SPECI FI CATION Title of the Invention: Wter-Reactive Al -Based
Conposite Material, Water-Reactive Al BasedThermal | ySprayedFi | m
Processf or Producti onof SuchAl - Based Thernmally Sprayed Film and
Constituent Menber for Film Form ng Chanber Technical Field [0001]
The present invention relates to a water-reactive Al -based conposite
material, awater-reactiveAl - baseFEREFREATI®Prayed film a nethod for
t he production of such an Al -based thernmally sprayed filmand a

const i t uBkELleetfhdhef SRVeRTi9hh f or mi ng chanber and, more particul arly,
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this water-reactive Al -based conposite material; a nmethod for the

pr oduct i Dhenhalsiic [FpanyAl - baked drite Coaktk ytsataweshbkr! fpr andla-Forming
constituent nenber fora filmformng chanber, which is covered with
this A b&sawbethermal |y sprayed film Background Art

Technical Field
[o001]

The present invention relates to a water-reactive Al-based
composite material, a water-reactive Al-based thermally sprayed £ilm,
a method for the production of such an Al-based thermally sprayed
film and a constituent member for a film-forming chamber and, more
particularly, the present invention pertains to a water-reactive
Al-based composite material which comprises In, Si and Ti
incorporated therein; a water-reactive Al-based thermally sprayed
film, which consists of this water-reactive Al-based composite
material; a method for the production of such an Al-based thermally
gsprayed film; and a constituent member for a f£ilm-forming chamber,
which is covered with this A-based thermally sprayed film.
Background Art
[0002]

In the film-forming apparatus for forming a thin film according
to film-forming techniques such as the sputtering technique, the
vacuum evaporation technique, the ion-plating technique, and the
CVD technique, a f£ilm of a metal or a metal compound constituting
a film-forming material is inevitably adhered to the constituent
member for the film-forming chamber to be arranged within the
film-forming apparatus, during the film-forming process. As such

constituent members for the f£ilm-forming chamber, there canbe listed,



[ 0002] In the filmform ng apparatus for formng a thin film

according to filmform ng techni ques such as the sputtering

t echni que, the vacuum evaporation technique, the ion-plating

techni que, and the CVD technique, a filmof a netal or a netal

conmpound constituting a filmformng material is inevitably adhered

to the ceostinsuente mafl@hekodnt ftehifiikimé enakadrahardicr nenyeadidsdnged

within the filmform ng apparatus, during the filmform ng process.
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are then adhered to the surface of a substrate. The formation of

guch particles in turn hecomes a cause of varicus defects of the
resulting thin film. PFor this reason, the constituent members for
the film-forming chamber are in general reused in the film-forming
process after periodically subjecting them to a series of treatments,
which comprises the steps of the removal of the constituent members
from the film-forming chamber at such a stage that any adhered film
has not yet been peeled off from the surface thereof; the removal
of the adhered f£ilm through washing the constituent members; and
the subsequent surface finishing treatment.

[0004]

Accordingly, when used as such film-forming materials are, for



i nstance, valuable netals such as Al, Mb, Ti, Cu, Ag, Au, Pt, Rh, Ru,
lr, Ta, W Nb, Zr, Re, NN, C, V. Li, Co, Pd, Nd, In, and Se, alloys
of these netals, and oxides such as ITO 2ZnO PZT and Ti 02, there has
been desired for the establishnment of any processing techni que

simul taneously serving as a neans for the recovery of these netals,
whi ch doinstaticake vaanibia rehalfosumt kenadf Mo ,fiThm on, ke sur fmceraf a
substrate, but are adhered to the surface of the constituent nenber
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damage of the adhesion-inhibiting plate or the like as Iow as
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the chem ca reat nent usi ng, r rnstance, an ac
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r ecover yupedcsdanel netinodfi fabltbe tem@adhot dde, fohegdiidgmsi trenfoeedng

fromthe constituent nenbers have presently been regarded as and

di spos edmageg\h%lt%gieposn.ted on the constituent members dre, for instance,
the sand blasting technique, the wet etching technique which makes
use of an acid or an alkali, and the film-removing technique which
makes use of the hydrogen embrittlement through the use of, for
instance, hydrogen peroxide, as well as the film-removing technique
using electrolysis. In this connection, the adhesion-inhibiting
plate or the like is not a little damaged due to the dissolution
thereof when practicing the treatment for the removal of such
deposited materiais. Accordingly, such a constituent member is

correspondingly limited in its numwber of reuse. For this reason,

there has been desired for the development of a film-removing



[ 0007] In addition, in the foregoing chemcal treatnent, it has
been desired to reduce the overall quantity of the chem cal solutions
or liquids to be used in the treatnent. This is because, not only the
chemi cal solution or liquid, per se, used therein is quite expensive,
but also the cost required for the treatnent of such a chem ca
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recovery cost. [0008 In addition to the foregoi ng nmethods for

t he rem@éﬁs’@%‘ﬂﬁi%ﬁé@ SF 1 [che, Wasier lmiar pedalnafsshizon ébprrlpnical
th f t filmf t hi

AR S AR T I L Sk ML e SR

with an %rb@%@qfefa&wfmfeomagﬁlgfm&aw Shal &Rkt 1he AL -Rased or

conposite material having such properties that It can undergo a
react i onwabtdi hiquowtisscoreat diighngnat fhsphene taent fdked t clsdnedevange
soluble in water; renoving and separating any filmdeposited on the
const i t UBHECE@WHRS upprofifieliliee reactrbreansd dhe s@lmsl mndfed feom the
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(see, Ll PSL: Pat ent Docunent 1 specified below) . This

mater-reactlve 1 based conposite material consists of a conbination
of Al or [(apoA alloy and at | east one nenber selected fromthe group
consisting of In and Sn, or an alloy of these netal materials. Prior
Art Literaturi Rateniobodmnent foregoing chemical treatment, it has been

desired to reduce the overall quantity of the chemical solutions
or liquids to be used in the treatment. This is because, not only
the chemical solution or liquid, per se, used therein is quite
expensive, but also the cost required for the treatment of such a
chemical liquid becomes high. Moreover, the amount of the chemical
solution or liquid should substantially be reduced in view of the
prevention of any possible environmental pollution. Furthermore,
when carrying out a chemical treatment such as one described above,
the film-forming material removed from an adhesion-inhibiting plate
would be converted into new chemical substances and accordingly,
a further additicmal cost would be required for isolating or
recovering only the film-forming material £rom the deposits removed
from the adhesion-inhibiting plate. For this reascon, only the
film-forming materials have presently been recovered, which can

compensate the recovery cost.



[ 0009] Pat ent Docunent 1. Japanese Un- Exam ned Patent Publication
No. 2005-256063 Oficial Gazette (Clains) . Disclosure of the

I nvention Problens That the Invention is to Solve: [0010] It is
an object of the present invention to solve the foregoing problens
associated with the aforenentioned prior arts and nore specifically
to provi f@oesl Al -based conposite material which contains In, Si and

Ti and can undergo_a reaction within a water-containing environnment
so that it cam FEHTESH! Fed the vER§going methods for the removal of

deposited films, there has been known a technique comprising the
steps of practicing a film-foxrming process within a film-forming
apparatus equipped with a constituent menber covered with an Al -based
film which consists of a water-reactive Al-based compogite material
having such properties that it can undergo a reaction within a
water-containing atmosphere so that it can be made soluble in water;
removing and separating any f£ilm deposited on the constituent membexr
through the reaction and dissolution of the Al-based film; and then
recovering, fxomithe deposited £ilm thus removed, the valuable metals
included in the film-forming material (see, for instance, Patent
Document 1 specified below). This water-reactive BAl-based
composite material consists of a combination of Al or an Al alloy
and at least one member selected from the group congisting of In
and Sn, or an alloy of these metal materials.
Prior Art Literature
Patent Document:
[c009]

Patent Document 1: Japanese Un-Examined Patent Publication No.

2005-256063 Official Gazette {(Claims).

Disclosure of the Invention
Problems That the Invention is to Solve:
[0010]

It is an object of the present invention to solve the foregoing
problems associated with the aforementioned prior arts and more
specifically to provide an Al-based composite material which
containg In, 8i and Ti and can undergo a reaction within a

water-containing environment so that it can be digsolved in water,



an Al -based thetally sprayed filmconsisting of this Al-based
conposite material, a method for the production of this Al -based
thermally sprayed film and a constituent nenber for a filmformng
chanber, which is covered with this Al -based thernally sprayed film
Means for the Solution of the Problens [0011] The

wat er - r eant Al eba#ded adedwedhposprayerht £rlinal caasdstiinggot otiiwe .Zp]r-ézsaemi

I nvention is characterized by the incorporation, into A, of 0Oto
3.5% by AEEROSHSE préeEiabl @ Metheg Bopoghsy DFgeuCisEon L phs t%l @ag‘%iby
mass of g 0.13 to 5% mass ref rab 0 15 t % h
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materi al has such a conposition, the Al-based thernally sprayed f| I'm
derived Means sfidh thenmgbPutidn thaspi:qblﬂa@er go a reaction with water
within a water-containing atnosphere, while generating hydrogen gas
and it cdR%thls be dissolved in water. [0013]

The water-reactive Al -based composite material according to the
present invention is characterized by the incorporation, into Al,
of 2.0 to 3.5% by mass and preferably 2.5 to 3.0% by mass of In,
0.2 to 0.5% by mass of Si, and 0.13 to 0.25% by mass, preferably
0.15 to 0.25% by mass and more preferably 0.17 to 0.23% by mass of
Ti on the basis of the total amount of Al.

[0012]

If the Al-based composite material has such a composition, the
Al-based thermally sprayed film derived from such a material can
easily underxgo a reaction with water within a water-containing
atmosphere, while generating hydrogen gas and it can thus be
dissolved in water.

[6013]

In this respect, if the amount of In present in the composite
material is less than 2% by mass, the resulting Al-based thermally
sprayed film would have such a tendency that the reactivity thereof
with water is reduced, while if the amount of In exceeds 3.5% by
mass, the resulting Al-based thermally sprayed film would have such
a tendency that the reactivity thereof with water becomes extremely
high and that the thermally sprayed film accordingly undergoes a
reaction with the molsture in the atmospheric air. This makes the
handling thereof quite difficult and the increase of the amount of
In used in the composite material leads to a substantial increase

in the production cost. Moreover, the use of Si in the composite



In this respect, if the amount of In present in the conposite
material is less than 2% by mass, the resulting Al -based thermally
sprayed fil mwould have such a tendency that the reactivity thereof
with water is reduced, while if the anbunt of In exceeds 3.5% by
mass, the resulting Al -based thermally sprayed filmwoul d have such a
t endencymathetialhin m@satowritt gt flees edfanwd 13% batesshdvonesudx b enekpcy
high and that the thermally sprayed filmaccordingly undergoes a.
react i ontRi kveimehesitdegEeof Fonheoht sk fherreackiivitym thakesuliréng
handl i ng ereo uite difficult. and the jincrease of.the unt of In
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in an anount of |ess than 0.2% by mass shows such tendency t ower
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heat hi seobybditiyngft e frebmt tagridigbpsed edertad 1y osprtageddiEls @fter
effect of {npurities present_ in Al, while if the amount of Ti exceeds
0. 25% by® exppecdddedient PESERHY dyréng ddiss 4t Byt TEAT RregRss due
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segr egat hpmribegREs 8. £2US0 nRfss!, MRl Ladeh Thei d BeF W) caAYdd¥bgation
conditions and the appearance of the resulti ng Al -based thermally
sprayed fnlthe Regaasichgotgmsizddestanmint Bfr This irkatak| neni ddrorying
consi deration, the added amount of Si and the concentration of

i npuri ti €4t Syt ERiEPraingoRaratdprMSi nadthiscestamiad , ClEsvsBrneass
and nore preferably not less than 0.17% mass. Fyrther, if taki.n
The seqr BbanrEortartlon BRohE BeruPrt Mrr R e Che gL
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0.23% by mass. [0014] 95The nmet %gdef%r%s%g%ﬁ% uctyaia(%%&o ﬁaﬁ@
wat er - r eaptawel Alilbas Rbddraihtathy sitedy edotht maCcEQr dfngating hento
present invention is characterized in that it conprises the steps of
mel ting GoR@tesnadliogenfhispaded angunt2 of 59 Jw8thy rascenfingtion of
preferably 2.5 to 3.0% by mass of In,_ 0.2 to 0.51 by mass of Si, and
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thermal Iy spraying the nolten material on the surface of a base
mat er i al ingpiperapesnctinghe kensps Hyedavettzdnisptreferblyondthoere than
solidify the sbarre and to thereby forma desired film

0.23% by mass.

[0014]

The method for the production of a water-reactive Al-based
thermally sprayed film according to the present invention is
characterized in that it comprises the steps of melting a material
comprising Al and 2.0 to 3.5% by mass and preferably 2.5 to 3.0%

by mass of In, 0.2 to 0.5% by mass of Si, and 0.13 to 0.25% by mass,



[ 0015] The water-reactive Al -based thermally sprayed film
according to the present invention is characterized in that it
consists of the foregoing water-reactive Al -based conposite materi al
[ 0016] The constituent menber for constituting the filmformng
chanber of a filmform ng apparatus according to the present

i nvent i opréfercitakact &5 itzed. 25% thahadd ahd msay bdedeirdlbly Dhe7fiey egedng
wat er-reactive Al -based thermally sprayed filmon the surface

t her eof . by 00 of Ti Phetherkagdisngicbhst tetmntaneunbepf jAl, which are

charact et zed L0 LR (L cle an dhes) onclanl bitlng,plLate, 8, shutier

material has a uniform composition; thermally spraying the molten
material on the surface of a base material, while quenching the
sprayed molten wmaterial to thus solidify the same and to thereby
form a desired £ilm.

[0015]

The water-reactive Al-based thermally sprayed f£ilm according
to the present invention is characterized in that it consists of
the foregoing water-reactive Al-based composite material.

[0016]

The constituent member for constituting the f£ilm-forming
chamber of a film-forming apparatus according to the present
invention is characterized in that it is provided with the foregoing
water-reactive Al-based thermally sprayed film on the surface
thereof.

[0017]

The foregoing constituent member is characterized in that it
is an adhesion-inhibiting plate, a shutter or a mask.
Effect of the Invention
[0018]

The Al-based thermally sprayed film consisting of the
water-reactive Al-based composite material according to the present
invention shows various effects such that it can easily be produced
by a simple process at a low cost; that this Al-based thexrmally sprayed
film certainly has such an ability to undergo a reaction in an
atmosphere containing water and to dissolve in water even after it
is exposed to heat history at a temperature ranging from about 250

to about 300°C during the film-forming process; that the initial



[ 0018] The Al -based thermally sprayed filmconsisting of the

wat er-reactive Al -based conposite material according to the present

I nvention shows various effects such that it can easily be produced
by a sinple process at a low cost ; that this Al -based thermally
sprayed filmcertainly has such an ability to undergo a reaction in
an at nospeeseiwidyt daotitglwat endidod soludiiddoyvet i thendtidm pwirr &fct ghei t
I s exposed to heat history at a tenperature ranging fromabout 250 to
about 30BEPURHIhEOtTE ]Fi?ﬁynhflé‘r:ﬁify n@nuae-aaé%ge, EorBat ¥eof ihg 5 1m) can

reacti vi Lyl Lubi.l.i f.t f. ri_or .
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and that the solubility of fhe Al -based theimally sprayed filmafter
t he exposhe esstpmstlre heathehihsbdriyl starybeandien raii neai e ovarde sigsdded
time period. [0019 Mor eover, the Al -based thermally sprayed
fil maccht® RFH®She present invention al so has such an effect that
it is i éé)v%ﬁ in not only the weatherability, but also the strength
due to t 1 orporation of Si into the film [0020]

Moreover, the Al-based thermally sprayed film according to the
present invention also has such an effect that it is improved in
not only the weatherability, but also the strength due to the
incorpeoration of Si into the film.

