; e3eup<u223\ 687; 6<Tp<$~4 ~ 4 DEPGCSI TEDFI LM FORM NG APPARATUS BACKGROUND
CF THE" | NVENTI ON FIELD OF THE | NVENTI ON The present invention relates to a
deposited-filmfor atus suitable for formng a deposited film of
al um num or the % surface of a work piece such as a2pMd& 2603 h
nmet al - based per Sw|gnet . DESCRI PTI DN OF THE RELATED ART A rare earth
net al - based pernanen nagnet such as an R-Fe-B based pernmanent nagnet, of
whi ch an Nd- Fe- B based pernanent nagnet is representative, is used at
present in a variety of fields, because it has a high magnetic
characteristic. However DEPOSITEDe Fadat [FORMINIG- BERPARATEFSTANEt Mmagnet
contains netal species !particularly, R) liable to be corroded by oxidation
in the atnosphere. Therefore, when the rare earth netal -based pernanent

magnet is used w thout being subjected to a surface mm
corrosi on sfcrdwourmm et TiE atvameErbromits surfacﬁ\%ﬁﬂ“ W\‘ i nfluence
of a small anount of acid, alkalt and/or water to p ce rust, t her eby
bri ngi ng abmmah@pd@}mumvammmmnd di spersion of the r’dsf&netl C
characteristic. Further, when the nagnet having the rust produced therein
i's incorporatedH¥ prasdﬂviiﬁﬁreﬁiﬂfbrﬁﬁeﬁaﬂagmﬁté de®bd el - flihar Eot®iAg
possibility that the rust is scattered to pollute surrounding parts or
conponent Sappi#dt U@ ufieEeIQ PgrifoMiBYY al BepSsBte@MWEN io@nah upiacki 68 |
2 22 May 2003 to forma deposited filmof alumnumor the |ike on the

surface oftixe Nang @A ihdhalrahased RetBRREPL eBBIBEENT 8 4 Nea PUI POSEN O
provi ding an excellent corrosion resistance to the rare earth netal -based

per manent jpmanely,, LAl a5, 0 CHwEdd onal Iy known apparatus used for
formng a dep05|ted filmof alumnumor the like on the surface

DESCRIPTION OF THE RELATED ART

Arareearthmetal-based permanent magnet suchasanR-Fe-B
based permanent magnet, of which an Nd-Fe-B based permanent
magnet is representative, is used at present in a variety of
fields, because it has a high magnetic characteristic.

However, the rare earth metal-based permanent magnet
contains metal species (particularly, R) liable to be corroded
by oxidation in the atmosphere. Therefore, when the rare earth
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,
alkali and/or water to prod\;lce 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 thattherustisscatteredtopollute surrounding
parts or components.

with the foregoing in view, it is a conventional practice



of a rare earth nmetal -based pernanent magnet, include an apparatus
described in US Patent 10.4, 116, 161 and an apparatus descri bed in G aham
Legge "lon Vapor Deposited Coatings for |Inproved Corrosion Protection”
Reprinted from Industrial Heating) Septenber, 135-140, 1994. Ebgwgykgo

di agrammatic front view (a partially perspective view of the inside o
vacuumtreating chanber 1Dl connected to an evacuating system (not shown)
in one exanple of such apparatus. Two cylindrical barrels 105, for exanple,

formed of ne o inle | are disposed side-by-side in an
upper ar eae?n qs]ﬂne acﬁ%ﬁ%é&%%?élr ot %{in %#ﬁ&ﬁbgg? OaIdFi‘tea%gghoarf t%hf%éuﬂi age
hori zontal potational_ axis. A.pluraljty of boats 102, ?hich are evaporating
sections f%g %v%ﬁﬁﬁeﬁﬁﬁé}zﬂﬁhﬁ%ﬂhﬁ%ﬁé eFARSERS G IRECe Pl FhEr BUIPSSEsed on
a boat susggrt base 104 risen_.on a su $ort table 103 in a lower area_in the
chanber . RIONIS 1RG0 SXGEL LETSI TN T3P OF S PAPE2BARLYP FREAAmEEY D
permanent nmagnhets 130 as work pieces are placed into each of the
cylindricaP® %}?%?%eQOB?r%%He%Fuﬂ?%HﬁFis evaporated fromthe boats 102
heated to a predeterm ned tenperature by a heating neans (not shown)
whil e rotating tFeeRASHdPEc ARSI adPautknovn Capraratas Mse20637t he
rotary shaft 106, as shown by an arrowin Fig.9, thereby formng a
deposited FP¥Rin9 2argRPALSEENt 1 He cfuptueenyh Gadheot ikpeon &he surfrce
nmet al - based pernmanent nagnets 130 in the cylindrical barrels 105. The
deposi t ed-®f | A fGYT8 ngaappametad -PRGwe i PeFigRent smagpabl e igfckydat BRg a
| arge anmobunt of the work pieces and excellent in productivity. However,
damage nmayabeavbbes \ded anibegnen disBstentiire depdsi L1€d d1d mnoédpabuatnem
formed on each of the rare earth netal -based pernmanent magnets. This danmage
exerts an &elver Seed nih ueénzlean oL ¢hee pt bon sVapoofDepceoi tedi omatbsgst dnee to
the rare earth netal -based permanent magnets, causing the increase in yield
to be i npebiemiroved addirtricsn,onpr Bpetetbhen frayRdye: ipricdlicédomn Sodestased on
t he deposited filmof alum numfornmed on each of the rare earth netal -based
per manent Hegieis,) et evieer i hed sragaet 1%94 ncHFiporatied a ndtagrganatisi ng an
adhesi ve, such projections may exert an adverse influence to the adhesion.
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 aluminumas a depositingmaterial, 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 rareearthmetal -based
permanent magnets 130 as work pieces 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



SUMMARY OF THE | NVENTI ON Accordingly, it is an object of the present
'invention to provi de a deposited-filmform ng apparatus capable of formng
a deposited filmof alum numor the |ike on the surface of each of rare
earth netal -based pernanent magnets at ;a high quality in respgﬁmﬂ 2003
corrosion resistance and the like and at a | ow cost, wherein t amagi ng
of and the production of projections on the deposited filmof alum num can
be inhibited. The present inventors have nmade various reviews wth the
foregoing _in vi M/and

t, h f d that the d 4 22
May. 2003 6Pt K8 aggosf*fliaa%[) e PO e T f s, o 2
th t -b t t d.th duct f
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collision of the magnets agai nst. one_anot her and the rubbin betmeen t he
magnet s andet e Bar feF turTate t 2 §ePoSerBanentm PosRehy &, 1Rbride
specifically, in the deposited-filmformng apparatus shown |n Fig.9, the
di st ance E@Xﬁééﬁlﬁﬁé eprirgdei ¢8P -barrel and the evaporating section is not
varied. For this reason, the rare earth netal -based permanent nmagnets are
al ways stirred Fheadepgedtadehi hieaf ¥l R 2 RRATOF SR | TP Wedt dh %t dfeat ed
by a radiant heat fromthe evaporating section. Thus, the deposited fil m of
aIuninun1ﬁépﬁb&emﬁQﬂﬂﬁtingad@rﬁﬁQﬂﬂﬂnkﬁfFhéMﬂﬂhﬂi%ﬁ¢%aséﬁv@@édqRﬁ61rise
in tenperature of the nmagnets due to the above fact, whereby the deposited
filmis | iaklrodur bev deyragédwaveshadenapé nfayt bemma e havs orgs caddch are
| iable to be deposited on another portion of the film The present
i nvent i onohashbeéapastbeapl £ Shedo bhazskwn orun Heo bl eork readre dge  thand ane
achi eve the above object, according to a first aspect and feature of the
present i nuenhi metalllhérseids pproenead aadepdsi.t etlthisl damege egeapmaraat us
conprising an evaporating section for a depositing material) and a tubul ar
barrel foadedret anfikshnoet téothaqmoomindiain af @f cwerb sfioacess ieagaeh of
the surfaces of which a depositing material is to be deposited, the
evapor ati ng seetrane asul thand ] 1oy s dhpreaimareng mpuetad icR ud inac whe
treating chanber, wherein the tubul ar. pT~n

increase in yield to be impeded. 1In addition, projections may

be produlced in some cases on thedeposited filmof aluminum formed
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 depogited-film forming apparatus capable of forming
a deposited £ilm 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, theyhavefoundthat thedamaging



5,22 May 2003 barrel is supported circunferentially outside a horizontal
rotational axis of a support nenber rotatable about the rotational axis,
for rotation about the rotational axis, so that the di stance between the
tubul ar barrel rotated about the rotatipnal axis of the suppobd 3 and
t he evaporating section can be varied by rotating the support nenper.
According to a second aspect and feature of the present invention, in
addition to the first feature, a plurality of the tubular barrels are
supported | n annul a e ci.rcunferentd ally outside the rotational axis
of "he sustiorferannes Ted G R THRAT 1 a8 i Spataseccbreh
present inventjon, in additjon to tqe fi[st feature, the tubul ar, barrel is
det achabl ffsuﬁbﬁrt@f%nef‘ﬁé sUPF r PEARBBRBENG A &F F 0dPEh Hipect
and feature of the present invention, there is provided a deposited-film
forning apF&dtUs Aomdr PEiCA§ Cart 08FapBr EPPnﬁeE%EEFﬁ‘ﬁ ?H’“aﬁ’ﬂ%ﬁb’s’f??hjgy
material, and a tubular barrel rotatable about a horizontal rotational axis
and for medadrsed Reshlndy Flp cadiofiBaRS bhe FRIRGTIE 3RS 08/ FRHNOF t he
surfaces of which a depositing material is to be deposited) the evaporating
section afda f8et GBRPAR IS FEEeBetiRy MASHfted 3nd Aheakautinel tdeat Rdg-Rhanber,
wherein the inside of the tubular barrel is divided into, two or nore
accommodatdeRp sid@g -dridm t RerBEBEMDERR i ng Meee | GRecBEiigg 1defi néd, Wee t hat

t he di stance between the acconmpbdating section and the evaporating section
can be vardeg syt edotfdtlinngotriné ngudpb ar a bas retown inGrRa. Mayt2@03 stooreli ng to
a fifth aspect and feature of the present invention, in addition to the
fourth fedtanvweent kel ol tiedofcéhebdnil amdaheecbvapodavidedseadiabelsy from
a rotational axis into two or nore accommodati ng sections. According to a
Si xt h aspectt avalr fedt ur #oaf thies preseof, i mhentrore therk inse yElo\bakes a
process for formng a deposited filmusing a deposited-filmform ng

appar at us peat@andintg Magniehe hirestleaybontihrédainr®.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 tobedamagedor 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



According to a seventh aspect and feature of the present invention) in
addi'ti'on to the sixth feature, the work piece is a rare earth netal -based
permanent magrlet. According to a eighth aspect and feature of the present
invention, in addition to the sixth feature, the depositing netRiEy3003s at

| east one material selected fromthe group consisting of alum num zinc,
tin and nagnesium and an alloy containing at |east one of these netal
conponents. Wth the deposited-filmform ng apparatus according to the
first feature of the present .inventiqQn (a first enbodi nent of {he present

| vent | onPR T o S SRRBOELE Aol CEHE TERBAE AR LD P CSHAF (heb 86 LHOR R ng
section can be varied, unlike the prior art deposited-filmformng

appar at us TP e BXdBef?d cRentURRPHat MEAPSF tFREHEHDLE t PO ntld t he
surface of each of the work pieces accommodated in the tubular barrel and

t he i nhi bidqtetisinahex3ss tfan Agtef iphebowrtnele piatdtdonadea nthi Gpethat

si mul taneously. Therefore, it is possible to inhibit the damaging of the
deposi t ed tthd ndiotavde ohetiWeesurthecet wWinlachbartey 22 tRied2GA W tihe wor k
pi eces and the production of projections on the deposited film and to form
a deposit et fatlimretl axhs gif hmbuvpyor hmeabpecin dfhea evaprositdm g £s¢ st@mce and
the like and at low cost. with the deposited-filmform ng apparat us

accor di ng dam thre vfeouirddh Heatatras iofg tttee praagemt imemgrdy on (a second

enbodi mrent of the present invention) , the distance between the

acconmodat i ng seéctdoond ichf itked secohe daprdtamndarfeeltuardofhehevapaseatt ng
section can be varied and hence, this deposited-filmform ng apparatus al so
exhi bits amvedriteiein, simidddit Do hat tha fiheswépasired- 4 idlmdfaarirayng £agtpar at us
according to the first feature of the present invention. The above and

ot her obj eaiif,ldreat baesedsd adwant agepopted he innvedi i oanwulllkarbecoispe
apparent fromthe follow ng description of the preferred enbodi nent taken
in conj unelii@umdddedti®11ly 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.



acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
diagrammatic front view (a partially perspective view) of the inside of a
vacuumtreating chanber in one exanple of a deposited-filmformng
apparatus according to a first enbodi ment of the present invep 'Myy;zdﬁgg. 2
is a diagrammtic perspective view showi ng one enbodi nent with cylindri cal
barrel s supported on support nenbers in one exanple of the apparatus; Fig.3
is a diagrammti c perspective view showi ng anot her enbodi ment with
cylindrical barrels supported ggégkher suppor 8 22 Nh¥ 2003 menbers in

one exanpl e of & FFHa%altes2 AspestaapfafPariaei 8f pERepREEFGREYI ew
of the cyl,indrica 1 barrel used in the enbodi ment shown in Fig.3; Fig.51is
a di agr ametV & Pt aAP1344 1 bher FoehP e HRM g AERLUEE  che idysids ofakhel is
supported on the support menber in the enbodi mrent shown in Fig.3; Fig.6is a
di agr ammatiwP¥raghbayrew {agaviidgd yadhs spby tingn 3 apa tofondle arkAsi detef a
vacuumtreating chanber in one exanple of a deposited-filmform ng
appar at us wT AinRY & ¢ of ettt b ot aeln®f the present invention; Fig.7
is a diagrammatic perspective view of the cylindrical barrel whose inside
i s divided i n okRecoxaiplde tof at Réxapparreas; affigfeatera gEhehaitpresent
illustration of a bow shaped magnet used in Exanple 4; and Fig.9 is a
di agr ammatiinvértoindn vitbereal partavalded pepspees sifer ficgwingf atdeponstdé of a
vacuumtreating chanber in the prior art deposited-filmform ng apparatus.
DETAI LED DESGRUBThEN GephH=E tlehVENTINOK Finé npraseant a t wy entdcond iwid lkonbie be
descri bed by way of enbodinents with reference to the acconpanying
drawi ngs. fA dstpicaal f eaxarnplfeofurse wor k pi ece on which a deposited-filmis
formed in a deposited-filmformng apparatus according to the present
invention, is a~Acaio®ddaligt bonelsalvdmasedspecnbaedifeature of the present
invention, in addition to the sixth feature, the work pilece is
a rare earth metal-based permanent'maghet.

According to a eighth aspect and feature of the present
invention, in addition to the sixth feature, 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,

With the deposited-£1ilm 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
pricr art deposited-film forming apparatus and hence, the
efficient formation of the deposited filmon 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 1s possible to inhibit the

damaging of the deposited film formed on the surface of each



magnet . This is because the deposited-filmform ng apparatus according to
‘the present invention is particularly suitable for such a magnet in respect
of that a corrosion-resistant film of . 9 22 May 2003 a high quality can
be formed on a surface of the magnet wi{hout occurrence of cragkidypeoy
breaki ng of the nmagnet. However, the work piece is not limted to'the rare
earth netal -based permanent magnet, and nmay be any piece on which a
deposited fil mcan be forned. The deposited-filmform ng apparatus
according tp t.he present invention is utilized for formatjon of a deposited
film usi ngmg %I}é%o‘g?’tg’f Ny FRtRr 4 gﬁ%hp’é%é‘écﬁ’b?’él Oénﬁraﬁeﬁﬁ?ﬁ? ﬁﬂdtggmng
others, a soft netal_.qr an glloy_containing,a soft_ netal cqnponent,K (s) ,
o g. . al (RFRRR Co4 rfcinj AnAnEGrERTTrR G8PORACER bYLBGH: & RLAG dbetEi¥i one
of these nmetal conponents. Particularly, alumnumused_as the _depositing
mat eri al ians"Lﬁst%egfre Qhén RS 9% &e8 152 CrapBdedPeh L AERaR BB Bl OV

per manent nagnet requiring a strong adhesive strength, because a forned
filmof ali¥Mthumis excellent in corrosion resistance and in addition,
excellent in reliability of adhesion with an adhesive required in the

i ncorporation of¥igdy tthe( depesiiters- fildmdfprménpt appasatuf HEEME@RNEheOfi|m
and t he adhesive before an breaking strength essentially possessed by the
adhesi ve ishe éavhst)featare pfthe peesent dgvamtioh {hesscddpeshodimentt eri al
contributes to an enhancenent in corrosion resistance of a work piece,

ei ther as dft thepresenhdmvien tham)anoihdi s £ 2h oe betmedndrh eea suohimeda t heg eof .
The deposited-filmform ng apparatus according to the present invention can
be used assextiappdeéinsdfiortieotnbnyjaabdepesidreilthiklevapp ramyi mf seddidwor m ng
technol ogi es, but can exhibit a high effect, when a deposited filmis
formed by e bei séahe@ and hence, this deposited-film forming apparatus

also exhibits an effect similar to that in the deposited-film
forming apparatus according to the first feature of the present

invention.

The above and other objects, features and advantages of
theinventiconwill becomeapparent fromthe followingdescription
of the preferred embodiment taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Pig.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 preseﬁt invention;

Fig.2 is a diagrammatic perspective view showing one
emhbodimentwithcylindricalbarrels 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



22 May ,2003 heating technol ogy which is attended with a | arge radi ant heat
froman evaporating section for a depositing material, and which is
enpl oyed in a vacuum vapor deposition process) an ion plating process and
the like. Especially, in a technology ign which a depositing ng?gﬁéfﬁoégs
continuously supplied to an evaporating section heated by supplying o
electric current, where it is nolten, it is necessary to heat the entire
evaporating section to a higher tenperature. As a result, the radiant heat
fromthe %%agor%thng section is v?r¥ Iarge ani hence, the apparatus
exhibits a Wl&ﬁ eff'e8f% A*8lBRa te HﬁoF Bﬁ?a uaapos i ted- f i Imformng
apparatus according,to a ,firs t enpodi nent of the present inventi.on will be
Gober bed bel owt 190f & SARHAT TR T 1 PP OPRE AL MBI AR S o C R M IdEe T
evaporating section for a deposithanaterial, ang a_tubul ar barrel forned
of a meshPRBEefors88coAnbREt PBROSE™MRBFK S PPEBed® BA9edéh of the surfaces of
which a depositing material is to be deposited. The evaporating section and
the tubul ar barF&f- aris aodiht e8rPR? i ¢ RARMareaf R Lohbab ShorRad doM ar
barrel is supported circunferentially outside a horizontal rotational axis
of a suppbhe fekbefriethtladreehbbutsyRRCTrGtdToridle SUPPCritofembest iidn about
the rotational axis, so that the distance between the tubul ar barrel
rotated abbat evhediveati shavnaknPsFég-Bhe support menber and the evaporating
section can,be varied by rotating the support nenber. The outline of one
exanpl e of the DépoSiisadi¥adrame: i hirappaiavus pant bpbhy aegSPRSEiVErning a
deposited filmof alum numon the surface of each of rare earth 22 May
2003 net aripusef paentmehde pfghata)uyi 14T ¢ret idus chiabdg rbeh e sviexh mpie
drawings. Fig.l is a diagrammatic front view (a partially perspective view)
of the insfde depasibedubilimefrirmgnghanberatugoaneerddngotanaevaceadi ng
system (not shown).

embodiment of the present invention;

Fig.7isadiagrammaticperspectiveviewof thecylindrical
barrel whose inside ig divided in one example of the apparatus;

Fig.8 is a schematic illustration of a bow-shaped magnet
used in Example 4; and

Fig.9isadiagrammatiqfrontview(apartiallyperspective
view) of the inside of a vacuum-treating chamber in the prior
art deposited-film forming apparatus.

DETAILED DESCRIPTION OF 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 onwhicha deposited-film
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



Two support nenbers 7 rotatable about a rotary shaft 6 on a horizontal
‘rotdtional axis are disposed side-by-side in an upper area in the chanber.
Six cylindrical barrels 5 forned of a nesh net of a stainless steel are
supported in an annul ar shape circunf erfnti ally outside the r@émaygj@@ft 6
of the support nenber 7 by support shaft 8 for rotation about the'rotary
shaft 6. A plurality of boats 2, which are evaporating sections for
evaporating alum numas a depositing material, are disposed on a boat
support base 9 risen on a support table 3 in_a |ower area in the chanber.
An al uni niAnhtiShedva L hRY IR beafaepsdien Agshufarrapf the magaekedi BAgukound
around a feed reel 10 bel ow the support table 3. A proceeding end of. the
al um num VG I §1C &y il Tl & adk i pa & b elabdn g2 ofy thet MAgRAL .r eBPseunt .
protective tube 11 facing toward an.inner surface of the boat 2. A notched
wi ndow 12 e promh deede s port i bimb¥ed hieo pile evateeeanipe matahndaseddi ng
gears 13 are nounted in correspondence to the notched w ndow 12 to cone
into di rectexanett magnkty idrd alaynp & amywp Eece orswhiphta deerisided §ilm
constantly supplied into the boat 2 by feeding the alumnumwre 9. Fig.2
is a di agreamdié cEparespecti ve view showing the six 12 22 May 2003
cylindrical barrels 5 fornmed of the nmesh net of a stainless steel and
supported in the&henmdpars isteape idinr dorrementagld na toud s admoitdieng otar yhehaft 6
on the horizontal rotational axis of the support nenber 7 by the support
shaft 8 f@rasdrat toneabdoh ihetiatary sdnffiorthatdoen bata ikeysdaerdbeilnt at ed
about the rotary shaft 6 (the cylindrical barrels are supported in two
series andidienre, depestiatialhg napbeladfstdie £yld mdrtiadabnBaanehs1suppanded i s
twelve) (magnets are still not accommodated). Wien the support nenber 7 is
rot ated akodng e heatsar § shpf tneéalsee an @Y Yowdonthigihlg at befeyheadri cal
barrel 5 supported by the support shaft 8 circunferentially outside the
rotary shafdmgermdnd (19 Supyor, ta @AM, 7zE el aiiaf eflaghebtiubheof anady16paft 6
in response to the rotation of the support nenber 7 . As a result) the

di stance hefiwamh itdteat db%itdia o Pahe@lk i tch It BEMBYAPRE AL | r&ls‘@ﬁ&p@r%;sposed
bel ow t he support nenber is varied, whereby an effect is provided) I ch

Wi Il be desgirikfth RELAY s 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
incorporationof parts (apeel-off isdifficult to occur between
the filmand the adhesivebeforeanbreaking strengthessentially
possessed by the adhesive is reached). A film formed using any
of these depositing material contributes to an enhancement in
corrosion resistance of a work piece, either as it is, or when
it has another film formed on a surface thereof.

