a
depositing material, is retained and wound around a feed reel 60 below the
support table 53 . A proceeding end of the alumnumwre 59 is guided to
above the boat 5?, by a thermal resist ﬂt protective tube 61 facing toward
an inner surface of the boat 52. A notched window 62 is provided in a
portion of the protective tube 61) and feeding gears 63 are nounted in
correspondence to the notched wi ndow 62 to cone into direct contact with
the alumnumwre 59, sg that alumnumis constantly supplied into the boat
52 by feedRRPEIH RIUATHAALS shsoneed priuge of FBe dyhmkeampnd ¢an
perspective view of the cylindrical barrel 55 rotatable about the rotary
shaft 56 oWharchdhiezAtariearut Pbndie forgasienf of ndeP@ti tedrdsiinrernof a
stainless steel, the inside of which is divided radiately fromthe

rot at i onal thimRgnet® .t hBhébxpaecbdemddifianf sseuchons fhe-istdged dan odct i on
(magnets are still not accommobdated). Wen the cylindrical barrel 55 is
rotated aboutisdein otemneshtafte 56 (Wee magratrsow tihe RingLi®)i tiomhefditdteance
bet ween the individual accommobdating section defined in the cylindrical
barrel andidnmeyisvapof athag deectiiceddifsfosed k] ove t hehdotbmoodafi rdpe
sections is varied, whereby an effect is provided, which will be described
bel ow. Thepmwionisate hgpsejddiodsocated at a | ower portion of the
cylindrical barrel 55 is close to the evaporating section. Therefore) a
deposited fil m dan atabtbon iix {opoed ivlet@egondnetbilaibncyopvlacSuwd ace of
each of rare earth netal -based pernmanent nmagnets 80 accommodated in this
accomodat t igmsgabLOAntOh hHEdOF BOF praféc thake: Hatd in 884 A obaseepies, manent
magnet s accommodated in the accommbdati ng secti on noved away fromthe

evapor at i ng Gt PN 1K cyeiaasedalr pank & igaid Ne @BQ'@Q%%%iQVd% gount
corresponding to a distance fromthe evaporating section. Therefore, during

this time); e, safd@Ving QfitR a gap left and which has spiral faces at
opposite ends, so that magnets can be accommodated in the
cylindrical member).

By detachably supporting the cylindrical barrel on the
support member, advantages are provided, whichwill be described
below.

The placing and removal of the magnets into and out of
the barrel canbe carriedout at any site and hence, it is possible
to enhance the convenience and to inhibit the occurrence of the
cracking and breaking of the magnéﬁs during the placing and
removal of the magnets.

There is a possibility that as the frequency of continuous
service of the cylindrical barrel is increased, the depositing
material ispreferentiallydepositedontothemeshsurface facing
the evaporating section for the depositing material, and the
opening rate of the mesh ig gradually decreased with this

deposition, or the opening and closing of the barrel are made



deposited filmof alum numformed on a surface of each of the nmagnets is
inhibited. In this way. if this deposited-filmform ng apparatus is used,
the efficient formation of the deposited filmof alum num and the

i nhibition of the softening 25 of thegformed filmof alum num can be

achi eved simul taneously. The deposited-?iln1forning apparatus according to
t he second enbodi nent of the present invention shown in Fig.6 is

advant ageous in respect of that it exhibits the above-described effect and
has advant . which will bhe described | ow. Even,when a nmpss treatment is
carred ol TS Byl ke JEBRST EhAT Haais, SenpE b Heete PRt i 1HBE anount
into each of the ﬁcconnndatin ,sections in this deposited- filmformng
appar at us, PR/ T T4 BOFg}QEroénoﬁmT PREGEA  cyl TS ke bat Fel*Sin t he
prior art deposited-fi7.mformng apparatus. In this case, the frequency of
col | i si on Y51 Imdhets thg i Hsin adnBeRER W T [HiaF e PBIPRELY 2 e

reduced, and the collistion energy can be reduced and hence, .it is
possi bl e tD kahi Fidue Atfe SOAHERPRGEARY Ht edkPAY e st hel whipetat softite pri or
art) for the purpose of the reduction of the frequency of. collision of the
magnet s agai Fsex e tehetisec lwiet REA the dereelteduirrast ety mateariatic bal | s
havi ng a dianeter of 10 nm accommbdated al ong with magnets in the barrel
may be useRY idetoshabdasesprehenerthe peliisdrbdfal har trdpesi tlee-sfinnator m ng
apparatus elimnates the need for use of the dummes, and can enhance the
ef fi ci encymeribehanflof wathen rofovdeidogi & etk dnd freron sl naghettsthahiesh
provi des effects such as the inhibition of arise in tenperature of the
magnet s, téerfade biddiory ofhe kyagaragiing ekcthendeposh¢ ethdnded tanditehe
i nhibition of the production of projections. In addition, it is possible to
el i m nat e ¢@ber reah phatadg, th2GEohrowhgnelfs eicrisoa ge palodddekior . I fridteect i ng
the magnets (for exanple, a spring-like cylindrical nenber which is forned
by w ndi ngcyl indebtaBhereak st cha@pdy dafiodl sk BB shapospintaalbdgces at
opposite ends, so that nagnets can be accommobdated in the
and for example, the support shaft is formed into a polygonal
or an oval 1in section, it is ensured that when the cylindrical
harrel once removed from the support member is fixed again to
the support member, the mesh surface which has not faced the
evaporating sectioncanbe fixed to face the evaporating section.
Therefore, the deposition of the depositingmaterial on the mesh
surface can be dispersed and hence, it is possible to decrease
the number of runs of an operation for removing depositing
material using the alkali aqueous solution. For example, if
the support shaft is formed as a plate-shaped member, as shown
in Figs.3 to 5, the cylindrical barrel can be removed from the
support member at a time point when the deposition of the
depositing material on one mesh surface has been advanced, and
such cylindrical barrel canbe fixed again to the support member,

go that themesh surface, whichhas faced the evaporating section

and has the depositingmaterial deposited thereon to an advanced



cylindrical nmenber). In the deposited-filmform ng apparatus shown in
Figs.6 and 7, the cylindrical barrel 55 is disposed in the upper area in
tthe vacuumtreati ng chanber 51) and the inside of the cylindrical barrel 55
is divided radiately fromthe rotationgb axis into the six acconmpdati ng
sections fan-shaped in section. The boat” 52, which is the evaporating
section, is disposed in the |ower area in the chanber 51. The positional

rel ati onship between the cylindrical barrel and the evaporating section is
not limted to the above relationship. The cylindrical barrel and the

evapor at i n§*§BBti orf AF@F bE ¥R SPDsERCats URRP Lo BRTRAS, (i et hey idle Fhea
positional relationship ensuring that the di stance between the

accommodat Frgiséeirah kawre hehovapbrtidhy kéet Ponleandbeeghipedtewardt ati ng
the cylindrical. barrel. In the deposited-filmform ng apparatus shown in
Fi gs. 6 andtl@e, ceneet mideonrfogine dyamdhiecavabarpelingssest Howi veeptedi atel y
fromthe rotational axis into the six accomobdating sections fan-shaped in
section, battehdeabdecmmmdatt megnisect i and timpyndrd stef f meehminbhe amdllelri cal
barrel in any dividing manner, if the di stance between the accommobdati ng
secti on andmbhetevhpdreadiepgssednigoma canidk derdsd dsy thetrabnn§athe the
cylindrical barrel. Each of partitions defining the accomobdating sections
27 may be avapbrshapedseationi oh. or, avipllatt@eshapéddparctitbanreNe¢hswmmped or
pl at e- shaped dividing walls may be provided vertically in the |ongitudinal
direction wnthigs ehcl ®f theecattodnbdal ibhag rdct bahisxed,0 thitakdoniersagle eart h
net al - based pernmanent magnet nmay be accomodated in each of partitioned
chanmber pounsbhoasgdeébned dyrdheeditn dibkg rwahklts pneherneby)t hendate eatsh

net al - based pernmanent nagnets may be subjected in spaced-apart states to a
deposi ti ngstaeat Ny depbeighape r@fa tilaa thadn ele ¢Sridd bum.t ethépe fbiee,
cylindrical shape, and the barrel nmay be polygonal in section such as
hexagonal aRd @eba@oRakcribelit ekSebbbhULBE. provided.