[0020]

Furthermore, the Al-based thermally sprayed £ilm accoxrding to
the present invention also shows such an effect that the f£ilm can
undexrgo a reaction with water in the presence thereof and it is thus
efficiently dissolved in water while generating hydrogen gas and
therefore, if an intended film is formed using a film-forming
apparatus equipped with constituent wewmbers (such as an
adhesion-inhibiting plate, a shutter and a wmask) used for
constructing a film-forming chamber, which is covered with this
water-reactive Al-based thermally sprayed film, the inevitably
depogited film congisting of a film-forming material and adhered
to the surface of the constituent members such as an adhesion-
inhibiting plate during the film-forming process can be removed or
separated from the constituent members through the reaction of the
Al-based thermally sprayed film with water and through the
dissolution thereof in water. Accordingly, any valuable metals
included in the film-forming material can easily be recovered from
the inevitably adhered films thus remcved from the constituent

members and as a result, the number of reuse of these constituent



Furthernore, the Al -based thermally sprayed fil maccording to the
present invention also shows such an effect that the filmcan undergo
a reaction with water in the presence thereof and it is thus
efficiently dissolved in water while generating hydrogen gas and
therefore, if an intended filmis fornmed using a filmform ng

appar at useRpiHFed hWikéwiornde toeneasashisebstimibhllas an

adhesion-i phibitin |ate, a_shutter and a mask) used for

const r ucBFHRF Q%fﬁ?gwﬁi% OKaRbaYin9fhich is covered with this

wat er-re Eéé"]e Al - based the/ many sprayed film the inevitably
deposite |jfm consisting of a filmformng material and adhered to

the surface afig heiconstid ugpbpREdRES BUCANAS B AdBAS| BEWwdHH bichieng
plate during the filmform ng process can be renoved or separated
f r om t heheanstidaument renperatthe digh andechreedissalutdbnt e raht bEsed ty

thermally s ra%/ed filmw_th water and through the dissolution thereof
in water .(mf;az% dPPRFY IRy \FheuRbr Rashst Bherinlyl grwryes fhém prepared

filmform teri can easil.y be recovered fromthe i.nevitabl.
adher ed’ TR LS TR0 7 b Enee oh et T an e i@
resul t, the nwnbes ;of; LeUSE sﬁbwiﬂf%ﬁe%k%ibﬂ%gtwegﬁ% SihBE heat -
| i kewi se be increased SubstantialTy. Brief Description of the

Dr awi ngsti882ddnt (hx) &hd.tHe itime @ghaphsidvedgfdhebeekahoval et waen
the heat-treatnment tenperature (C) and the dissolution current .
density pinexed)ibhse rved £he e bAbdehaske thalhgl bpr ageayed 1Ghim
prepared_in Ref(gr.enﬁg EXfrrpI e 2 while using an Al-In-Ti conposite
mat er i al PYEPATEGEIR EFAMRLG Ty anh showi ng the rel ation between the

e e R R

sprayed bFlmed-epatedehtt EX9MEhE the time (hr) required for the removal
of the adhered film, obgerved for the Al-based thermally sprayed
film prepared in Example 2.

Fig. 4 igs a graph illustrating the relation between the
heat-treatment temperature (°C) and the dissolution current density
(mA/cm’) observed for the Al-based thermally sprayed film prepared
in Example 3.

Fig. 5 shows photographs for illustrating the adhesion, to a
base material, of the Al-based thermally sprayed f£ilm according to
the present invention, which is produced in Example 4, and more
specifically, the photograph (a) is one illustrating the adhesion
of the Al-based thexmally sprayed film to a base material whose
surface is uneven or rough and the photograph {(b) is one illustrating
the adhesion of the Al -based thermally sprayed film to a base material
whose surface is flat or smooth.

Fig. 6 shows photographs for illustrating the adhesion, to a
base material, of the Al-based thermally sprayed film according to

a conventional technique, which is produced in Example 4, and more
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Fig. 3is agraph illustrating the relation between the tine of
heat-treatnment (hr) and the time (hr) required for the renoval of the
adhered film observed for the Al -based thermally sprayed film
prepared in Exanple 2. Fig. 4 is a graph illustrating the

rel ati on between the heat-treatnent tenperature ( C) and the

di ssol ut Epactiigaddyy , des iphptographPielobs erneed 1iostrdising thassthesion

t hermal | s%rayed filmprepared i n_Exanple 3. Fig. 5 shows
phot ograéﬁs P&y CPFV%%F%’%lndut‘f’?ésﬁﬁh*él%‘g%?ﬁﬂtyo PUGNEE fal®Br £ & SPSEhe

Al - based e | rgxg 1y [ h r.ese ' ti

whi ch i sm%?% uceg)fll(%8 arr%f‘%é ity g%%%rzgr%gg%gg%fﬁcgﬁ%% ) Bkﬁgg%lﬁag}hoaggph
(a) is ong ibhkeustnattrstide adhesirerich Lire vhle RapeEnt BRI AN based
sprayed filmto a base material whose surface is uneven or rough and
t he phot bhgeaphl ibpprayedciilnl usta bhsagnatesriadhdsisensaffadee 1Al fhased
thermally sprayed filmto a base material whose surface is flat or
snoot h. BWOOthfj g 6 shows photographs for illustrating the adhesion,
to a base matgri al f the Al -based thernal spra film accordi ng
to a conventional '%esg}%sqé’g?%ﬁﬁ%ﬁ“si seaﬁzrh_o&)tﬁc)e(”&llgh_ égg%tr%a@f,s gﬁﬁg‘nﬁr e
speci T cabluiicidie hal AARN babed ScRBAILUSEaLEA0r ie Adbesian iof
the conventional Al-based thermally sprayed filmto a base nateri al
whose sugka@elé Si Hn@vespldedr ool ghheasdridie pliod agisaphatdy)iadls ionemoved
illustrating the adhesion of the conventional Al -based the ally
sprayed P ke Paggswaherirl andwnose seadiddealsy s Itde photawoa (a)

Fig. 7 shows phot ographs. each of which illustrates such a .conditi.Qn
that tho il SR HE PHAM S CORTHT U PPPIT YT Chs AL BRSTE Bhar g Y
appl i ed A . ial_i vad: -f

PPer| ol SBnkPEs E4in 868ofs Ry DA IRESENS nlsSnt A RS 1d O PRS- OBREN
such a cqnyli tsoBnebsaewes f ohch he AndiasSes Hheerabd yrsprayedatidaBed

according to the present invention, while the photograph (b) is one

showi ng $hehmal borgiveved bbberamsdriiongt e sAlcobasetidned debhnsgrayed

Filmaccording, 4 0g 8 o LRt bgrnd S5 LINRich 1 11ustrates the adhesion,
to a base material, of the Al-based thermally sprayed £ilm produced
in Example 5, and more specifically, the photograph (a) is one
observed for the Al-based thermally sprayed f£ilm according to the
present invention, while the photograph (b) is one observed for the
Al-based thermally sprayed £film according to a conventional
techmique.

Fig. 9 shows photographs for illustrating the adhesion, to a
base material, of the Al-based thermally sprayed film according to
the present invention, which is produced in Example &, and more
specifically, the photograph {(a} is one illustrating the adhesion
of the Al-based thermally sprayed film to a base material whose
surface is uneven or rough and the photograph (b) is one illustrating
the adhesion of the Al-based thermally sprayed £ilm to a base material

whose surface is flat or smooth.

Fig. 10 shows photographs for illustrating the removability of
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Fig. 8 shows photographs each of which illustrates the adhesion, to a
base material, of the Al -based thermally sprayed fil m produced in
Exanpl e 5, and nore specifically, the photograph (a) is one observed
for the Al-based thernally sprayed filmaccording to the present

i nvention, while the photograph (b) is one observed for the Al -based
t her mal | ¥hephayeakdd | Pheweddyi mpreged ddanemdconding ethnitlige present

Fig. 9 shows photo hs for jllustrating. the adhesion, to a_base
mat er i al TIVGH* ’ﬁ’él A ’dﬁbéﬁ Rli?é]flﬁﬁfil%}ldsﬁl?agje%i PPFﬂmté’t?cﬁF’aﬁarf’g? P5 7 hase

present |

speci fi c‘lgt%y, atlhe B%g ; odnlgl}g??ﬂgt (rﬁléltgfprlﬁ%@gﬂggéﬁrgesﬁgﬁw%f
the Al - bagedodierdiRnl bb&@fay@dféflmé ;P Hess wabendBly WMiRsgesurtiage
i s uneven or rough and the photograph (b) is one illustrating the

adhesi onnuﬁedi&te&ly dgtsed the emmalry os priteredff irlim water babe phaitegrabh
whose surface is flat or_snooth. Fig. 10 shows Ehotographs for

i 11 ustratPhFhae Feaasiitiey Qﬁsel’{"l‘?é Bpr e di é’?@ﬁmﬁyt}%%r%wﬂl m

ont ot holBtrael &8k Ee AT e Aol Hotiieied 8 trBfce Wohditdon
speci ficahly, tE@eA@bB:S% aﬂ‘ibﬁ%)ll%zh E@ qquflLﬁll ti0n-RRSEAY edoh Ok nEhe

Al -based thermally sprayed filmimre a ely after the I mrersion

t her eof EuabeciEtcer(babbengpteatiadnaph (b) shows the condition observed
for the filmduring the reaction thereof with water, and the

phot ogr aph (cﬁl%héwm&@waasm of arhatiegiraphe aﬁchbaéédlmhetmarﬁm

YTl G 'f%rééﬁ“ug?%a? B crAe ehL F O Sh BT Tsh eIy
for "'ugfdcé% 9 @ﬁf gh' b ietbeaﬁh Pﬁéd %QE#FP&AM prtﬁged

filmpro nor e peC|f|caI otor

(a-1) angh(v@ogﬁa;arse(émsan@b@eme&ké Qhoé@@b%@ﬂ\f@dltfb@ﬂﬂie ébnm@nal
thermally sprayed filmbefore and after the weatherability test,

respect i déthazatithaonphiot sgraysts £{be befand afd-2ter ehe Wes thetrisrlisy
f the Al -b dth | | d fil d t h t

| nvent | oRCFF KeWERERAPBIE i CHEt BROVHE AR BT hbi Tl ybrah are Chose
respect | Sﬁggrvé\@ (}%rfﬁge giiaLr—fJXéé@ t%é&m&ffy s?%%)&i%lms according to the

present invention likewise before and after the weatherability test,

respectively.
Mode for Carrying Cut the Invention
[0022]

When producing a thin film according to a variety of f£ilm-
forming technigques such as the sputtering technique, while using
a film-forming apparatus, the film-forming chamber of the apparatus
is repeatedly placed under the influence of heat history. For this
reason, the surface of a constituent member placed within the
film-forming chamber such ag an adhesion-inhibiting plate, which
has been coated with the Al-based thermally sprayed f£ilm according
to the present invention is likewise repeatedly exposed to such heat
history. Accordingly, the Al-based thermally sprayed f£ilm should

easily be handleable, when it is applied onto the surface of a base
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[ 0022] When producing a thin filmaccording to a variety of
filmform ng techni ques such as the sputtering techni que, while using
a filmformng apparatus, the filmform ng chanber of the apparatus
is repeatedly placed under the influence of heat history. For this
reason, the surface of a constituent menber placed within the
filmfotmateagialhaghér sfcreastian adhbesiuon- ithieirbbEi ng phate, hmkiteblyhas
been coated with the Al -based thernallﬁ sprayed fil maccording to the
y

present Favidmimere, sthe lewbased dpwamedily sxqpryssdLibns wehvheah a £film
hi story. Accordingly,, the Al -based_therpmally sprayed fi] mshoul d
casi Ly bR SRUPbARTE L HADE PE FOSaBhiTAPIOHAg PREVCHRT ath To tohb
mat eri al ;and-hef . Qs r L&t oLy :
Furthern%re, %ﬁéﬁiﬁ@%ggégé?herﬁgiF@gsggé?%§x$ﬁ?%¥ggﬁ gﬁi% a%iqﬁ%ﬁ% r
| ayer coagishd theoffiterdinimdf protags maenial 1isediney hhabl yoradhiared
or deposited after the exposure thereof to heat history during the
fil mfor teaglprnd essifishent dolritkewi s bita the sobyhichovgl pddcthiedltyrsed
sufficient for pernitting_the easy renoval of, the Al -based the mall