The deposited-film forming apparatus according to the
present invention can be ﬁsed as an apparatus for forming a
depositedfilmbyanyofall forming technologies, but canexhibit

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



The cyl.indrical barrel located at a | ower portion of the support nmenber 7
is close to the evaporating section. Therefore, a deposited film of
alumnumis formed with a good efficiency on a surface of each of rare
earth netal -based permanent magnets 30,acconmobdated in this Cibﬁﬁ%gbﬁé%
barrel. On the other. hand, rare earth netal - based permanent magnets
accommodated in the cylindrical barrel noved away fromthe evaporating
section are rel eased fromthe heating and cool ed by an anount correspondi ng
to a distance . romthe evaporating section. .Therefore, duri thi.s tine,
the sof t oA 5 ReGBRGLPBLG 11 ict S5FBRARANTS o b FeEato8PaE a0 a
surface of each of the nagnets is i?hibi ed. In.this mgx) i f tEBﬁf

deposi t ed-FAE R 6VRPAG 25pHar S8 TS 9% T @S dePRBL 51 PP QAR Fdr Ak N the
deposited filmof alum numand the inhibition of the softening of the
formed fi lifh &FPLPYRT HEn? V&S UHE ‘é%ﬂ’l‘?%\?’@d’%ilrﬁilc’ﬂ‘a?\’é%ﬁ%?% am; §oR [latgng

di agrammati c perspective view show ng an enbodi nent_ ot her than the

enbodi nenPhof afs eérdt hbeclikadr iERe Barlial s 1ara Sepporiedy ol tel Gupport
menber shown in Fig.2. Six cylindrical barrels 35 formed of a mesh net of a
st ai nl ess dPeSIL tdng Bappdial P GANAARUPHEL ¥ HaIP 1died GRf 2T eVEPAIMAL IA® si de a
rotary shaft 36 on a horizontal rotational axis of a support nenber 37 by a
support skK&fFtiz® hertedt Ayi enrabviedt ¢ ¢braryli smmrags . shatmtitt Héy can
be rotated about the rotary shaft 36 (the cylindrical barrels are supported
in two sermocd$eandihel@eckelssarot b hratbdheoent hee eMdprid tialy Is@atdlon
supported is twelve) (nagnets are still not accommobdated). Fig.4 is

di agr amrattioc apbigpect teaperewuoe .t hes gy lrewrlitcaltHeaneelia3d heed ifirdrhe
enbodi nent shown in Fig.3 . The cylindrical barrel 35 is capable of being
opened andhel esedoratang g tint dal very daddge aaddhenopr i t4es appatjaers cage
portion 35a and a | ower cage portion 35b fornmed as symetrical el enents
capabl e okxhebigsopenedhard felcaséed shehughtachnbgeggnot shown) . The
cylindrical barrel 35 has a support shaft 38 for being supported by the
support 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
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 depositingmaterial is to be deposited. The
evaporating section and the tubular barrel are mounted in a
vacuum-treating chamber. The tubu}ar barrel is supported
circumferentially outside a horizontal rotational axis of a
support member rotatable about the rotaticonal 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 c¢an 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



menber, 37 . If such a cylindrical barrel 35 is used, it is possible to
"easi'l y conduct the placing and renoval of rare earth metal - based pernmanent
magnets into and out of the cylindrical 1 ~1 22 May 2003 barrel 35 and
hence, it is possible to inhibit the og?urrence of the crackhﬁgM@2Q003
breaki ng of the nmagnets during the placing and renoval of the nmaghets into
and out of the cylindrical barrel 35. Wen such a cylindrical barrel is
continuously used many tines, there is a possibility that the mesh form ng
the barrel may he def orned bX an influence_of a therpal history attendant
on the deﬁk?stiatli'ﬁ’q’*st’%'deﬁﬁﬁﬁﬁ{’? WRARL S Yap! AfyIBECELBEERE IR Wedh ERe upper
and | ower cage portions 35a and 351li, and nmagnets are dropped out through
such gap. 9RF&HEfSFe, it is desirable that a work piece dropout preventing
plate 39 is nmounted longitudinally in an opening in the |ower cage portion
35b. AlternativERlg liifea ddprrrpmeas igriigpadtv ine e pRirtd aplatre Trpe ®bivdunt ed
longitudinally in an opening in the upper cage portion 35a. During the
deposi ti nyitewdatofeihe theidppef anviatwwiertregel porehdmzeBsh eorndshedr e
fastened to each other by a clip (not shown? . In addition, net-shaped or
pl at e- shaped adi evdiovg Mald swaberbel nmtowsihgad )vertically in the | ongitudinal
direction within the cylindrical barrel 35, so that one rare earth

nmet al - based per fmresuppaghetmembygrbe’ accoatmbiie ezbout emactroirpasha £ obied
chanber portions defined by the dividing walls, whereby the rare earth

net al - baseth pehnatenhtadgretstimyabeasiud) ece etf sposphcelliapay tssdatks to a
depositing treatnent. Fig.S is a diagrammatic partially front view show ng
how til e ayl upféetrcatedbanr ehe IFhanth eaUppet k aty o dhiec sU pparte Isefhdsrdgdi n t he
enbodi ment shown in Fig.3. The cylindrical barrel 35 is supported by

cl anpi ng lfeastpppriesiodli b Stainlébe sigyiontre shbpd2 thayiR0HI areibedr 37. |t
is desirable that the clanping of the support shaft 38 in the support
menber 37 shapeasi +d @it é yerxorehict edr st ae toearil £y aRakn cao Bk iSport
mutilizing a repulsive force of a spring) sa that the cylindrical barrel 35
i s det achafeimpexUPROY e poR tt HBa SHAPEbE FRIDEI o8 abolte tdeppstied-dud M

form ng apparatus according to the first enbodi nent of the present

i nvention sshomgpwrﬁw dfSpad¥ant Agdatus kel 86RE6EaCinkhadctiogxhidits the
above-descri bed effect and has advantages which will be described bel ow.

Even when 3 aiR%% tih@ab MBAL nhf LR 8860t indndterial, 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 2by a thermal resisltant 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



advant ageous that magnets are placed in a smaller amount into each of the
cylindrical barrels in this deposited-filmform ng apparatus, rather than
in a larger amount into a single cylindrical ‘barrel in the prior art
deposited-filmform ng apparatus. In thjs case, the frequency fMgg?bbgi on
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
t he cracking and breaking of the magnets. When work pieces such as
bow shaped - St ed: i | ndr.i cal
barr el havf:ggggg%grc gg graadx% usssazfgofqn[:gﬁd?gg%ﬁre?:gﬁpk %g cgfr ?C%Paaﬁ%ft%ée%gg’letegd- film
form ng apparatus ere,th are subjected tqQ_a depositing.treatnent, the
o owt ng. PNSHERSACEE 11 atfe Ao b byenars: a7 CECRaBheed 1y, Bobrr Bged
down al ong_the inner surface of the barrel, whereby only one side of each
of the MagRREE A, A Ren e MYETNA hE° LRct POR. SRRSOt FEBEOZH ouch
magnets are pgaced into the cylindrical 16 22 May 2003 barrel having a
smal | er raffl8eR brPXdMratuPEorraf ehht 8 tHeF Fa5%1 19T 2PRE S tnsr TRET¥n thi s
deposited-fil mform ng apparatus, where they_ are subjected to the
deposi ti ngSEREAt frent0 W ey FAG BE THER hed it tdih & obsrgqustédt 6
honogeneously and hence) the formation of consistent films with a |ess
di fferencef F%etwlcllé’ff%rslscadaﬁaﬁéeé’érﬂl’eﬁléHPPPﬁtaéd’rfi ityR, s pEbPRENhEPRRG
di fferent shapes or magnets having different sizes can be accommpdated in
each of theheWatsdrneabebafr ehe cyldsgedrpvdlar redrmisuRBoEYRPArdy twgh vBarrel s
are fixed in an annul ar shape circunferentially outside the rotational axis
of the suppoagnetabaret ottairypodbuscechemadpbedting treatnment. Therefore, the
depositing treatnents of a plurality of types of nagnets can be carried out
at one tinme. A pfhemltheyswipoxtynemderdal s bataeks diavwi hghdidfdtermnshegsh
shapes are used 'in conbination with one another and fixed in an annul ar
shape circenfssentn aldrpwodnsFile. L he tiod atyildmalriapeils bak rele 5sapppot tadnber
to carry out the depositing treatnent, whereby the depositing efficiency
can be varbedhearumvertysoyt t Bdrioaimizaranglisal Ithet ef bie thetrd tappsiabke to
form deposited filnms having different thickness val ues on nmagnets

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 is provided, which will be described below.

The cylindrical barrel located at a lower portion of the
supportmember 7 isclose to theevaporatingsection. 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



.accomodated in every cylindrical barrels. In the prior art, for the

pur pose of the reduction of the frequency of collision of the magnets

agai nst one another within the barrel, dummies (e.g., ceram c balls having
a dianmeter of 10 nmm? accommodated al ongg with nmagnets in the basngly @) be
used in sonme cases. However, the use of this deposited-filn1forniﬁb 17
22 May 2003 apparatus elimnates the need for use of the dumm es, and can
enhance the efficiency of the formation of deposited filns on the magnets.

This Provbges ifte osuele it Bhel @;;%Jg% t gﬁsogkh@b&iéﬁa [ nrh el akye of

t he magnets) the in itron t he "deposi dnd t he

Tt R G {18 BERUVEHL 91 e ALPHEPLLRAR €8 AGILIONnd bl AR 1 © O

el imnate or crng e rnagn
forprotecti ngthemagnets (f.or examl a spring-like cylindri ah,nenber
whi oh i 5 FBFRRUSEY G i ROPH AERrE HHE & AP SR PH G GR R APdRd BifPch has
spiral faces at opposite ends, so that nmagnets_can be accommodated in the
cylindri caf thsiSefenadpadef ddbrymedppbt ¥ iafg 2t HB1BYM ¢3R RSP CHAEVYEE on t he
support nenber%éadvantages are provided) which will be described bel ow. The
pl aci ng aR#™PEABOAPUBLYthe magnets into and out of the barrel can be
carried out at any site and_hence, it is possible to enhance the
conveni ence andfi%- 3 nhEbia ¢heoPRPUR FERCcReEFPEREIFLaCKIay aheWbrEaRPng of
the magnets during the placing and renoval of the magnets. There is a
possi bi | i epbe@Aimnens eheey tdyresdy ehbedhbpRtiol’ el d¢deoryRhadayicRAdri cal
barrel is increased, the depositing material is preferentially deposited on
to the nebarsei$ agce fupbaytefonevhpGumpiord Bewhepmhioan thd idepgosi Bilrg
material, and the opening rate of the nmesh is gradually decreased with this
deposi ti onylbndtheabpeninal 38 fwsidhgfof melsd bat od] a2 @te irddes s 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 {thecylindrical barrelsare supportedintwoseriesandhence,

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 is 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 forbeing supportedby the support

member 37. Ifsuchacylindricalbarrel35isused, itispossible

to easily conduct the placing and removal of rare earth

metal -based permanent magnets into and out of the cylindrical



1S 22 May 2003 difficult by the deposition of the depositing material on
the openi ng/ 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 obb \A£200
deposited depositing material. By detachably supporting the cylindrica
barrel on the support nenber and further providing a neans for ensuring

t hat the mesh surface facing the evaporating section ran be changed to the

ot her ;}Ti}gélaca% ah ehEHEEOV‘QE‘glsefJo%%t%l%r ‘%opEH}{h%@ thd d8&urrence

cylindric rel et acha Iysupporte on the support nenber, and for

I .
oot on 4 1 ehghbiE dnd Be NS %?T.ﬂ’n%r.é’d R Ah nE}éQYth%sieﬂgfrom
th t nb d t h t f
whi ch has 81 © eraisaﬁetéigpa e o T e g wlE P anoks e daeRel
evaporati se %IOH. T eref the depaqsi t.i gn gf heudegg5|tlgg Qnterlal
on the nes '§Ce58S :EB%? ﬁ%&n&é PE-ig 68 Yot 8¢ "He¥r ease

t he nunber of uns of an operat epo, V|n d sitin rial using

t he al kal |tié'hﬁfeoﬁi’e§8l Ui DR OSEGP L 3)3 F{é %ee gﬁgﬁaptlnghgg?el?%r’f% med as
a pl at e-shape shown i ndri cal rrel can
et eroved o U ERESERRDIN aﬁemé?uaf* 338 do tBEF RO LPLREOHE TR bn o

t he depositing materi,al on one nmesh surface has been advanced, and such

cyl i ndri c&@® bgﬁd@nmé&rtia@ $75@tMeRyai HPEESPKE SRPPEY P HERBALEARE F At  t he
mesh surface, which has faced the evaporating section and has the

deposi t i nFbEPEal 288 PR 2 FAIFePESH 1 PBS ?15%1%@@81" and DagIRAYS 2D
extent) faces inwards the support nenber (i.e., with the cyllndrlcal barr el
shown in FxPred gus throwglisuwch P8R - to%?ﬂefq’@eceir‘r't éf A9%inphbeitRatrom
the evaporating section |ocated outside the support nenber ) , and the mesh
sur face Wavi%Rfa dneder AL ofPRaHeTdedthi tH AR Sratdh i di8 dapusn ted

thereon faces the evaporating section (i.e., with the cylindrical_barrel
shown in RiapgiFudd mliphd e\An mReddle Bdy rtdle lowa R Is Mavdd 2Thrduyh 180
degrees in parallel to the rotational axis), and in this state, the

deposi t i n@ttresqatditedan baecuprkorl @rg ArpRendt 9reY eplhé nabbYet deBeY i brd

effects are provided.
mounted longitudinally in an opening in the upper cage portion

35a. During the depositing treatment, the upper and lower cage
portions 35a and 35b are fastened to.each other by a clip (not
shown). Inaddition, net-shapedorplate-shapeddividingwalls
may be provided vertically in the longitudinal direction within
the cylindrical barrel 35, so that one rare earth metal-based
permanent magnet may be accommodated in each of partitioned
chamber portions defined by the dividing walls, whereby the rare
earth metal-based permanent magnets may be subjected in
spaced-apart states to a depositing treatment.