Further, the cylindrical barrel can be formed at a size
ensuring that the cylindrical barrel is easy to handle and thus,
one barrel canbeconsistentlyusedat thedeposited-£film forming
step and at preceding and succeeding steps (for example, the
preceding step may be a blast treatmell'lt, and the succeeding step
may be a peening treatment and a subsequent chemical conversion
film forming treatment). Therefore, the need for carrying out
an operation for transferring the magnets between the steps is
eliminated and hence, it is possible to inhibit the occurrence
of the cracking and breaking of the magnets, which may be caused
during transferring of themagnets and in addition, to eliminate
labor for the transferring operation.

In the deposited-film forming apparatus shown in Figs.1l
and 2, the support member 7 for supporting the cylindrical barrel
5 is disposed in the upper area in the vacuum-treating chamber

1. The boat 2, which is the evaporating section, is disposed



The cylindrical barrel 55 may be detachable fromthe vacuumtreating
chanber 51. Exanples of the nesh net include those nmade of a stainless
steel and titanium The reason why a desirable material for the nesh net is
a stainless steel and titaniumis that _these materials are excellent in
strength and in durability to an al kal ? aqueous sol ution used for the
operation for renoving the depositing material deposited on the barrel. The
mesh net may be made using a net-shaped plate produced by punching or
etching a flat Qlate or made by knitting a |inear material. The
openi ng r attethe PHérﬁﬁﬂ@¥ngh@Cbﬁ556Fﬂw th%ﬁ€SéFé8néiI@Haéﬁ@mSMjHC)the
area of the nmesh) depends on the shape and the size of a work piece, but is
desi rabl y Retweqrange 6£pr50TY% Pemdsr Riitbitdedeyrpabrying seebhee iof 60 % to
85 %. If the opening rate is smaller than 50 %there is a possibility that
the mesh 1128itddalf theamyvobsiatienbbireenTtdh e uwrapdr aenhgrsaed itdre and
the work piece, resulting in a reduced depositing efficiency. If the

openi ng r advepord @rmgeradiderndiad bbhatisnes el passnpi locytidms, tile thegh i s
def ormed or danmaged during the depositing treatnent or during another

handl i ng. ahte im ree b saitet@ralofrdlee igsthiis esavedingd tiha tc sy dersatana®e of t he
opening rate and the strength, and is generally desirable to be in a range
of 0.1 mMmietvdenmheFoyl bedritd)l tha drandhiintheasepbsatakgnséat bon can
consideration, the wire dianeter of the mesh is desirable to be in a range
of 0.3 rnmdé ovdried EXAWVBLESidbe tHdepeapbedtf mefblear.mM Agwappar, atids taccor di ng
to the present invention will be further described in detail by conparison
of the foléenbdnh exedpleesivhtis dopakatior sDcTphesupPme epaseted:Hd | m
form ng apparatus according to the present invention is not limted to such
exanpl es. dhec{odé 0wichgcaxaPkappand rimar ahi e X aaPbest WRE & Lafifdred out
using sintered magnets of various shapes having a conposition of

| 4Nd- 79Fe- 6811150 ao€d P odugedle byadyd veri i MG e kit reasts dagoti mnchd hen
subj ecting the resulting powder to a pressing, a sintering, a heat

treat ment @aneh gy St 2CEn YNy f OFh8¥8FBLE, it is possible to easily
set a distance desirable for efficiently forming a deposited
film and inhibiting the softening of the formed deposited £ilm.
In addition, even when the depositing material is evaporated
while being molten to conduct the formation of a deposited £ilm,
each of the members or components can be easily disposed and
is excellent in handleability.

Inaddition, inthedeposited-filmforming apparatus shown
in Figs.1l and 2, the six cylindrical barrels 5 are supported
on one surface of one of the support members 7 (the cylindrical
barrels are supported in two series and hence, the total number
of the cylindrical barrels supported is twelve), but the number
ofthecylindricalbarrelssupportedohoneofthesupportmembers
is not limited to six and may be one.

The cylindrical barrel 5 may be supported, so that by

rotating the support member 7, it can be rotated about the rotary



as described in US Patent Nos. 4,770,723 and 4,792,368 (such sintered
magnets will be referred to as magnet test pieces hereinafter) . Exanple 1
The foll owi ng experinment was carried out using the 29 deposited-film
farm ng apparatus shown in Figs.1l and 2. The cylindrical barrel used in
this experinent was nmade of a stainl es¢lsteel at a diameter of 110 nm and a
| ength of 530 mm and had an opening rate of a nmesh of 79.4 % (an openi ng
was square with a length of one side equal to 9.0 mMmand with a wire
dianeter of 1.1 mm. The six cylindrical barrels were detachably supported
on one supprft nemferhet Rapproral mempder? @nd kenchri abisd cootdked elbput
supported in tw series was twelve). Each of the magnet test pieces having
di nensi onsibé B0ismbx 4 5Skmowix réedihamesn subj ected to a shot bl asting,
whereby an oxide |ayer forned on a surface of each of the magnet test

pi eces by a surfrioe shapat oBrtheabaarpk eicedbngl Stepedias teeamyEd.ndsiddal- ni ne
magnet test pieces (five of which were nagnets on each of which Therno
Label (whi chap&, antirthee nane madbapdd vioynkilchi yec 3 deaubggh Bmggndlt d)
adhered to an alumnumfoil was rounded with the Therno Label turned

i nsi de) wesedpbacegonal 0 £Acht of s thebd et ve cylindrical barrels. Therefore,
a total of a28 magnet test pieces were accommopdated in the twelve

cylindrical barrglscyanfathea) vaheet)d hadbiecrd t 2aid1al et 1o @ hel tbdx t he
support nenbers. The vacuumtreati ng chanber was evacuated under 1 x 103

