SPECI FI CATION Title of the Invention: Water-Reactive Al Conposite Mterial,
Wat er- Reactive Al Film Process for the Production of the Al Film and
Constituent Menber for Film Form ng Chanber Technical Field [00011 The
present invention relates to a water-reactive Al conposite material, a
water-reactive Al film a process for the production of the Al filmand a
constituent nmenber for a filmfogspbrerehprdgr and in particular to a

wat er-reactive Al conposite material which contains added In and added Si;
a water-reactive Al filmconsisting essentially of this water-reactive Al
conposite material; a nmethod for the production of this Al film and a
const i t uelii t herdfethé dnventiicom f WahengRehahtwe AWdowhosstedadrasdiadith this
Al film Background Art iOOQZS In a filmform ng apparatus _for formng a
thin fil nf25eEcRERAGIVE, At FlimstBhRcEss Horsphet REPAECEEERNPEU® tHe  vacuum

depositiop.techniqu the, ion:platin echpi.que,_ or .the CVD techni que, a

(i Tmot aibbal 5i GopePSrueBinbenRRE 288 B IcrpSpipdqChatberal i o

i nevitably adhered to a constituent nenber for a filmform ng chanber,

which is positioned within the filmform ng apparatus during the
filmfornpeanpieatsSeieldS such constituent nenbers for a filmformng
chanber, there <can be listed, for instance, an adhesion-preventive plate
for inhilhpooay the adhesion of any filmon the inner portions of 1 a vacuum

chanber other than a substrate, a shutter, a mask used for form ng such a
filmonly on tRBedegieseatarigwent idie sebsteatbo a water-reactive A

composite material, a water-reactive Al film, a process for
the production of the Al film and a constituent member for a
film-forming chamber and in particular to a water-reactive Al
composite material which contains added In and added Si; a
water-reactive Al film consisting essentially of this
water-reactive Al composite material; a method for the
production of this Al film; and a constituent member for a

film-forming chamber, which is covered with this Al film.

Background Art
[0002]

In a film-forming apparatus for forming a thin film
according to, for instance, the sputtering technique, the
vacuum deposition technique, the ion-plating technique, or the
CVD technique, a film of a metal or a metal compound, as a
film-forming material, is inevitably adhered to a constituent
member for a film-forming chamber, which is positioned within
the film-forming apparatus during the film-forming process.
As such constituent members for a film-forming chamber, there
can be listed, for instance, an adhesion-preventive plate for

inhibiting the adhesion of any film on the inner portions of



and a tray for conveying the substrate. A filmhaving the sane conposition
as that of the intended thin film(a thin filmto be fornmed on a substrate)
is al so deposited on or adhered to these nenbers during the filmformng
process. In this respect, it is the usual practice that these nenbers are
repeatedly used after the renoval of the filmadhered thereto. [0003] The

filminevitabhRdnanee ri Ot hELThaPAS UK t SERDSRSL P! BmbhbkMided M ng
chanber is thickened in proportion to the |length of the working tine of the

filmforntog fumcasssuShahfian cdheordhikl desisedackadmnthe subdthmfeor m of
particles, from the constituent nmenbers for a filmform ng chanber due to
the actieandof trhy for eomlewingetbe gubhstrather &df £ 1 hasrinchthetsams

accunul ated in the filmthrough the repeated thermal hysteresis, and
adher ed t 6OMRESILBOR A% LB it enwdDEandgecloh i gy rds &hini A1 4ReEP or mat i on

f filmhayi ' def ect s. .For .thi It ist
ot act i ce. PRat TS "B P iet 16 AZPPRR REPoPTY 7 AHFHEY o o
bj ected t 309 I : gt e th
i st | o5ERESL NTCar T r Gt R 1% For b B ARy e o a  Srage'th whi ch

the adher edspebm,i Sthois yehepeghed Hhactie wvwshi RHebBemRAber® r&r®@ve the
filmadhered thereto, the subjection thereof to a surface-finishing

t r eat ment rapdathdl ysubsd guerr thaasendemkeof. thed@4dm althenedsimretoval uabl e
nmetal such as Al, Mo, Co, W Pd, Nd, In, Ti, Re, Ta, Au, Pt, SeandAg, as a
filmfornilR§0Adterial, there has been desired for the establishment of a

rocessi ng 2 technj e for the recaqyery .of tals which do not take part
P g T%e %9ih.1nev1t£%ly'a er%d.to these constituent membersp

for a film-forming chamber is thickened in proportion to the
length of the working time of the film-forming process. Such
an adhered film is peeled off, in the form of particles, from
the constituent members for a film-forming chamber due to the
action of the internal stress of the adhered £ilm or the stress
accumulated in the film through the repeated thermal
hysteresis, and adhered to the substrate and this would
accordingly result in the formation of a film having various
defects. For this reason, it is the common practice that the
constituent members for a film-forming chamber are subjected
to the following cycle, at regular intervals; the removal or
dismantlement thereof from the film-forming apparatus at a
stage in which the adhered film is not yet peeled off, the
washing thereocf to remove the film adhered thereto, the
subjection thereof to a surface-finishing treatment and the
subsequent reuse thereof.

[o004]

When using a valuable metal such as Al, Mo, Co, W, Pd,

Nd, In, Ti, Re, Ta, Au, Pt, Se and Ag, as a £film-forming material,

there has been desired for the establishment of a processing



in the formation of the filmthereof on the surface of a substrate and are
adhered to the constituent nenbers other than the substrate and for the
devel opnment of a technique for making the nenbers reusable. [0005] For
i nstance, in the case of the adhesion-preventive plate used for inhibiting
t he adhesion of any filmformng material onto, for instance, the inner

wal | of thgchhh BhEOESNEhe 2PREERELS SPUnd el S WHASE & bty i pHit such
constituent nenbers for a filmform ng chanber, other than the surface of

a substraigf, thee fdepesiior ashrethdufing the redfmdrorithegsupfacessefis in the
exi sting circunstances, peeled off fromthe foregoing nenbers and/or the

i nner wal Eubgbrataandcase admnsst to the censtytusntd membashobhastti®@h for t he
peeling off of this depasit include, for instance, the sandbl asting

t echni quethefdibsigiatd aRinkPy EbsrieRIPMRRt Rfka &ardd igleFoRMakBid an

al kal i aﬁg t he eeling teg?nique whi ch uses the hydrogen enbrittlenment by
the action of "*P8FPnEFERE ,ehydrogen peroxi de and even the peeling nmethod
whi ch ”ak?ﬁngﬁ of the electrolysis thereof. In this case, when

i npl ementing the treatnent for peeling off of the deposit, the adhesion-

preventive pl argri sndeamged iih aclid eahs89oki @hed ddhdid B devetitaintd ties and
therefore, the adhesion- preventive plate would be limted in the nunber of
reusabl e pilaee. uEed tbirsinbabadningt ke akiheshiean ofeanye d iflor- fidwenidey el opnent
of a filn}peel[n? t echni que whi ch can reduce the occurrence of any damage

of the aBAEsSrdplpmbmnipyditanceastheinepuaslisifetheddis)-faming s

respect, however, if the _concentratiqn of the 3 ,
P apparatus and the surface o% a varqety of such constituent

members for a film-forming chamber, other than the surface of
a substrate, the deposit formed during the film-forming
process is, in the existing circumstances, peeled off from the
foregoing members and/or the inner wall, for the reuse thereof.
Currently used as such a method for the peeling off of this
deposit include, for instance, the sandblasting technique, the
wet etching technique which makes use of an acid or an alkali
and the peeling technique which wuses the hydrogen
embrittlement by the action of, for instance, hydrogen
peroxide and even the peeling method which makes use of the
electrolysis thereof. In this case, when implementing the
treatment for peeling off of the deposit, the adhesion-
preventive plate is damaged in a treating liquid in no small
guantities and therefore, the adhesion- preventive plate would
be limited in the number of reusable times. For this reason,
there has been desired for the development of a film-peeling
technique which can reduce the occurrence of any damage of the
adhesion-preventive plate as low as posgsible.

[0006]

In this respect, however, if the concentration of the



peel ed deposit present in the blasting waste generated during the foregoing
sandbl asting technique and in the waste |iquor generated in the treatnent
with an agent such as an acid treatnment or an alkali treatnent is |ow, the
cost required for the recovery of the valuable netals is correspondingly
quite high and accordingly, this nethod is not profitable. In such case,

the depospbeflBHSadSSS £ Ridsdnt apcondinGst iR dhedeagendBst £a didgig t he
present conditions. [0007] 1In the foregoing treatnent with an agent, not

only the thesfofegoihg swmediblpetrise HecHrigiue huld dhsohéheastostl igogur red for
the post-treatnment of the used liquid containing such an agent is high and
further t@eneratededre tfe anyeattnenonwehhaklkn mgdanit i swckhaal @nbeagpirevent ed.