Fig.5 is a diagrammatic partially front view showing how
the cylindrical barrel 35 is 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



Further, the cylindrical barrel can be forned at a size ensuring that the
‘cyli'ndrical barrel is easy to handle and thus) one barrel can be consis
tently used at the deposited- filmformng step and at precedi ng and
succeedi ng steps (for exanple) the preceding step may be a bI@@hﬂéwgnganent,
and the succeeding step may be a peeviﬂ treatnment and a subsequent

chem cal conversion filmformng treatnent) . Therefore, the need for
carrying out an operation for transferring the nagnets between the steps is
el imnated and hence, it ,is possible to inhibit_the occurrence of the
crackingaﬂﬁP?ﬁEa¥7ngI§flﬁhéeﬁ&§ﬁ€9§,tﬁﬁﬁcﬁhﬁaﬁlﬁ@péaﬁséé 8hej pypport
transferring of the nagnets and in addition) to elimnate |abor f.or the

t ransf erri $ie bpSBat RoHe FHPPRE tdepBREX &d- £ BI ¥R T ok gl vspacactedshbas in
Figs.l and 2, the support nenber 7 for supporting the cylindrical barrel 5
i s di sposeRkimPldeanipamackani amuhélyaénamrenats e Enanbef aspThegboat 2,
whi ch is the evaporating section, is disposed 20 22 May 2003 in the | ower
area in the chanberhel cydumdrilsagdobiatriredal 5r ébadebashhpliseswerarthd support
mernber and the evaporating section is not limted to the above

rel ati onshilpe Shppsuppoenberender and the evaporating section nay be

di sposed at any locations, if they are in a positional relationship
ensuring that tHeheiddmoneie doktforleent ¢t gyl dpphraal s baceerdamgl thethe
evaporating section can be varied by rotating the support nenber. However,
if the evaporat i ewmpediriéent o8 theposesentt Suden t hen ssippat t imepberl ifée

di stance between the support nenber and the evaporating section can be set

in awde aangecadddid ihheedpd et BEl ti1PRGe drxxhidher v atulabdvead é8gr Chadber .
Therefore, it is possible to easily set a distance desirable for

ef ficientler f&F M 4 en ARSI d1echddd Mraich vl Dind nge ddies 1sed tied g1g, of the
formed deposited film Tn addition, even when the depositing material is

evapor at ed whal e:gi NnghER! t£nmbe scopeetmé e fi@r nehiene8f Adepasitesd film
each of tree nenbers or conponents can be easily disposed and is excellent

i n handl eadidritagddaddinEitonaigRliedepespioced ilnmhosRbngappahat Hsshoys in

figs.l and 2, the six cylindrical barrels 5 are supported on one surface of

one of thesdPRer theRDEArA ddihBaeykl Bdin GHis deposited-film forming
apparatus, rather than in 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 is possible
to inhibit the cracking and breaking of the magnets.

When work pieces such as bow-shaped magnets or large-sized

magnetsareplacedintoacylindricalbarrel havingalarge radius
Rof curvatureinthepriorart deposited-filmformingapparatus,
where they are subjected toa depositing treatment, the following
phenomenon is liable to be generate‘d: the magnets are slipped
down along the inner surface of the barrel, whereby only one

side of each of the magnets always faces the evaporating section.

However, if even such magnets are placed into the cylindrical



barrels are supported in two series and hence) the total nunber of. the
cylindrical barrels supported is twelve) , but the nunber of the cyl
indrical bare els supported on one of the support menbers is not limted to
six and may be one. The cylindrical barrel 5 nay be supportedazq@a§gg@3by
rotating the suppor t menber "7, i t céﬁ be rotated about the rotary
22 May 2003 shaft 6 of the support nenber 7 and can be al so rotated about
its axis by a knomm nechanisnl The shape of the barrel is not limted to
the cylin r|c and_ t he. b rrel e polyganal in sec tion such as
hexagonal H&aST?l}?rFé %HS&W%FCU?NP&U&@%W&HFE%Fq&%P%Frslnay be
det achabl e fronlthe support nenber - and the_ support nenber 7 nmay be
removabl e ¥t ShPtHe QR ﬂﬁlFEéﬁ@ﬁ@oéﬁéﬁ@éﬁli“‘ﬁ& %§PBﬁrﬁﬁéSné§heﬁ6t
i nclude those nmade of a stainless steel and titanium The reason why, a
desirabl e ThiYerdza spdd a@désnther dpRoaisingnFeeatnerel el $EiBRIAEM s
that these naterials are excellent in strength and in durability to an
al kal i aqufoudesdlagmieds ¢sadbrogonfAuchpér benogen epus tyoyidghehee depesi ting
materi al deposited on the barrel. The nesh net may be nade rising a
net - shaped pingtel oy oflgood ib;tepmrfciriinrﬁgwt)th etldindgi ff étancpliatehioknemy be
made by knitting a linear material. The opening rate of the nesh (the
proporti orragf heheacdrievesf. 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 % nore ddsi rdBigipn. amaamges df2aBih Podld 85 eyt. shhpeheovperdmgtsate i s
smal ler than 50 %9 there is a possibility that the nmesh itself is an
obst acl e Baetwieen dhefevapor at iag seot iben ardainnidriz ot kipi eeeh rdsutieng in
a reduced depositing efficiency. If the opening rate is larger than 95 %
there is ayldassividal pathalst hespesitiive ldef andetheocyandgédatiura e lde
depositing treatnent or during another hand7.ing. The wire dianeter of the
are fixed in an annular shape circumferentially outside the

rotationalaxisofthesupportmembertoéarryoutthedepositing
treatment. Therefore, the depositing treatmentsof aplurality
of types of magnets can be carried out at one time.

A plurality of cylindrical barrels having different mesh
shapes are used in combination with one another and fixed in
an annular shape circumferentially outside the rotational axis
of the support member to carry out the depositing treatment,
whereby the depositing efficiency can be varied for every
cylindrical barrels. Therefore, it 1is possible to form
deposited films having different thickness values on magnets
accommodated in every cylindrical barrels.

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



22 22 May 2003 nmesh is selected in consideration of the opening rate and
"the 'sttength, and is generally desirable to be in a range of 0.1 mmto 10
mm Further, if the handling ease is taken into'consideration the wire
di anmeter of. the mesh is desirable to be in a range of 0.3 23 mdy 2003
VTith the deposited-filmform ng apparatus according to the first
enbodi nent of the present invention, nmagnets may be placed in a snmaller
anount into each of the cylindrical barrels in a nass treatnment, rather
than in a |ar ano into th sin % lindrical] barre|l in the prior art
deposi ted aPpla%aft 0 hlléméﬁﬁéheét ﬁge T tﬁqs‘y(‘fa?ec’ftﬁ ©| SHH DI | W PR he
mesh is smaller and hen the deformation of the nesh is difficult to
occur. ThERSEBFE, thRec &ff‘élﬂ’l"aﬁe‘?%rt}’(ﬁ fer@atdson ehn %%o?bﬂﬁ‘ée%”t%s iMer ease
t he openi n% rate and hence, it is_possible to epnhance the deposjting
ef fi ci encyReAMa8pESFL edThis rﬁ’f%‘f’rﬁ%’g eéﬁﬁ&ltét EECQcéﬁrH‘P%g”’c}bl%l SERBif
enbodi nent of the present invention wlll he described below This
deposi t edaf Fiifef dnnitegraspsracuSti fdleudegnat sevapsr anhidisden @f fidre a
depositing material, and a tubular barrel rotatable about a horizontal
r ot at i onaKaarigs nanc & otheddepoai redh fadmef emdactdambraibbhion wdr Kh# eces,
on each of the surfaces of which a depositing material is to be deposited.
The evapopaidng tseaot iodn paed ecttd ongbul ar barrel are nounted in a vacuum
treating chanber. The inside of the tubular barrel is divided into two or
nmor e accomodat Ingd&kctionsitThepassbbiedat e hgmseat ¢ dadpoar EodefliatEthg so
that the distance between the accornrnodating section and the evaporating
section cahelveagtertd £t by Hodidetr figr pheteobiihanhe i3y r2&x iy o 2 @G riydre el
The outline of one exanple of the deposited- filmform ng apparatus (an
appar at us af epri agel DYeac PG €41 fidnPedf walidm DEnt dtmed hey sunf@icey of each
of rare earth netal -based pernmanent magnets) will be described bel ow with
the draw ngseali gabeksadi AQtRNMETRALC 1ff@NEnYI @M ER 1006 td i Py PeFsactdwe
view) of the inside of. a vacuumtreating chanber 51 connected

opposite ends, so that magnets can be accommodated in the

¢ylindrical member).

By detachably supporting the cylindrical barrel on the
support member, advantages are provided, whichwill bedescribed
below,

The placing and removal of the magnets into and out of
the barrel canbe carriedout atany site and hence, it is possible
to enhance the convenience and to inhibit the occurrence of the
cracking and breaking of the magneﬁs 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 ispreferentiallydepositedontothemeshsurfacefacing
the evaporating section for the depositing material, and the
opening rate of the mesh is gradually decreased with this

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



to an evacuating system (not shown). Two cylindrical barrels 55 fornmed of a
nmesh net of a stainless steel are disposed side-by-side in an upper area in
t he chanber for rotation about a rotary shaft 56 on a horizontal rotational
axis. The inside of the cylindrical bargel 55 is divided radi 2#“& bbag1a
rotational axis into six accommodating sections fan-shaped in secty
plurality of boats 52, which are evaporating sections for evaporating

al um numas a deposi ting material, are disposed on a boat support base 54

risen on S%ff’ﬁﬂg’uitt 't%eaﬁebes@-th%wes ﬁ@aag%crmlgma Rleri %huqhgum

wre 59, s a depositing materla I's retaine wound ar'oun

feed real rg fegyxlgfgglbﬁ%pggr %@lbl §Be n, ecleedl ;Bgegngogf tr&e aI m num

wire 59 is oat fer'al 168l & pro etfive

tube 61 facin n, nner S f th not ched, wi ndow 62
5 br ovi et FraBEE e bR R SRR Brd e Sone e ® AR 58P G
are nmounted in correspondence.to the notched w ndow 6 50 di rect
contact withthb BFURYUMOWYE O595UED Fhdt® ATHRRFmSP “ééﬁ@ta tF9 sUPpl i ed
into the boat 52 by feeding.the num w 24 22 May 2003 Fig. 7
is a di agr2APeXtddersgEenaly e gv@ n}’etﬂ@peﬁFFﬁgr‘flﬁ%‘Psbﬁ?’Fﬁl"‘%BerFét abl e
about the rotary shaft 56 on the harizontal rotatjonal_axis _and fornmed of a
mesh net dtY §edeshabdysSUPBRF FinfthErdd noriRAiL e Y 5e HiGR 488 FRBPAYFE y
fromthe rotational axis into the six accommuodating sections fan-shaped in
section (reRfHees aadel vt FRer MitovdcHATB AR T f%%s‘ﬁﬁbnﬁﬂhé’iﬁlﬁh@a‘lﬂeﬁ rrel
55 is rotated about the rotary shaft 56 (see an arrow in Fig.6) , the