Ly
sprayed FREM3YOnPRryshitlmarenithe Rasfetddr 1Al Fodgidss vikh FBSTLanI v
adhered t u A IS I e ]
adher ed §RetNE sy RaRNER e RN A, AL5Q BE SHALE o1 KIS dsecty e
present i-aygatd Ontean EH-ebetyivat h3tiasaieh ractRgiy eapphyd@r fihg
solubility in water. [0023] The upper limt of the tenperature
of the heatohi®ipity whehpreddnt fiovegoiog chnl ceholaialy ehamdiy sush &or
i nstance, on the order of about 250 to 300C (this is represented by
t hat obs&RIGHFNT RET abiRe TBRPLARTYI % 1§tSFate) for the filmfarm ng
met hods ZHB&@S the sputtering technique, the vacuum evaporation
t echni que, ion-plating technique and the CUD techni que and

accordingly, e ht_éﬁéf 9GNS’ 8F e Eérﬁé@é&tur@@ﬁ‘tﬁié?h@&@%i@s% within
st andpoi nt, that e Al -based thermally sprayed film which has
experi enced Soeydiegt £histfovniag chadb@eraisenfrer ahetenad, 2b0€the order
possesses desired water-reactivity and it is nmore preferred that the
Al - basedof remdl BHO ior afedC fithis Mhirebresentedpby itdntetbsrciedchéer the
hi story of up,to .a, tenperatyr f 30%10, ssesses desi.red
wat er - 1 eBEPPYI9 SORIBAPTTS Bd=bel dor et & b - oRE T Rs g as the
A -basedhiet oRlny PREAYEGLd ! | EhCCAIMLAG LRudhE L RLRS Aleph IYSD!
S Fi A C' t r
substantlg ﬁ/ satcﬁysﬁl es such a requirenent fdor the solu |h1h|(\r’/[§ [%815:4]
ion-plating technique and the CVD technique and accordingly, it is
in general sufficient, from the practical standpoint, that the
Al-based thermally sprayed £ilm, which has experienced such heat
history of up to a temperature of 250°C, possesses desired
water-reactivityand it is more preferred that the Al-based thermally
sprayed film, which has experienced such heat history of up to a
temperature of 300°C, possesses desired water-reactivity. As will
be detailed below, the water-reactive Al-based thermally sprayved
film according to the present invention substantially satisfies such
a requirement for the solubility.
[0024]
The foregoing solubility of a water-reactive Al-based thermally

sprayed film can be evaluated by immersing a base material, whose
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The foregoing solubility of a water-reactive Al -based thernmally
sprayed fil mcan be evaluated by inmersing a base material, whose
surface is covered with an Al -based theR ally sprayed film in hot
wat er nmaintained at a predeterm ned tenperature (in general ranging
from40 to 130C and preferably 80 to 100C) and then determ ning the
current dengity ishevenfed wnth ey pi esazdd theemallon spraysd ifd lmeffar hed
to as "dissolution current density" (mAdcnR) ) in the liquid. This
det er ni n4EHEH "RERRRHRDAE S PERRt 96 5RE (CHREERETRY (LRgseEps wmying

det erm ni.ng t wel ghi . 1.0 of _a befaore_and after the . |

i mer si ofi*g %ﬁéﬁ osha?}gl% ainﬁsgr ?%%%?? hg ¥F qii%© n%nc?ﬁ%‘ﬁnc%ﬁ/eetﬁjinﬁﬁg
the wei ghhel asrdfiusiRRlizinedei-ate the Gy r;?r‘é%eﬂ@”%h{fé(n%ﬂrﬂ? 2kl 65
taking, into account, the“surface area of the sanple, the tinme period
duri ng weetértdiptsaspld sseluniet sedrént ddes procawsiong) ) teuihe, 1iafuithe
like. I'f the dissolution current density as determ ned according to
thi s net BBésidetssmination mathedngowiegponderto eas tenws sdogcthledepat

Lhe A OBpee It anLY 30T e, LD ag SOLUBLLI b ot AL L0

o) LSRR Lo DanDes el INLAAD dRap et

t her mal | ynapreiypd fbsanchesesoaiine i exposurerichasesitt 9athe Yigak

hi story encountered during the filmfacm ng process. [0025]

Now, sontakbaes ifibe acapupt nghewuritheeiamearntii tine waipléektbarder dreriod

describe ui:gngevgh%.iclh t{lgogag!lple is immersed in the processing liquid, or
the 1ike. If the dissclutioncurrent density as determined according
to this method ig not less than 50md/cm®, there can be so concluded
that the Al-baged thermally sprayed film has solubility (activity)
in water sufficient for wmaking the Al-based thermally sprayed film
easily removable from the base material together with a deposit which
consists of the film-forming material inevitably adhered to the
thermally sprayed film, even after the exposure thereof to the heat
history encountered during the f£ilm-forming process.
[0025]

Now, some modes for carrying ocut the invention will hereunder
be described in detail.

[0026]

In the Al-based thermally sprayed £ilm consisting of the water-
reactive Al-based composite material, according to the present
invention, apredetermined amount of In is highly uniformly dispersed
in the Al material as a principal component of the composite material
and therefore, the thermally sprayed film can easily undergo a

reactionwithwater inamoisture-containing atmosphere such as water,

water vapor or an aquecus solution and the film can thus be dissolved
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In the Al -based thermally sprayed fil mconsisting of the

wat er-reactive Al -based conposite material, according to the present
i nvention, a predeteL mned anmount of In is highly unifauttly

di spersed in the Al material as a principal conmponent of the
conposite material and therefore, the thermally sprayed filmcan
easi | y updefufd a wesatt contimining spitigoningnt. nfhetAlr estvonsd néeyin the
at nosphere such as water, water ,vapor or an aguequs so]ution and the

fi1'm can “PRESSHES JPESEITEACIRIULBEH-A tRE BFSIRHt APHPRIG-ShVAY oAt fOT
The Al maheElale USSRkl l RMESL! S IALLIIALACGANI UG {9yl B

present inventron may be, nce, t’hoSe ea dvihg ‘a” putit fNof

2N (99% (993bbg PAnEUN (99N QY. 9K forantcheal) €99 4899%na sAMNGat SR &

the 4N Al and 5N Al materials can be prepared by, for instance,
subj ect i mgnt he RiepAlredr b§IN Abxr pimshacee, astoj eknigigt aheheNehkodr dny ils
to a purification nmethod such as the three |ayer el ectrolysis process

or the parPfafedarrardinhis Sheteasirgles isgrgaribiratdenmafhey such

whi ch ma t se pof .the difference in.the tenperatuyre. between
he Sol | SoHE T TP e e i h e ReOr TP Lo Py Sebatl EAcat 1o
Princi pakebARild |(@8gPEESEMNN LA lﬁﬁﬁ??e Al BLSHERES 13ePmb ;

wel | as CS, N'iy(,&lhc(ang the Iinke.cl n he)- p‘ﬁesent inventei rgn,gt%{r%fé:%ab y
used as théfdlemed dni ahs tanpetrhoses arthvebaviing sohedf ald QuRgdi prigdst v
contents: Fe on the order of |ess than about 150ppm and Cu on the
order of WeBsthagrlagsiicagspnrroosdyes. Pringipgénbmairitike present

el ectrochenj cal tential difference between and In is

consi der &B%ﬁﬁ?%l?ﬁ%i ﬁ‘a‘ﬁzﬁﬁli\ 2 1H SsySt @ﬁ‘? ButS f"’éh%lt%? atdry Ngectrdrhdghe
oxi di zed +fi.Lm L i A1 N i f LS ngver
advanced.l fl!lfl%\'/\e\%r &%Hggg%lﬁéegﬂg?%%rﬁyﬁ%%cur r il%glﬁ %IQ;E él ;}lﬁln?ﬁl‘(?%l%is
broken aageAthdse dHaceChhyibpuitd Followiddeml-etli ddntdfker 28Ceh the
bet ween them woul d abruptly accelerate the ionization of Al. At this
st age, | prierpeeskass ithanhabalt diSPppal ant £inoni hha didgd pidispertdech
state and,in iis original state w thout undergoing any chem cal

change. PRORES: PE bW el t | ng point (157C) and never forns any solid

sol ution whthy Al. Accordingly, if nelting Al and In in such a manner
that a unitform conposition of Al and In can be established, while

paying attentipyeherhhe whid beeepes tidhidanshdderRabness Alrcdbd bhdhwde
thus forma conposite material and then applying the resulting
conposi t élrmteithals oobeiddraldyriizge infthe bhaskn ppsesn abuaccdonadtumg 1y
the thermally spraying technique, a desired filmcan thus be obtained

due to tRECEFFEE BRAREsHHWITH ddt tBrPTaResgRheTRHYhiamy AR Eaon
conpressieagct Lo aenef fhededur | 99,44¢ Sehld! fh e allQa1h 9088 i ring
oxidized film is broken and 21 is directly bound to In, the potential
difference between them would abruptly accelerate the ionization
of Al. At this stage, In is present in the Al crystal grains in a
highly dispersed state and in its original state without undergoing
any chemical change. In has a low melting point (157°C) and never
forms any solid solution with Al. Accordingly, if melting Al and
In in such a manner that a uniform composition of AL and In can be
established, while paying attention to the difference in density
between Al and In, to thus forma composite material and then applying

the resulting composite material onto the surface of a base material
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The In added to the Al material is highly dispersed in the Al -based
crystalline grains of the material due to the thermal spraying
process and maintains its condition such that it directly conmes in

cl ose contact with Al. Since In never forns any stable layer with A,
the resulting Al/In interface is maintained in its highly energetic
st at e andceredingi kgl The Ahermallndwrgyiag ieghndaser eaclesdnedi fhimagenr
at the contact surface_existing between themw thi.n.a,npjsture-

Cont ar . RE A OIS0 | ARG EPBret T PLabht GIF WHrHaGes Hel higFoush
conpri si i ot r I . film t f.aces hut f d
o 1 ittt (Snl it Rdokikoule | Ao 0n RAER Capily (BT
accor di ngbyiaitieagisgol ution reaction is continuously and expl osively
proceeds at the reaction interface which is renewed successively,

because @f02#k presence of the added In elenent in its highly
di spersed state and the_nechani cal action caused due to the expansion

of Hy gas whiti & garedatedia & MRECHIdYrES NG yhElsreEiRs dg the
reaction,,[0029 e _behavi o e Al -ln_system as ,has..been

Gosor | beHLHOONE 1SEYSHELITBY Ty Rudt. T ot LAt ha Do y AT
i's high. sNBL@i &PRebELElahi, md N8 T:Ci CORSRREHAMS eRamiar 1efgihe iy
system woul d be observed when using 4N and 5N Al as conpared with

t hat obseowes inltdpsesiongadhlwAkh ds apimfde mhervealforh®63Q]stable layéire
af orenenti oned Al -based thermally sprayed filmconsisting of the 4N

Al -1n cokWpbBifle HaeeEsaltang Sdynhasterifcghiamainteyned in hbs tiagd vof
it duction th h the th | i d th .
o B! PrEE LA E e S LIS TRL PN 00, BRORES S PN renccing
this accosdhnglyemakesni h@o&%&g' bﬂgf%é@regﬁfstﬁﬂ Shei& i xPQQnL‘LiﬁﬂH a

If Si and Ti are incorporate nto the conposite materia

pr edet er fibhethbDUthiSs idiewemaiosphee e Swl dddig 1Ak, agetedgimbtaduct
sprayed fil mhas a substantially reduced initial reactivity
(activit ppinky aderhanod ikigCihas aodt Wounddbatwme &aby awicbe surface,

i or | ol BUE HEOTHRA gt M BRSTRer MNP SgPalBd i FUABRFEES into
eri al PUERECTRSUITFRg" A< B frgagFeec Lot
S R A e L A

(activit ypniiilnik1y WakeexpObd Al GrabiBapher ecland-dabtsoMOuhibrface
correspondingly permt the easy renoval of the Al -based thermally

sprayed fhiahficonerzevwsl sacoedmiselyatlerdaiset of whieghrddencehel trhkladded
sprayed filmis adhered. On the other hand, if Si _is incorporated

i nto t he IRl SHRIERF EBnifss highbaddrparsed Rfakesind ithg mechsadeal action
th 'l £l t ant.i : in its.
st r et hCARSRRUEE, o Pha B8R 8F H. 2 (B8 RE UGBl P e

l'i kewl sepheqi-aps Qe nen rbl SRR} hekabidnty. Mre specifically, the
strength of "the resulting thermally sprayed filmis increased to a
| evel of [abpal 1.7 tinmes that observed for the Al -based thaimlly

sprayed fil mconsisting of 5N Al-3wtsk In, while the weatherability
t hereof is cTBArP§IaRPFOPEICRE PofpafBatsi (1% bRe reebasssrihad e

sprayed Tb'elccr)nmgso r1]rnsolr?at <|:cr>] sﬁ’ieu%'ﬁs’?‘l El%:)eM m%g"é 1|:eré purity of Al is high. More

specifically, the more conspicuous behavior of the system would be
observed when using 4N and 5N Al as compared with that observed when
using 3N Al, as an Al material.
[0030]

The aforementioned Al-based thermally sprayed £ilm consisting

of the 4N Al-In composite material already has a high activity at
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[ 0031] The present invention will hereunder be described in
nore detail with reference to the water-reactive Al -based conposite
material consisting of a 4N Al-In-Si-Ti systemtaken by way of
exanple. The Al -based thermally sprayed filmof the present invention
is produced by formng a filmon the surface of a base material to be
pr ocessethe|stageprddat e rpiatetaonodpraich dbeothitmplt spragindameskss
sprayi ng techni gue whi |l e usi ng an -1n-Si -Ti. conposite material in

n A
whi ch | n?R%i ERnBOFIPLE YU HIFISH 0 YREFEeTPTIR A AL FTIPSBRERP, 19TRE0

resul ting. - | i~ f t.al n : Lnhe
grains (ﬁé@lﬁ%{&;k%s&t%\g@%n Y6 éﬁ"itzz';-eerﬂ @alg“ﬂgcﬁlré)ﬁ \?/flgi %‘ﬁﬁ%lr%%e@ﬁib%gl y
uni f or m yi gf sRersedr# Bi Ahacriystalhédpdtiedsind0d32bomposite i erial
foregoi ng Al -based thermally sprayed filmcan, for instance, be

pr oducedingreddiagmimed dpourdish ddovdesnr,i tted rbsh b ngThk-baeteddthermally
conprises the steps of providing 4N A, In, Si and Ti materials;

i ncor por 8PYFGE | fidnt hEsSA 2 metbFtaItiadly tedass binkieled afrpcetivity
pr ef er abl . 5..tq 3.0% ss.of t I.n teri;al .. 0.2 to_0.5%

mes of (RECSTE 1, st e Rl el i, pelsfer SrfiTy dors
to 0.25%py-{Bs%1and 7er @ PLef it Brdd 90 3R%lY LHBSS Amddig i
material, on the basis of the totall nass of Al; nelting the resulting
bl end t ombbesial,| ovhed heedultiby aNdbdbeflathetrmd Byt oshevied fidnm would

dispersed in the Al material; formng the nolten blend into a rod or
a W re WRPER WY kibdegeredl ynbdtgsagtavity neiren i afftefrortheh &iidqmy has

spray; therma|ly sprayi he materjal _therefor _on the . surface .of  a
base. at BPPAFLedas PRSE AHEEOTR Tonbre ot S ERLPag!a drgh sotubilich
filmtotat) I C g&l;u@%i - i nhi niii f

fil mfor?na%gg‘ép a%&?gc%o%t%g to, ﬁ%dns%@gﬁggé%% }nkgss&og%fﬂng
t echni queorbspdhcBhno0W Hgmiite thet&fdalrehblig] tdfethe all haspaapasren 14/he
surface of the base material to quench and solidify and to thereby
cover thepsayédchilof fxgohe acabadni basatnatmriel . tisidinghdatlermally
mat eri al can bg roduced, which is provided with a desire

wat er - r eSEFFYE ﬁ%-lﬁ’a’s%c?@ﬁéfaﬁal IO§1 Eg‘l"‘" Tt g 'oﬁft% Jssuilg%@émrate‘i
et oot 4108, WU T LS AUROLLLIY RLOQUCRE, 2050 LI raseo
uni f ot at kYe#hsSPBf SEsk-adan 1 1kh &rofllaC lyisbabht 1181 1§F AN SimASvRas ibeah s
@ Scussegtrength as the added amount of 8i is increased and the £ilm would
likewise be improved in its weatherability. More specifically, the
strength of the resulting thermally sprayed f£ilm is increased to
a level of about 1.7 times that observed for the Al-based thermally
sprayed f£ilm consisting of 5N Al-3wt% In, while the weatherability
thereof is clearly improved as compared with the Al-based thermally
sprayed film consisting of 5N Al-3wt% In.
[0031]
The present invention will hereunder be described inmore detail
with reference to the water-reactive Al-based composite material
consisting of a 4N Al-In-Si-Ti system taken by way of example. The