For this reason, there has.  been desired for the reduction of the anount of
t he foregbFRGLAGBRtOT AR Békﬁééot%f‘saqr@ﬁ/‘v'ltaésp%@‘gi gihe cogtapedtisad Aten
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further beapkl edhépdepdscer €hiis! Yeelb8 SBE &1d AEcd NI LA £ only
the filmformng materials whose unit price is balanced with the recovery

cost, in whetexi shidlag thecpmesantesonf@@G@8hs.In addition to the nmethod for
peeling off of the deposit, as has been discussed above, there has been
known a té@RATdue for recovering valuable netals which conprises the steps

of inplenenting a fiLmformng process in,an apparatus provided wth
constit uent neﬁ%eFEecB9E?galRFtEgﬁﬁthnFiVﬁ? dﬂgi%ﬁ?qﬁy ot only the

cost for the agent per se is high, but also the cost required
for the post-treatment of the used liquid containing such an
agent is high and further the occurrence of any environmental
pollution should be prevented. Forthis reason, there has been
desired for the reduction of the amount of the foregoing agent
to be used as low as possible. In addition, when carrying out
the foregoing treatment with an agent, the film-forming
material peeled off from the adhesion-preventive plate would
be converted into other new chemical subgstances and therefore,
the cost required for the recovery of only the film-forming
material from the peeled deposit would further be piled up.
Accordingly, the materials to be recovered are only the
film-forming materials whose unit price is balanced with the
recovery cost, in the existing circumstances.

[0oo8]

In addition to the method for peeling off of the deposit,
as has been discusgsed above, there has been known a technique
for recovering valuable metals which comprises the steps of
implementing a film-forming process in an apparatus provided

with constituent members covered with an Al film consisting



4 of a water-reactive Al conposite material having such characteristic
properties that it can undergo a reaction in a noisture-containing

at nrosphere and can thus be converted into substances soluble or active in
wat er; peeling off and separating the filmadhered to the Al film during
the film form ng process, through the reaction and/or dissolution of the

N im 820 4 heR SO0 DA ALUARLE B! Sharbpe Iy ld iien

filmformng naterla'_present i n the adher pee

i nstance, cRateBtePRSHIBNprépePeeeli €Hat bt Ovdn UiddFyS 4 eshadiiod him

wat er-reactive Al conposite material is conposed of Al or an Al alloy, and
In, Sn, themodstbreatbannadhihg andoSphetrecaand kay thesedle ERrmverted
Literature Patent Docunent £0009] Patent Document 1. JP-A-2005-256063

(Cl ai ms) ipteckubataneest feluhlendt oncPivd| ersvaten: tprelinemidbmng to

Solve [0010] Accordingly,_ it |s an_object, in_a_broad sense, of. the
present i fiFR FPBhngot]é’%I gblm t?éihf‘?}?%ﬁign&%ﬁr B8 EMkMasdyEiBg e’ it he

ti techni i £ t | d it
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filmessentially consisting of this A~ conposite naterial; a nethod for the
product i ofinof heé Ut nivEAmifrid Matafdad ppesEHt uanttheeagBRerkar £1 mfiHus f or mi ng

chanmber, which is covered wwth this Al film 5
peeled off {(see, for instance, Patent Document 1 specified
below). In this respect, the water-reactive Al composite
material is composed of Al or an Al alloy, and In, Sn, the

combination of In and Sn or an alloy thereof.

Prior Art Literature
Patent Document
[0009]

Patent Document 1: JP-A-2005-256063 (Claims).

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

Accordingly, it is an object, in a broad sense, of the
present invention to solve the foregoing problems associated
with the conventional techniques and more specifically to
provide an Al composite material containing added In and added
Si, which can be made soluble through the reaction with water
in a moisture-containing atmosphere; an Al film essgsentially
consisting of this Al composite material; a method for the
production of such an Al film; and a constituent member for

a film-forming chamber, which is covered with this Al film.



Means for the solution of the Problens [0011] Thus, the water-reactive A
conposite material of the present invention conprises 4NAl or SNAl which
contains added In in an amount ranging from2 to 5% by nass; and added Si
and Si as a contaminant of Al in a total anpbunt ranging fromO0.04 to 0.6%
by mass and preferably 0.04 to 0.2% by nmass, on the basis of the anount of
Al. [0012] If the Al conposite material has such a conposition, the Al
filmprepared fromthis material can easily react with water in a

nDi st ur e- gaghai EbEgtﬁE”BSE’.hEESnV\’ththBePS}QBQEﬁE' on of hydrogen gas and can
thus be dissolved in water. [0013] If the anmount of the added In is |ess
than 2% byooms$, the reactivity of the resulting Al filmwth water is
reduced, while if the anpbunt of the added In is higher than 5% by mass,

t he reactivit yTbfist heheewalteirngeactivempd mmmtsérteb@mmalcmfsitd@r ably
high and the Al filmmy sonetines react wth noi sture present in the
at nospher PESEFPL NEYRRERD GRS es 6?‘&@ %ﬁtﬁ!ﬂﬁl HPJ-SF ¢Qntaius afiaed. 04% by

h ff |l h f th I I
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the react byidy Slodiamienli baoafl uf1d Bt aHBLEE PeayDag! frof gl and I f

t he anount ther eof excee reacti vi wat er, of the

A filmpeb S@G%Sb??ﬂﬂﬁgdand[ﬁﬁéﬂérﬂﬂﬂ”@tdiwdté06 z$%yprnmku§t i e a
il

wat er-reactive Al m according to e present invention conprises the
steps of bésis of the amount of Al.

[0012]

If the Al composite material has such a composition, the
Al film prepared from this material can easily react with water
in a moisture-containing atmosphere with the generation of
hydrogen gas and can thus be dissolved in water.

[0013]

If the amount of the added In is less than 2% by mass,
the reactivity of the resulting Al film with water is reduced,
while if the amount of the added In is higher than 5% by mass,
the reactivity of the resulting Al film with water becomes
considerably high and the Al film may sometimes react with the
moisture present in the atmospheric air. Moreover, if the
total amount of Si is less than 0.04% by mass, the effect of
controlling the reactivity of the resulting AL film with water
is impaired, if the total amount of Si exceeds 0.2% by mass,
the reactivity of the resulting Al film with water begins to
reduce and if the amount thereof exceeds 0.6% by mass, the
reactivity, with water, of the Al film per se is reduced.
[0014]

The method for the production of a water-reactive Al film

according to the present invention comprises the steps of



melting a material conprising 4NAI or 5NAI, which contains added In in an

anount ranging from2 to 51 by nass, and added Si and Si as a contam nant

of Al in a total amobunt ranging from 0.04 to 0.61 by nmass, on the basis of
the amount of Al, in such a manner that the resulting material has a

uni form conposition; thermally spraying the nolten material on the surface

of & subfLigifiy anflabBe9asOLLARLYERAS! RRasaBE LhpOUONNENCRHG AR L hus

form an conp site here th| S production nount of

Si, inclugdiagdathatiwfard BRoBntagangenam-eonnt td 6sbByadded, tand haidwmt eri al
preferably ranges from 0.04 to 0.2%by nmass. [0015 The' water-reactive Al

filmaccogdliargd 5 dse poasantnantvehtAlonn 3 teitalaameunzedanginhdairant

consists essentially of the foregoing water-reactive Al conposite material.
[0016] TReO&dist0i-tdehy Masbeonf bheabdsisnciok he el Adf, &n udhm f or ni ng
appar at us accordln to.the ggﬁsent i nvention is characterized in that the

const i t uefit™ %Ff %%W tigg matsrid) RaE& Ut ‘Hr‘f‘ﬁ@“mﬂséﬁltﬁq{?
vvater-reaéfl% af‘.:l]g | ??H%L‘ éﬁ% Egﬁﬁggn Slttel.é?gtl rﬂ%%r rérrt‘}c{' dJB f.orm ng

chanber |on IS her erlzed in

that the EQBéEkEH@”taﬁ@@FJn béli‘aﬁg'ﬂﬁé'ﬂ‘i‘e@WEB&&EgB'%&c%ﬁ?%ter or a

mask. Effects of the I nvention 8] "The thermally Spr I1m
consi sti ngh@sseptinabhhyadf compesiveéefi IRachéveor COIMSId radeit idn

according to the 7
method, the amount of Si, including that of the Si as
contaminant, to be added to the material preferably ranges from
0.04 to 0.2% by mass.
[0015]

The water-reactive Al film according to the present
invention is characterized in that it consists essentially of
the foregoing water-reactive Al composite material.

[0016]

The constituent member for a film-forming chamber of a
film-forming apparatus according to the present invention is
characterized in that the constituent member is provided, on
the surface, with the foregoing water-reactive Al film.
[0017]

The constituent member for a film-forming chamber
according to the present invention is further characterized
in that the constituent member is an adhesion-preventive plate,

a shutter or a mask.