Pa, and thgeqiBgnet, tsd tHLERPPYHTE nlehBR rSUbngst 86 omavSped terdmaHor 20
m nut es under conditions of an argon (Ar) gas pressure of 1 Pa and a bias

vol tage of v2800mMr¥biiggrotatbes 1 he support menbers at 1.5 rpm whereby
the surfaces of the magnet test pieces were cleaned. Subsequently, an

al um num wire usgeh@s) & 8¢Pasd hieBE JBY ¢hiala¥ashdikahgde®a stainless
steel and titanium. The reason why a dlesirable material for
the mesh net is a stainless steel and titanium is that these
materials areexcellentinstrengthandindurability toanalkali
aqueous solution used for the operation for removing the
depositing material deposited on the barrel. The mesh net may
be made using a net-shaped plate produced by punching or etching
a flat plate, or may be made by knitting a linear material.
The opening rate of the mesh (the proportion of the area

of an opening to the area of the mesh) depends on the shape and
the size of a work piece, but is desirably in a range of 50 %
to 95 %, more desirably in a range of 60 % to 85%. If the opening
rate is smaller than 50 %, there is a possibility that the mesh
itself is an obstacle between the evaporating section and the
work piece, resulting in a reduced depositing efficiency. If
the opening rate 1s larger than 95 %, there is a possibility
that the mesh is deformed or damaged during the depositing

treatment or during another handling. The wire diameter of the



30 evaporated fox ionization under conditions of an Ar gas pressure of 1 Pa
and a bias voltage of -100 V, whereby a deposited filmof alum num was
formed on a surface of each of the magnet test pieces for 12 m nutes by an
ion plating process. An average highest tenperature of the magnet test

pi eces having the Therno Label adhered %hereto was neasured and as a
result, it was 170C. The magnet test pieces were left to cool and then,
exam ned for the damagi ng of the deposited filmof alum num forned on each
of their surfaces) for the production of projections on the deposited film
and for th’@eﬁha}:’klsrﬁgleéﬁ'cﬁdorlélalépﬁgléﬁr@héoﬁa@%élhq edenjingcestehendethves. A

t hi ckness of the deposited filmof alum numon each of the nagnet test

pi eces (exeépenghb, nagdet s taste r lloe sldwdviabg epdot bensneaposege duf @ 01 t he
damagi ng, the projections or the cracking and breaki ng) was nmeasured using
a fl uorescemcéoX-lbaynn hi dnessemetef (ISEThaf@0inadeaby @i kmHerstinment s
and Electronics) Ltd.). Results (average value of n a 10) of the

measur enentoas édshawhonn Tabdlwlde dihenendr ndr ithal mbanr £k sdeer eameinted to a
bl asti ng apparatus with the nmagnet test pieces each having the deposited
filmof albaiinummmgd sfsur¥ anecdeimyg. | @fithacicodepaateddi-fiismcioyinadri cal
barrels without being transferred into other barrels. Then, the nagnet test
pi eces wer epsabpectedctordishotopedri g riste aimivendti mem tWhi fc e ispherd €att gl ass
beads having an average grain size of 120 umand a Mohs hardness of 6 (a

Vi cker s hatdnessibon, anaqges afay5P plmddhD ih svedneal N2 @meadnt-0i pdesa @n

i njection pressure 31 of 1.5 kg/cne for 5m nutes al ongw t hapressuri zedgas

conpri si ngoNZtgascyThedpusher bofréDOSen 04 hdEs Megdetnd 6! i @ees hawi ng the
deposited filnms of alum num and subj ected to the shot peening treatnent,

whose portifng ExPOSLthibiehd O dee t@k%rragha@eoéy&bﬁd%@@@ﬁ@ﬁréil{Tﬁ e
al um num the production of projections on the deposited filmor the

cracking apd; beeaaki agp@fsifcea FRORef oty RpBaea tLBE ML UES o LaBe, (HE
defective products)
load applied to the mesh is smaller and hence, the deformation
of themesh is difficult tooccur. Therefore, the wire diameter
of themesh can be reduced to increase the opening rate and hence,
it is possible to enhance the depositing efficiency.
A deposited-£film forming apparatus according to a second
embodiment of the present invention will be described below.
This deposited-film forming apparatus includes an evaporating
section foradepositingmaterial, anda tubularbarrel rotatable
about a horizontal rotational axis a1.1d formed of a mesh net for
accommodation of work pieces, on each of the surfaces of which
a depositing material is to be deposited. The evaporating
section and the tubular barrel are mounted in a vacuum-treating
chamber. The inside of the tubular barrel is divided into two
or more accommodating sections. The accommodating sections are

defined, so that the distance between the accommodating section

and the evaporating section can be varied by rotating the tubular



examned. A result is shown in Table 1. The magnet test pieces having the
deposited filmof alum num (except the nmagnet test pieces having portions
exposed due to the damaging, the proj ections or the cracking and breaking)
meresubjectedtoacorrosion-resistanceac%slerationtestmhich conprises | eaving
t he magnet test pieces to stand under gh-tenperature and hi gh-humdity
conditions of a tenperature of aOC and a relative humdity of 90 ~) and
results (n = 5) are shown in Table 1. As apparent from Table 1, it is nade
clear that by carrying out, the formation of, the depgsited filmof alum num
on the surPatEehf SREPGFLiMROFRGSAX B E ¢f EE@§16@§|Sﬁ§e@hélaé‘pfd’s,‘i“Pé‘cﬂfl I m
form ng apparatus according to the first enmbodi ment of the present

i nvent i on, 3BRPRT e dRRPRAE He Y EPSHArEd 11T 3 SedP saltedi ik of el Yitiguet i on
of projections on the deposited filmand the cracking and breaking of the
magnet tesen prkeesurkeasepfesachn ofe raglei Farddy, matd laka@ade|deaianssr osi on
resi stance can be provided to each of the nagnet test pieces. 32 Exanpl e
2 The fol ImagmgteXperl et descrired delomt Wisimdghehal tdepodsed-fi | m f or mi ng
apparatus shown in Figs.6 and 7. The cylindrical bar rel used in this
experi ment was niide ot s a ditaginameed: ist famin tay 1 ew di eettde 13y IBB5 A EINE a
length of 1) 200 mm and had an opening rate of a mesh of 79 . A ~ (an

openi ng waslequarfe thiet hnaidengt e ofacome - gird@ tdqgabhapbor 05 hmarkeatieth a
wire dianmeter of 1.1 mm . The inside of the cylindrical barrel was divided
radi ately foommtéeacor ainonsys bem s(nolt oshsiwnlaccommodat i ng secti ons
fan-shaped in section. Each of the nagnet test pieces having the sane

di mensi ons as t hHeworagnkindestapilegceselsedsi fioExadpbé & washsugtectfechto a
shot bl asting, whereby an oxide |ayer forned on a surface of each of t:he
magnet tesstapheees dedl and ddepobrdas hdatbyls pderieced ngpstrepre@sin
renoved. 138 Magnet test pieces (five of which were magnets on each of

whi ch Ther oRe lakelb exWhb ¢ d tsa 1A dor @Bl6u bamee aady ade 1y N Biydir G deeth Kogy o

Co . , Ltd) adhered to an alumnumfoil was rounded with the Therno Label
turned insigdedc¥eigl pdaced imHe0 @agheobrt BRe a6eDIM@EREL N SLEST O ©f the
cylindrical barrel . Therefore, a total of 828 magnet test pieces were

accommodat @dvided radiately froma rotational axis into six accommodating
sections fan-shaped in section. A plurality of boats 52, which
areevaporatingsections forevaporatingaluminumasadepositing
material, aredisposedonaboat supportbase 54 risenona support
table 53 in a lower area in the chamber.