Al-based thermally sprayed £ilm of the present invention is produced

by forming a film on the surface of a base material to be processed
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above. [0033] In the case of the Al-based thermally sprayed
filmproduced by incorporating desired amounts of Si and Ti into an
Al -1 n system according to the nethod di scussed above, the solubility,
in water, of the film per se produced by the thermal spraying

techni que can satisfactorily be controlled. For this reason, any

acci dent &h arppzdateroipedi svolapheor afcohdingswl tthagthéenaialdpraying
sprayed filmdue to the reaction_thereof with the noisture present in

t he at WEW% Mhd LR diTiS RB %&@%Tﬂhpgmﬁ%%%m@ﬁw%w& whpgh

handl i ng..t her.e uite e Leover i.f an a t

Cpr ayed T pteeo e iy A A9 dn s B et & i A SO SR
cont ai NS¢ REBFLIRY Qgﬁe@mumhswiml Fi 1@ c@f&%ﬁ's NG5 ROREE ke 'gfifag ghe
sanme, the resultlng thermally sprayed filmwould havée a practlca
accept abl{rasitbgqild |drtay newérewb e nnoh ehimpar ﬂhamlUOﬁm)thﬁuﬂennﬁgaﬁgmeyof
the heat history, to which the thermally sprayed filmis exposed

Wit hin aUﬁlf@ﬁmlM‘ﬁﬁﬁgeé$ﬁﬁﬂkﬂ'Aduﬁt?ﬁf%ﬂiinﬁogﬁalm%n thereof, is on the
or der 8@%%@ 300C or about 350C. [0034] Thus if the base
naterlal e surface is coated with an Al -based thermally sprayed

i1 m accor di ng,d gofég%lhg;ﬁgg;aggd%mgu § kay@@%'can%%

(dei oni zed wat er W th water I nst ance

base matBeigloducddraeesedind 14 He dnyEh®] d&b@&ﬁb@%l&lﬁv.a ﬂ%ln’(e%%od
tenperature, the reaction of the filmwth water is initiated

i medi at ebyprises theesteperd] prowiding HET géneiiat iin aofl By dnaigeniagas
and if the reactiaon further proceeds, the color of the water is

changed tBCBFRRMRLIRE t dNtRe pﬁﬂaﬁpﬁﬁréﬁ i n2afidtPhé- PFk@Yaﬁﬁsﬁhén@he
all'y Sprg¥§9ew_t3}%1§?t Lssfinal ly di Srﬁ’ % anl:grﬁi W%t Er . of by

result r eci pi s consi'stin hnee

remai n i pagdemerasd mat@flaﬂh&naeﬁqtsl 1%1 0. @Beq%eﬂlﬁsgbrg@ce\fbg%pysﬂ 15
the more the temperature of water used for the |mmersion becones

hi gh. to 0.25% by mass and more preferably 0.17 to 0.23% by mass of the

Ti material, on the basis of the total mass of Al; melting the
resulting blend to thus allow the In, Si and Ti materials to be
uniformly dispersed in the Al material; forming the molten blend
into a rod or a wixe which will subsequently be used as a material
for thermal spray; thermally spraying the material therefor on the
surface of a base material, for instance, a constituent member of
the film-forming chamber such as an adhesion-inhibiting plate of
a film-forming apparatus according to, for instance, the flame
spraying technique, while allowing the material thus thermally
sprayed on the surface of the base material to quench and solidify
and to thereby cover the surface of such a constituent member. Thus
any base material can be produced, which is provided with a desired
water-reactive Al-based thermally sprayed film on the surface
thereocf. The thermally sprayed f£ilm produced according to the
foregoing method is one in which In and the like are highly uniformly

dispersed within the Al crystalline grains, as has been discussed
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[ 0035] The thermally sprayed filmof the present invention has
been descri bed above while taking an enbodinment in which the filmis
formed according to the flanme spraying technique using a materi al
therefor in the formof a rod or a wire, by way of exanple, but the
thermal |y sprayed filmcan |ikew se be produced according to the

fl ame speégiag technique in which a powdery material for thernal
spray is used and further the arc spraying technique or the plasm
sprayi ng (PB8Bhi que can |ikewi se be substituted for the flanme spraying

technique. In.th resent. i.nvent. on e faoregoing raw. material |

mel t epl,q spr aysd tglﬁ: p‘fehsee gértf}é?c 6??85%%%1@??@7%&{%EERQHF?\% %é’nd
sol i di fyiiRgol-Ber-SRRY &R o Al "RERIHA oens&h&]@a&ﬁ HRLEhAh Loh IR en
forma thermally sprayed film [0036] As has been di scusse

above, i tcusiaing thatite metabtalisdiesed sidvas e:hasopuByiDis! Y¥nbeekr,
covered with the aforenmentioned water-reactive Al-based thermally
sprayed Pfl Hpedslla penste yedtcad e theorherndll sriayiiangechnitier cemch

as an adhesiop-inhihiting plate_or, a _shutter arranged within the

FE 1t o AR RGO R Yo PR e B et FOTa bR AERShary™ PCREBHG s Fing
of a fil 1 i | ngVi 3 d ited. e
surface Br-Raohs IRebihPlon M Lhe Lot oy e e dy AR T EL R s
const it uept tierbaet B €hetBSE hiik M RbIGUHOPLESerhtS 1HERRALARLEMRIrR
predetei mned tines and any val uable netals included in the adhered
fi | m cansuhusuedind pheeame rovicthicy acewniiagds kst trenhamiisied; tHORDT]
In this case, used as a liquid for peeling_treatnent is not_one

cont ai ni AY+ERySEReni derepishentt FurlsPApre WegER1dic FrEaY e el Watisr |

produced using an Al-based composite material which contains
predetermined amounts of In, Si and Ti incorporated into the same,
the resulting thermally sprayed film would have a practically
acceptable solubility even when the upper limit of the temperature
of the heat history, to which the thermally sprayed film is exposed
within a film-forming chamber during the formation thereof, is on
the order of about 300°C or about 350°C.

[0034]

Thus if the base material, whose surface is coated with an
Al-based thermally sprayed film according to the foregoing method,
is immersed in warmed water (deionized water) or sprayed with water
vapor, for instance, if the base material is immersed in warmed water
maintained at a desired temperature, the reaction of the film with
water 1s initiated immediately after the immersion with the
generation of hydrogen gas and if the reaction further proceeds,
the color of the water is changed to black due to the separation
of In and the like and the thermally sprayed £ilm ig finally dissolved
completely in water. As a result, precipitates consisting of, for

instance, Al, In, Si and Ti remain in the warmed water. The reaction
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wat er vapor or an aqueous solution. Therefore, the present invention
can surely permt the prevention of the occurrence of any danmage of
the constituent nmenber for a filmform ng chanber such as an
adhesion-inhibiting plate due to the dissolution of the constituent
menber in the treating liquid and the constituent nmenbers treated
accor di ngreceddse mpre seigoransdyt | Dite eenreb ehe seehtanatueaset )waheer uaed
consi derably increased nunber of tinmes as conpared with that observed
when t hefpedtindmBpereT deacgesakisled out using a chenical agent. In
addi tion 6§gs inturn results in the significant reduction of the
processiﬁ% cht and the protection of the surroundi ng environnent
since any chefilaheARENl, ispripha Usar 8t @d prBsthe pRehinoy GRS BLLAN.
Furthernore, the filmformng materials posSibly adhered to or

deposi t edesrritee] st whilent alieriet smisolineas Atwlatheshofilm bk Hot-neg
plate during the filmformng operation is insoluble in water in nost
of cases2afrRIFdmE e édientlane sptivimchbechn aevasinge narerial therefered

fter the f i | | d i | | terial ing.th
Sae. conGRLTES SRR T 6 GebyEt U et ERAMGr iy LR SR
. M he. ¢ ' :
subst ant e 74 b SRR L NENERS be ARULEER LBbra iy EE EREA Menftbraying
recover yt&@hiqueenh seiike & igmlieii ethtanda 8 dhaghal shhgy Akesest and

invention also has such a merit that it can permt the recovery of a
wi de var Fertyheyf thateerd sipsayikgr tecistigmesrr theti@spasipnaysng zechnique
filmformng material used i.s or conprises, an exgensive netal such as

a preci ofi€ netavise Se suastitibed fote the Malls SREREIIhSFChRbAYE- 10

adher ed I . cf ] [ an
adnest ont T BB E g S aF AUE R S oPRaBiny bR oG b s e rds arsd
whi ch copgisies ok-rhbe di labhos Mi@ARY efhdle gtaAcieRs] nabsol RIGYRHg
fromthe constituent nenber sinply by inmrersing the nenber in water
or by spthyispgaved eawrsteriah cnhtheemdrenatdrialf td thesdskst ez lipe
wat er-reactive_Al -based conposite material according to the present

i nvent i ofiPFaYehAEd onto the surface of the constituent nenber in
advance. 8@?€ﬁquently, such a precious netal or a rare netal can be
recovere& i Thout acconpani ed by any contam nation thereof. Saying

over again, A€ RLesesh JINERANaBste HilS ublifgr£BHEd PR i dD8hose

recovery cost and also permts the recovery of "any filmformng

mat er i al soffdtghhgualideyiof038been covEredpreisent thavafbiremnemiildned

her eunder be described in nore detail with reference to the foll ow ng

Ref er encuabarftass iyadAlraeary theanpl ks srreyed] f1Fef @seAceomExtEiplent])
member for a f£ilm-forming chamber such as an adhesion-inhibiting
plate or a shutter arranged within the film-forming chamber of a
film-forming apparatus, any film consisting of a film-forming
material inevitably adhered to or deposited on the surface of such
a constituent member can easily be removed from the constituent
member after the film-forming process is repeated over a
predetermined times and any valuable metals included in the adhered
film can thus easily be removed or recovered and then reused.
[0037]

In this case, used as a liquid for peeling treatment is not one

containing any chemical reagent, but simple waterx such as pure water,
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A material for thermal spray was prepared by blending, in a desired
mxing ratio, 4N A, In and Si materials, nelting the resulting blend
to uniformy disperse the In and Si materials in the Al material, and
then formng the resulting nolten material (4N Al - 3.0% by mass In -
0.19s by mass Si, wherein the added amounts of the In and Si

mat er i al vak@rveRpr esssdguecte s ubion hoSkerefats,vigha predetnasengfionhe
Al material) into a rod-like shape., The resulting rod-1like nmateri al

for therfieh S RaS theii Whyvglaﬁz%\%dvfoﬁhﬁh%?@m%@ Bf FpgeEage
mat . Y . ment
eria OEOQEI SCL.OIIIHSQ&%FFI%L I\ﬁ\érﬁbérn.ftol}e thh IﬁpPO o gggﬁﬁﬁfgr Sr']ljl.(l‘e2 ﬁf_ 8.3,

according to The 10 anme spraying chni que source:

gas; tenpenadith indbautidy B8Rk de tdyfe Qﬂi\é%oﬁﬁFz%n Bases &&?é%‘iﬁﬂdeﬁt

sprayed filmon the surface of the base material. The Al -base

t her mal | yespsayied the | tedattiagf biaeid wad tire wossbj ecdred reobarbeateated

treatnment at a tenperature ranging fromO to 350C (the treatnment was
carri ed BUEC¥@NDHe HePLHEFenhel BYGTHSPReFRN Jiftd USES s ERfU&sLEGdL Haver Bm

bj d fur, | i i | f th i
Whi ch ChEoPE T R ES e T Bt g R s e T asedss.
Then theygsol ubid E&liﬁ% dﬁ%&%‘cioﬁfié herrAba Raged<ihe r&@hﬁiﬁ\jf\g%ﬁe ?é@%t.

filmwas |nvest|gated y “di pping, 1n 300 nL of delonize

mai nt ai ned &ddi3ACn, t teidase rurh efdAllcpr O tled st §af B0fard Hhdtit€ion of
thermal |y sprayed filmprior to the heat treatment (0C) or after the
conpl et i 5he prorheshpcost and Fbapratdct homod sheiswrraindindhencironment
density of the resulting dippinpg |iquids. 040] As a result,
it was f 8RS Y mMIHES S ’cﬁ? nPh Ségoartt i[ig% 151ThS PoTL YIECRIT ATt v
of the - er mll V-:Spr «f1 ] t ?ﬂsijl a

desi red%ﬁ% Si %uﬁ&age?%ﬁﬂl%%eﬁ%tgg{l%? E?S e%c |\?|q{e§1 gP or

sol ubi | | B¥pesitdiechadel édmet frehiBldnbesBlAiedad bhradiumdhat ghibiafier

the formation thereof according to the thermally spraying technique
and pri oplavetherimepther Balmeitrmikgweperaticneie wesolofider vedwatah ia
tendency that if the tenperature of the heat treatnent is high, for
i nst anceMogh PheeFePndf LS PRESFCI50EVEHY Th BRfied T P EHFFEFER $1 IGRat

canet 05l aarde 0LED aeses sl th Al Ly eRRsRlatl 8 SHELLLbtay

erence anp

effects ghvihg 3dd8snd ReARdsTEioN dhRer&hRbRsELFS ebe HORENHL BSing
the following Al -In-Ti conpositions (a) to (d) were investigated,

whi | e usinagedhb Al pars ddhe Moreonponembt dillg adde doahouatsiodd | fomndeTi

are expressed in terns of those relative to the total nass of the Al

conponenfreggEgry can substantially be reduced, but also the steps required
for the recovery can likewise be simplified and accordingly, the
present invention alsohas such amerit that it can permit the recovery
of a wide variety of materials. For instance, in the case where a
film-forming material used is or comprises an expensive metal such
as a precious metal or a rare metal, the film which is inevitably
adhered to a constituent member for a film-forming chamber such as
an adhesion-inhibiting plate during the film-forming procedures and
which consists of the film-forming material, can easily be removed
from the constituent member simply by immersing the member in water

or by spraying water vapor on the member if a film consisting of

the water-reactive Al-based composite wmaterial according to the
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(a) 4N A - 2.1%by mass In - 0.19% by mass Ti; (b) 4N Al - 1.2% by

mass In - 0.18% by mass Ti; (c) 4N A - 1.8%by mass In - 0.20% by
mass Ti; (d) 4N Al - 3.0%by mass In - 0.17% by nmass Ti; [0042]
There were blended Al, In and Ti materials in a predeterm ned m Xxing

ratio, then the resulting blend was nelted to thus nake the

present invention is applied onto the surface of the constituent
member in advance. Consequently, such a precious metal or a rare
metal can be recovered without accompanied by any contamination
thereof. BSaying over again, the present invention permits the
reduction of the recovery cost and also permits the recovery of any
film-forming material of high quality.

[0038]

The present invention will hereunder be described inmore detail
with reference to the following Reference Examples and Working
Examples.