Effects of the Invention
[0018]
The thermally sprayed Al film consisting essentially of

the water-reactive Al composite material according to the



present invention can easily be produced by a sinple process while |owering
the cost of production. Mreover, the Al film has such characteristic
properties that it can be dissolved in water through the reaction with
water in a noisture- containing atnosphere, even after the fil m experiences
a thermal hysteresis phenonenon as a result of the filmform ng process

carried ogfedbng iﬁ@@ﬁﬁf&dﬂr@ar{ ANHiNG, HeOPr8RABEa3HY a limplk prijidddur t her

the presence of a desired anmount of "SI Tncorporated therein"would permt
the contrehidé Idweedlhd WHeY coaRdbdPrprsmiudticny Mageesierhetheenl tfieaperi ences
a thermal hysteresis phenonenon (or during the filmform ng process).

[ 0019] ThhasAsufh| chapacuedesgoc gorepet i oas ihat Wit eran rbe [t sgrlesashce of
noi sture and can effectively be dissolved in water while generating

hydr ogen #Bs Wakedordh¥ugh the freawiiqny WekheMadeganiBeaadiiiEer ey the Al
ite fi .of th t tion: |If th ' f ' ti [
carTied oEPPESERG™SA HMGRERGLS N E SHbRAERE (i Ht werRes GHeeRRught
o f ! ! aats ! ot
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film of tFeo%ggeaari:m&anbﬁenattgetérﬁteeﬁ@@fé/ r 2B O Fdh REQNSI $3d ng
essentially of the filmformng material and adhered to the surface of, for

i nst ance, tan3salhesh@nr RFENEAt tNE PladendbirdN K tdes frd MM G Praicess can

be peel ed off and/or separated fromthe surface through the reaction and/or

di ssol uti dncetprehated| thereimmpulisepesmisbtire gantaial ofctheadtiivitie

filmform na/materi al .can be easi lﬁl recovered fromthe adhered film peel ed
1t

of f from £RE/ekr FRdebida tyhEFhehRal thRRIRT $retbe PEPSRACRRESc e ™t nenber s

can thus hbe reused over an_increased nurrbeﬁ
ysteresis phénomenon (Oor during the

(¥ifﬁfgg%ming process) .
[0019]

This Al film can undergo a reaction with water in the
presence of moisture and can effectively be dissolved in water
while generating hydrogen gas. Accordingly, the following
effects can be achieved by the Al composite film of the present
invention: If the film-forming operation is carried out using
a film-forming apparatus provided with constituent members for
a film-forming chamber (for instance, an adhesion-preventive
plate, a shutter and a mask), which are covered with the water-
reactive Al film of the present invention, the inevitably
adhered film consisting essentially of the film-forming
material and adhered to the surface of, for instance, an
adhesion-preventive plate during the film-forming process can
be peeled off and/or separated from the surface through the
reaction and/or dissolution of this Al film and the valuable
metals included in the film-forming material can be easily
recovered from the adhered film peeled off from the surface

of the constituent members and the constituent members can thus

be reused over an increased number of times.



8 Brief Description of Drawmngs [0020] Fig. 1 is a graph show ng the

rel ati on between the heat-treatnent tenperature (C) and the reaction
current density (mA/ cnR), which is observed for the thermally sprayed Al
filmobtained fromthe A -In conposite material prepared in Conparative
Exanmple 1. Fig. 2 is a graph showng the relation between the

heat -treat nent tenperature (C) and the reaction current density (nmd/ cnR),
which is observed for the thermally sprayed Al filmobtained fromthe

Al -1n-Si BeipEsDescidpeionl offr bpawitlgsi n Exanple 1. Fig. 3 is a photograph
showi ng the filmadhered to the surface of a base material provided thereon
with the tRéRMhlIly sprayed Al filmprepared in Exanple 1, which is in the
peeled state. Mdde for Carrying out the Invention [0021] Wen producing a
thin filmin aFEgFm¥ otfi Ag %ﬁ?&g’raﬁhgmﬁﬁc&h& e 13t R aPrEWpens the

filmf ' t echni h th teri t echni . the interi f
the 111 m PORRT G SCHURBEr SRR HE b tb ORE I THT UBREE "GPP (BERT t her mal
hyst ' ' . N f | h
24 an adngSPan b, CUARPIVE" APieh Pt ared o PrEDEIC LYY, SRR ue

filmfornmpngfehanbetadfdaWbi-6h Bhe Kpatetampdsite rdtdtidn legdiedresent
I nvention, is also subjected to the influence of repeated thernal

hyst er esi $n Bompadandiy, Exhmpiel d.be necessary that the film at the tine
of the filmformation 9
Fig. 2 is a graph showing the relation between the
heat-treatment temperature (°C) and the reaction current
density (mA/cm?), which is observed for the thermally sprayed
Al film obtained from the Al-In-Si composite material prepared
in Example 1.
Fig. 3 is a photograph showing the film adhered to the
surface of a base material provided thereon with the thermally

sprayed Al film prepared in Example 1, which is in the peeled

state.

Mode for Carrying out the Invention
[0021]

When producing a thin film in a film-forming apparatus
according to a variety of film-forming techniques such as the
sputtering technique, the interior of the film-forming chamber
is subjected to the influence of repeated thermal hysteresis.
For this reason, the surface of the constituent members such
as an adhesion-preventive plate, which are positioned within
the film-forming chamber and which are coated with the Al film
of the present invention, is also subjected to the influence
of repeated thermal hysteresis. Accordingly, it would be

necessary that the film, at the time of the film-formation



t hrough the thermal spraying technique before the filmis subjected to the
I nfl uence of the thermal hysteresis, is not only stable, but also easy to
handl e. At the same tine, the Al filmprovided thereon with adhered film

i nevitably attached thereto during the filmform ng process should have
such a solubility (or activity) that the Al filmcan easily be peeled off

fromthe Qﬁfsugﬁt ehéahh@ﬁ'&,q ‘@;}:‘&1}_1@@1 adhaipdnid | B2 fBfe EHEt B@NpSHaul d be
f11miis’inf

stabl e, even ter the A uenced " by the thermal hysteresis

experi encedpisctbe tdlvhd dnfilv@gnde oEeshe theihel Cagerofed e, al elots eacti ve
Al filmaccording to the present invention, such requirenent for the

sol ubi | i tgnlyrseable| thunalsb sashi cioehahgllbe shtitshe esamg 002R], thee upper

limt of the thermal hysteresis tenperature w.thin the foregoi
filmforndhdidirberidgdshennonwisn astherapd i loone vl sxbly \ﬁrg’?&@c%%i filmis

formed accordin nst t he sputterin ue, vacuum
dep05|t|oﬁheF%Eﬁ éﬂﬁéngtﬁge EHT EPFW@ngegﬁﬁF&ﬁé gPOPﬁg g%ﬁq

Therefore f tes

st andpoi rEo PREFEER (S SEEEA a@ R ?elred.t s
subj ect edote tbsml efllausage phtEkeal NG BRL wﬂ)ﬁht @h@S IzHHeR- 0 ﬁmermﬂ ature of
300C and it would be nore suitable that 'the Al filmpreferably has
reactivitjunthbrveticaild ®eegtable] dvem Aftkrl theleftidnces infa ddirradl
hysteresis up to a tenperature of 350C. In the case of the water-reactive
Al fil m abyotdiendhegmaie Twsémﬁumv@m¢bhen@%@hlne(§@ﬁré¢éﬁt forminche
solubllltégmould certainly be satisfied, as explalned bel ow nore in

det ai | . 98FSSThel B SEgbRAG *bITHS P"F‘F?roFeéé‘Fll\')’iet 910$1 Ih@cgordMosi t e

to the present invention, such requirement for the solubility
or activity would sufficiently be satisfied.
[0022]

The upper limit of the thermal hysteresis temperature
within the foregoing film-forming chamber is on the order of
about 300 to 350°C when the film is formed according to, for
instance, the sputtering technique, the vacuum deposition
technique, the ion-plating technique or the CVD technique.
Therefore, it would in general be sufficient, from the
practical standpoint, that the Al film has reactivity with
water even after it is subjected to the influence of the thermal
hysteresis up to a temperature of 300°C and it would be more
suitable that the Al film preferably has reactivity with water
even after the Al film experiences the thermal hysteresis up
to a temperature of 350°C. In the case of the water-reactive
Al film according to the present invention, such requirement
for the solubility would certainly be satisfied, as will be
explained below more in detail.