An aluminum wire 59, which is a depositing material, is
retained and wound around a feed reel 60 below the support table
53. A proceeding end of the aluminum wire 59 is guided to above
the boat 52 by a thermal resistant protective tube 61 facing
toward an inner surface of the boat 52. A notched window 62
is provided in a portion of the protecgtive tube 61, and feeding
gears 63 are mounted in correspondence to the notched window
62 to come into direct contact with the aluminum wire 59, so
that aluminum is constantly supplied into the boat 52 by feeding

the aluminum wire 59,



in the entire cylindrical barrel. Thereafter, a deposited filmof alum num
was fornmed on a surface of each of the nagnet test pieces in the sane
manner as in Exanple 1. An average hi ghest tenperature of the nagnet test

pi eces having the Therno Label adhered,thereto was neasured and as a
result, it was 170C. 33 The magnet test pieces were lef t to cool and
then, exam ned for the damagi ng of the deposited filmof alum numfornmed on
each of their surfaces, for the production of projections on the deposited
filmand for the,cracking, and breaki ng of the nagnet st pieces,

themsel ves. A { KGR A0S O 68 hRTBRBbSPEERPEFFRY BF LAVSH: TIAFSNLEAEAEE ¢ he
magnet test pieces (except. the magnet test pieces having portions exposed
due to th a&arﬁ&g?ﬁgr,ottwbdfeofemgfﬁse 6P LRRY %*iaafc%Sﬁgoraﬁﬁ*eoPeawﬂ@yaavas
measured in the same manner as in Exanple 1. Results (average value of n =
10) of thé&oteddenedenkiarandfammrachofadinesh nefkec fey e indeEspprELBS  each
havi ng the deposited filmof alum numon the surface thereof were

transf err édhs Angideaginwbéchf ial dhy g arvdl e vt Hrewn that 508ablaseing
apparatus, where they were sub j ected to a shot peering treatnment in the
sane mannéxigsinpo Bdmgiia accomped it ecddong beesskared HavEagtipa
deposited filmof alum num and subjected to the shot peering treatnent were
exam ned floagned snirisers téfl ldabdcricgemprddteds. A result is shown in Table
1. In addition, the nagnet test pieces having the deposited film of

al um num (excepWhehetmmgmétntiestapikeceehayiisgrportédadbosxpdsedodasyt o t he
damagi ng, the projections or the cracking and breaking) were subjected to a
corrosi on-steditstenceseaxcat eantowniteBigsé)n | ahet dishabcenbExaaphethe and
results (n =5) are shown in Table 1. As apparent from Table 1, it is nade
cl ear thatin vdatuai g caimddae iher melcitdanoetfhiaedepasithed clyilimiefi callum num
on the surface 34 of each of the magnet test pieces using the deposited-
filmformumgmnpanaidus thecoedapgriaoihe seconsh erdicdiosd  ofeibthe phesent

accommodating sections is varied, wherebyaneffect isprovided,
which will be described below.

The accommodating section located at a lower portion of
the cylindrical barrel 55 i8 close tolthe evaporating section,
Therefore, a deposited film of aluminum‘is formed with a good
efficiency on a surface of each of rare earth metal-based
permanentmagnets 80 accommodatedinthisaccommodating section.
On the other hand, rare earth metal-based permanent magnets
accommodated in the accommodating section moved away from the
evaporating section are released from the heating and cooled
by an amount corresponding to a distance from the evaporating
section. Therefore, during this time, the softening of a
deposited film of aluminum formed on a surface of each of the
magnets 1s inhibited. 1In this way, 1f this deposited-£film
forming apparatus is used, the efficient formation of the

deposited film of aluminum and the inhibition of the softening



i nvention, the damagi ng of the deposited filmof alumnum the production
of projections on the deposited filmand the cracking and breaking of the
mgnet test pieces thensel ves can be inhibited, and an excellent corrosion
resi stance can be provided to each of the nagnet test pieces. Conparative
Exanple 1 The foll ow ng experinment was “carried out using a prior art
deposited-filmfarm ng apparatus including cylindrical barrel nade of a
stainless steel at a dianmeter of 355 mmand a |length of J.,200 nm and

havi ng an oEeni Ilg rate of a mesh of 79.4 ~ (an opening was square with a

l ength of DheEg derdgdafit® F 6LHA BRE #1 PeadGlievatahEtertateausliym) (see
Fig.9) the evaporating section being of the same construction as in the
deposi ted-fil m fBren %p%%h@%t%l%hgwmw FRpana L E AT SIr 4 neynidte t est

pi eces having the sane di nensions as the magnet test pieces used in Exanple
1 was subj é@@@@dt@“%o%ﬁmn‘blCafstﬁhﬁg,Pr\ﬁiﬁ@ﬁlébyffné(ﬁné)tpéesga‘y@r in of hedd ok a
surface of each of the nmagnet test piecesbyasurfacetreatnentatapreceding
step was refvertiageoss Naghespeesoiptleazied t(¢xvieb bfs whiectb awe edepgiidred on
each of which Therno Label (which is a trade nane and nmade by N chiyu G ken
Kogyo Co. efféed) adfichad advanmtadesi wuheh orilwdse rdrsmedad theltdwe. Ther no
Label turned inside) were placed into the cylindrical barrel. Thereafter, a
deposited fil m ofveh umihemm avasnafse nedeanman surifsaceaofiedchowd, t he nbhgnet
test pieces 35 in the sane manner as in Exanple 1. An average hi ghest

t enper at ur edointhgetagneiat eaigntecasehpvangdtie aTbennd erabebuathier ed
thereto was neasured and as a result, it was 220C. The nmagnet test pieces
were | ef teh6hodalheaddc dithdsy]a et aeti dos 1 hhe idarsmg 9ig «af - fiinen fleposhd ed
filmof alum numfornmed on each of. their surfaces, for the production of
proj ecti ongppArhbesdepashéedeidd mrand 1hegetrhamenaeki Agoande P1 okt N@a Df t he
magnet test pieces thenselves. A thickness of the deposited film of

al um num opagaeh of tie pragRehrtesdppd ELS- {£XF eRlrrlihg HBgAGhtus. In

this case, the frequency of collision of the magnets against
one another within the barrel can be reduced, and the collision
energy can be reduced and hence, it is possible to inhibit the
cracking and breaking of the magnets.

In the prior art, for the purpose of the reduction of the
frequency of collision of the magnets against one another within
the barrel, dummies (e.g., ceramic balls having a diameter of
10 mm) accommodated along with magnets in the barrel may be used
in some cases. However, the use of this deposited-film forming
apparatus eliminates the need for use of the dummies, and can
enhance the efficiency of the formation of deposited films on
the magnets. This provides effects such as the inhibition of
a rise in temperature of the magnets, the inhibition of the
damaging of the deposited films and the inhibition of the
production of projections.

In addition, it is possible toeliminate labor for placing



test pi eces having portions exposed due to the damagi ng) the proj ections
or the cracking and breaking) was neasured in the sane nanner as in Exanple
I. Results (average value of n = 10) of the neasurenent are shown in Table
1. The magnet test pieces each having the deposited filmof alum numon the
surface thereof were transferred in a tfay made of al um num and then thrown
into a blasting apparatus, where they were subj ected to a shot peeving
treatnment in the sane manner as in Exanple 1. The nagnet test pieces each
having the deposited filmof alum num and subjected to the shot peeving
treat ment WEeAagaat heate arhalfe mipmBrobeCcHERG EhpVR geddubiar examBdalt i s
shown in Table 1. In addition, the nmagnet test pieces having the deposited
filmof al anspuimgekébptcyhinduprel nemtermpiwbded haviomnegdiy wisdérgosed due
to the damagl Il g, the projections or the cracking and breaking) were

subj ect ed tld ngagompssirdnlrestbtarmse 1e3G asdeviiah itors tsediradi flcas &6 t hat
in Exanple 1, and results (n m5) are shown in Table 1. As apparent from
Tabl e 1, weerposhieedepusd t esb f that oaghatBnganwds faremdrainttdie sur fhee of
each of the nagnet test piece using the prior art deposited-filmformng
appar at us, ciylid ndunifzerl ofertleer)def ecti ve products was far larger, and the
corrosion resistance of the nmagnet test pieces was poor, as conpared with

t he deposited filim ohealapssined -arited fousmiggt Appdeposs tabid lim Foyei Ag
apparatus according to the present invention. The present inventors have
made cl ear anf@av,t biee harldnehs ofl bherdepdsiiedisipodedl ial the mwpearsat-educed
wth arise in tenperature of the magnet, the above-described results have
been constrigedcids becOgmdueehingdichhaberce i n gdegr egeofindisidgo pf thhe
tenperature of the nmagnet during formati 011 of the film Table 1