di st ance betmERe t e initied a2 racedimedaeichd ose€enohederanedd hot hhe
cylindrical barrel and the evaporating section di sposed bel ow t he
accommodat9 e s aetshosisr f aceartibedf oWhey biby efif esft sf ere nrovirdad ded f wheéch

w Il be described bel ow The acconmopdati ng section |ocated at a | ower
portion ofcythindyi¢alibacaél bardedlacdmbly wlmser teal ¢inéhesaqpyreatt mgmisect i on
Therefore, a deposited filmof alumnumis formed with a good efficiency on
a surface aid ganh examparee ehetsuppdat -ddasfd is formed into a polygonal

per manent magnet s80acconmodat edi nt hi sacconmodat i ngsecti on. On the ot her
hand, rar ewram hvadt b -draseicb perirahe ndn segedttdhagc sbenodhe ety 1 imd hiecal
accomodati ng section noved away fromthe evaporating section are rel eased
fromthe leatralg cack ceobeddbfram Gmeuntprocort espbedi Ag foxaddagaénceofrom
the evaporating section. Therefore, during this tine, the softening of a
deposi t ed fhé murpcattumembarf, ormedmeshassufbaeewbf ckeaktds afot hkaced 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 posgssible to decrease
the number of runs of an operation for removing depositing
material using the alkali agueous solution. For example, if
the support shaft is formed as a plate-shaped member, as shown
in Figs.3 to S5, 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,
so that themesh surface, whichhas faced the evaporating section

and has the depositingmaterial deposited thereon to an advanced



_magnets i.s inhibited. In this way, if this deposited-filmformng
apparatus is used, the efficient formati on of the deposited film of

al um num and the inhibition of the softening 25 22 May 2003 of the forned
fil mof alum num can be achi eved sinultgneously. The depositegzwméymm@gning
apparatus according to the second enbodi'nent of the present invention shown
in Fig.6 is advantageous in respect of that it exhibits the above-descri bed
ef fect and has advantages which wS.1| be descri bed bel ow. Even when a nass

treatnment is_carri out,,it ig adyant ageous that, nagnets axe placed in a
smal | o1 anBRREFnt d XERM VIS AESS CEBRMARA TR sBETPBAS Uin dhi sWith the
deposited-filmform ng apparatus) rather than in a |l arger anpunt into a
cylindri caFYBéPiiéPCPﬁg%’ér?ﬂr S0y £ ndehddi 3 i il B 1D GHERF Hphteresd | n
this case, the frequency of collision of the magnets agai nst one anot her
within thetBarferternrbe IRRREEE AP (Hhe CyrPoTgitdRdefeCd ofan osa trasduced
and hence, it is possible to inhibi t the cracking and breaking of the

magnets. |outfbdpthersugror tf pgmper) papgdde mEsh Rerfadeddvomdod smad ler
frequency of collision of the nagnets agai nst one another within the
barrel, duambest(ef g:he depasictibgl hateniahglep ol ared ethasfedtl frages the
accommodated along with magnets in the barrel nmay be used in sone cases.
However) téeapseadinghsecdeposiied- fivimt o oy lapdariailds belkirrlnahesnt he
need fox use of the dumm es, and can enhance the efficiency of the
formati on Dh Rigposi teds f ithensybibnéhecabdrretrel Thibipedvitdenest tbcosgduch as
the inhibition of a rise in tenperature of the nagnets,-~the inhibition of
t he damagi h§o odegheesepordedl el N abet trlo¢aitdlonbilt rad sof, wbhé pnodhdtsi on of
projections. In addition, it is possible to elimnate |abor for placing
26 22 May 2088e, the depositing treatment can be carried out. Therefore,

the above-described effects are pro?ided.

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 treatment, 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, 1t 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.1
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 magnets into a holder for protecting the magnets ( for exanple, a
spring-like cylindrical nmenber which is forned by winding a |linear nateri al
with a gap left and which has spiral faces at opposite ends) so that
magnets can be accommodated in the cylipdrical menber). In the qﬁgfgb?gd-
filmform ng apparatus shown in Figs . and 7, the cyIindricaF arr 55
is disposed in the upper area in the vacuumtreati ng chanber 51, and the
inside of the cylindrical barrel 55 is divided radiately fromthe
rotational, axjs.into the six. accomodati hg sections fan-shaped, in section.
The boat 52 CNRAEHEF AL R UBEAMARY LebRF GRE RS i APtsere 1 At L RBShoRer
area in the chanber 52. The positional relationship between the cylindrical
barrel and®esv iR SUPRGTSePEMBATI 3R NG igYiaRed atd h&eglsdpa 1s not
relationship. The cylindrical barrel and the evaporating section nax be
di sposed atimnied fCatPOrRROVYE HeRdf 1aNENiR -a PBSI TV RIFRY t METRgHOASK phe
ensuring that the rlistance between the accomodating section and the
evapor at i ry aRQts o &e Pd oraegdbBydisrel ¢t BaYcyPcadioasl . ibarhey. Tn
the deposited-filmform ng apparatus shown in Figs.6 and7, the inside of
the cylindgrdealn marpeti Gonal di el atedonr st mt eb s of Yo thet rohatd oabbknagi s
into the six accomodating sections fan-shaped in section, but the
acconmodathety esecithensy hydbécdkfiameck i antfihehe eviapdmiagaindaecél onncany
di viding manner, if the distance between the accommpdati ng section and the
evapor at i rigp sextieh brnrbeavangedhley suppatitnonetbe rcy| iHedreveal, biaf r ehe Each
of partitionsdefining theaccomodati ngsections 27 22 May 2003 may be a
net - shapecevypdidtiiong eecaiphatedsbhapeddpartd tdeonheNatpsdapedmbrer, the
pl at e- shaped di viding walls may be provided vertically in the |ongitudinal
direction didddncenebwebntdte: acpoombdainliygy: sedttiloneyvagoruhangonecthse earth
net al - based permanent magnet may be accomodated in each of partitioned
chanber pardd s sef iired byl dderahge diighwaldiss Wher eyl tdeadarim enet h
met al - based permanent magnets may be subjected in

vacuum-treating chamber. Therefore, 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-filmformingapparatus 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



spaced-apart states to a depositing treatnent. The shape of the barrel is
"'not lTimted to the cylindrical shape, and the barrel maybe pol ygonal in
section such as hexagonal and octagonal, if it is tubular. The cylindrical
barrel 55 nmay be detachable fromthe vaguumtreating chanber 53.mxa008 es
of the mesh net include those nmade of stainless steel and titanium The
reason why a desirable material for the nmesh net is a stainless steel and
titaniumis that these nmaterials are excellent in strength and in
durability to_an_al kali aqueous sol ution used for the operation for

renovi ng tﬁ]éaﬁl’ép%sqft itr}i’g? FRPECTA “‘GEBSEi PO Fahdoaded rotadededRonSt may
be made using a net-shaped plate groduced by punching or etching a flat
plate, or h&y delsdee dykrevRtnaghanishear material. The opening rate of
the nesh (the proportion of the area of an opening to the area of the nesh?
depends on the sWHpéehane ehehs pargplal supolk pivésedbin tihe desindbigailn a
range of 50 ~ to 95 ~, nore desirably in a range of 60 ~to 85 ~. If the
openi ng ratkaps, sndltherba ol 5aY b@ ralvgcnalsimsposspbisucahas hakaghaadesh

28 22 May 2003 itself is an obstacle between the evaporating section and
the wor)c mécestagsndli ngfiht ais etulpeladepositing efficiency. 7:f the
opening rate is larger than 95 ~, there is a possibility that the nmesh is
def ornmed or damegjesicduinagithe bdepedi i nay berdat aeindb be fetom ttge anppher
handling. The wire diameter of the nesh is selected in consideration of the
openi ng r atemipéd 1 hearsd rgtdupant nenpererambhy desrembveble BeomntBer ange
of 0.1 mmto 10 mm Further, if the handling ease is taken into

consi der atv@¢uurh her 94 £ engli ematesr of . t he mesh is desirable to be in a range
of 0.3 Mmto 5 mm The deposited-filmform ng apparatus according to the
~~resent inventimmmilds be f1e hbeh wesehchadel theked alaldebyf Gospai hse8sof the
fol I owing exanples with conparative exanples. The deposited-filmformng

appar at Us f€€or Hig di0 dd¥unpr €38Rt reason why. a desirable material for
the mesh net is a stainless steel and titanium is that these
materialsareexcellentinstrengthandindurabilitytoanalkali
agqueous 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 proporticn 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 rangeof 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. 1If
the opening rate is 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



iavention is not limted to auch exanples. The foll ow ng exanples and
conparative exanples were carried out using sintered ma.gnet:s of various
shapes having a conposition of |4Nd-79Fe-6B-1Co and produced by pul veri zi ng
a known cast ingot and then subjecting },he resulting powder t m@rm ng,
a sintering, a heat treatnent and a sur ace wor ki ng, for exanple, "as
described in US Patent Nos. A 770,723 and 4, 792, 36a (such sintered nmagnets
will be referred to as magnet test ~~ieces her ei nafter). Exanple 1 The
fo7.lowing e per| nt s carried _out using_the 29 22 May 2003

depos: t eq ST i ARIRS b araCo8 SSAGHA T ATH Gt e ARPTHGrITE s ARty heal
barrel used in thls experinment was made of a stainless steel at a dianeter
of 11D nm BEERS Henqt ofs B0 9wA it drrd zablopdil g dat @ srngenedhOofl 79. 4
% (an opening was square with a len fgth of one side equal to 9.0 mMmmand with
a wire di ametep a0 mm. miurther si ki cyhendendal npamasies dier bakden adhall y
supported on one support nenber (the total nunber of the cylindrical

barrel s suppotiderapiomo Ser iwisr avall angdiare)of Echmefsht he faghsabilestopi eces
havi ng di nensions of 30 nmx 15 mm x 6 mmwas subjected to a shot bl asting,
wher eby arb@jiinde riagger of @r.fetimdre & mur f #dd hothedeposii tiede frdgnéormésy

pi eces by a surface treatnent at a preceding step was renoved. Sixty-nine
magnet tesippd exess (d¢verdinghiohther d inggnetr aghimeach of wWhe chrEhento
Label (which i$ a trade nane and nade by N chiyu G ken Kogyo Co., Ltd)
adher ed t oirarerat iom nmagheitls wag beuriderk dvinhat drea Ther ramcuabieli ntwr redh

i nside) were placed into each of the twelve cylindrical barrels. Therefore,
a total ofoB2Bheragyieindesda Pilesese Wer £n agcoap®dat edtment herdvwebyethan
cylindrical barrels, and then, the cylindrical barrels were fixed to the
support neider S.arbee saowws tineat ithe ehagber cvasnevaedat pdrvagdeinlckell 3
Pa, and the nagnet test pieces were then subjected to a spattering for 20
m nut es unsieroxardi § 69665 PEdapi an VY9 a®pa rRtessur en afhils Basandtraebi as
voltage of -500 V, while rotating the support nenbers at 1.5 rpm whereby
the surfacessPhpphe BgBethd s PLBCHa VREL £ EHeRGe, SURSCGLLHFhN t18R
alumnumw re used as a depositing material was heat ed and

of themesh is difficult tooccur. Therefore, the wire diameter
of the mesh 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 he described below.
This deposited-film forming apparatus includes an evaporating
section foradepositingmaterial, anda tubularbarrel rotatable
about a horizontal rotational axis ax.id 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 canbe varied by rotating the tubular