[0023]

The foregoing solubility or activity of the Al composite

10



10 filmof the present invention is evaluated on the basis of the current
density (in the present invention, also referred to as "reaction current
density (mA/cnR)") as determined by inmersing a base material covered with
the Al filmin warmwater nmaintained at a predeterm ned tenperature
(ranging from40 to 130C and preferably 80 to 100C) and then determ ning

the currenindeneheYpPéstie i PERISIAH ilsl VA PuadBh ol @Ry BLBREI 9P tHEet hod i's
one whi ch conprises ?he steps of determining the loss in weight observed

for each sappest béénsrpnctimftiley gresentmersmidheraldo ive fidiered eat i ng
liquid and then converting the result into the current density value while
taki ng i nas ‘“ceasitdematdwmncertor denst bycemAfom () f & debarvinede byanpl e
and the ipmersion tinme of the sane in the treating Liquid. It can be said
that the AMEY$iNGRobase MAteiadncoVereddHdhebhe;| glnﬁliﬁé«n vaprywadiTached

thereto duri the filmf ' h h |.ubi Lit tivit
that the BRRFRIPEdAAPFsacharBLarad S T7 M € HE B Pertrel 47 55 ong w 1 h
the adner £do bl LHNCKERLBLLEI VLB € 1bbIT) S 2Bl ERHC U i il dfgnce of
thermal hySteresi's €xperienced rn thé tilmfrormng process, so long as the

reaction gyr+EAt Aemsity 5 thal enmbP8doACTOadiAg 101 d et il sich not | ess
than 50 mA/cnR. [0024] " The present invention wll hereunder be described

with refreehod inohbaesHiil oompgissbochereneps ¢D@E2Ee rrimitniget e lfddsm
consisting essentially of the water- reactive Al conposite materi al
accor di ngino welightr eglesrrvedy éori @ach nsasphe ghlefoxsi fandd §fpspdised or
O Ut e Ps 1 On"theredt 1 the trearing t fqula and hen donveritng 2> 'Y
the result into the current density value while taking into
consideration, for instance, the surface area of the sample
and the immersion time of the same in the treating liquid. It
can be said that the Al film provided thereon with adhered film
inevitably attached thereto during the film-forming process
has such a solubility (or activity) that the Al film can easily
be peeled off from the base material along with the adhered
film even after the Al film is subjected to the influence of
thermal hysteresis experienced in the film-forming process,
s0 long as the reaction current density as determined according
to this method is not less than 50 mA/cm®.
[0024]
The present invention will hereunder be described with
reference to the following embodiments.
[0025]
In the Al film consisting essentially of the water-
reactive Al composite material according to the present
invention, In is highly uniformly dispersed or distributed

within the Al matrix and accordingly, the Al film can easily

react with water within a moisture-containing atmosphere such

11



react wiwth water within a noisture-containing atnosphere such 11 as water,
wat er vapor or an aqueous solution and as a result, it can thus be nade
soluble or active in water. Usable in the present invention as Al raw
materials are, for instance, those having purities of 4N (99.99% and 5N
(99.999% and each of themcan be obtained by further treating an Al raw

material 283yl i A watHPUakbY SPhRIRRARL Bb1uke R 8AL S redyIRcess  such
as 2N (999 Al or 3N (99.99% Al according to the three |ayer electrolytic

process oitadrethod beamdds rplublicherpactied irsehaiteirf.i casabbetacuheque (the
segregation techni que) which makes use of the tenperature difference
bet ween tpheeseht dramht ildmasd®bhrasenatupobalbarsnl fdrfinstdnse, These i nci pal

impurities present in the 4NAL1 and 5NAl include Fe and Si and these Al raw
mat eri al shaViERAPUT hELRBIOL AN | HSt 23, andl S (9 %HmtP B ladnds@sh iods ot her

than the f i i nci pal 0026]_1n the Al -| t t.h
Ll att 1 ocrbRPRaran g ofta Bitg B eurerial traat S8 b A o MEte A quit e
hi gh, butyif. i i f i - f
Chareof  BRELPYTE BRPIANEY BrlbbEEpsil By e |1 qUEHRA ] grditeml | A0C
spont aneoygcRxadexfi |45 NS binpkery oy ) ebrtth ng\t SigHRC tdht egones i n

cl ose contact with In, the ionization of Al can be pronoted very rapidly
due to thtapeteitdcdradiyftfier pnoeesberneaetihtehacdbriing tet tige palntiiad, in the
as-is status thereof, highly dispersed throughout the Al crystalline grains
wi thout gsalifihfieayienehfehhiguandehel segasgation meichindgiusdi mhiqim57C) and
never forns_any solid-solution with Al. _Accordingly, a desired Al filmcan
be obt ai nBAKEY ¥2f Qinghal tempRra T @tﬂ?%@%h’?@g"%ﬁ& tgﬁeg‘?;d’ﬂ)@é} i on

t her eof b?%%ﬂ‘fé phases upon the solidification. The principal
impurities present in the 4NAl and SNAl include Fe and Si and
these Al raw materials further include, for instance, Cu, Ni
and C as impurities other than the foregoing principal ones.
[0026]

In the Al-In system, the electrochemical potential
difference between Al and In is in general quite high, but if
the spontaneous oxide film of Al is present on the surface
thereof, the ionization of Al is not advanced at all. However,
when the spontaneous oxide film is once broken or removed and
Al directly comes in close contact with In, the ionization of
Al can be promoted very rapidly due to the potential difference
between them. At this stage, Inis, inthe as-is status thereof,
highly dispersed throughout the Al crystalline grains without
causing any chemical change. In has a low melting point
(157°C) and never forms any solid-solution with Al.
Accordingly, a desired Al film can be obtained by melting Al
and In in such a manner that the composition thereof becomes

uniform while taking care of the density difference between

them and then thermally spraying the resulting molten material

12



uniformwhile taking care of the density difference between

t hrough quenching as well as the conpressive effect of the

t hem and t hen
thermally spraying the resulting nolten material 12 on the surface of a
base material according to the thermal spraying technique to thus give an
Al film as a result of the solidification of the deposited nolten materi al

sol i

dification.

[0027]  The eddedubake ol badieshiiaed dihapuaioting 1 Alne Gl | ne

grains due to the action of the thernmal spraying process and it
mai nt ai negpiraytihg 6&aheidie W ¢hust geoaesn AINfdlmnecds coreaal twotheHd . The
added In never forns a stable phase along with Al and therefore,
i nterfacespdidifiicasined of ithe hdghosheedy nxtldtem amdtexnadndsigmugh vi gor ous

reaction with water within_a noisture-containing atnosphere

surface WAUBNGRLBE. PBH a(tl'&lltll 0AS | fhgs SPIRES1IVE eififiedts i9f a

di sper sed

at t

'S
the Al/In

he cont act

LHETRY,

and the H2 gas bubbles generated during the reaction

ci g %I on

under go eRPanSt&ACR5 PRus generate a nmechani cal action. Therefore, the

reaction %9 Ects mai nly conprising ALOOH are finely pulverized on the
t

sur f ace,

t he mechani cal action, without formng any film

t her eon and

di SDersed In t heel izad«l and tike KegRly ORiGpeiried diissOhsfid@n EBACtADN
conti nuously and expl osively proceeds at he successively renewed reaction

boundary. cf9628] 1inkeghafherdude putie pctficanoll thavt netmeal adprahingror e

conspi cuous the behavior of the Al -In systemdescribed above

and,

i n ot her

wor ds, thPrioeese end stpastneimbainedohsptibeossatenin Hehiek el bfcomes. and

5NAl1 as cqrrpar ed with 3NAL.

in direct contact with Al., The added In never forms a stable

phase along with Al and therefore, the Al/In interface is

maintained in its high energy state and c¢an undergo a vigorous

reaction with water within a moisture-containing atmosphere

at the contact surface with water. In addition, In as an added

element is ina highly dispersed condition and the H; gas bubbles

generated during the reaction undergo expansion to thus

generate a mechanical action. Therefore, the reaction

products mainly comprising A100H are finely pulverized on the

surface, due to the mechanical action, without forming any film

thereon and dispersed in the liquid and the reaction or the

dissolution reaction continuously and explosively proceeds at

the successively renewed reaction boundary.

[0028]

The higher the purity of an Al raw material, the more

conspicuous the behavior of the Al-In system described above

and, in other words, the behavior is particularly conspicuous

in the case of 4NAl and 5NAl as compared with 3NAl.

[0029]

The thermally sprayed Al film consisting essentially of

the foregoing 4NAl-In composite material, which is formed

13



[0029] The thermally sprayed Al filmconsisting essentially of the
foregoing 4NAl -In conposite material, which is forned 13 through the thernal
sprayi ng process, can be handled with great difficulty since it certainly
shows high activity and the solubility thereof in water within a

noi sture-containing atnosphere is |ikew se too high. However, if a desired

anount  oth¥buyh ﬁi@@ﬂetﬁaﬂ.@pﬁrdﬁ&? pabcebkBe dﬁbétha“rgi]té&w&h@a:ﬁﬂ ayed A
filmis reduced in its activity and the handling of the film beconmes easy.