Thi cknessNugham @fiReIUbhr 0k 1 00 £@Sh Dt d &5 IrSld3RGR1y from the rotational
rest ~~i m-def ecti veproduct sExanpl e 1G 81/ 828A11 nmagnets were not rusted even

afterl apse Jf; SSQQtB%reSEmmIc%m%@d%%/i%%%m%ﬁ -WREBeRO{n LUskedneVEN
afterl apse of 500 hoursConparative7.117/828Three nmagnets were rusted after

| apseExanplig el 8623082 Now ScEX4aMRhe 3vIP6rheLhov &8 faPeridminispeasdcanri ed

out using the
the lower area in the chamber 51. The positional relationship
between the cylindrical barrel and the evaporating section is
not limited to the above relationsghip. The c¢ylindrical barrel
and the evaporating sectlon may be disposed at any locations,
if they are in a positional relationship ensuring that the
distance between the accommodating section and the evaporating
section can be varied by rotating the cylindrical barrel.

In the deposgsited-film forming apparatus shown in Figs.é

and?7, theinsideof thecylindrical barrel 55isdividedradiately
from the rotational axils into the six accommodating sections
fan-shaped in section, but the accommodating sections may be
defined in the c¢ylindrical barrel in any dividing manner, if
the distance between the accommodating section and the

evaporating section can be varied by rotating the cylindrical

barrel. Eachof partitionsdefining the accommodating sections



37 deposited-filmform ng apparatus shown in Figs.l and 2. In this
experinent, the cylindrical barrels were detachably supported in two series
on the support nmenbers. Mire specifically, the six cylindrical barrels
(barrels A) each nmade of a stainless steel at a dianeter of 11.0 mmand a

| ength of 530 nm and havi ng an openi ng #ate of a mesh of 79.4 ~ (an openi ng
was square with a length of one side equal to 9.0 Mmand with a wire
dianeter of 1.1 nmm were detachably supported on one of the two series, and
the six cylindrical barrels (barrels B) each nade of a stainless steel at a
di amet er omaylbemm awed -3hlagregh paoft 1330 nmarared et vl ashard Nl ride. of a
mesh of 62.0 ~ (an opening was square with a |l ength of one side equal to
4.1 mm aci Nett shapedi pe dilatet-erhagfedl. di vwindingereatles ambablbe suppordedtl on
the other of the two series. Sixty-nine magnet test pieces (each resulting
froma shotvebtastihg Lo tkavVenahtodidel | dyesct bomed Onim suocd ac®e die each
of the nmagnet test pieces by a surface treatnent at a precedi ng step)

havi ng theasasRmdaaENS0B8cBSohBE BBYALt! @%le RHAGESe iSO mécdXapied 1 were
pl aced into each of the six barrels A (a total of 414 magnet test pieces

were acconpedabfeéntNmbhfesi Xababeehscdhmod@PEld S0P sBENES £ 1Skt Pt £6@Sd havi ng
dimensions of 10 mnmx 8 mMm x 4 nm (each resulting froma shot blasting to

renove an eXhflBek &yt ifia@Elf ONe @ byUTH @B 8 vOH i faGI1 10fs t fige FEIGPEM et £t e Pi €CES
by a surface treatnent at a preceding step) were placed into each of the

six barrel gaBtha dtal-vfsch BEOmAREAEt dLfledt CRET WA €sapgermedated in
the six barrels B). The cylindrical barrels 38 were fixed to the support

menmbers, apgdathargphter stacdepresi hedepbsm ofgat td fwnmas fornmed on a
surface of each of the nagnet test pieces in the sane manner as in Exanple

1. The magnet tesfe @k?dcfesow}?e Ib%&rtelt Ps RQ 1 8Rdebhean, cgxamy Nedaf PEat he

damagi ng of. the deposited fil al um num fornmed on each of their

surfaces, £ao,Lhe R J\H)?lfﬂ&y@: % A ANS ﬂpsgbglgﬁgg%htaesdhékéc%&ﬁ@g for

t he cracklng and brea Ing o e magnet” test pieces thensel ves t hi ckness

of the depQﬁhtSQtEbEHEQf abuminup o eagh of the nmagnet test pieces (except
t he magnet

The cylindrical barrel 55 may be detachable from the
vacuum-treating chamber 51,

Examples of the mesh net include those made of a stainless
steel and titanium. The reason why a desirable material for
the mesh net is a stainless steel and titanium is that these
materialsareexcellent instrengthandindurabilitytoanalkali
aqueous solution used for the opgration for removing the
depositing material deposited on the bar‘rel. The mesh net may
be made using a net-shaped plate produced by punching or etching
a flat plate, or may be made by knitting a linear material.

The opening rate of the mesh (the proportion of the area
of an opening to the area of the mesh) depends on the shape and
the size of a work piece, but is desirably in a range of 50 %

to 95 %, more desirably ina range of 60 % to 85 %. If the opening

rate is smaller than 50 %, there is a possgsibility that the mesh



t est -pi eces having portions exposed due to the damagi ng, the projections or
the cracking and breaking) was neasured in the sanme manner as in Exanple 1
(average value of n = 10) . Aresult shows that the thickness of the
deposited f i I mof alum numfornmed on hhe surface of each of the magnet
test pieces placed into the barrels A 4hd subj ected to the depositing
treatnent was 6.9 ~tn) and that the thickness of the deposited fil m of

al umi num forned on the surface of each of the magnet test pieces placed
into the barsels B and subjected to the depositing treatnment was 5

~ tm Therkfepkl i a@aﬁbséagéénb%‘a%eri rfélesteaaperagﬁagu ﬁﬁﬁglweadichéﬁtes of
the two types of the nagnet test pieces having the different shapes could
be carri edv@uk mHtehe reisie tifgaipl® wdnsed depodiignexpef i akercyvas Idarri ed
out using a deposited-filmform ng apparatus simlar to that used in

Exanpl e 1 th8mwpemsitapath tmditetl argstr phese8Setichthews nip an rmassildel idivamet er
39 Rof 25 nm a thickness of 2 nmat a central portion, a chord of 30 nm
and a | engtiabftBe meslisée EedoBmedr orhdagagleidna uafi nighd hehajsa)o sieriang

subj ected to a shot blasting to renove an oxide |layer formed on a surface
of each oftrémtmagnetr desinpisaoedeyyhandlifqce Threeat nemti aate te rpe €dddi ng
step. A deposited filmof alum numwas fornmed on a surface of each of the
magnet t esteph eicesalrecthed $aneonmahderaason rofExdrpbeet ingxcepe didttitde
seventy-five magnet test pieces with their oxide |ayers renoved were placed
into each efréhech wedive oy ldandiragaly lamieladleatbobal 1nfa 9Ohq@mgneto. 1
test pi eces were accommodated in the twelve cylindrical barrels) , and then
subj ected m tbe1dep@si t img dheagt Mt tAOr h20A i gt easef ikertakdn ximgp of the
cyl indrical barrels to the support nenbers . The magnet test pieces were

left to cogbnsaderdhedn exanad Red-o @ aiee edadBILRE REsh hes deposidere fid m of
al um num fornmed on each of their surfaces, for the production of

proj ecti onse opnthergeposht e, 1 ihan @nds figh. t he cracking and breaking of the

magnet test pieces thenselves. A thickness of the deposited film of
EXAMPLES

The deposited-film forming apparatus according to the

present invention will be further described in detail by
comparigon of the following examples with comparative examples.
The deposited-film forminglapparatus according to the present
invention is not limited to such examples. The following
examples and comparativeexampleswerecarriedoutusingsintered
magnets of various shapes having a composition of
14NAd-79Fe-6B-1Co and produced by pulverizing a known cast ingot
and then subjecting the resulting powder to a pressing, a
sintering, a heat treatment and a surface working, for example,
as described in US Patent Nos.4,770,723 and 4,792,368 (such
sintered magnets will be referred to as magnet test pieces
hereinafter) .