[0039]
(Reference Example 1)

A material for thermal spray was prepared by blending, in a
desired mixing ratio, 4N Al, In and Si materials, melting the
resulting blend to uniformly disperse the In and Si materials in
the Al material, and then forming the resulting molten material (4N
Al - 3.0% by mass In - 0.1% by mass Si, wherein the added amounts
of the In and Si wmaterials are expressed in terms of those relative
to the mass of the Al material) into a rod-like shape. The resulting
rod-like material for thermal spray was thermally sprayed on the
surface of a base material consisting of Al within the atmospheric
enviromment according to the rod flame spraying technique (heat
source: CH,-0; gas; temperature: about 3,000°C) to thus give an
Al-based thermally sprayed £ilm on the surface of the base material.
The Al-based thermally sprayed £ilm thus formed was then subjected
to a heat treatment at a temperature ranging from 0 to 350°C (the
treatment was carried out for one hour in the atmosphere and
subsequently the film was subjected to furnace ccoling) in place
of the heat history to which the film was possibly exposed during

the film-forming process. Then the solubility, in water, of the
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In and Ti materials uniformy disperse in the Al material and then
formed into a rod-1ike shape to thus give a material for theral
spray. The resulting rod-like material for thermal spray was
thermally sprayed on the surface of a base material consisting of Al
wi thin the atnospheric environnment according to the rod flane

Spr ayi ngal -esdsEdjtiee{ieddty sorarveet £I{hHRa 02 ryesri yetad batdipeinghairt 300
3,000C) to thus give an Al -based thernally sprayed filmon the |
sur f ace ®h oféeimasgefatadsraraintrdnafl ara8@dC t RBe FalSEyaSsag e Provided

thus forped was then,suhj ect to a heaL,treatnent at t erature
angi ng. PRSTAT POCBR0E THT A AR BEF PEdotite FEPE CHETBHPE
the atno e.an S e fi *%éb% f a

cool i ng) %?ﬁ@)rpl %%egg th@qﬁegt%&\%%%rny G'ltf(ﬂ)ne\%%sc the fi %%E{V\a/%sg%gsg?l%?y
exposed detdngiding fhé mdreent n@enyiagess. chkheastibeisplipbindg Yiiduids.
water, of the Al -based thermally sprayed fil mwas investigated by

di ppi ng, [P#E @00 nlL of deioni zed water nmaintai ned at 80C, the base

mat erial provided thereon with the thermal]ly sprayed filmprjor to
the heat tredtEnteFHd oF Wt EPvPfe %%F%%i%% théhreatdtiieh REnt

and then.det er.m nj { nsi S [ | pi

| i qui ds. S‘?‘h%r?rtéﬂg u%{ggm%lhri&é&g%% %\eegﬁaﬁéé%? g{htegﬁg%wt%ga gtg gagjhed Egat
1. In Figne laadikeohest af Beair@ntmbeRPaBE ol Chetsi Pltdkt 86h@aH] of
absci ssa and the dissolution current density ( cn2) is plotted as
or di nat eth¢ GA3Wvity or sPhebrksiy b tHeotreedl bingicherfalleapkyyeddiidat e
that, in the_case of the Al-In-Ti system the solubility of the

resul ti ng™Medinidy ahemiheyfamesiel Fheuechaaceirding FRABeNPTRaLYi t

h bstant i al h begi nni n J t i f t
>0 by RHee R R R fon PO N YaBneB T EOREE MR gt
ther mal | ya3Piayaseld LiiBn healordehgl othatl 1 LRRPEERIANRuOL BPLCHEIRac

t han 250C are al nost identical to one another for the filns whose In
concent r akrtanserdy s 8Bih afoleMedtarat, abowhe2drdyy RESSS @G abOUL, 3%yby
mass, resgecti vely. On the other hand, if the In concentration is

| ess t hafnregmallyrgpsayehdldnl emndtt peobtpingd, ALlphsEwWshprawiigplly
sprayed fil nms at-t&‘elgtfqliat a tenperature of not |ess than 250C are
l'iabl e t B°BEPY EF-UROr'thi s reason, when adding, to an Al -based

t her mal | ;teﬁgyayed film an elenent having an ability of reducing the
solubility of"the thermally sprayed film such as Si as shown in

Ref er encerERefph®: Exambldorigh this is not shown in Fig. 1, the use of
In at a concentration ranging fromat |east not |ess than about 2% by
mass and not HbrtaichRefersoge BxEwlsy hbe ilsgtd de thenaddrst du ard Ti

reasonabl e in order to achieve the intended_pu_pos f the present,
i nventi of™ [%4}: ractemstiigs BeRPdiigsusekd Fhov ?ﬁiOleFlﬁ | &1 Wt

di spersed | 1 hernal d; L . h ; f

di sper sego%nﬁo%ﬁgl% rgn‘l;{fs14 %i(%ﬁ?%%%elé%éaégtlg\%??é’ gqfh %?E;{YE &nfg{;rgtg 2% as the
t her mal | w1 s@inyeenti | MHsSadidthapven: et Bad il srd Sxpeatsdd eatedmat
a high tenperature. In other words, there would be observed such a

t endency ofhfbhoshergleddvevico ywhgf tiohelressd tahghal Abaxwgpcnkotnased.
sprayed fil m becones nore higher, the nore the concentration of In
used is hi&H.4€b6A5r 2.1% by mass In - 0.19% by mass Ti;

(b) 4N AL - 1.2% by mass In - 0.18% by mass Ti;

(c) 4N Al - 1.8% by mass In - 0.20% by mass Ti;
(d) 4N 21 - 3.0% by mass In - 0.17% by mass Ti;
[0042]
There were blended A1, In and Ti wmaterials in a predetermined

mixing ratio, then the resulting blend was melted to thus make the
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Consequently, in the case of the Al-In-Si-Ti system it would be
recogni zed that the Al -based thermally sprayed filmheat-treated at a
hi gh tenperature shows preferred or satisfactory solubility, if the
In concentration falls within the range of fromabout 2 to 3% by
mass. [0046] Exanple 1: A material for thermal spray was

pr epar edIhyaril &ndiaiggripd samdidsirmdy dispenger aithye AN vétertial 8id &hdnTi
materials, nelting the resulti ng blend to uniformy di S£erse the In,

Si and TFOWRSHAMEPs2 FertH&easheae &r? Ahusagdve r%ﬁﬂaft@ﬁﬁ gtor fpral’

r od- Ilke he 1e l,t.i ng I 0%

e 1?36%? s ¢ %’Lt&&gb it e Sre SR T
the In Al 1Y sPRAPEd &S ﬁéesnﬁéﬁ%%%ﬁda I3 skend®e0f: 1t RESS SelRf bye
to the rrass of the Al material) . The resulting rod-like material for
ther mal apreycivias thheatrabiphesprayediomntene sucdatimpfoathassodreteneal
consisting of Al within the atnospheric environnment according to the

rod fl anBPs®ying ﬁ@c@ﬂ@égﬁeqﬁée%wr%ur@éiz ©2 198202 tgRBS R AR #POE:

oy a1 oeedin sl Pl e AR R DR YRR LS SR ke
thus forggreed pserdodepesi hadfihmM MRS 2k Dspecd %ﬂ&%n@@ﬁ%@& el

between the heat treatnent tinme period (0 to 500 hours

t he at nogpherfrand wdiethenudhebtéd tof a thetf tteadudne it ﬁetérmwatteﬂe
for the renpval of the filn) observed when it was immersed in

dei oni zeuamim fa‘pmamco 350 St dtne drreatoent hassegerisfd e@tnfam g hogey
Al -based,th rayed fil mcont;stl ng_of 5N Al 0% nass

In (a coht SERETH S PIRARE Y St Wﬁﬁ%@%ﬁ%ta &d
fiim ) w8885 a(sjafpeala)eepéfcé aAng: Es'ﬁ{i o' e ehdrﬁng MSSH 00

thermal |y spra m was keW| se 1 nveésti accor

sane net Bﬁﬁom@tﬁﬂﬁge@hé QQ44l forming process. Then the solubility, in
water, of the Al-basged thermally spraved film was investigated by
dipping, in 300 mL of deionized water maintained at 80°C, the base
material provided thereon with the thermally sprayved film prior to
the heat treatment {0°C) or after the completion of the heat treatment
and then determining the current density of the resulting dipping
ligquids. The results thus obtained are plotted on the attached Fig.
1. In Fig. 1, the heat treatment temperature (°C) is plotted as
abscigsa and the dissolution current density (mA/cm’) is plotted as
ordinate.
[0043]

The results plotted on Fig. 1 clearly indicate that, in the case
of the Al-Tn-Ti system, the solubility of the resulting Al-based
thermally sprayed £ilmhas such a tendency that it shows a substantial
change, beginning at an In concentration of about 2% by mass and,
in particular, the solubilities of the Al-based thermally sprayed
films heat-treated at a temperature of not less than 250°C are almost

identical to one another for the films whose In concentrations are
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The results thus obtained are plotted on the attached Fig. 2. In Fig.
2, the time period (hour) of the heat treatnent carried out at 250C
is plotted as abscissa and the tine period (hour) required for the
renoval of the pseudo deposited filmis plotted as ordinate. As will
be clear fromthe data plotted on Fig. 2, the conventional Al -based

t her mal | gek prtajecels bimappee doby epesidneddatboding s canments beesprmniedifr om
the base material at a tinme when the film have been heat-treated over

about 1687HJW 8-BFT I'GRgerit \Rﬁﬁ B crRECARtRsion indang Fhes ﬁr‘%alyié@aﬁsb m

d f [,
Poveq SfRrRetgneidl BeCehel ARSSdd FndhER T shiil ' AR et
of about t%éQtéEPléftSa bbm ﬁr%eoerﬁé@rmst bakn eyird ReeAl 1 hased s be

thermally sprayed filmheat-treated over a tinme period of up to a
400 hour sedmyede Ferouleis wiehlsbn, aldestl «48inghutesroRit-basbasiierdhalihe
approxi mate equation (y = 0.0014x + 0.2462) as indicated in Fig. 2
while t aﬁpﬁ@wdqéllr@r ég@lﬁ@erlb HATRHEY anrﬂmléﬁmsqfdmch;qmg tl{mzm]blllty
Exampl e 2; terial at t her ra red

bi ot ngot e st Bshraysro Bt b | Sucine K oo SO Do e RIS,
melting §he e u pef se. ng, Ti
mat er i aIBS' |%i?ﬁ&h% n%%er%lﬁ& %&%n@%ﬁiﬁ e{ %@%g@ d§l IIE 8 Th
shape, tbent@sidddiog fdbdieny HaberdtaleadiNoit 1e§s Q‘Kaﬂyam&s 2oy nBsB8%
by mass Si - 0.18% by mass Ti, 4N Al - 3.0%by nmass In - O. 54(}?

mass Si  and p8%pyrentsy Jhoutnd . FNbAmass ZQOill%twcmmisielmd-asOrmmvle
mass Si

in order to achieve the intended purpose of the present invention.
[0044]

As has been discugsed above, if In is well dispersed in the
thermally sprayed £ilm and the amount thereof dispersed in the film
is high, the reactivity of the Al-based thermally sprayed film is
high even when the film is heat-treated at a high temperature. In
other words, there would be observed such a tendency that the
reactivity of the resulting Al-based thermally sprayed £ilm becomes
more higher, the more the concentration of In used is high.
[0045]

Consequently, in the case of the Al-In-Si-Ti system, it would
be recognized that the Al-based thermally sprayed f£ilm heat-treated
at a high temperature shows preferred or satisfactoxry solubility,
if the In concentration falls within the range of from about 2 to
3% by mass.

[0046]
Example 1:

A material for thermal spray was prepared by blending, in a

desired mixing ratio, 4N Al, In, Si and Ti materials, melting the

resulting blend to uniformly disperse the In, 8i and Ti materials
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0.21% by mass Ti (wherein the added anmounts of the In, Si and Ti
materials are expressed in terns of those relative to the mass of the
Al material) . The resulting rod-like material for thermal spray was
sprayed on the surface of a base material consisting of Al within the
at nospheri c environnment according to the rod flanme spraying techni que
(heat soimcehe GHRaO2r b=, dn@inpieat fseiinghoiht3, 00038 11 ke tdhigegi ¥he
each corresponding Al -based thernmally sprayed filmon the surface of
t he baser@@fkiing nokaeh witerpal Al4haded 3 HEF Wl N§SSpitayel- 2% I MRRSS

f d d ited fil ' ted f th | at .
ot ween Ehe HGAL DY SHILA. (VRS0 60 TOaD B8 00 F o5 12s0t PRY
bet wec : & D b _ .
or tho FEnoual B oL b (TTey SOReeryad Wher (T uas | e oes e nids

dei oni zedr vaienlaha®dE.al)n adkh theenltigg rdde 13RKanaiera@MPEST SBRrmaN
Al -based thermally sprayed filmconsisting of 5N Al - 3.0% by mass In
(a convespianavad tipaged lWwhepraled opr byedstirfang pefewrdl doatep ositeedall
ilm ) was separately produced and the peelability of the resultin

t her mal | 90%%4‘%9@@ PE| %f VISR SR s_ET rgated P8i AL e ©

same net d e. The r S obtai ned )
pl ott ed gﬁgt lr%%atfg% eed_sé%)%{}% FﬁCEbQ&B @%%E t igégy%eé'ri (Q)%hz( E)fmgagbf
the heat tbfgatdRit . Cabblieds0ytoal) A20GHhe ROt ad a3-BAsEd seandiihe
time period (hour) required for the renoval of the pseudo deposited

filmis pboayetl fdmord natesultace |df hdecbese hatcmmiilie data Hl-Giated
on Fig. 3, both of the Al -based thermally sprayed film (pseudo
deposi t eBREFIFYLic SREAYRANG 18R ERuUAInt t (FSPURPgREPOSHe ¢Fi5m) byas

d.th i | . b h ,
ot or ol ahfiFedian B 402 pedaf. SRS LEIREE LERADE PRRE perieg
but the Ah-pasam hHbarapl by spraved £ihd rat&a@sgﬁagge dgposhkedefdddi1ity

containing Si in an anount of not nore than 0.5% by mass according™to

t he presefttHenfEnt i(@hecaimebecdeimdetort the idievhaser mhedfilal) spdertved
about 30 mnutes if the heat treatnent tine period is up to about 250
hours. [Bb80]iEvafplenegsed in dgipnigadiwhdest ~orBOIC -t her peditien, for

obtained_jn Reference Exanple 2, vari % Ki of Al CP d then:tally
opr ayed. FRPAERGOLAPTEATIEoRy peth LAReRDeEmat Ck SRF ¥ iR SerT st
system ""8%%1\1?%?96‘5 %E?%%%F% A c%géﬁ‘ff&nﬂsﬂlbaﬂe&%ﬁ%ﬁ?g%ﬁ%gsd

resul ting ased y spraye ns each were | nspec
the rel aFibn hpbveRn ddeosidedad ANt aef skparSitelansidducaad snbe the

solubility of the resulting thermally sprayed film In this respect,
t he addegegahdomntisyoPLl hhe Ges@itingdteresld vexpraged diilm wasnbkilgfwise
those rel.ative to the total mass %f the Al conponent .used.
investigated according to the same method used above.
[0047]
The results thus obtained are plotted on the attached Fig. 2.
In Fig. 2, the time period (hour) of the heat treatment carried out
at 250°C is plotted as abscissa and the time period (hour) required
for the removal of the pseudo deposited £film is plotted as ordinate.
As will be clear from the data plotted on Fig. 2, the conventional
Al-based thermally sprayed film (pseudo deposited f£ilm} cannot be
removed from the base material at a time when the film have been

heat-treated over about 160 hours or longer, while the Al-based

thermally sprayed f£ilm {pseudo deposited f£ilm) according to the
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(a) 3N A - 2.09%by mass In - 0.1% by mass Ti; (b) 4N Al - 2.89%
by mass In - 0.13% by mass Ti; (c) 4N Al - 3.33% by mass In - 0.004%
by mass Cu - 0.17% by nmass Ti; (d) 4N A - 3.091 by mass In - 0.171
by mass Ti; (e) 3N A - 3.1%by mass In - 0.111 by mass Ti; (f) 3N
Al - 2.78%Dby nmass In - 0.111 by mass Ti;
present invention can be removed within about 30 minutes up to the
heat treatment time period of about 250 hours. It would be presumed
that even the Al-based thermally sprayed £ilm heat-treated over a
time period of up to about 400 hours may be removed within about
48 minutes on the basis of the approximate equation (y = 0.001l4x
+ 0.2462) as indicated in Fig. 2 while taking the foregoing tendency
into consideration.
[0048]
Example 2:

A material for thermal spray was prepared by blending, in a
desired mixing ratioc, 4N Al, In, Si and Ti materials, melting the
resulting blend to uniformly disperse the In, 8i and Ti materials
in the Al material, and then forming, into a rod-like shape, the
resulting molten material: 4N Al - 3.0% by mass In - 0.58% by mass
Si - 0.18% by mass Ti, 4N Al - 3.0% by mass In - 0.54% by mass Si
- 0.18% by mass Ti, or 4N Al - 2.77% by wmass In - 0.42% by mass Si
- 0.21% by mass Ti (wherein the added amounts of the In, Si and Ti
materials are expressed in texrms of those relative to the mass of
the Al material) . The resulting rod-like material for thermal spray
was sprayed on the surface of a base material consisting of 21 within
the atmospheric environment according to the rod flame spraying
technique (heat source: CH;-0; gas; temperature: about 3,000°C) to
thus give each corresponding Al-based thermally spraved £ilm on the
surface of the base material. Each of the Al-based thermally sprayed
films thus formed (pseudo deposited films) was inspected for the
relation between the heat treatment time period (0 to 250 hours)
at 250°C in the atmosphere and the removability of the f£ilm (the
time required for the removal of the f£ilm) observed when it was
immersed in deionized water at 80°C. In addition, for the sake of

comparison, an Al-based thermally sprayed £ilm consisting of 5N Al
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N N N N N N

ANANAN AN AN AN AN
~

4N
4N
4N
4N
4N
4N
4N
4N

- 2.9%by mass In -
- 2.8%Dby mass In -
- 3.0% by mass In -

12% by mass Si - 0.06% by nass Ti;
22% by mass Si - 0.21% by mass Ti;
2% by mass Si - 0.13% by nmass Ti;

- 2.8%by mass In - 0.28% by nmass Si - 0.15% by mass Ti;
3.0% by mass In .30% by nmass Si - 0.23% by nass T|;
A3 o@s BY0 dyeamass (4 rnonv@:n?_i&hﬁ)}/ Aedesst thedmd] Yybypraesl Tilm

Al - 2.0%by mass In - 0.40% by nass Si - 0.17% by mass Ti;
AlpsewgicsignasikedSiilm) ) wasseEpapteRy Profuced apgddhgypamsditity

of the resulting thermally sprayed film was likewise investigated

PP
coooo

accoxrding to the same method used above.
[0049]

The results thus obtained are plotted on the attached Fig. 3.
In Fig. 3, the time period {(hour) of the heat treatment carried out
at 250°C is plotted as abscissa and the time period (hour) required
for the removal of the pseudo deposited film is plotted as ordinate.
As will be clear £rom the data plotted on Fig. 3, both of the Al-based
thermally sprayed £ilm (pseudo deposited £ilm) containing Si in an
amount of higher than 0.5% by mass and the conventional one cannot
be removed from the base materials if the heat treatment time period
exceeds about 160 hours, but the Al-based thermally sprayed f£ilm
(pseudo deposited film) containing Si in an amount of not more than
0.5% by mass according to the present invention can be removed from
the base material within about 30 minutes if the heat treatment time
period is up to about 250 hours.
[0050]
Example 3:

In consideration of the results obtained in Reference Example
2, various kinds of Al-based thermally sprayed films of an In-Ti
system, an In-Cu-Ti system, and an In-Si-Ti system were prepared
using 3N Al or 4N Al as an Al scurce and the resulting Al-based
thermally sprayed f£ilms each were inspected for the relation between
the added amounts of In, Si, and Ti and the solubility of the resulting
thermally sprayed f£ilm. In this respect, the added amounts of In,
Cu, Si and Ti are expressed in terms of those relative to the total
mass of the Al component used.

(a) 2N A1 - 2.09% by mass In - 0.1% by mass Ti;
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(o) 4N Al - 2.096 by mass In - 0.55% by nmass Si - 0.30% by mass Ti;
(p) 4N Al - 2.5% Dby mass In - 0.18% by mass Si - 0.1% by mass Ti.

[ 0051] Materials for thernmal spray each were prepared by
blending, in a desired mxing ratio, A, In, Si, Ti and Cu materials,
melting each of the resulting blends to uniformy disperse the In,

Si, Ti arblotNQ@L rakelballsy imasshenAd MEEBEr betl masedrit;hen form ng each
of the resulting nolten materials into a rod-1ike shape. The

resul ti ndt ot 1Ake Audd¥ il §286r TR hertrfl04§pbdymass: Kuner 8-  He divarpgs
sprayed Q_the surface of a base material consisting of Al within the
at nospheri ¢ environnment according to the rod flanme spraying techni que

(heat soyggeiy GaH2- gzog@sbytn%gge&ﬁtur@_:lﬂbggtm%%)%(’;) to thus give
each corresponding Al -based thermally sprayéd filmon the surface of
t he base (sht®yizl - Bach of ndee Ah- basedist her maks yrisprayed fil ms thus
formed was then subjected to a heat treatnent at a tenperature

rangi ng fEbnY Alo -380T8% thie massalnent \id$ barwaesl Wut  for one hour

in the atnpsphere and then the filmwas subjected to furnace cooling)
in pl ace(g}) ‘ﬁﬁ@lhéa%-%ﬁ E%TP@S% &n\mi%ﬁ%iﬁfﬁ%ﬁ vigur o ReEsPBI RS T3

exposed i the fide ! pro 5, SO ol LEY, .
wat er, 019 Héaﬁ% - b%éée%bmﬁgn%%qy s%@egﬂ}? %n% V\@gs ién'\%s"t I gar?aeécfn gf/"
di ppi ng, (in A9k of ogleiprhasdrmat e 2gabntpigaed; at BAGs BRGHNATE ;
mat eri al provided thereon with each thermally sprayed filmoprior to

t he heat (i} etif Adnt Z 83 byrmads dn t he. 2npletasn SOof - the Hehy vasatlient
and then determ.ning the current density of the resulting dippin

i qui ds. UFhetl ddurt$ T BhitilRed Arid Pyt Tass i rhe 2 REHEET T 4
for the "i“ifrcfﬁr%ﬂt Loned 084 1L.0NS, (A)s Eng/ dads gl 1 ddz {%«5 %ysrtgagﬁesu ielgtn

treatment tenperature (Cf 1S plgtt_ed'as absci'ssa an _
current dansds (0 iRl Badd aint edo af006¢i AL sil 0002]7% by maddmihi S

respect, it was found that the foregoing Conpositions (n) and (n)
show t he (hehaviadr -s2 6% &y thasd at - obsTra by haxs tdHe-f Ora@gobpguass Ti;
conposition (k) and that the foregoing conpositions (o) and (p) show
t he behavPbriiPd Iaf - Fo bvhBessHdder v PFoPYt WesT Glegof i % Bipeass Tan

(9) (p) 4N Al - 2.5% by mass In - 0.18% by mass 5i - 0.1% by mass Ti.
[0051]
Materials for thermal spray each were prepared by blending, in
a desired mixing ratio, Al, Tn, Si, Ti and Cu materials, melting
each of the resulting blends to uniformly disperse the In, 8i, Ti
and/or Cu materials in the Al material, and then forming each of
the resulting molten materials into a rod-like shape. The resulting
rod-like materials for thermal spray each were thermally sprayed
on the surface of a base material consisting of Al within the
atmospheric environment according to the rod flame spraying
technique (heat source: C;H;-0; gas; temperature: about 3,000°C) to
thus give each corresponding Al-based thermally sprayed £ilm on the
surface of the base material. Each of the Al-based thermally sprayed
£ilms thus formed wasg then subjected to a heat treatment at a

temperature ranging from 0 to 350°C (the treatment was carried out
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[ 0053]

As will be clear fromthe data plotted on Fig. 4, if the

added amount of Ti is around 0.1% by mass, the solubility of the

Al - based
t r eat men
Ti shoul
t he adde
observed
after th

thermal ly sprayed fil mwhich has just passed the heat

t stage is reduced and accordingly, at |east 0.13% by nass of
d be added to the thermally sprayed film This is because if

dosnpmthopt T e péwosphere end3thdyy thgs§ilm hase swoikekask to

such a tendency that the -based thernmal ly. sprayed_film
SR GPELEHD, Lol pgetatot e BRSR FREbRYY ot Y H a® F1lm wol

Filmforping.pf G&éﬁﬂ%@ RYGEd: ‘?LEP%‘F c)imqgﬁ Apeo& gs?dvﬁ'{e\%ﬁitpg

effect of the uri

if it ex
segr egat

I"es present~in artin materi al’,

g0easi Di 28 % BYwath®s S oft :nl in1CBARAN &iHering 11 1 &dH@ k8 £8US as
ion in the Al -based conposite material and accordingly, when

an Al - basedeshiggatmld pyspimyledy,f ihn308 s adudedonsied) veiiel wairetaemedl |

t he cond
appear an
i mpai red
reason,

conposi t
preferab
consi der

i mpuriti

itions of the thermally sprayed filmand the visual

gk 3P Theachshpree MptAriBasEaCY Hicheheyeap rmayidd eprhntganally

.0f _such.ten cy of causing.segregation. For i.s
PRESHHB AP pPIGT PRIt o MRE IS T TR e il
BB Ak EeeiRi®! ahhYei! abessnilaly Cnd S eFRasHaNd, 1T e
ly not less than 0.17% by mass while taking into
ahé arstibeiagdety aplitu iafs . Si Thende gl sconeesib ttaitiedmef plot ted
es such as Cu and further the amount of Ti is preferably not

more t haRROtRBmtsRchad SFign Al E0F diiengforrneisonst] ¢ogpastitipns (&) to

segr egat
anmount o
t he reac
sprayed

t her eof

t he reac
wat er st

i i nt o_accoun [.0054 I n addition, ,,f, the added

(28" B PR Ankhe o byenhment ERBSERTRR) P o¥ pIoEGH es
S . ‘he . ] £h

PP e P e n et i res i (RA T Ranhrea =
exaerdise 0. 5% by mass, there is observed such a tendency that

tivity of the resulting Al -based thermally sprayed filmwth
dPP821 0 decrease. [0055]

In this respect, it was found that the foregoing compositions
(m) and (n) show the behavior similar to that observed for the
foregoing composition (k) and that the foregoing compositions (o)
and (p) show the behavior similar to that cbserved for the foregoing
composition (g).

[00531]

As will be clear from the data plotted on Fig. 4, if the added
amount of Ti is around 0.1% by mass, the solubility of the Al-based
thermally sprayed £ilm which has just passed the heat treatment stage
is reduced and accordingly, at least 0.13% by mass of Ti should be
added to the thermally sprayed film. This is because if the added
amount of Ti is less than 0.13% by mass, there would be observed
such a tendency that the Al-based thermally sprayed film after the
exposure thereof to the heat history during the £ilm-forming process
has a reduced solubility due to the adverse effect of the impurities

present in the starting Al material, while if it exceeds 0.25% by
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The addition of desired ambunts of Si and Ti to the Al -based
conposite material would certainly permt the control of the initial
reactivity (activity) of the Al -based thermally sprayed fil m which
has just been produced according to the thermal spray technique and
whi ch has not been subjected to any heat treatnent and, in other

wor ds, thessolthbilii cgmpahenhel g htalned Ly cepesayedreghniandnttre Alsdasbd
desired amounts of Si and Ti would accordingly permt the_ inhibition
of any dfSERPRitGCoMateriRé BREr ARFPYLIIILYY e #RET Afd e -Posethethasded iyn

h f wih [ [ h heri ' o
Nor eover “FRYThE Ll ee HRErodr Tl pBicr Belru ol (e Hedn-eatoPy

I nevi t abkye @REEMAL BF 88ridd1E N1k B itk B hanbebsf 1t
t he range %f fromg%ogf 00 to 350C, anlS%F’l- ba[e%gjgd% the?%l@fﬁ%érﬁ%tggg

fil m havhhegbasql gledinedlllyysmpegent fHll e reol nhiilbetibeansh e fpatiucadichy-y
form ng the sane using an Al -based conposite material which conprises
2 to 3% By @Resings sparegabiqry 0FSY,Bilsnasasen, Siheywaoont3of 6T t2s&eby

mass of Ti, incorparated jn he terial. [0056 , | f i rsing
base. mPEPTET SR TG PR BH R CTBRe bie BRT BRIy nduaessbhoret
Al - based rpRd L | { = Sk Ti

whi ch haééggen su%j‘ %% gﬂe@%% r%qﬂég%gﬁ%g%ﬁgﬁ%}pglgsﬁlc%%%%?hgﬁoez%%tb%@

i mer si n@agé whildetonirge thv@icehsiberd sidieghataddetiefpemnat of €10in806e
the reaction of the thermally sprayed filmwith water is initiated

i mredi at ebyceitrat ioheof nhnpwiidieswaitle a8 gor engl Hrugdrer he ngmdiydr oden
gas and if the reactiqn further proceeds, the water is,6 blackened due

to the présefcBroteyadYpreti PPEgt Bort 0 or3% kY MPRS, ¥hkie | jakimge the
Al - based |l raye i i;s Tl ivided into fine particles
because B{T)Q%%%ﬁvllt o?’gugyr%ai E%gorgr%lg)ﬁe%%% yav(\:n%toﬁh\g\/at er and as a result,
the Al -bageeafil mcan be dissolved in water. Consequently, it can be
said that the Al -based conposite material according to the present

i nvention is Freadditvern {H thatasidefuatcemtre@st iise)ess (i057] 2% by mashs
has been described above, the Al -based thermal]ly sprayed filmof the
present FRFeRPIBHAMTECRLIhES FoRErPedheprepaiEaltthr sigh vakes hafmihe

oD 2 SRULE, PR RALOE cLrhOE, ARGRUCR AR 20 LB, Uatoqucen,

but the ghibassd tleemBblYarRiRY elelbbfnShRbd haye RIeLEa! there is

properties such that the solubility thereof in water “is high up to a

certai n pbeatyedfdwrh thetexposyr etizhherdef recacaitbat of ceherendsultAmo3]
Al-based thermally sprayed film with water starts to decrease.
{0055]

The addition of desired amounts of Si and Ti to the Al-based
composite material would certainly permit the control of the initial
reactivity (activity) of the Al-based thermally sprayed £ilm which
has just been produced according to the thermal spray technigue and
which has not been subjected to any heat treatment and, in other
words, the solubility of the thermally sprayed f£ilm and the use of
desired amounts of Si and Ti would accordingly permit the inhibition
of any dissolution of the thermally sprayed £ilm due to the reaction

thereof with moisture present in the atmospheric environment.