Contrary tlaffhics]ltyheinver negl | gespaihylsd dhows| highf aet ivi tiys agubjtdet ed to
the influence of the thernal hysteresis is inproved in its actjvity and the
filmcan srdybiRdfya W%Ofabﬂ-nl WALEr dviBlimt RoMYLREYRR 1IN EFL NG

at nosphere_in For this e Al fllmnay

Ure | S res
oot e SEmOSBRG R, L Lk Soueh oty HRYEY renbh fadembred artult
at fmspher%fdselpﬁg%c%%cfe?mscrﬁnggirgjbO%' £G0Lf Bl LRe3d1 Sied e F1 1 m

I n such case mis pre Iy Stlore ree of any

noi sture a3 VACHUE AbARSRASIE 1'%%Yac$i$‘fﬂ‘ﬂ/%ﬁqcp%hlésﬁe?ﬁdlih@6¥eﬁhéOfﬂ/rﬂ)' d the
occurrence of the reaction thereof wth the noisture in the atnosphere.

[0030] Nuecohee gaegentComiteirty 06 thiid, hhedelerndely Wpraygdhtrile to the
wat er-reactive Al conposite material consisting essentially of a

4NAl - | n- Saftiey iAag'tS(ﬁureiquﬂdatOﬁm inhElnentcy osfptrlaeyéhemaﬂih}mﬁgreﬂ)i%i ned
using an Al -In-Si conposite material wherein In and Si are uniformy

di sper sed iFniMProYeLotiiis A6t ViHbhaRdwrne hf Ebisiars E8ushaheved BiThf or ni ng

o0 LM PSSl B, BUBRRITROSIFIPE LAl O ARCarRdBLASF. o Ll
moisture is present. For this reason, the Al film may
sometimes be converted into powder at ordinary temperature in
the atmosphere depending on the compositional ratio of In and
8i in the film. In such case, the Al film is preferably stored
in an atmosphere free of any moisture (a vacuum atmosphere may
likewise be used) in order to avoid the occurrence of the
reaction thereof with the moisture in the atmosphere.
[0030]

Now, the present invention will be described with
reference to the water-reactive Al composite material
consisting essentially of a 4NAl-In-Si, by way of example.

The thermally sprayed Al film is obtained using an
Al-In-Si composite material wherein In and Si are uniformly
dispersed in Al, according to a method which comprises the step
of forming an intended film of the composite material on the
surface of a base material to be treated in a predetermined
atmosphere according to the thermal spraying technique. The
resulting thermally sprayed Al-In-Si film comprises 1In
crystalline grains (having a particle size of not more than

10 nm} in such a state that they are highly uniformly dispersed
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at nosphere according to the thermal spraying technique. The resulting
thermally sprayed Al-In-Si filmconprises In crystalline grains (having a
particle size of not nmore than 10 nn) in such a state that they are highly
uniformy dispersed 14 in the Al crystalline grains. [0031] The foregoing
thermally sprayed Al filmis, for instance, produced according to the

met hod detgai kad Rel ewyshane ispegrhieal.l y, the nmethod for the preparation of
the thermally sprayed Al filmconprises the steps of preparing 4NAL, 1In

and Si; cdgobBaing the Al raw material with In, in an anmount ranging from?2
to 5% by mass, and Si (inclusive of the Si present in the 4NAl) in a total
anount rangi ngTheoiee@aing thegwalyy speasyeddlpf elerishl foU. MBRanae 2% by

mass, while taking into_,consideration the anoynt of Si present in the 4NAl

as a conPARAHERE B6CPRAINGNTtPoREy MErEes Fetadded S5dP¥ the both In and
Si into Al; formn he.resulting.uni form.nxture into__a.f.orm of rod or a
wre to thus gfqﬁ’éegsérﬁgﬁﬁ‘%?‘u%rgctl}?eplﬁgﬁ"c’dgt?ﬁ&;h% ﬁ’gﬁpgg\?‘é:rlgr?goghteﬁesurface
of a base hak,, F RSt A [ [ f orm ng
chamber - of TP o T ey b R R B O ot e

used in the gnanie; dombimiayy fBetAE 3R REkakibl wishnmi ! éh shaimourdn the
surface of the base material according to the flane-thermal spraying

t echni que raagd ngufxsoy Getre B¢ opeasksi, ragnd 8ad( ot lub fye od thee Sdpresssntat eri al
to thus give a base material provided thereon with a desired water-reactive
t her mal | y i&pthgedNAL) f inp YRBa{ haReant yrangtpadf¥emm t fhisto fOréedPY s one in

O gl SHE e RSB0, OSSR B mdl! L e LT
consideration the amount of Si present in the 4NAl as a
contaminant to thus uniformly dissolve and disperse the both
In and Si into Al; forming the resulting uniform mixture into
a form of a rod or a wire to thus give a material for thermal
spray; then covering the surface of a base material, for
instance, a constituent member for a film-forming chamber of
a film-forming apparatus such as an adhesion-preventive plate
used in the chamber by spraying the material in its molten state
on the surface of the base material according to the
flame-thermal spraying technique; and subsequently quenching
and solidifying the sprayed material to thus give a base
material provided thereon with a desired water-reactive
thermally sprayed Al film. The thermally sprayed f£ilm thus
formed is one in which In is present in Al c¢rystalline grains
in its highly, uniformly dispersed state, as has been described
above.

[0032]
As has been described above, in the case of the thermally
sprayed Al film produced using a composite material obtained

by adding a predetermined amount of Si to an Al-In system, the
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above. [0032] As has been described above, in the case of the thermally
sprayed Al film produced using a conposite material obtained by adding a
predet erm ned amount of Si to an Al-In system the 15 solubility, in water,
of the thermally sprayed Al filmcan be controlled w thout subjecting the
Al filmto any post- treatnent and this accordingly prevents the thermally

sprayed Ebhmpinewyt hen disser UldORNENE BEBRal D¢ & @M IWiFE Dmt Bgn @i sture
present in the atnosphere and this al so nakes the andling of the film
easi er. Mepaavedledf wiehoywpemsubjedtioly the tdnpéidnures danyngoddie- t her mal
hysteresi s phenonmenon taking place within the filmform ng chanber is on
t he order trehtmsatt arddddg s ancAr dingdysprosyent o st Fbarmylgb’mm@
activity ar. _solubility in water can be produced using an Al (G:gltnp site

material WAILEh Cobr FBEs &SS9 r BREQUERe tdien, TeRGE LPP afd bR TG ng
f 0.04 t .61 d f bl 0.0 Q. 5% Db il i f
he 1 Oﬁ‘\%tuggf %%ﬁ%‘%?% I tt%reeeaecr"@’& g hag’d[ QChlr?aP%SCy s M

t he uppermfjil nper at ur her ysteresi s phenonmenon

i's high op, e ia06E t1d AGHELa33RCE,. aﬁoﬁéo%}m%%Méﬁgp%%cnﬁ%ldf

acceptable activity or solubility in water can be produced using an Al
conposi t e thet efdrbe it Bfe CANREhGEXHY , th8£@4 PO hsistd relkdisei phendiie®dn anount
ranging fromO0.04 to 0.2% by mass and preferably 0.05 to 0.1% by nass.

[ 00331 Weekingnpilacagwitkibases nEtlery fadrnciowe mddmlictrh ishen theromdéy sprayed
Al filmin warmwater or spraying water vapor on the base material, as has
been di scofsabaiio\d)0 f&r amshAanéslm whewingnprsaig adid wameceptataken wat er

whose tenperatuyre i s se _ . .
m%ctaivlity or sorlublllty in water can be produced using an Al

composite material which comprises Si, incorporated therein,
in an amount ranging from 0.04 to 0.6% by mass and preferably
0.05to 0.5% bymass, while if the upper limit of the temperature
during the thermal hysteresis phenomenon is high on the order
of about 350°C, an Al film showing practically acceptable
activity or solubility in water can be produced using an Al
composite material which comprises Si, incorporated therein,
in an amount ranging from 0.04 to 0.2% by mass and preferably
0.05 to 0.1% by mass.