Example 1

The following experiment was carried out using the



al umrnum on outer and inner surfaces of each of the nmagnet test pieces
(except the magnet test pieces having portions exposed due to the danaging,
the proj ections or the cracking and breaking) was neasured in the sane
manner as in Exanple 1 . Results (average value of n = 10) of the
measurenent are shown in Table 2. The nunber of defective products
evaluated in the sane nmanner as in Exanple 1 is also shown in Table 2. As
apparent from Table 2, by carrying out the formation of a deposited fil m of

al um num op_the,surface of each of the 40 nmagnet test pieces_using the
epost t ed. REPRFFBERT RGTRRPRFal B8 2RRAAH Hy X6 Aha™ FLGE -AnB08: RentheR { he
present inve t%ﬁn. t?g na%net t est gleces are stirred honngenouslzéﬁmhereby
uni form fi F¥S*RPERCAL SREIFFEM R FRFBAE EXDECREER LHATRMES O f Poff R 17F & he
outer and inner surfaces can be formed w thout the occurrence of. danagi ng
of the depBSFBed@Fi® nSidPeL® UM humO e 3FdodueErahhoPt pf df Sbi & A4 t he
deposited filmand the cracking and breaki ng of the nmagnet test pieces

t hensel vesa R TP eER A IMe P The! § o I*ogﬁﬁgo%%éb’e‘ﬂ Y@t sAasrearytled out
using a deposited-filmform ng apparatus simlar to that used in

Conpar ati vé ExR#PR L i oo Riditapadatabpet - ¢ a4t apiderdsbhavy hie t hlaaher

di mensions as the nmagnet teat pieces used in Exanple 9 were subjected to a
shot bl ast Phg 1t'd refove ZRheodide Fuybrdfifaedranralsumesce HHLtaderP bt the
magnet test pieces by a surface treatnment at a precedi ng step. 9Q0 Magnet

t est pi ecesuppehtefeion oxielesipyert membead Were pdxcednimbortlpd the
cylindrical barrel and then, a deposited filmof alum numwas forned on a
surface of cgdthdoficehebangaks sespoptedednitwe heeshee wennerelase)l n Exanpl e
4. The magnet test pieces were lef t to cool, and then exam ned for the
damagi ng of the Bapbsef echd inaproft alewi puecker hediong éacbnefonhedf 30
surfaces, for the production of projections on the depoai ted f 11lm and for
t he cracki mg aridb lbweaké myn ofast kebgrghetl to a shot blasting, whereby an

oxide layer formed on a surface of each of the magnet test pieces

by a surface treatment at a preceding step was removed.

Sixty-nine magnet test pleces (five of which were magnets on

each of which Thermo Label (which is a trade name and made by

Nichiyu Giken Kogyo Co., Ltd) adhered to an aluminum foil was

rounded with the Thermo Label turned inside) were placed into

each of the twelve cylindrical barrels. Therefore, a total of

828 magnet test pieces were accommodated in the twelve

cylindricalbarrels, and then, thecylindricalbarrelswere fixed

to the support members, The vacuum-treating chamber was

evacuated under 1 x 10°° Pa, and the magnet test pieces were

then subjected to a spattering for 20 minutes under conditions

of an argon (Ar) gas pressure of 1 Pa and a bias voltage of -500

V, while rotating the support members at 1.5 rpm, whereby the

surfaces of the magnet test pleces were cleaned. Subsequently,

an aluminum wire used as a depositing material was heated and



t est ‘pi eces thenselves. A thickness of the deposited filmof alum numon
outer and inner surfaces of each of the nagnet test 41 pi eces (except the
magnet test pieces having portions exposed due to the danmagi ng, the proj
ections or the cracking and breaki ng) s nmeasured in the same nanner as in
Exanmple 1 . Resul is (average val ue of 3 10) of the neasurenent are shown
in Table 2. 'fhe nunber of defective products evaluated in the sanme manner
as in Exanple 1 is also shown in Table 2. As apparent from Table 2, when
the deposited filmof alum numwas formed on the surface of each of the
magnet testVPPeEdtedioagt Qe i B LA BT FOpskitiodst ¢ f anfAst BB AP EERFERR Us,

the nunber of defective products was far |arger, as conpared wth the
deposi t ed ¢f 1TmP@f agRudimias verrageusinyl @ he/ depesiebedafd¢pes beed gl 1n
apparatus according to the first enbodi mnent of the present invention, and
there was @af |alnygel idinf vaiseficened ethiacknesfscbet ittt lod £hemagn¢ hecantt er
surface and the filmon the inner surface. Table 2 Thickness (~~m ~Nunber
of def ect i veependiet sSICh miutwreselnf agedoni phetisgr paceEranplzn average

46. 34. 90/ 900Conparative~ , 23 , 97/ 900Exanple 2 Al though the enbodi nents of
t he presentigheshttiempehrave riecen thesnaghed tas tdpi acks haviwid Lhbelheder st ood
that the present invention is not limted to the above-descri bed

enbodi MeNnt abel 4AndRd Ve é Piso WREifd £Al} QNEnk ki A8 S U 1MBY 1 P& aRdewd t hout
departing fromthe spirit and scope of the invention defined in clains.

Substitute Sh(:"(:"tTHrs: %ﬁa%‘ﬁec@%%rp?@@@s éz%rm-ﬁfé t?‘o %Ill\@% ltﬁeill éo)‘camin d

deposited-filmformng apparatus conprising an evaporating section tor a

deposi ti ng, gpt pfi aly f%ﬂlga d il BAGE £l ol 05 TRA0 LT o AufIPn NEL Q4 on

acconmodati on o I eces, on ea the surtaces ich a depositing

material is.ip be dep0Sideth, ol d 2yapaLablng, seebhon: and, pal d dubul ar

barrel bei ng nounte vacuumtreating ¢ n” sail dsep%nsiti ng

| bel & v e o depdsi t
arun num  ShaRerERR el AR B R EEATE L ST RN EPRR T S o

t hese nmetal conponents, and_.said tubul ar. barrel_is s orted. .,

ci rcunfer e#?f&lr?ﬁ/eco?ﬁ é]'hcfénsaelﬁc?ﬁ 'zo#t %J}IIP?IER%?? o%alt%zfxﬁggwlgeguﬁb%Tto%mer
rot at abl e agout said rotatiqgnal axis, for rotation about sajd rotational
axi s, S0 { AREM LRGN (SHTE ot NECR 4T b HRUPAFBAr BFCPBEALEE RASAS sai d
rotational axjs of said support menber and said evaporating section can be
varied by F®fLtPHYCShilp A RS expPoeer duFoEPt B 1HIPRYI AP ngte

appar atus accordi (g to claiml, V\/qg_‘irei n.a EI urality of said tubular barrels
are supporPE‘aj?ﬁtg N& NI e HEFE G Aaff BrEALT3PY yWolit BE R EST *F %t i onal

axis of said sugport nemnber . , ,
a fluoregcence X-ray thickness-meter (SFT-7000 made by Seiko

Instruments and Electronics, Ltd.). Results (average value of
n = 10) of the measurement are shown in Table 1.