30 22 May 2003 evaporated for ionization w der conditions of an Ar ga s
pressure of. 1 Pa and a bias voltage of -100 V, whereby a deposited fil m of
al umi num was forned on a surface of each of the magnet test pieces for 12

m nutes by an ion plating process. An erage hi ghest tenperat f e
magnet test pieces having the Therno LZ%eI adhered thereto maé&ﬂgg &ng and

as a result, it was 170C. The magnet test pieces were lef t to cool and
t hen, exam ned for the damagi ng of the deposited film of al um num formed on
each of their_surfaces, for th roduction of .projectijon t he_deposited
Frim and (FFTRb cATBoheEine 8 AT e o ThAbETH SEF- £ e8=mERg
t hensel ves. A thic)cness of the~, eposited filmof alum_num on each of the
magnet testPRARRELS (BRARRZTHE Fragreto T Bi TRRAS HeRA B 1Ppdih RPOHE1BRBosed
due to the damagi ng, the projections or the cracking and breaking) was
neasured u¥t nfha FRTSREScEACcE 2R AF kKRGt ptetdt PasgdoperBaBeny Sei ko
Tnstruments and >al ectronics, Ltd. 3 . Results (average value of n - 10) of
t ha_ measuradenEslarel showh desqabped belpe vithntkrec@ravéngel s were nount ed
to a blastinJ apparatus with the nmagnet test pieces each having the
deposi ted film dti%lUhf AhaGT MM tier FER%t BéPNd A RA t rtlonrpraPedati Kesuch
cyl indri cal barrel s wi thout being trans f erred into other barrel s .
Then) the Yegjhetoh &b pnedés bre vapuscttarateneg shembeaehilngorreatftnt in
whi ch spherical gl ass beads having an average grain size of 12D ~ttn and a
P4ohs har difesan of vyt M@ key st ¢far thelssshewm) range of 500 to 550 ) were inj
ected to under an inj ection pressure 31 22 May 2003 of 1 . 5 kg/cm- for
5 minutes al ong Twia heyl rdeskenl | kedreghs Bonppirsiedg o2 agam stiThee nuobes of
t hose of the magnet test pieces having the deposited filns of al um num and
subj ect ed 4t inilee shatt gedewirrgdi spabradns ) dehbges pdetiroresn eppesedrdaeibo t he
damagi ng of the

the chamber for rotation about a rotary shaft 56 on a horizontal

rotational axis. The inside of the cylindrical barrel 55 is
divided radiately froma rotational axis into six accommodating
sectiong fan-shaped in sect;ion. A plurality of boats 52, which
areevaporatingsections forevaporatingaluminumasadepositing
material, aredisposedonaboat supportbase54 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 protective 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,



deposited filnms of alum num the production of projections on the deposited
filmor the cracking and breaking of the nagnet test pieces thensel ves
(i.e., the defective products) was exam ned. A result is shown in Table 1.
The magnet test pieces having the deposited film of aluninun1§§“ﬁﬁp§0¢ye
magnet test pieces having portions exposed due to the damagi ng, the proj
ections or the craclcing and breaking)
wer esubj ect edt oacorr osi on-resi st anceaccel erati ont estwhi ch conpri ses | eavi ng
t he magnet test ppie ; igh- ; i ym-dity
condi tions of aFthr'rggrssagt g%25g?{ﬂgg%ggﬁgqgg?é:}tg&?\%@%wuéngéﬁg%){)hflgg{)ﬂggland
results (R_= in e Japle 1, it i.s nmade
clear t ha?’agf%éa%?ioﬁ%%ou let ﬁg%pb):r%a% ir'g%ags’l.o%%g%geé;’)gg} %@% }%‘Olrl]irﬁoo taa um num
tes t, piece e deposi.t ed-

on the sur_face of ~.each of magne usi ng, t 0

11 m T or MRS A58 AELACER ATt SEre T3 PenBadt Mkt bt St e Ghivent

of ' pr o] 6ctFEnSTER SERELERLETL L 11 TS 1A LT B B BIERETG T ¢ he
N .

magnet test pieces theggelves can_be, i nhi bited, ?nd an excell ent corrosion

resi st anc@*d&nI BEC iR PA& 2 £ 6OWARHR bing 1E GGt LPBSPNBPELEL Secd) Bhanpl e

2 22 May 2003 The fol l owing experinment was carried out using the
depositediﬂﬁﬁﬁﬁﬁérﬁFﬁgséﬁﬁgr&P&sa§ﬁ8Wﬂ°FﬁtF?@s.6 and 7. The cylindri cal
barrel used in this experinment was nmade of a s tainless steel at a dianeter
of 355 mm and a¥hepdie ey1ipdpooainhadi® 1had inrepehedghoattet be 2 tfgsh of
79.4 % (an opening was square with a | ength of one side equal to 9.0 mm and
with a wi sdaditarkst ersesf an 1aymgv il'lheFigls?He ghet BésEppcadbiedaeeparthe®  was
divided radiately fromthe rotational axis into six accommopdati ng sections
f an- shapednidd vddorilon ccBadiodett inlge seagion tedtingidedas theyiayd inde isate

di nensi ons as the magnet test pieces used in Exanple 1 was subjected to a
shot bl asbiemgelwhendbytha ogvapotaybng f vt on aiswrdsed dfeleachdfhe he
magnet t est pi ecesbyasurface t:reatnentatapreceding step was renoved. 138
Magnet testcpmeods tihigvee ofiard ¢h weerie draghet eb aneddie of 1 adpiroly iThest no
Label (which is a trade nanme and nade by N chiyu G ken Kogyo Co . , Ltd)
adher ed t ghdghaWdidinbm fleisk niksdr bedded with the Therno Label turned

i nside) were placed
The accommodating section located at a lower portion of

the cylindrical barrel 55 is close to-the evaporating section.
Therefore, a depogited film of aluminum is formed with a good
efficiency on a surface of each of rare earth metal-based
permanent magnets 80 accommodated in thisaccommodating 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 f£ilm of aluminum formed on a surface of each of the
magnets is inhibited. In 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,jnto each of the accommodati ng sections of the cyl indrical barrel
"Ther'efore, a total of 828 magnet test pieces were acconmmopdated in the
entire cylindrical barrel. Thereafter, a deposited filmof alum num was
formed on a surface of each of the magn test pieces in the 22 TRay'2O0S" as
in Exanple 1. An average highest tenperature of the nmagnet test pieces
havi ng the Therno Label adhered thereto was neasured and as a result, it
was 170C. 33 22 May 2003 The magnet test pieces were lef t to cool and
t hen, exanped f t o] of .the deposited film of, _al.ym_num f.orned on
each of tﬂlé?rgé%%rfogé“%? g?gfﬁ ?ggalﬁmold“uucq F%ﬁ ‘g? apcrloljeevce[ra 3&5‘“& e WPepossi t ed
filmand for the ﬁraéking.gnﬁ ?ngakin? of the nagnet t est gLeces
t hemsel ves. A t hf eRnBEBCBE EPHe 4EeBosPERYRE| PRPEF 25 EnRAGA SR P8l ] he
magnet test Ei eces }gexcegt t he ma%net test pieces, havin l_Eo,rti ons exposed
due to the®BaRBYI AGECERBEPFof EctROrRT ek het etk iy Sal}fg’ realify)® wes
measured in_the sane manner as in Exanple 1. Results (average value of n -
10) o the REHEDFRABAY SaL T 8ABRA LI TQBIteltl.exﬁ’Hélﬁﬁg‘Hé‘? apeyE - Hiedcdd hesk h
having the deposited filmof alum numon_ the surface thereof were
transferreffffch epdybpadedypraprdaetniitaRdVEAEnPEhABRATIERES &ReBoAsti ng
appar atus, where they were subj ected to a shot peeving treatnent in the
same manner as | BVEXarilen 18, MERS migeetmeast bs ecarrdash Radinglithds
deposited fil mof alum num and subjected to the shot peeving treatnent were
exam ned fad@vahtaganberthbit defaotisveny edaced. 1A 2 sndltlds agivomt iimtPabl e
1. In addition, the nmagnet test pieces having the deposited film of
al um num (eackptf thwacmgmetds eshg peetésnhdw iyl poepoohseéxpdimdodwe nigo t he
damagi ng, the projections or the cracking and breaking) were subjected to a
COrrosi on-appastanse astkéerahamnid estl sigan laaouna tihato ian ckldmglé ck)l and
results (n - 5 are shown in Table 1. As apparent from Table 1, it is rnade
cl ear thatbhyreariyitlgp euticrhertodepdsbbedf £1ihe teposid edfadanwd. altum num
on the surface

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 effectg such as the inhibition of
a rise in temperature of the magneﬁs,'the inhibition of the
damaging of the deposited films and the inhibition of the
production of projections,.

In addition, it is possible to eliminate labor for placing



34 22 May 2003 of each of the magnet test pieces using the deposited- film
form ng apparatus according to the second enbodi nent of the present

i nvention, the damagi ng of the deposited filmof alum num the production
of projections on the deposited filn1an%5the cracki ng and brea&ﬁ@g%gboéhe
magnet test pieces thenselves can be inhibited, and an excell ént Ccorrosi on
resi stance can be provided to each of the nagnet test pieces. Conparative
Exanple 1 The follow ng experinment was carried out using a prior art

deposi  ed- 40 {1100 G, APRALAS: LAoLUdLg eYbiadrioalo barxel Jads of

stainless s at” a dianeter o nm-an |"eng
havi ng an opening rate of a, shﬁ%i 79.4 ~ (ail opepin S squaje with a
lenth of GnEPEIag- Shfa cvbi8TE nal ARG i on 28 hraReddr Sl ihdmg (See
Fig.9, the_evaporating,section being.of the same construction as in the
deposi t ed- FAPRPFOPATR lﬁip‘é’r 5R A SaRows EtnarAgWhish B PRI hd ARf At test
pi eces having the sane di nensions as the nmagnet test pieces used in_Exanple
1 was subj 8BPEEHEE £7Hot &P aShPhgMadREF8byadn Riki HeCPERI2Fed el dhea
surface of eachof the magnet testpiecesby a surface treatnent at a
precedi ng SYephitdd cr&nB¢BRETA2a Magnet test pieces (five of which were
magnets on each of which Thernmo Label (which is a trade name and made by
N chiyu G ken Kopotlp. depaaifedidhidmedorsing aPBaF AbRF fOIYMad FAGFdEd with
the Therno Label turned inside) were Elach into the cylindrical barrel.
Ther eaf t er 2n8 Hepdss ©cad iMduhcafl BRGRPAUNY vics dlEPeeg dohn ot lsairapReE éffedach of
the magnet test pieces 35 22 May 2003 in the same manner as in Exanple 1.
An aver ageihi giestvacuper brezbing chemiagndil t esnd ptbees asdviengof h&éhEher no
Label . adh eyed thereto was nmeasured and as a result, it was 220C. The
magnet testypiedescadrieateél t55 oscibiolidadl redeéntedyafiroredHeorothe idamdgi ng
of the deposited filmof alum numforned on each of their surfaces, for the
producti onagf spirojeehiecnisc @rcommodating sections fan-shaped in section.