[0033]

When immersing the base material covered with the
thermally sprayed Al film in warm water or spraying water vapor
on the base material, as has been discussed above, for instance,
when immersing the same in warm water whose temperature is set
at a predetermined level, the reaction of the film with water
is initiated immediately after the immersion, which is
accompanied by the generation of hydrogen gas, the water is
blackened as the reaction further proceeds because of the
presence of, for instance, deposited In, finally the thermally

sprayed film is completely dissolved and precipitates
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at a pred
I mredi at e
hydr ogen

because o
thermal |y

etermined level, the reaction of the filmwith water is in

itiated

ly after the imersion, which is acconpani ed by the generation of
gas, the water is blackened as the reaction further proceeds

f the presence of, for instance, deposited In, finally the
sprayed filmis conpletely dissolved and precipitates 16

consi sti ngofbist@hgl 5} ane . indtande ,and , Stnrai@igl rembie WAl the Walwd . This
vigorously proceeds with the increase in the tenperature of the
wat er. [ 0@dd¢r. THEhI®rsspeinion herqat dys prayereddd wihds tisenmesedehed

reaction

above whi
rod-Iike
t echni que
accordi ng

sprayi ng
above is
surface o

| e taking, by way of exanple, one formed using a material
bR Wheetpmpershupe e€cth@i Wgtes-the flame-thermal spraying

havi ng a

. but the Al filmmy |ikewi se be fornmed using a powdery materi al
[P83fhe f1ame- thermal spraying technique. The film may further be

or e 250r uhg F8r ey AL LY ARG REL Wiy Bmddaoms

t echni que. resen raw nateria

gBbienwnhiak! euadddy, the Py ays Oéxaltnﬁif_e moLhen riRel s ey tde

f a base material,” quénchi'ng and solidifying the sane to t

hus

forma themaakkyastiaydty B +od- 10Re Wrdiviget 01iRBEsIHpd RegSridieigrab e ayi ng

t echni que

s, while wusing the known process conditions. [0035] If us

ing a

base nat efilame-whermad siraeing techariguew bt thiecAl diidgoinay Midtewigeacti ve

Al film

as a constituyent nmenber for a fil.mform ng chanber such as

an

adhesi on- PEeFERTIFde USANG: & BOWSCIHUMASCTAFLC RACPTSHAR itoh&dSn THAME T he
fiimtorm g, ng 2 EBehyShe® b GOE™ "BndPPA RSy AR NS e Simcy ssed

according to the electric arc spraying technique, or the plasma
spraying technique. In the present invention, the raw
material described above is molten, followed by the spray of
themolten material on the surface of a base material, quenching
and solidifying the same to thus form a thermally sprayed £ilm,
according to one of these thermal spraying techniques, while
using the known process conditions.

[0035]

If using a base material, whose surface is covered with
the foregoing water-reactive Al film, as a constituent member
for a film-forming chamber such as an adhesion-preventive
plate or a shutter which is positioned within the film-forming
chamber of a film-forming apparatus, as has been discussed
above, the film composed of the film-forming material
inevitably adhered to the constituent member for a £ilm-
forming chamber can easily be peeled off from the constituent
member after the completion o©f the film-forming process
carried out over a predetermined number of times or cycles and
accordingly, the valuable metals can be recovered from the

peeled Al film provided thereon with the deposited £ilm of the
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above, the filmconposed of the filmformng material inevitably adhered to
the constituent nmenber for a film form ng chanber can easily be peel ed off
fromthe constituent nenber after the conpletion of the filmformng
process carried out over a predeterm ned nunber of tinmes or cycles and
accordingly, the valuable netals can be recovered fromthe peeled Al film

provi ded fheneedrihhl hheederosi ednf hgrof the 17 filmformng material,
with ease. [00361 In this case, used as a liquid for peeling off of the A

conposite[fokelis not any chemical reagent, but is water such as pure
wat er, water vapor or an aqueous solution. Accordingly, it is possible to
prevent the ocZortkhsaasfe ampedamsge biquid fppselingnoffepbdihd gyl a
filmform ng chanber such as an adhesjon-preventive plate due to the
di ssol uti 8AMBPsike Fhinds nph 2A¥ FHYUICRhAPaIRie BUhstPIYRHRT MIAkrs can
be reused_over a ubstar)ct iraJﬁcjl%i ncreased nunber. of. tine onpared with

that obsel§EEToP2ERE: CREE™ FENRT GF 40 ARBRORS S Wkt - | AEs i nch &

liquid fok,peel] ; v ] ' [ he
prasent | Byers ESREARYY FEYBrevaRt, FRETCA-F AT aht BRhadB Rt thebre
reducti oncghst DeueAst megéir ekbt 08  fiiha-FesihbedHERe@NgutR hle an
preservation of the environnment. Furthernore, nost of the filmformng
mat er i al sadlésied-poetvhrtiveansidtaidae nerherdidoaslatIoh mff theileg tehanber
such as an adhesion-preventive plate is never dissolved in water and
accor di nghp, thed igudseandthasr CoRsSkaS uenshnegmbets Aambpe raased PVl eri al

can be recovered in,t formof a_solid having, a conposition and shape
subst anti &l F‘g}bFH@HF%gfyt bneherecd RS e P F dr iRy farrgjrﬁq‘“lﬂarﬁ "ﬁ‘&ﬁ’bri al. In

addi tion, thgg observed for the case in which a chemical reagent is used
as such a liquid for peeling. Moreover, any chemical reagent
is not used in the present invention and therefore, this would
result in the considerable reduction of the cost required for
the post-treatment and in the preservation of the environment.
Furthermore, most of the film-forming materials adhered to the
constituent members for a film-forming chamber such as an
adhesion-preventive plate is never dissolved in water and
accordingly, the present invention has such an advantage that
a material can be recovered in the form of a solid having a
composition and a shape substantially identical to those
observed for the film-forming material. In addition, the
present invention shows such an advantage that not only the
recovery cost can be dramatically reduced, but also the process
to be used for the recovery can be simplified and accordingly,
wide variety of materials can be recovered according to the
present invention. For instance, if the film-forming
materials are expensive metals such as precious metals and rare
metals, the use of a constituent member for a film-forming

chamber such as an adhesion-preventive plate, which is
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present invention shows such an advantage that not only the recovery cost
can be dramatically reduced, but also the process to be used for the
recovery can be sinplified and accordingly, wde variety of nmaterials can
be recovered according to the present invention. For instance, if the
filmformng materials are expensive netals such as precious netals and

rare metgl§yibBg, USh E’ﬁe%ﬁ?ﬁééé%’ﬁ@fﬁgﬁﬁitﬁ% Pifrﬁ'dBﬁé’iréEif}g% ghanber

such as an adhesi on-preventive plate, is 18 provided, on 1he surface
thereof, wheh watfddextisivd | A ompdiEi tint mateeagli \6f Atheommesidrr nateri al
of the present invention, would permt the renoval or peeling off of the
film ineinvabtyondhernslt perntic thasténaent oxepdel 1dgra il otfthehéifiidm f or m ng
operations and consisting of the f ilmformng material, sinply by

i mrer si nglnp¥ifehbEradhreyed &0 SResPPRST HeuortE éﬂemhﬁioﬁiuréﬁgth]ées%lrﬂéﬂ‘ This in
turn perm_ts the recovery of precious , netals apd rare netal s w thaut being
acconpani E9¥ByNERPE ﬁHiQﬂﬂSlﬁﬁkﬂg?ﬁéﬁ?%gb%gf%OEﬂéPgﬁﬁﬁﬁﬁ%q duced

and the {; 8 e lab ke ﬁe . g‘w? 4 are
218, PP ALTUARSTRLFl ole GRAHLCANL AR o SO WBLLE IR e
now be degfr thedshieMrenfet ad | cubiel Qv dd iRl efeiifRe Y Mgt ng
Conpar ati ve Exanples and Wbrking Exanpl es. (Conparative Exanple 1) The
fol | owi ngmAtallp coposatéometadrse pi enautedbaidgt erconpapesd edyf @nyt he
relation between the Al purity, the In concentrations and the solubility or
activity ebnthmingtapni ngthusethd rgcgpenyawbst kap kandeduecedesndttia hus
obt ai ned were _investigated and conpared with one another,. while using 3NAl,

film-forming material can likewise be recovered while they are

still in their high quality conditions.

[0037]

The present invention will now be described in more detail
below with reference to the following Comparative Examples and
Working Examples.

(Comparative Example 1)

The following Al-In compositions were prepared and then
inspected for the relation between the Al purity, the In
concentrations and the solubility or activity of the resulting
thermally sprayed films and the results thus obtained were
investigated and compared with one another, while using 3NAl,
4NAl and 5NAl as the Al raw materials. In this connection,
the added amount of In is expressed in terms of that relative
to the mass (weight) of the Al raw material used.