The cylindrical barrels were mounted to a blasting
apparatus with the magnet test pleces each having the deposited
film of aluminum on its surface being left accommodated in such
cylindricalbarrelswithoutbeingtransferredintootherbarrels.
Then, the magnet test pieces were subjected to a shot peening

treatment in which spherical glass beads having an average grain
size of 120 pm and a Mohs hardness of 6 (a Vickers hardness in

arangeof 500 to 550) wereinjected tounderan injectionpressure



3. A-deposited-filmform ng apparatus according to claim1, wherein said
tubul ar barrel is detachably supported on said support nenber. 4. A
deposited-fil mform ng apparatus conprising an evaporating section for a
depositing material, and a tubular barrel rotatable about a horizontal
rotational axis and formed of a mesh neét for accommodation of work pi eces,
on each of the surfaces of which a depositing material is to be deposited,
sai d evaporating section and said tubular barrel being nmounted in a
vacuumtreatin charrger wherein the Substitute sheet - 23 Decenber 2002
44 inside of Lsaiks/Aamdica> BARHERS Bd oaRw Iddk PREBSHRDZ BF IRSreCRRICIgHTstat | ng
sections) said accommobdati ng sections being defined, so that the distance
bet ween saWVd s@cconfibdarinpeseet i dresm@ fs&he @eap@tawﬁg seetédhaaimdbe
varied by rotating said tubular barrel. 5. A deposited-filmformng

appar at us bbedregiosg tied £iHigod alwmdmeimanheubnstdeddfo shé¢ dhogmaewinar r el
is divided radiately froma rotational axis into two or nore accommodati ng
sections. 6reédtpentesshdoe darnionp axpepesi ded tpl hhasdagaainepositied-fil m
form ng apparatus according to claim1l. 7. A process for formng a

deposi ted @eposisedd Alnepdsatadihiunm floe mmgluapdamablispactee diogs tan cl ai m
4. 8. A process for formng a deposited filmaccording to claim®6 or 7,
wher ei n t hehwod &p s £C€d 1S 1an bar eheattdickbi@larfbded apehgabenthaagneiet 9. A
process for formng a deposited filmaccording to claim?7, wherein the
deposi ti ngteBt epii@lceiss WienRASiesONel N@t er tAb selfectedef Pamdura syr owps
consisting of alumnum zinc, tin and magnesium and an all oy containing at

| east one ekahbhgee. et ale SONMPAEHIOWR An AbbAA& AN& Aa9. AN. A A; | . Aa. Aa. A3;
| . A Au. Aa. A A Aa. A ;. Aa. AN. Aa. AN. A A . AF. A; . Aa. A

N. A AY. AF. A3(. A Akl . ﬁa@EeANEe@?t Alidded 86y Mg ArBP deposited film of
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Fach of the magnet test pleces having the same dimensions
as the magnet test pieces used in Example 1 was subjected to
a shot blasting, whereby an oxide layer formed on a surface of
eachof themagnet testplecesbyasurfacetreatmentatapreceding
step was removed, 138 Magnet test pieces (five of which were
magnets on each of which Thermo Label (which is a trade name
and made by Nichiyu Giken Kogyo Co., Ltd) adhered to an aluminum
foil was rounded with the Thermo Label turned inside) wereplaced
intoeachof theaccommodating sectionsof thecylindrical barrel.
Therefore, a total of 828 magnet test pieces were accommodated
in the entire cylindrical barrel. Thereafter, a deposited film
of aluminum was formed on a surface of each of the magnet test
pieces in the same manner as in Example 1. An average highest

temperature of the magnet test pieces having the Thermo Label

adhered thereto was measured and as a result, it was 170°C.
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aluminum on each of the magnet test‘pieces {except the magnet
test pieces having portions exposed due to the damaging, the
projections or the cracking and breaking) was measured in the
gsame manner as in Example 1. Results (average value of n = 10)
of the measurement are shown in Table 1.

The magnet test pieces each having the deposited £ilm of
aluminum on the surface thereof were transferred in a tray made
of aluminum and then thrown into a blasting apparatus, where
they were subjected to a shot peening treatment in the same manner
as in Examplel. Themagnegtestpieceseachhavingthedeposited
film of aluminum and subjected to the shot peening treatment
were examined for the number of defective products. A result
is shown in Table 1.

In addition, the magnet test pieces having the deposited
film of aluminum (except the magnet test pieces having portions
exposed due to the damaging, the projections or the cracking
and breaking) were subjected to a corrosion-resistance
acceleration test similar to that in Example 1, and results (n
= 5) are shown in Table 1.

As apparent from Table 1, it is made clear that by carrying

out the formationof the deposited filmof aluminumon the surface
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of the magnet test pleces.
Comparative Example 1

The following experiment was carried out using a prior
art deposited-film forming apparatus including cylindrical
barrel made of a stainless steel at a diameter of 355 mm and
a length of 1,200 mm and having an opening rate of a mesh of
79.4 % (an opening was square with a length of one side equal
to 9,0 mm and with a wire diameter of 1.1 mm) (see Fig.9, the
evaporating section being of the same construction as in the
deposited-film forming apparatus shown in Fig.1l).
Each of the magnet test pieces having the same dimensions

ag the magnet test pleces used in Example 1 was subjected to
a shot blasting, whereby an oxide layver formed on a surface of
eachof themagnet testpiecesbyasurface treatmentatapreceding
step was removed. 828 Magnet test pieces (five of which were
magnets on each of which Thermo Label {(which is a trade name
andmadebyrﬁchiquikenKégyoCo.,Ltd)adheredtx)analuminum
foil was rounded with the Thermo Label turned inside) were placed

into the cylindrical barrel. Thereafter, a deposited film of

aluminumwas formed on a surface of each of the magnet test pieces
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the deposited filmand for the cracking and breaking of the magnet
test pleces themselves. A thickneas of the deposited film of
aluminum on each of the magnet test pieces (except the magnet
test pieces having portions exposed due to the damaging, the
projections or the cracking and breaking) was measured in the
same manner as in Example 1. Results {(average value of n = 10)
of the measurement are shown in Table 1.

The magnet test pleces each having the deposited £ilm of
aluminum on the surface thereof were transferred in a tray made
of aluminum and then thrown into a blasting apparatus, where
they were subjected to a shot peening treatment in the same manner
as inExamplel. Themagnet testpieceseachhaving the deposited
film of aluminum and subjected to the shot peening treatment
were examined for the number of defective products. A result
is shown in Table 1.

In addition, the magnet test pieces having the deposited
film of aluminum (except the magnet test pieces having portions

exposed due to the damaging, the projections or the cracking

and Dbreaking) were subjected to a corrosion-resistance
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piece using the prior art deposited-£film forming apparatus, the

number of thedefectiveproductswas far larger, and the corrosion
resistance of the magnet test pieces was poor, as compared with
the deposited film of aluminum formed using the deposited-film
forming apparatus according to the present invention.