The boat 52, which is the evaporating section, is disposed in

the lower area in the chamber 51. The positional relationship

between the cylindrical barrel and the evaporating section is

not limited to the above relationship. The cylindrical 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 deposited-film forming apparatus shown in Figs.6

and7, theinsideof thecylindricalbarrels5isdividedradiately

from the rotational axis into the six accommodating sections

fan-shaped in section, but the accommodating sections may be

defined in the cylindrical 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



the deposited filmand for the cracJcing and breaki ng of the nmagnet test

"pi eces thensel ves. A thickness of the deposited fil mof al um numon each of
t he magnet test pieces (except the magnet test pieces having portions
exposed due to the danagi ng, the projectjons or the cracking ngéymg ng)
was neasured in the same manner as in anple 1. Results (average val ue of
n - 10) of the neasurenent are shown in Table 1. The nmagnet test pieces
each having the deposited filmof alum numon the surface thereof were
transferred in a tray made of_ alum num and then thrown into a bl asting
appar at us, "WieP8 Eh&P e rath;PEctidd Ao & shoPlpeevFRgPefeRBFEAL 1OR t he
same manner as in Exanple 1 . The magnet test pieces each having the deposi
ted film ofeht 8heRednodnd Al etharrd od i hedEngt Wpédsi mpy reat peRl wkede

exam ned for the nunber of defective products . 1! result is shown in Table
1. In addivévhicahkymagnthet ésngpiuderahadingcthendepobinedathl mfofthe

al um num (except the magnet test pieces having portions exposed due to the
damagi ng, ébteopnojacinonseoribhe, crackinag antk braaki eagythemetatbpectedd to a
corrosion-resi stance 3G 22 May 2003 acceleration test simlar to that in
Exanpl e 1,pandariest| hsghat-mby hecasbomnodntdabie dachAsoc8pparent ibhem Tabl e
1) when the deposited filmof alum numwas formed on the surface of each of
t he magnetch&shepippae iwsisnge £ hee pbiyorhadt vdaepagivad-o,i Wretebyning rare

appar atus, the nunber of the defective products was far larger, and the
corrosi on ¢£ptBht aeaa 10baddwel NpgpRbntASt miACESs WAaypOoE , sas jeged ednwi t h
the deposited filmof alum num formed using the deposited-filmform ng
appar at us as£0sdli i9at© §herpsesend aeyesi tdfg dheaphéesent inventors have
made cl ear that the hardness of the deposited filmof alumnumis reduced

with a rise in tef@enaber 8f ofhd BarFBANES noltheimbewe-eserd bodinagykhy have
been construed as being due to a difference in degree of rising of the
t enper at urgn e t BEAPRGNS r N h 89 LEYIBIG A 10fn EBELEbhBuch as hexagonal

and octagonal, if it is tubular,

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
materialsareexcellentinstrengthandindurabilitytoanalkali
agqueous solution used for the opgration 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 ina rangeof 60 % to85%. If the opening

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



Tabl e -1 Thi cknessNunber of Result of corrosion-resistance
test (~~m~def ecti veproduct sExanpl e 1G 81/ B28A11 nagnets were not rusted even
afterl apse of 5A0 hour sExanpl e 26. 33/ 82BA11 nmagnets were not rusted even
afterl apse of 500 hoursConparative7.117)28Three maynete wer e pughegoost er
| apseExanpl e 1lof 300 hours Exanple 3 The foll ow ng experinent was carried
out using the 37 22 May 2003 deposited-filmform ng apparatus shown in
Figs.l and 2. In this experinment, the cylindrical barrels were detachably
supported i ries e r peci ficall the six
cylindri cakggg\rf?efg cJ(rgaorﬁr)ge“latsg]lAS %%gg:%eﬁrmaggggg/%p% afiﬁ gs‘r’gg&s{iee A d athe
di aneter of 1 and aviqg an. openi n rat% of a
7 o

{, IZ.O. nmm a {enrgth of Sg,armndagd h I
mesh of 79Y2%% PARCBpeht iyt Whdd stidr B R ER% 2 TRt h S g equdt® to
9.0 mMmmand with a wire diamgter of 1 . l.zgg wer e detgchably syppqrted on
one of the R0 BEPBY TR ERALEHEARIRE HHGH] (il ETRRE PoRPFERDIRY Wach
made of a stainless steel, at, a diangter %émllo mn apd a | ength of 530 mm
and havi ngtAatop8% Meshatie dlete XF eI ed (AR HREnFRE WEROSGFAME wit h
a length of one side equal to 4.1 nmand with a wire dianpeter of 1.1 mm
were det achBEBRYMERF T CET 194 FPRBIHSANGE itiFe t WO i ediaBRREY-Nf F&magnet
test pieces (each resulting froma shot blasting to renove an oxide |ayer
formed on Be&hr i acte e CRR R e onigd dfagirdrnt adt tHe RN P & &l fRack the
treatment at a preceding step) having the same dinensions as t:he nmagnet
test piece8tusedthn ERAnpPeddnees blyl deerihte Cudit dM tthaagige 94r fells A (a
total of 414 magnet test pieces were accompdated in the six barrels A) (
and 500 naghetot dst MW eceBuhiivéng df mbhei daeddfing0 adaex ¥$ makgn4 imwo( each
resulting froma shot blasting to renove an oxide |ayer formed on a surface
of each of coheidagattonhesthpietes dbiame ser fafehta aatsierdts diesarphbdeediong
step) were placed into each of the six barrels I3 (a total of 3, 000 magnet
t est pi ecesewtneaacgogrodéit €d3i mmt he §immbarrels B). The cylindrical
barrel s 38

EXAMPLES

The deposited-film forming apparatus according to the

present invention will be further described in detail by

comparison 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 andcomparativeexampleswerecarriedoutusingsintered

magnets of various shapes having a composition of

14N3-79Fe-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



22 May 2003 were fixed to the support nmenbers, and thereafter, a deposited
“filmof alum numwas forned on a surface of each of the magnet test pieces
in the sane manner as in Exanple 1. The nagnet test pieces were left to
cool and then, examned for tile damagipg of. the deposited fp) mM£72003

al um num fornmed on each of their surfaces, for the production of
projections on the deposited filmand for the cracking and breaking of the
magnet test pieces thenselves. A thickness of the deposited film of

al um num Oﬂeﬁégbtgﬁoktﬂgmnﬁggﬁgn%ﬁ§£p9£59@§ éﬁﬁﬁpintﬁkegér?ﬂ%{d t£St mpieces

havi ng portions exposed due t e damagl ng, e projections or the

Ki . : 9 . e 1
(aver age vol enBFSEATbAAFR AR E ALY SR SR (RER Fa B 8 £ BT TR
d ited fj ' f d h f f f th t test
oi eces pl atbathnt ¢t BFEEr SR LED Al A 3 e S i R5% PER rent
was ~6.9 ~tm and, that .the thiqufﬁz ﬁ%g%@f(deposited filmof a

e

| um,num

formed on TRELRUMIEE 3N 85ch £EsPPPplaas Pt 4 F s ty’he
barrels B anf subj ected to . the depgsitipg. treatnent, was 6,.5 ~,~m
Therefore, ?i e%%aﬁﬁﬁg§ﬁghsﬁﬁ§teﬁﬂéqsfﬁbgeodgb6§} Wﬁdﬁ?ﬁbgﬂﬁgngéaﬁftFﬁe t wo
types of th net test pieces havin tge g;}jerent shapes cqulg Be
carri ed ou?gagggném?kne.TgﬁaﬁﬁP% ﬁy¥hgd¥ F# bwiPAG T&Fer freht 9658 CRAPHYed out
using a de osited-filn1forning apparatus sinmlar to that used in Exanple 1
. Bow shapeRPPBbR2t OPeLRe pFREBST Eaff™Wa¥ npthfh bBERFdEUdPSFetRF thgg 22
May 2003 R of , 25 mm _a thickness of 2 nmat a central portion, a chord of
30 mm and @Y1eREFhcdt BITHAT EsERPPPHERIf O PV BBTLFReYaF tWel¥Adpe) were
subjected to a shot blasting to renove an oxide |layer formed on a surface
of each of the ri@fletof ddie plages hesad diefcace bavaagndameasiangr eéedPng
step. A deposited filmof alum numwas forned on a surface of each of the
magnet testmpf ddedm ¥ § Hen S@fe sHRARELedste e Bhaiplbd apti®@doepher iy 8he
seventy-five

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 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) were placed into

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

B28 magnet test pieces were accommodated in the twelve

cylindrical barrels, and then, thecylindrical barrelswere 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 pieces were cleaned. Subsequently,

an aluminum wire used as a depositing material was heated and



magnet test pieces with their oxide |ayers renoved were placed into each of
the twelve cylindrical barrels (a total of 900 nagnet test pieces were
accomobdated in the twelve cylindrical bar rels) , and then subjected to
the depositing treatnment for 20 mi nutesgafter fixing of the cy qwgVQggg
barrels to the support nenbers. The nagnet test pieces were |left to cool,
and then exam ned fog- the damagi ng of the deposited filmof alum num
formed on each of their surfaces, for the production of projections on the
deposited film.and r _the crackin nd breaking of . the magnet test pieces
Chonsel ves:" O Eiehess G LRt doRPe T G P E A ame BhearaRs

i nner surfaces _of each_.of the _nmagnet .te pi eces (except the, nmagnet  test

pi eces hav‘?’srzlgwL 58r?f’§n% RAafdéed td'%é 6 Tié:o dv'nﬂ”gﬁerfgf%y’t ﬁeESPBfléegi Eh%mor t he
cracki ng %ggégreaking% maf measured in the sape manner as in ExanEIe 1
Resul is ( g6 VA HESof oRmed 19f) Bfurfiacheas Frmmt 4P€ SRSRATI heThbl e 2.
The nunber of defective products evaluated_in the sane manner as in Exanple
1 is al so BRAFF iGPTdR iRNutes Hyp&redCnf PAMETARE BXOFCBY - calP y2 VBT BEE t he
formation of a deposited filmof alum numon the surface of each of the

40 22 May DU SagaBPerasu s @Eddheumadige t He sdepdsreadidving thenThgrmo
apparatus according to the first enbodi nent of the present invention, the

magnet testialpplradiecard tderdsdvwheongenous] yndvieaedysulnti f ormdd hre°eith a
smal | er difference between thickness values on the outer and i nner surfaces

can be forned wintHhionighbe tReeUs I €AeLweke 1daMRELRGAf ahd@ Hd@POSkdRInERI M5 Of
al um num the production of projections on the deposited filmand the

cracki ng agwh ipakianG Oind RE FAGNakpbesteRi eCeR bheaBehvesm £orRagabhve
Exanple 2 The foll owi ng experinment was carried out using a deposited-film

form ng appanptdss tHidlid @k deiat resednbnpCoaRat 8bh Ve ExAEPs &r don Boyh shaped
magnet test pieces having the sane di nensions as the nmagnet test pieces

rz}e/gr in Exaiphepds VEEE rSUli £64 86t fo 500t 1 Py 88 RIHIS 410 T LIPS AR SXL e

test pieces themselves. A thickness of the gweposited film of
aluminum on each of the magnet test pileces (except the magnet
test pieces having portions exposed due to the damaging, the
projections or the cracking and breaking) was measured using
a fluorescence X-ray Ehickness-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 um and a Mohs hardness of 6 (a Vickers hardness in

arangeof 500 to550) were injected tounderaninjectionpressure



formed an a surface of each of the magnet test pieces by a surface
"treatnent at a preceding step. 9Q0 Magnet test pieces with their oxide

| ayers renoved were placed into the cylindrical barrel and then, a
deposited filmof alum numwas forned a surface of each of29 My

test pieces in the sane manner as in EXanple 4. The nmagnet test pi'eces were
| eft to cool, and then exam ned for the danagi ng of the deposited fil m of
al um num forned on each of their surfaces, for the production of

proj ections é&& depos %ed filmand for the cracki,n and br eaki ng of the
magnet tes?fg 8 ot F&BUERS ‘%%H%%%héﬁwﬁﬁe”dé& FRYCPIPHTE§ENY

al um num on outer and inner surfaces of each of the nmagnet test m 22 May
2003 pi ece¥ @&cepfPEhBUFBGRELE t €315 it &8 hARIRG pSLEToR *ERFoBRY BBe to
t he damagi ng, the proj_ ections or the cracking and breaking) was neasured
n the sanbhemAResiEEd i EXGREIA Un iDURARS BED)#FEFAGE PRRIIQS DREBING) of
t he nmeasurenent are shown in Table 2. The nunber of defective products
eval uat ed Fnea Heerbmevh@sd aro sl e Braffad fues tgl §besBamagdingTabl ehe. As
apparent from Table 2, when the deposited filmof alum numwas formed on

t he surfactemssbeh ﬁiflmm@fnagnetinuesttlpﬁe aoesiugt mp ofepprijec tapns on
deposited-filmform ng apparatus, the nunber of defective products was far
| ar ger, astltonjrared veqd H itlive odtepbsi ¢ ealck i hgnaofd dnemkivm bdr nbkd msgngtt he
deposited-fil mform ng apparatus according to the first enbodi ment of the
present i nvestiphecand thesrselwaes al(d ¢ ge dhéf dedrce ivie tdrakinetss) besseen
the filmon the outer surface and the filmon the inner surface. Table 2
Thi ckness déEm)MNudbera afe daftedts e guroduc tta®l eout.er surfaceOn i nner

sur faceExanpl e 46. 34. 90/ 900Conparative txanpl.e 2'7 , 23 . 97/900 Al though
t he enbodi nents ®fe thggpeeserkti Pieiddsomdramey bers depesiited i detafl, it
w Il be understood that the present invention is not limted to the

above- desc{iherth@nmesic@pht She maddet test pieces having portions exposed
due to thedamaging, theprojectionsor thecrackingandbreaking)
were subjectedtoacorrosion-resistanceaccelerationtestwhich

comprises leaving the magnet test pieces to stand under
high-temperature and high-humidity conditions of a temperature
of 80°C and a relative humidity of 90 %, 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
ofeachofthemagnettestpiécesusingthedeposited-filmforming
apparatus according to the first embodiment of the present
invention, the damaging of the deposited film of aluminum, the
production of projections on the deposited filmand the cracking
andbreakingof themagnet testpieces themselvescanbe inhibited,

and an excellent corrosion resistance can be provided to each

of the magnet test pieces.