[0038]
* 3NAl - 2% by mass (wt%) of In;
* 3NA1l - 3% by mass of In;
* 3NAl - 4% by mass of In;
*4NAl - 2% by mass of In;

*4NA1l - 3% by mass of In;
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ANA1 and 5NAl as the Al raw materials. In this connection, the added anount
of Inis expressed in terns of that relative to the mass (weight) of the Al
raw nmateri al used. [0038] 3NAlL - 2% by mass (wt% of In; 3NAlL - 3% by nass
of In; 3NAL - 4% by mass of In; 4NAL - 2% by mass of In; 4NAl - 3% by nmass
of In; 19 4NA1 - 5% by mass of In; 5NA1 - 1.5% by mass of In; 5NAlL - 2.5%

by mass of 1pq; NAL 9 of In; [00391 There were conbi ned Al
and In with e§§ﬁ§otth %HSﬂ%g%rgFZ§n"specified above to thus uniformy

di ssol ve or disgp@arse 1l By By Masan&ft hen each resulting bl end was forned into
arod-like article and thi's article was used as a material for the thermal
sprayi ng proeasml Fhensa tlyemamld yfsamgyed filmwas formed by nelting the
rod-like article and then thermally spraying the resulting nelt of the
article on théNadrf-ade 58f by bwse ofatlexii al nade of aluminumin the

at nospher %Sggrding to the rod flane spraying technique (heat source:
C2H2-02 ¢ Q, enperature: about 3,000C). Each of the thermally sprayed

films thus pr O%ﬁ%‘ﬁgg{%ﬁ? ?ﬁgibﬁ_ﬁte%dpxi Uiy Eﬁ%%ﬁl’li %@&:{Fﬁ&ih it EES & ur e

rangi ng fromoO he TiTmwas treate e atnosphere for one hour
and subsegpee&ﬂeaoabsde%é hiHus urfifd1a08) dilksRhdecoef asuapbesting te film

to the inflTuence of thermal hysteresis possibly experienced during the
film Al and then each resulting blend was formed into a rod-like
article and this article was used as a material for the thermal
spraying process. Then a thermally sprayed film was formed
by melting the rod-like article and then thermally spraying
the resulting melt of the article on the surface of a base
material made of aluminum in the atmosphere according to the
rod flame spraying technique (heat source: C;H;-0; gas;
temperature: about 3,000°C). Each of the thermally sprayed
films thus produced was subjected to a heat-treatment at a
temperature ranging from 0 to 350°C (the film was treated in
the atmosphere for one hour and subsequently coocled within a
furnace) in place of subjecting the film to the influence of
thermal hysteresis possibly experienced during the film-
forming process. Thereafter, the base material provided
thereon with the thermally sprayed film prior to the heat-
treatment (0°C) and the same base material used above and
obtained after the heat-treatment each were immersed in 300
mL of pure water maintained at 80°C, followed by the
determination of the current density of each immersion liquid
to obtain the solubility of each thermally sprayed film. The
results thus obtained were investigated. The results thus
obtained are plotted on Fig. 1. In Fig. 1, the heat-treatment

temperature (°C) is plotted as abscissa and the reaction
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form ng process. Thereafter, the base material provided thereon wth the
thermally sprayed filmprior to the heat- treatnent (0C) and the sane base
materi al used above and obtained after the heat-treatnent each were
imersed in 300 nL of pure water naintained at 80C, followed by the

determ nation of the current density of each inmmersion liquid to obtain the

sol ubi || { yu@EefBChehBEELyRI(hN /eaPpY2dl floftednes seguhiselhus obtained were
i nvestigated. The results thus obtained are plotted on Fig. 1. In Fig. 1,

the heat-tfneatient tenperature (C) is plotted as abscissa and the reaction
20 current density (mAcnR) is plotted as ordinate. [0040] The data plotted
on Fig. 1 cleafhg datacplettadt onwheg. lls¢l@am¥rm¢m@|@1l%ted&ﬁfhaw ng a

purity of 4N or 5N, the resulting A films have solubilities in
hi gher t h3fingapl %@é?%"e%ir*ﬂstef?ecrb\lha\“ﬂ% Gr BYgdty Qi Ay %NA&Nan%E? he data

Speci 11 o EERkEs ARt B3Rd RaBERER BRI Cled BR vae LAMTHAT LRARIHGNY, | Soc
(not | essobaggv%% Parrqaﬁ%' g\firpﬁrﬁd@@%ﬁh@ 3Rt rid@lehet astalagrg% the

solubility of the res For thi § reason, when an raw

material haviBgta ghit thedle i8@bseaved, hodr 4Nd A1 us;admaaéraam&aﬁ@yst em
has an In concentration of not | ess than 2% by nmass, the resulting

t her mal | yesphagpdcAEi€ipur Stpwstlan foddeiwiag teodebiclyi:t Yhenhighéerrthedowever,
when using 5NAl1 as- an Al raw material, problens arise such that the

resul ti ng 1RHePRRENGT k@R darof Wﬁsﬁd@rhﬁ%é%f F‘éﬁél)y“hlté}‘? A&tGMRSELRe film
i s converted int tt|n

! t
the ai T BRGert ity PRE Corgi oy ebeChuhen obvur§ gf egudt et - o

For this reason, when an Al raw material having a purity of
not less than 4N is used and an Al-In system has an In
concentration of not less than 2% by mass, the resulting
thermally sprayed Al film shows an excellent solubility in
water. However, when using 5NA1l as an Al raw material,
problems arise such that the resulting thermally sprayed film
has an extremely high activity, the film is converted into
powder if letting it to stand at ordinary temperature in the
air and it may accordingly be handled with great difficulty.
For this reason, it would be necessary, from the viewpoint of
the practical applicability, that the activity (solubility)
thereof should be controlled to thus make the handling thereof
easy.
[0041]
Example 1

In view of the results obtained in Comparative Example
1, the inventors of this invention herein investigated the
interrelation between the added amount of Si and the solubility
or activity of the resulting thermally sprayed film in water

while using 4NAl as an Al raw material, and taking, by way of
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For this reason, it would be necessary, fromthe viewoint of the practical
applicability, that the activity (solubility) thereof should be controlled
to thus nake the handling thereof easy. [0041] Exanple 1 In view of the
results obtained in Conparative Exanple 1, the inventors of this invention
herein investigated the interrelation between the added amobunt of Si and

the sol ubkkhinleOrarfili MnpoLitd RatkesHl tidghi BRrTRAAY SiP1aMethrddra i n wat er
while using 4NAL as an Al raw nmaterial, and taking, by way of 21 exanple,

an Al conphertefnaiciudds thawhbftmlmsamjllﬁpufihpdfnmnhmadbeencﬁddeﬁl udes
that of Si as an inpurity of Al) had been added (in other words, an

Al -1n-Si ddnpugiar gayds), ran Ails IooSAeconpesit ior) addadthiswennagtionand Si
are expressed in ternms of those calculated on the_basis of the mass of the

Al raw natbeiafded Empt s RAI IR 3R Sfodke %’Fplf%és%ﬁinaﬁﬁﬁﬁ‘?e‘af $hos®o ppny -
3% by nmass

(i ncl udi nﬁalgﬁlﬁgﬁgo?yfﬁgec%%?g%d %gtélaé §T'3/g,s ﬁ% TN massa}]gf Sb. 1%

by mass of[ § |ncI uding 100 ppm of the cont am nat ed Sl), ANALl - 3% by nmass
of In - B/o%y mass of Si (including 100 ppmof the contam nated Si); 4NAl

- 2.6% by .gﬂ@sl °f thd amurdo by E‘E?és%&ita?hlr(éﬂé‘d@ingloolg% i ofy e

cont am nat 0043 Usi ng a ermal Iy sprayed nat produced by
conbi ni ngmass of In;

* 4NAl - 3% by mass (wt%) of In - 0.05% by mass of Si (including
90 ppm of the contaminated Si);

* 4NAl - 3% by mass of In - 0.1% by mass of Si (including 100

ppm of the contaminated Si);
*4NAl - 3% by mass of In - 0.2% by mass of Si (including 100
ppm of the contaminated Si);
*4NAl - 2.6% by mass of In - 0.5% by mass of Si (including
100 ppm of the contaminated Si).
[0043]