Moreover, if the upper limit of the temperature of the heat history
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Exampl e 4: A Cu filmwas deposited on a base material of

al um num (usi ng base materials each having uneven or rough surface
and those having flat or snooth surface) , whose surface had been
covered with an Al -based thermally sprayed film (having a thickness
of 200pm consisting of 4N Al - 3.0% by mass In - 0.2% by nass Si -
0. 2% by mmesslthblgrehqouepered vatbon dibegt tlm-tteemirey kbdmdes ¢rilbedithin
Exanple 3, over a predetermned tine period according to the sputter
F1 1 m f or B @ENEE o F50E ARG >QhEOKHRANG /cOm diic PBREC (DeTBRALY SEvayed
pl asma) ..-Thereafter ach base materi.al carryving a filmthus
Fornod ah AL 8 4 BrERE K L Raee i rer r by 2 R Bt Boe
mat eri al F¥aRidd €3 8shdhl Indaned -WakEeH cLRSHON ZRsk WRlA W iFR dHnpirigdsat
a tenperature of 80C or a tenperature ranging from90 to 96C oOver a
pr edet er it d 3t byengzar bddino d.busci hSHebly wawh ofafpland or18he 0.25%
renovabi ity thereof. Separately, for the purpose of conparison, a Cu
fil mwashyithast $& depobicradasptefelo HdseBataEidl |y sprayed film
consi st reg %Tj] 5N Al - 3.0%by mass In (hereunder referred to as
"convent i-ofa Al - based thermal |y sprayed filnm') , which had been
farmed on th ame. Dbas; erd %@% v ToXolee] t he: .sput.t.er
filmform nge%éecg}ﬁ?que%gggét r?é—%let he |¢%}qr %va% t%%?eg‘fgl%s%

i nvest i gakesl patakdivaget cdld ] sanE-pRddDEhusRd] BPpoyRayEhier 1 Bs W she

t hus obtai ned can be summarized as follows: [0059] Test for

Esti mat i igrépeiongabl + TnySiofTiSpystan ehdoh Fadnbedhistknestedtosthaicad
Thermall¥ Sgra ed Film, 150 to 200pnm ,TetLi perature of Base terial:
280C, ThFER g%‘%ltofd%lpéfieéb@ﬁeﬁ ¥ l?m%rﬁfﬁg Sput tr PRPRRARE PRRSA:

130 houri%aintained at a temperature of 80°C, the reaction of the thermally

sprayed filmwithwater is initiated immediately after the immersion,
while vigorously generating hydrogen gas and if the reaction further
proceeds, the water is blackened due to the presence of the
precipitated Inor the like. Finally, theAl-based thermally sprayed
film is finely divided into fine particles because of the vigorous
reaction thereof with water and as a result, the Al-based film can
be dissolved inwater. Consequently, it canbe saidthat the Al-based
composite material accorxding to the present invention is reactive
with water {water-reactiwve).

[0057]

As has been described above, the Al-based thermally sprayed £ilm
of the present invention which has just been prepared through the
thermal spray technique and prior to the exposure thereof to any
heat treatment should not have any particularly high solubility in
water, but the Al-based thermally sprayed £ilm should have physical
properties such that the solubility thereof in water is high up to
a certain point, after the exposure thereof to a heat treatment.

[oos8]
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Results of Tests for Film Condition during Sputter Film Form ng
Operation and Those of Tests for Evaluating Fil mRenovability: In
the case of the Al -based thernmally sprayed filns according to the
present invention, there was not observed, during the sputter f
foimng operations , any exfoliation of the sputter-formed filns for
bot h of Enempdrevien and flat base materials (see attached Fig. 5, in

this respect,_Fig,.5 (a) relates to the case whi.ch nade use of, an
uneven or rodbﬁmbg%%“&EFe ?Qﬂs%ﬂﬁ§‘ﬁ?é?bBS?HT“$EF§Eé§fF@uFW@MEé§§1ng

whi ch ma : I qﬁoﬁg i . i L.t .case
of the C%ﬁ%%ﬁ%ﬁ%%ﬁ?L%F%%gggﬁﬁt ernﬁF$§8§g$%§%k§4%qﬁ%§ gpégaégglﬁg
obser ved£18dr b GsrdiehS But-t&fe) | idker BliRfa@Pal=at 1RB8, c8¥ddd Atiirdn aaf
the sputter-forned films for both of the uneven and flat base

mat er i al 81 ¢saeedt tmred 1fi gpréyednfihns (hesperts Bripkm@sgapfr doapes
to the case which made use of an uneven or rough base material and
Fig. 6 (BY™FEPEs ot Hel cadelRint HagadEn us® -6f BY fiafs §i snbathby

base material); ... l:n words, . a rt.of th | - based t.he/ Ral
oprayed TR TormBarair e soreuileb ol il pitBotadiiarenth Pisvbac,
thereon wi t Rybbe -sptdseiednied i +ihd SpPedEhdrasgs koWt He Fhi e
(a) and t he ri ght hand edge of the Al-based thentelly sprayed™film

for med ofiilthefemriraceedihithe undee timgtlaidwal camd tpony i(dedphh@casimsnwiah h
the sputtered Cu filmis peeled off and turned up as shown in Fig. 6
(b) . MFesverften epehdese sptenalncapaydad tsh&u Dhlm huysr Gowed iang
accordin ot pr.esent_inv ion,. it was found t t he t hernal.l
aprayed Aot SoP iR T Her R thr PR u R alen B b BBt dne

be renov DY IR S+ i ' ' 1806 9

m nut es ?ggeyfie phg?%grgg%mgg st%ﬁhwgﬁgé?ga&g%gﬁﬂ%gaﬁ llt é%ﬁ{gl °
easily beenpstvadavofhgo®® o Aut@fHdiR@OTrENeaidiiRr Sren Al 8665 ° ativies
in the case of the conventional Al-based thermally sprayed film it

was found rhadetsranipiedr Fahe ypepirady éo fthie prendate ¢achepamplan fidr dhe
sputtered Cu filmwas never peel ed off when it was imersed in water

mai nt ai nEGTAYHBOIE o FIITFYur sSERESTHY  phot JiaBH RS REWRCTRR TSGR 7
(b) ) and &i Ma% HLYaLKREeLEGedhhi U bnRRD Al naREq! ’Eﬂg?c[}n%ﬁgy sprayed

film consisting of 5N Al - 3.0% by mass In (hereunder referred to
as “conventional Al-based thermally sprayed £ilm”), which had been
formed on the same base material used above, according to the sputter
film-forming technique and then the film-removability thereof was
investigated according to the same wethod used above. The results
thus obtained can be summarized as follows:

[0059]

Test for Estimating Removability of Sputtered Cu Film:

Thickness of Al-Based Thermally Sprayed Film: 150 to 200pm;
Temperature of Base Material: 280°C;

Thickness of Sputtered Cu Film: 2.5 mm;

Sputtering Time Periocd: 130 hours.

Results of Tests for Film-Condition during Sputter Film-Forming

Operation and Those of Tests for Evaluating Film-Removability: In
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in water maintained at 96C for 3 hours. In the case of the present

I nvention, it was found that the warnmed water contained precipitates
of A1001.1 and accordingly, Cu could be recovered with ease [0060]
Exanpl e 5: In this Exanple, the same procedures used in Exanple
4 were repeated except that an I TO filmwas forned according to the
sputt er £ maser af nghe édnhpgse thesmaddy Frnayedchiing mogosding T ahgl e
4 and forned gccording to e sputter filmform ng. technique to thus
i ve o DHESPSH crirtaapy y FRGranvar - DREPERET | § oy S FAHRREE
provi ded 11 Wit - fi ) |.al
s thon i1 e e P R oA s el harr T Lo AL EhP sl L AR inke

t enper at 86€ eT off e delkeen Aetl flhrebRss id ct-0al HUSdengpeathddi@ig.

Al -based filmfor its renovability upon the inmersion thereof in

wat er . SBpatati@lipy reepetthe BgkeSod) comipdiciss b, thm dap@ whieh vesle use
deposited_on the surface of the aforenentioned, conventional Al -based

t her mal | 9 sHt &R Py TR PAREITHeBR-2dp AP St BESRESREY CEP,
accordi ng, Lo &1{}%115 RUBE SLLN G %f@géﬁu& %@%&tﬂ%éﬁ Ml 2 TRY P! 'vbﬁdﬁe i

t hereof Was |1 Kew sé Investigated according to e samne t hod "use
above. ThEe kegkldsthdusnobhaidird mé&a&s&m@ag@éﬁy&alﬂﬂ%; tHreeal]
Test for Estimating Renovability of Sputtered IT Il m Thickness of
Al - Basedwdher deddryweSpr ayeding | nthel 5Guat290pai lid-dhperiagur epafaiBase ,

Mat erial : 280C;, Thickness of Sputtered ITOFilm_ 0.7 mm
exfoliation of the sputter-formed £films for both of the uneven and

flat base materials (see attached Fig. 6, in this respect, Fig. 6{(a)
relates to the case which made use of an uneven or rough base material
and Fig. 6(b) relates to the case which made use of a £lat or smcoth
base material). In other woxds, a part of the Al-based thermally
sprayed film formed on the surface of the base material and provided
thereon with the sputtered Cu f£ilm is peeled off as shown in Fig.
6 {a) and the right hand edge of the Al-based thermally sprayed film
formed on the surface of the base material and provided thereon with
the sputtered Cu film is peeled off and turned up as shown in Fig.
6 (b) . Moreover, in the case of the Al-based thermally sprayed film
according to the pregent invention, it was found that the thermally
sprayed film provided thereon with a sputtered Cu film could easily
be removed by immersing the same in water maintained at 80°C for
19 minutes (see the photograph as shown in Fig. 7{a)) and it could
easily be removed within 6 minutes upon the immersion at 96°C, while
in the case of the conventicnal Al-based thermally sprayed film,
it was found that the thermally sprayed film provided thereon with
a sputtered Cu film was never peeled off when it was immersed in
water maintained at 80°C for 3 hours (see the photograph as shown

in Fig. 7{b)) and it was never peeled off even when it was immersed
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Sputtering Time Period: 72 hours. Results of Tests for Eval uating
Film Condition during Sputter Film Form ng Operation and Those of
Tests for Evaluating Fil mRenovability: In the case of the Al-based
thermally sprayed filns according to the present invention, there was
not observed any exfoliation of the resulting filmduring the
formati ohntﬂ‘?éﬁed?a%ééﬂaiir?& P6°¢ ReYshdCPER ng ™t E}é%ma&ﬁéﬁ be puesent
phot ogr a ) he_ case_o convent i onal
A base R FET Ty s By S TR EHe R M CombB LR Yo itee
peel i ng foAﬁoﬁ QﬁdSQH&Sﬁ{nI gm@ufémdi%e Qécé éd k,mtﬁ%gg@g
process (see the photograph™as shown in Fig. . Moreover,

| i kew se[oegalr di ng the Al -based thermally sprayed fllns accordlng to
the present invention, it was found that the Al -based thernally
sprayed Fkamplr Svi ded thereon with an I TO sputtering filmcould be

removed with eas when | rsing it in water nt ai ned at 80C I n
he case of b EObREIATIOIR L Bae PHNBEHERT St AfelaTplR 1 were

Chesy o rebEattq R0 EREE TRl b0 SRLANEL EhiBdascanyel, (OTRKadiRan

t he i nmer ere In water mal ntalne res o

96C. In tbmcmm@ thenrpiesenistdavest itdB, ci tfl\l@lsuééa-lﬁ]ﬂ H:daolbNe and
war med wat er contai ned precipitates of AlOOH and accordingly,

resi dual £o6fiGed ebagvfding hp S spmﬂ&r belmebovengdraditticeass thededye
Exanpl e 6: In this Exanp t he sane procedures used in Examnpl e

4 vere reﬁéeéw%%é@&tcwmﬁélr%% H%’ﬁtﬁe@nﬂkﬁr“’é’% wb‘spfra&’ﬁriaféclamﬁwgdee
the sput LRLLOG, LECHAL e, el ly BhASS PLnLIS] 0T AR LoD, 68 O LhLMocn

accordi ng e sputterin fil qUE Fius gt Ve~ 84e correspon&rng

base mat eridted iy aglei@lﬁa hagsed rﬁ@ﬁ{ﬂﬁh@ﬁ §@r@yﬂl&eh%aﬁ;§a@
thereon with an Mo filmand the resulting base material was

treat ed wiéh adeiredezeadnivetet imaipetrabdat ahua pregdetering pddbased £ilm
tenperature over a desired tine period to thus inspect the Al -based
t hezat al E§* éﬁﬁé}?—‘é‘@vﬁbﬂﬁ%@w@h‘éh@ EmpYEHIaY ‘@@eﬁ%ﬁr%\"at%“epaﬁa%@@ %ﬁElV(ar

he af or SRBATIORGLE CorARPRARGT: A had A4 T EBAArPSF Lprogodap, TRface
whi ch hangﬁﬁPaﬁﬂ&ﬁk%@iBﬁ&Qc%n?@ﬁ@iéﬁ&f%liﬁasé%%%ﬂfMdﬁbﬁébﬁ&%&iflhn,
which had been applied onto a base material, accoxrding to the
sputtering technique and the £ilm-removability thereof was likewise
investigated according to the same method used above. The results
thus obtained can be summarized as follows:
[0061]

Tegt for Estimating Removability of Sputtered ITO Film:

Thickness of Al-Based Thermally Sprayed Film: 150 to 200um;
Temperature of Base Material: 280°C;

Thickness of Sputtered ITO Film: 0.7 mm;

Sputtering Time Period: 72 hours.