22 May. 2003 and various nodifications in design nmay be made wi thou t
departing fromthe spirit and scope of the invention defined in clains.

22 May 2003 43 WHAT IS CLAIMED IS 7. A deposited-filmform ng apparat us
conprising an evaporating section for a,gepositing naterial; ngw Qﬁ@ylar
barrel fornmed of a nmesh net for acconmodati on of work pieces, on eac

the surfaces of which a depositing naterial is to be deposited, said
evaporating section and said tubular barrel being nmounted in a

vacuumtre tl@% ch?nber, wherein said depositing material is at |east one
mat eri al é& romthe group consisting of alumnum zinc, tin and
nagnesiun1and an_all oy containin | east one of these netal c¢onponents)
and said tubuIarTﬁﬁnﬁg %yﬁﬁ%pﬁgPéﬁlﬁFPEwﬁ%ﬁeﬁ?FéFF AHSsi B8189ndhi%ont a
rotational axis of a suppart nenber rotatabie about said rotational axis,

f or rotat|GﬁpaﬁéﬁﬁdséﬁamrSPéFFBEaﬁpaﬁigtugosPﬁﬁﬁ thef 198t aneRd bet Wi sai d
tubul ar barrel rotated about said rotational axis of said support nenber
and sai d ef¥péParingliactynueedipdnid ReHiMent We P My dead Ha SUFperie Sfenber .
2. A deposited-filmformng apparatus according to claim1, wherein a
plurality étesaiattasliadre sy odl 35aran Aphor Leagith af hnﬁﬁparmsmq)élad
circunferentially outside said rotational axis of said support nenber. 3. A
deposi t ed- &l e ¢ 0 1Y ritp e Pdr atussaedo? 8i Agk ti@rchaemizg whersdvamaivd thubul ar
barrel is detachably supported on said support nenber. 4. A deposited-film
form ng appatearathcofiprisiTigaranadpsrali Agneeztd onl flora avidepdsiatmiengr
material, and a tubular barrel rotatable about a horizontal rotational axis
and f or nedoéf 1al mesh. ndthd dmsddeomfirotiae i ant Didmorkl gieeves) wars ddotidefd t he
surfaces of which a depositing material is to be deposited, said
evapor ati ngaséetiedy dndbrsatlte t ubtkaiobalr elxilsei ingt grosibk ed cicomamodating
vacuumtreating chanber, wherein the 22 May 2003 44 inside of said
tubul ar baseekibssdf¥ndedapetoihweeotibnre acconmodati ng sections, said
accomodat i ng sections being defined, so that the distance between said
accommodat i ng seghERbARH S h €Y 2Rt 1 e 5 8GMiOYy €RE Nne/ARMREA shns
rotating said tubular barrel. 5. A deposited-filmform ng apparatus
according &6 €haimadneheset pidieed Nsdale i0f Sainblldihuhas Rabrelcties diovi ded
radiately froma rotational axis into two or nore acconmpdati ng secti ons.
6. A proceassiet Hordding avtepedivt 86 diide uyeg dcdepassbhed-shidmadenmr ng
apparatus according to claiml. 7. A process for formng a deposited film
usi ng a depashbed-Hd haah ot AeBE pdpRrakcaiwssaccatdith@atttetltad 1h $re8edAn@r ocess
for formng a deposited filmaccording to claim6 or 7) wherein the work
piece is astapewgaridndeddl - hagetdapaecrnent pRgRed . (HivA dF aeass Weke
formng a deposited filmaccording to claim7, wherein the depositing

material i faghekbgash ©4€n NGt afifdh sel @ated, deam (WM B QWP aC@RSIS! hAag eOf
al um num zinc, tin and magnesi um and an all oy containing at |east one of

these met akn, @ GERONS N;ichiéx AxBnodVo o8- kﬁaﬂadh%réWo%I aflimA@uft
Yy. AY. AY. Al AFF. Ay A A A3 LA AYe. A3l .

Y2. AVl . A3Ff£‘i(l @F!Yrcﬁaﬁfefw@%ﬁﬁﬁw‘h@‘ﬂﬂ U%Ib%lAtUY]!‘l@ed\llnSéE%) were placed

*FG\2Q=q, | *g9=~ytoj e [ V] ca] ca] ca] ca] ca] ca] cd] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] c{g} sakedlsat raheralmdletahgd st £sahed Aad fical n @& Tkl .

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.



Q ,

"NPRVXd} xsnmhb] X] ] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! dlbdh(c”4m _k{vql gb] X]]ca]ca]ca]c
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D~&f T] *8PQu/

hi kw
1} xsnid_z]]] ca] gg eateekaleal ial£akeelaplesl salrehen] laalaal cal ca

] ca] ca] ca] ca] ca] ca}ca ca ca}!ca] c%cc !
"YUt 8Hr #HHS XSSP YOVRBID&F& Y CH . .
(' nhenv] F PEaF RG] AATR0) B8] G5 EaF AR L5RT 10 AR H TN SOH8 &) ca] ca
ca] ca] ca]calca] galcalcalcalcalcalga!l (L 0). PrgFEF XA KKK KKK J 44
L Bvorss 1| RPRRCRY] LT GhT ch EA Cof cof 05 U1 GRS o Prateq e ion) cal
al ca] ca] cal calcalcMa]calecal cal.calcalcalcalga! +++* X ,.,'-g---.E. ~. .. /6/UV/
T ODOD0O R BASHSPLA s RET o Aot AT E AT oA R AP &P EAPE S B S ARS8 oa] cha
] ca] ca] ca] ca] ca] ca] ca] ca] ca ca%ca] cakca] ca] cal ca] ca%ca! 111121 2X2223K3333333
333333334MAZA5HRESBER ST eM 551V 2%] cdy CAFEAPesFcaf cH R HRahiedict ffkca] ca]
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal:ca] caj ca] ca] cal 6(x666-707p7q7}777>8
{88860r gggfallf_ugn:lpg}p on each of the magnet test piéces {(except the magnet
..+, <F<}xsnid_Z]]]ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]c
a] ca] ca] caF&&fFch}eakéa eaiea] e elyea| e F <5 the-damaigsings P1thE? @Af A
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ca] ca] ca] careagcafenpcal chle Arealkdalc apdabrai bahed! y Oy OGECEOXDDEDG6 ENEEEEEFV
FFFGKGGGHDHHHI @ ~1 111} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] capenpoesdné e &scapcBtanmd taica] Bafvifeal xeédvagd e ¥l l1@) 5 IKPKRIKK
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ca] ca] ca] cafcaheaheabuvakrahtahca] ehpwa] ta] Cabtea] ta] ca] ca] ca] ca] ca! | PPP: QeSS
S$TUFUUUU<V? VKVWWWE VW WHW WANAAKI X{ XXXO0YK Y} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] Tla¢ ceoned e &lecd]| pag cas clcdanhealiog] che cddoad Liag ¢ ] ida] o] cal ca
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art deposited-film forming apparatus including cylindrical
barrel made of a stainless steel at a dlameter 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 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 testpieceshyasurface treatmentatapreceding
step was removed. 828 Magnet test pileces (five of which were
magnets on each of which Thermo Label (which is a trade name
and made by Nichiyu Giken Kégyo Co., Ltd) adhered to an aluminum
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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109%& ()'31821@_1 glf:lé:‘lgoc@‘ é}}e 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 pieces each having the deposited film 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 toa shot peening treatment in the same manner
as inExamplel. Themagnet testpieceseachhavingthedeposited
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
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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
lapse 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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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 pieces {each resulting froma shot
blasting to remove an oxlde layer formed on a surface of each
of the magnet test pieces 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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L0008 () ErF TooRes P i RARe or the c2aekibl ahd breaking of the magnet
test pieces 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 surface of each of the magnet test pieces 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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in the same manner as in Example 1, except that the seventy-five
magnet test pieces with their oxide layers removed were placed
into eachof the twelve cylindrical 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 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 crackingandbreaking of the magnet
test pleces themselves. A thickness of the deposited £ilm 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 thecrackingandbreaking)
wasmeasured in the samemanner as in Examplel. Results {(average
value of n = 10) of the measurement are shown in Table 2. The
number of defective produc':'ts 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



10%<&.() - D} dEDC 10,/ '10%& ()-9- 10%& () -
3+L1109%<& ()-,) '10%& ()-3& 9'10%& ()- $ !10%& ()-8g2studE:/ 10< 10<;
(110%<& ()-SOM 109& () - Y7& 109%& () - @M 10%& ()-Y
9310%<& ()-31"!10%& ()-uvy?zxY:/ 10<9!10%& ()-L!10%& ()-I 22 May 2003
M 109 ()-L!10% ()-9%l g109%& ()-10%& ()- 10<z4ndE:/
10<Y10%&' ()-IM10% ()-Y 109 ()-& 109 ()-Y !109& ()-9!10% ()-;|5dE:/
10<Y(:!'10%& () Y& ! 109&' () - FSM 109& () - Y"!10%& ()-F " !'109%& () -
109 ()-5i #, dE /. | . aing. t citad, £1 .
10<F58&! 1 0%%1*’?? F3FPIboRE QG VMoo (f- BFPP 10685 F1V0. 1ATRERY 2B 434 B8&: () - b
C 10<$YS10% &) | 10% &' % 10,10 .10, ; 109%& ( Q 399109
73109%& () - 8% EheIreRite 644 &E (MM IR ROF) }Pwpf@fﬁfét(%nﬁﬁibwa" (52¢
MI10% & ()-1y ! 10% & ()-I TdEbC 10<F&! 10%{ & (3 Y: ! 10‘V$ & ( ) YM 10% & () -
10% & () - | TT@%& (: SE- Pigsge ?)'eISHJE’E)TCe genousl whHereby uniform
10<Y*" T10% & () -Y('110% & () - Y& ! 10% & (2’ F$: 110% & ()-Y':110% & ()-Y
1 110% & () 1|1ms v;ztxlhﬁ@%kigaq@éf(e)new ebyeep(31i QENO9g Falyesorn Ui () -
CLP10% & ()-F, 11 10% & () - 2>; { dEnbC 10<3M 10%&' () - 3M 10%0& ()-3 ! 10%& () -3
1 10%08 ()opmexogm (DD%IET‘{LWM!( )ca{n7p§Eﬁggned without the occurrence
10<3@! 1092’ () - F&&! 109%60% () - 33M 10%0% () -F, : 1 109%0% () -
&109%08 () - 8&! ARl g -BhtheEAer» 3 D) 1A 9)5 aluginomOstlf§ production
FOA! 10908 ()-S# ' 109%0& ()-39191109%& ()- FL!10%0& ()-][dEMC
10<f 5: | 10%%'H¥)oJ €3 Hirgoaden ¢ he FEPLEHOE A §1i1ngp 94 tOMRr 9k ingvh 2O %DE AHing
F+10%&' () -cdefiubC 10<ly:!10% & ()- $YSI0% & ()-10% & ()- 100 100
1009: ! 10%0&8E( phe' ma@ues tepstxpdEBEs themselves.

Comparative Example 2

The folleowing 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 pieces by a surface
treatment at a preceding step. 900 Magnet test pieceswith 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 themagnet
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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number of defective products evaluated in the same manner as

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
pleces using the prior art deposited-film forming apparatus,
the number of defective products was far larger, as compared
with the deposited £film of aluminum formed using 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 (pm) Number of defective
products
On outer surface On inner surface
Example 4 6.3 4.9 0/900
Comparative 7.2 3.9 7/%00
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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said tubular barrels are supported in an annular shape C|rcumferent|ally outS|de 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, zin¢, tin and magnesium and an alloy containing at least one of these

metal components.