The present inventors have maae clear that the hardness
of the deposited film of aluminum is reduced with a rise in
temperature of themagnet, the above-described results have been
construed as being due to a difference in degree of rising of

the temperature of the magnet during formation of the f£ilm.

Table 1
Thickness | Number of Result of corrosion-resistance test
(jm) defective
products
Example 1 6.8 1/828 All magnets were not rusted even after
lapse of 500 hours
Example 2 6.3 3/828 All magnets were not rusted even after
lapge of 500 hours
Comparative 7.1 17/828 Three magnets were rusted after lapse
Example 1 of 300 hours

Example 3

The following experiment was carried out using the
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an opening rate of a mesh of 79.4 % (an opening was square with
a length of one side equal to 9.0 mm and with a wire diameterxr
of 1.1 mm) were detachably supported on one of the two series,
and the six cylindrical barrels (barrels B) each made of a
stalinless steel at a diameter of 110 mm and a length of 530 mm
and having an opening rate of a mesh of 62.0 % (an opening was
square with a length of one side equal to 4.1 mm and with a wire
diameter of 1.1 mm) were detachably supported on the other of
the two series.
Sixty-nine magnet test pileces (each resulting froma shot
blasting to remove an oxide layer formed on a surface of each
of the magnet test pleces by a surface treatment at a preceding
step) having the same dimensions as the magnet test pieces used
in Example 1 were placed into each of the six barrels A (a total
of 414 magnet test pieces were accommodated in the six barrels
A), and 500 magnet test pieces having dimensions of 10 mm x 8
mmx 4 mm (each resulting froma shot blasting to remove an oxide
layer formed on a surface of each of the magnet test pieces by
a surface treatment at a preceding step) were placed into each

of the six barrels B (a total of 3,000 magnet test pieces were

accommodated in the six barrels B). The cylindrical barrels
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for the damaging of the deposited film of aluminum formed on

each of their surfaces, for the préduction of projections on
the deposited filmand for the cracking and breaking of themagnet
test pleces themselves. A thickness of the deposited film of
aluminum on each of the magnet test pieces (except the magnet
test pieces having portions exposed due to the damaging, the
projections or the cracking and breaking) was measured in the
same manner as in Example 1 {(average value of n = 10). A result
shows that the thickness of the deposited filmof aluminum formed
on the gsurface of each of the magnet test pleces placed into
the barrels A and subjected to the depositing treatment was 6.9
um, and that the thickness of the deposited film of aluminum
formed on the surface of each of the magnet test pieces placed
into the barrels B and subjected to the depositing treatment
was 6.5 um. Therefore, it can be seen that the stable depositing
treatments of the two types of the magnet test pieces having
the different shapes could be carried out at one time,.
Example 4

The following experiment was carried out using a
deposited-film forming apparatus similar to that used in Example

1. Bow-shapedmagnettestpieceseachhavinganoutsidediameter
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a surface treatment at a preceding step. A deposited film of
aluminumwas formed on a surface of each of the magnet test pieces
in the same manner as in Example 1, except that the seventy-five
magnet test pieces with their oxide layers removed were placed
intoeachof the twelvecylindrical barrels (a total of 900 magnet
testpleceswereaccommodatedinthe twelvecylindrical barrels),
and then subjected to the depositing treatment for 20 minutes
after fixing of the cylindrical barrels to the support members,
The magnet test pleces were left to cool, and then examined
for the damaging of the deposited film of aluminum formed on
each of their surfaces, for the production of projections on
the deposited filmand for the crackingand breaking of the magnet
test pleces themselves. A thickness of the deposited film of
aluminum on outer and inner surfaces of each of the magnet test
pieces (except the magnet test pieces having portions exposed
due to thedamaging, theprojectionsor the crackingandbreaking)
was measured in the samemanner as in Example 1. Results (average
value of n = 10) of the measurement are shown in Table 2. The
number of defective produéts evaluated in the same manner as
in Example 1 is also shown in Table 2.

As apparent from Table 2, by carrying out the formation

of a deposited film of aluminum on the surface of each of the
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of the magnet test pieces themselves,
Comparative Example 2
The following experiment was carried out using a
deposited-film forming apparatus similar to that used in
Comparative Example 1. Bow-shaped magnet test pieces having
the same dimensions as the magnet test pleces used in Example
4 were subjected to a shot blasting to remove an oxide layer
formed on a surface of each of the magnet test pleces by a surface
treatment at a preceding step. 900 Magnet test pleceswith their
oxide layers removed were placed into the cylindrical barrel
and then, a deposited film of aluminum was formed on a surface
of each of the magnet test pieces in the same manner as in Example
4.
The magnet test pieces were left to cool, and then examined
for the damaging of the deposited £film of aluminum formed on

each of their surfaces, for the production of projections on

the deposited filmand for the cracking and breaking of the magnet
test pieces themselves. A thickness of the deposited film of

aluminum on outer and inner surfaces of each of the magnet test
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in Example 1 is also shown in Table 2.

As apparent from Table 2, when the deposited film of
aluminum was formed on the surface of each of the magnet test
pieces using the prior art deposited-film forming apparatus,
the number of defective products w;s far larger, as compared
with the deposited film of aluminum formed wusing the
deposited-film forming apparatus according to the first
embodiment of the present invention, and there was a large
difference in thickness between the film on the outer surface

and the film on the inner surface.

Table 2
Thickness (jm) Number of defective
products
On outer surfacel On inner surface
Example ¢ 6.3 4.9 0/900
Comparative 7.2 3.9 7/900
Example 2

Although the embodiments of the present invention have
been described in detail, it will be understood that the present

invention is not limited to the above-described embodiments,
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supported circumferentially outside a horizontal rotational axis of a support member
rotatable about said rotational axis, for rotation about said rotational axis, so that the
distance between said tubular barrel rotated about said rotational axis of said
support member and said evaporating section can be varied by rotating said
support member.

2. A deposited-film forming apparatus according to claim 1, wherein a plurality of
said tubular barrels are supported in an annular shape circumferentially outside said
rotational axis of said support member.

3. A deposited-film forming apparatus according to claim 1, wherein said tubular
barrel is detachably supported on said support member.

4. A deposited-film forming apparatus comprising an evaporating section for a
depositing material, and a tubular barrel rotatable about a horizontal rotational axis
and formed of a mesh net for accommodation of work pieces, on each of the
surfaces of which a depositing material is to be deposited, said evaporating section
and said tubular barrel being mounted in a vacuum-treating chamber, wherein the
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inside of said tubular barrel is divided into two or more accommodating sections,
said accommodating sections being defined, so that the distance between said
accommodating section and said evaporating section can be varied by rotating said
tubular barrel.

5. A deposited-film forming apparatus according to claim 4, wherein the inside of
said tubular barrel is divided radiately from a rotational axis into two or more
accommodating sections.

6. A process for forming a deposited film using a deposited-film forming apparatus
according to claim 1.

7. A process for forming a deposited film using a deposited-film forming apparatus
according to claim 4.

8. A process for forming a deposited film according to claim 6 or 7, wherein the work
piece is a rare earth metal-based permanent magnet.

9. A process for forming a deposited film according to claim 7, wherein the
depositing material is at least one material selected from the group consisting of
aluminum, zinc, tin and magnesium and an alloy containing at least one of these
metal components.