Results of Tests for Evaluating Film-Condition during Sputter

Film-Forming Operation and Those of Tests for Evaluating

Film-Removability: In the case of the Al-based thermally sprayed

films according to the present invention, there was not observed
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sputtering technique and the renovability thereof was |ikew se

i nvestigated according to the sanme nmethod used above. The results

t hus obtained can be sunmari zed as follows: [0063] Test for
Estimating Renovability of Sputtered Mo Film Thickness of Al -Based

Thermal |y Spr d Fi.lm 150 to 2Q0pm Tenperature of Base Material:
220C; Th%ﬁ%?ﬁé@@&ﬁté‘ﬁ%t FBE TRFURELRY 0.1 o insp Ghecfamgtirresmaersy:

72 hours f . i Fi ndi t | rLn

Sput ter PrT o i o p SPAFF ki Gl LA (LR o Bt il o P oo
Fi | m Rempyaid i BYa) ) 0 ttherkassef of hteAborsfd chRe BRIk 8P ReH 11y
films according to the present invention, there was not observed,
duri ng t Bersped tfedms | noWeran, nghepe metsi ohseranly thef pdd haitrigonfdfof ltde
sputter-formed filnms for both of the uneven and flat base nmaterials

(see att §EREECF iPrmgd il digiaghedie H Yo-fprmingr prgcesst dseRe thgse

whi ch ma f |at .or_.snmo base material..and Fig. 9 (b

rel ates E gléﬁ'%%ea g'ls%g\%;}%ﬂ TRelisE gg@ ot g‘ﬁr%%‘%e\?éﬁijﬁ%%"ésﬁ#ﬁairgﬁ?% ths,
the cont hat¥asddchbansas Jder CORVENdRNAL Y elRasedsd e Bl
sprayed fil rr%S t here maéﬁso%%rved, during thg sputt%r ?élﬁﬁér n?ir?él
oper at i ong, wexf 6binat | tmtoftHehavispatedr chermedyf iSprayEar £k hpefvildea
cases which nade use of uneven and flat base materials, respectively.
I n addi t FBATePR WikE TR, SHurterdng dildofoulibbal ranmyed witdr sabe yhen

sprayed filmaccording to the present inven{ion, that the Al -base
t her mal | y™Spt && Jﬂi Iﬁ?p‘?’%?ﬁrdé'gl 8r-8% Wt%g & spultt éritd FAFerF iEmthe

coul d eagj, vegﬁamf%a%d ilageéagﬁggarﬁihg %%ﬁméﬂét ﬁi_gf%gbgat

80C for only out 8 mnutes (see t ographs as shoéown in
10 (a) , thetbyl Bandplydd Film wacondvead YetOvddiupon ithet hneiasenofhdhe

conventional Al-based thermally sprayed film the thermally sprayed
film provhdeztathapdorainadag spwmauategestod BOATENG 4616t o rhamase
of the present invention, it was found that the warmed water contained
precipitates of AlOCH and accordingly, residual ITO film {(or In,
Sn) could be recovered with eage.
[0062]
Example 6:

In this Example, the same procedures used in Example 4 were
repeated except for the formation of an Mo film according to the
sputtering technique, inplace of the formation of a Cu £ilmaccording
to the sputtering technique to thus give each corresponding base
material carrying an Al-based thermally sprayed film provided
thereon with an Mo film and the resulting base material was then
treated with deionized water waintained at a predetermined
temperature over a desired time period to thus ingpect the Al-based
thermally sprayed film for the removability thereof. Separately,
for the sake of comparison, an Mo film was deposited on the surface
of the aforementioned conventional Al-based thermally sprayed £ilm,

which had been applied onto a base material, according to the
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even when it was imersed in water maintained at 80C and 96C. [0064]
In this connection, Fig. 10(a) shows the condition of the Al -based
thermally sprayed filmprovided thereon with a sputtered No film

i medi ately after the imrersi on thereof in deionized water maintained

at a tenmperature of 80C, Fig. b) shows the condition of the sane

Al - based SPHEFFRMIS) @Befﬂl% & eF ORI ARy thereeactddn! Hisrest
th t It at _the, Al -ba

}cher m\;\? I gﬁgégglyidﬁtd %Qccgr(r;%lw d ergg%%% t%% c?Laués)pu 8r ed f]ﬁ%ni%g'

renoved E£naE élﬁ@l@@aecaﬁt@élsﬂmné%ﬂﬁé&ra?é &ollchk:this stage, it was
found that the warnmed water contained precipitates of A10014 and

accordi ndb963t esi dual Mo coul d be recovered with ease. [0065] Exanple
7: In this Exanple, there Were |nsected AI-basedtherrraIIy
sprayed EEEhsi®brESABIRERG Ransyal F4d|: mat eri al

been covereariEEIRah oh %%ﬁ%&??‘“%@gﬁ&?‘#? i T4 Iy S0

t hi ckness: %@}aﬁﬁl@@t BRGe Yot 1Al .- 23 Q% by mass In - 0.2% by
mass Si - 0.2% by nass Ti prepared according to the method disclosed

in Exanpl e Thitknédd o eppecéred e Fedi: for7 ewgl uati ng the
weat herability used herein conprises the steps of introducing each
sanpl e i nt o SRUEEEHEIATIMe- P%mtpchurﬁ%hpyr%ont rol l ed furnace which was

set at a_te reI atlv of 85%(85%?@

t hen al | & P : &3 2, QAL s SRt Eer
visual | ymapg&m@% tBse%H@&e G dig has 5Peffé§ts '%oéddg$¢ﬂ£htlk%'
t he puerbe O compart som, tNne /—\ abcu ther et y—Ssptayeua—rtrim

consi st Hglﬁf-R@N}v%lllﬁyg%IhytH@ScfaédTofatlﬁé)m\leﬁhks@@aihe%ra@§§eébrayed
thaclitally sprayed TiTm was |ikew se inspected for the
films according to the present invention, there was not observed,

during the sputter film-forming operations, any exfoliation of the
sputter-formed films for both of the uneven and flat base materials
(see attached Fig. 9, in this respect, Fig. 9(a) relates to the case
which makes use of a flat or smooth base material and Fig. 9 (b) relates
to the case which makes use of an uneven base material). On the
contrary, in the case of the conventional Al-based thermally sprayed
films, there was observed, during the sputter £ilm-forming
operations, exfoliation of the sputter-formed films for both of the
cases which made use of uneven and flat base materials, respectively.
In addition, it was found, in the case of the Al-based thermally
sprayed film according to the present invention, that the Al-based
thexmally sprayed film provided thereon with a sputtered Mo film
could easily be removed by immersing the same in water maintained
at 80°C for only about 8 minutes (see the photographs as shown in
Figs. 10(a), 10(b) and 10(c)}. Contrary to this, in the case of the
conventional Al-based thermally sprayed film, the thermally sprayed

film provided thereon with a sputtered Mo film could not be removed
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weat herability according to the foregoing nethod. The results thus
obt ai ned are shown in the attached Figs. 11 (a-1) , (a-2) , (b-1) and
(b-2) , respectively. [0066] In the case of the conventional

Al -based thermally sprayed film there was not observed the fornation
of any dark spot on the surface of the base material prior to the
weat her aBVERt et FagelTrsSsRolBgralpir #oishaired miFidg. C1and R61%.) |
but it WEE & nd that an i nnunerabl e nunber of dark spots were forned
on the sirface of the base material after the conpl etion of the

weat her abi | i ti, t@sts (2RebPERNOFRIT aR1(23S 3BOUN cFé Ieoddi idnlbr) th]e
Contrary to this, in the case of the Al -based thermally sprayed film

accor di ngltbagdre theesehly ispregedofla prvasdednhereed il a asputdaided
spot was not generated on the surface of neither the base materi al
prior toMphElkwdrmediaticiat abrmaithedimiqusionhicherenf (saieionfeed water

hot h . sh in Figs. 11 (b:1) .and 11 (b- tively) ..
s, i nPCRECERER B 4 HETREHASaIT R0 Rl T3P < b0 B 8EPIF eRcHOrIhE gt o
Th he Cal oF 4 ROV e b Bcts
ner el | oS oPay G (T Aan e STaray Shor e Sha perre ot e S

it is neveacatsompented witH haréoramt Fag. ofo @y sHak¥ SROt a condition
Accordingly, it would be concluded that the use of this Al-based
t her mal | $haprtlyedif-bhaed echdmalily shexcohdider phbeldsdabeirem ofitfhe

possi bili tt\; of energt,i ng, particles during the filmformn

oper at i ofE¥T} £ Flﬁpb$i“@§ﬁvﬁﬁt {reoddin Pase ma‘?qué’évé?‘i%@t,r%et}h
an Al - baged r | V. spray. fi onsj.stj -react.d v
Al - basedit%hettrhggl IrES/Ja él‘ a?Letd V&% n#%‘c@:%rﬁén% %%gtﬁ%r%ér}gsvén eetlr nVent i on,
the surf aeecobieatest Al A@NAnABABSFIfi1ya FddituboMd diiehhesoda-de

placed wthin a vacuumfilmform ng apparatus used for formng a thin
filmof aibhktedser a netal conpound

{o0s858]

Example 7:

In this Example, there were inspected Al-based thermally
sprayed films for the weatherability thereof using a base material
consisting of aluminum (40mmx40mmx20mn thick) whose surface had been
covered with an Al-based thermally sprayed film (film thickness:
200um) consisting of 4N Al - 3.0% by wass In - 0.2% by mass 81 -
0.2% by mass Ti prepared according to the method disclosed in Example
1. Inthis respect, the test for evaluating the weatherability used
herein comprises the steps of introducing each sample into a
temperature- and humidity-controlled furnace which was set at a
temperature of 40°C and a relative humidity of 85% (85%RH), then
allowing the sample to stand over 6 hours and subsequently visually
inspecting the surface conditions thereof. In addition, for the
purpose of comparison, the Al-based thermally sprayved film
consisting of 5N Al - 3.0% by mass In (a conventional Al-based

thermally sprayed film) was likewise ingpected for the
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according to, for instance, the sputtering technique, the vacuum
deposition technique, the ion-plating technique, or the CVD
technique, any filminevitably adhered to the surface of this
constituent nenber for a filmform ng chanber during the filmform ng

process can be recovered by the renoval thereof in a water-containing
at nps phef@ALEHRERL Y AELO5HINE {8 PreSeredd et tint caftd &SFILER ChAUEhe

field which makes use of these filmformn arat uses,..fo
et anccOSTHTRE RS, HRTE abtiRIe Fi89 JARACE] o682 Ofb-1) ana
el ement - fRA agldabRgiddRl ds and the el ectronics-rel ated machinery
and tools to thus increase the nunber of reuse of the constituent
menbers foe@slil mform ng chanber and to recover any filmformng

mat eri al whi ch contains various valuable netals. What is clained is:

1. A wat er - r s eagg obdbedayrpbsriel Mtkrsed tetiarddvarivayaddy lithe
i ncorporation, int of to 3.5% by mass .of. In, 0.2.1t0 0.5%Db
mes of 8heSE aeaiokopierasttiie oial L b Son oS BRI ke AR
amount OEfALh%a }??séa‘ rﬁ@fé}‘lgl; gﬁr—i&PetcE’r&?é‘% ef}tdbﬁ%at Hedte ALY €he

Al - based t her y spraye m characterized 1nt it conprises

the stepphofodigH 3¢ ahewhehhaki€onpr {s511Ng, Abut and @ad ft@nd ¥Hebyan
mass of In, 0.2 to 0.5% by nass of Si and 0.13 to 0.25% by nass of
Ti, on t enweeiablef nuheert ofaflanepetsofendl fowhed lpnathke iswedpperced slde
into the Al, in sych a mariner that the resulting nolten material has

a uni f oxPaPe MGHEESRLITTHET: HRT RAPY CE PR Aintie MESRBPTa e Pal (GRS

o B8 S8 BBAIT LBy LS % G S0 0L S cpe,

wat er - r eggt M€ A ~thased chBenadly epaRkayed: il dechiariagt epl @ied present
invention, it was confirmed that any dark spot was not generated
on the surface of neither the base material prior to the test noxr
that obtained after the test (see, the photographs as show in Figs.
11 {b-1) and 11 (b-2) respectively). Thus, inthe case of the Al-based
thermally sprayed film according to the present invention, to which
Si was added, it was found that the thermally sprayed film can be
stored over a long period of time and it is never accompanied by
the formation of any dark spot. Accordingly, it would be concluded
that the use of this Al-based thermally sprayed film results in the
considerable reduction of the possibility of generating particles
during the film-forming operations.
Industrial Applicability
[0067]

If covering, with an Al-based thermally sprayed film consisting

of the water-reactive Al-based thermally sprayed film according to
the present invention, the surface of a constituent member for a
film-forming chamber to be placed within a wvacuum film-forming

apparatus used for forming a thin £ilm of a metal or a metal compound
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in that it consists of a water-reactive Al -based conposite materi al
as set forth in claiml. 4. A constituent nenber for a filmformng
chanber of a filmform ng apparatus characterized in that it is
provided with a water-reactive Al -based thernmally sprayed film which
consists of a water-reactlve Al - based conposite material as set forth

in cl ai RICHLRGNEPer LPeaSFRCR! - HRR EPUCREF IRY | SPEPraYed Fig Macuum

pr oduced.accor.di ng {o.a .net ho set farth | cIa|m2 on. the

surface ??F%reotflo . C%lohsdc% uen('?nn@el tm hnflq}lmﬂform nge Vb

chanber gscigetqfor taH‘zy' rfl@ha'l@?eéhtm eécﬁhéxted %@%}@@ﬁ'ﬁ%e' BRI Bhtkng
pl ate, a shutter or a mask

constituent mewber for a film-forming chamber during the
£ilm-£forming process can be recovered by the removal thereof in a
water-containing atmosphere. For this reason, the present
invention can be used in the field which makes use of these
film-forming apparatuses, for instance, the technical fields such
as the semiconductor element-manufacturing fields and the
electxonics-related machinery and tools to thus increase the number
of reuse of the constituent members for a film-forming chamber and
to recover any film-forming material which contains various valuable

metals.
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What is claimed is:

1. A water-reactive Al-based composite material characterized by
the incorporation, into AL, of 2.0 to 3.5% by mass of In, 0.2 to
0.5% by mass of Si, and 0.13 to 0.25% by mass of Ti on the basis
of the total amount of Al.

2. A method for the production of a water-reactive Al-based
thermally sprayed film characterized in that it comprises the steps
of melting a material comprising Al, and 2.0 to 3.5% by mass of In,
0.2 to 0.5% by mass of Si and 0.13 to 0.25% by mass of Ti, on the
basis of the total amount of Al, which are incorporated into the
Al, in such a mammer that the resulting molten material has a uniform
composition; thermally spraying the molten material on the surface
of a substrate, while quenching the sprayed molten material to thus
solidify the same and to thereby form a film.

3. Awater-reactive Al-based thermally sprayed £ilm characterized
in that it consists of a water-reactive Al-based composite material
as set forth in claim 1.

4. A constituent wmember for a film-forming chamber of a
film-forming apparatus characterized in that it is provided with
a water-reactive Al-based thermally sprayed film which consists of
a water-reactive Al-based composite material as set forth in claim
1 or a water-reactive Al-based thermally sprayed film produced
according to a method as set forth in claim 2, on the surface thereof,
5. The constituent member for a £ilm-forming chamber as set forth
in c¢laim 4, wherein it is an adhesion-inhibiting plate, a shutter

or a mask.

41