Using a thermally sprayed material produced by combining
Al, In and Si together in the rate specified above, uniformly
dissolving or dispersing In and Si in Al and then forming the
resulting blend into a rod-like article, a thermally sprayed
film was formed by melting the rod-like article and then
thermally spraying the resulting melt of the article on the
surface of an aluminum base material in the atmosphere
according to the rod flame spraying technique (heat source:
C;H,-0; gas; temperature: about 3,000°C). Each of the
thermally sprayed films thus produced was subjected to a
heat-treatment at a temperature ranging from 0 to 400°C (the
film was treated in the atmosphere for one hour and subsequently

cooled within a furnace) in place of subjecting the same to
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Al, In and Si together in the rate specified above, uniformy dissolving or
dispersing In and Si in Al and then formng the resulting blend into a
rod-like article, a thernmally sprayed filmwas forned by nelting the
rod-like article and then thermally spraying the resulting nelt of the
article on the surface of an alum num base material in the atnosphere

accordi ngth@ tifiernachdd aBE HYWAHAI % '@@fs(Fs%%l@w SipelZd#cd? 9as;
tenperature: about 3,000C). Each of the thermally sprayed filnms thus

produced Wagisygbj €ké ed ilm-Foheiaig t peaceest. at Thetreaferat ur eheangisy from 0
to 400C (the filmwas treated in the atnosphere for one hour and
subsequenmbyerdadl gaonmitdedh thdunaaracelth ntheatbeoshmaddlyj egriawed hiei Fane to
22 the influence of thermal hysteresis p035|bI¥Bexper|enced during the

filmfornPE&opr beckhe healdarqatmenthd hide angat B 8pMpreAFIdtR tHekon with
the thernmall sra edf|I priar to the_heat t he sane
base mat eMf& ?é “@3‘[ f%(? 31]1[ 31 %F@Tﬁetq%t@ﬁqﬁ%ee base
mat eri al p Bl sed in
300 L of %E?%l%t%ﬂm .rtnl% G fRe o R e e e oo
the currerﬂhm@%@,s.aat Ynoio@ﬁ\ﬁhofnﬁ@fé'vi&tef I:r&wr&atl@léaahal gothe &0l ubiddty of
each thermally sprayed film and the subsequent |nvest|gat|on of the results
t hus obt abyethe ddtesermesdi Sori lbifsthbt @hresharderpl iatyt ed eacki gnmexsionFig. 2,
the heat-treatnent tenperature (C) is plotted as abscissa and the reaction
current déaguig tentbiedn sbegefiubit ity of4adch Theamld ypepragagdofi Fhg. 2
clearly |nd|cate that the addition of a predeterm_ned amount of Si permts

the contr@&hd e ﬁwésmeﬂttyn‘é%tlﬁtb%@rf e RESUS sBraRRTaingt- t he
The results thus obtained are plotted on Fig. 2. In Fig. 2,

the heat-treatment temperature (°C) is plotted as abscissa and
the reaction current density (mA/cm’) as ordinate.
[0044]

The data plotted on Fig. 2 clearly indicate that the
addition of a predetermined amount of Si permits the control
of the activity and, in other words, the solubility of the
thermally sprayed film prior to the heat-treatment while the
film is in the condition just after the formation thereof by
the thermal spraying technique. Accordingly, the dissolution
of the thermally sprayed £ilm through the reaction thereof with
the moisture present in the atmosphere can be prevented with
certainty. Moreover, if the upper limit of the temperature
of the thermal hysteresis within the film-forming chamber is
on the order of about 300°C, it was found that a thermally
sprayed Al film can be produced using an Al composite material
having an added Si content ranging from 0.04 to 0.6% by mass
and preferably 0.05 to 0.5% by mass and the resulting Al film
would have a practically acceptable solubility in water. On

the other hand, if the upper limit of the temperature of the

23



thermally sprayed filmprior to the heat-treatnent while the filmis in the
condition just after the formation thereof by the thermal spraying

techni que. Accordingly, the dissolution of the thermally sprayed film

t hrough the reaction thereof with the noisture present in the atnosphere
can be prevented with certainty. Mreover, if the upper limt of the

t enper at UEﬁenﬁ%ltkEgstté}eéé@ iRYRI§REH Th '&Paartcr@aw&u@légbﬁbpgi@%@er i's

on the order of about 300C it s tound that a thermally sprayed Al film
can be progusedchist g e Ma CDFPGSHE Pedrateriidlm Heawirg sapraddadalilyeont ent
ranging from0.04 to 0.6% by mass and preferably 0.05 to 0.596 by nmass and
t he resul acogpdblel soluoil ttpavan demacidwesd yusbose ptraldlle corpalsiiltiet y i n
water. On the other hand, if the upper limt of the tenperature of the 23
t her mal hiateréai shaving g aAderdeSbreftesit sga@ingsfrom 0 04 &@ 0-23und t hat

a thermal]ly sprayed Al fil mhaving racti | y _acceptable solubility can
be producgﬁ ﬂg?ﬁga%ﬂ EfeE%ﬁ§B€YtQ'Oﬁaggrﬁaigﬁg¥iﬂasﬁn added Si content

rangi ng freghg 04 to 0.21 by mass and preferably 0.05 to 0.1% by nass.

[ 0045] Ig wasS' found that when imersing, in warmwater maintained at 80C

the base mater ral,60¥6688 tialthwReh NGRS P{ A% Wht &t RibRviingsa good
solubility in water and obtained after thé foregoing heat-treatnent, the

reacti on at stecfithevibide materidd dovrdied ed ihmedimimial 1af teprayeel

I mmer sion, which is acconpani ed by the vigorous generation of hydrogen gas,
the watehli§ibhdukeing sagodde spdabtilofyf int Weteprand e damisdtesf t he
presence of, for instance, deposited In, finally the thermally sprayed film
cannot maFReafpreseing eeakuereament the ¥9368ion diertdie tfd theifdse

materi al gggegoiéhienirtefacéé nlmvn\ﬁlet&}.ately after the immersion, which is

accompanied by the vigorous generation of hydrogen gas, the
water is blackened as the reaction further proceeds because
of the presence of, for instance, deposited In, finally the
thermally sprayed film cannot maintain the state such that it
is firmly adhered to the base material due to the reaction with
water, and the film begins to be peeled off from the base
material with dissolution. Thus, it can be said that the Al
composite material of the present invention is certainly
water-reactive.
[0046]
Example 2

The inventors of this invention herein investigated the
interrelation between the purity of Al raw material, the added
amount of Si and the solubility or activity, in water, of the
resulting thermally sprayed film while using 4NAl and SNAl as
Al raw materials, and taking, by way of example, Al composite
materials to which In and Si (the amount thereof includes that
of Si as an impurity of Al) had been added (in other words,

an Al-In-Si composition). 1In this connection, the added
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water, and the filmbegins to be peeled off fromthe base material wth

di ssolution. Thus, it can be said that the Al conposite material of the
present invention is certainly water-reactive. [0046] Exanple 2 The

i nventors of this invention herein investigated the interrelation between
the purity of Al raw material, the added anount of Si and the solubility or

activity, ahSuMes s 1Rfadd181 a{féléﬁ(?r'é%ste@eiﬁ?déﬂfnsseﬁfaﬁ’l%gsé idamehizk@ qusi ng
ANAL1 and SNAL1 as Al raw materials, and taking, by way of exanple, Al

conposi t eonnekerbaksst 6f Woheé massasel Ghe (Aberaworateikbaleof includes that
of Si as an inpurity of Al) had been added (in other words, an Al -In-Si
corrpositibth?] n this connection, the added 24 anounts of In and Si are
expressed in terns of those cal culated on the basis of the mass of the Al
raw mat er i aINAl[ 002%] by4mnags -oR%by- #adSobyl mass0D5% biinrsslisty $i0

(1 ncl udi 28 EJE m of the cont na ed Si); 4NAl - 3%bDby mass of In - 0.1%
by mass ofPS; Of ?uﬂ?ﬂ@aﬂbﬁatﬁg ‘the contaminated Si); 4NAL - 4% by nass
of In- s.of Si g.10 m of _t onta nat Si); 5NA1
o ! Bos by AR 3R pY wRasopb s O a1 BY tRe e HE R e

cont am na]% &)tth@gma{glﬁa&g& gags of In - 0.1% by mass of Si (including
100 ppm of the contam nated Si); 5NAL - 3.5% by mass of In - 0.5% by nass of

Si (includignl 10@sppip Rhskher cant-am 53t 8¢ Shds of Si (including 100
ppm of the contaminated Si);
*5NAl - 1.5% by mass of In - 0.05% by mass of Si (including
100 ppm of the contaminated Si);
*5SNAl - 2.6% by mass of In - 0.1% by mass of Si (including
100 ppm of the contaminated Si};
*SNAl - 3.5% by mass of In - 0.5% by mass of Si (including
100 ppm of the contaminated Si).
[0048]

There were combined Al, In and Si with each other in the
rates specified above and the same procedures used in Example
1 were repeated to thus form each corresponding thermally
sprayed film. Each of the thermally sprayed films thus
produced was subjected to a heat-treatment according to the
same procedures used in Example 1 (the film was treated in the
atmosphere for one hour and it was subsequently cooled within
a furnace). Thereafter, the base material provided thereon
with the thermally sprayed film prior to the heat-treatment
(0°C) and the same base material used above and obtained after
the heat-treatment (the base material which experienced the
thermal hysteresis) each were immersed in 300 mL of pure water
maintained at 80°C, followed by the determination of the

current density of each immersion liquid to obtain the
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[0048] There were conbined Al, In and Si with each other in the rates
speci fi ed above and the sane procedures used in Exanple 1 were repeated to
thus formeach corresponding thermally sprayed film Each of the thermally
sprayed filnms thus produced was subjected to a heat-treatnent according to
the sanme procedures used in Exanple 1 (the filmwas treated in the

at mospher go{ @by oeyhowe anchdri VRReShBeeqUCDI4yRR0! of tht hhfid 2y nace).

Thereafter, the baSe nmaterial provi n with the thermally sprayed

filmpriointesthgabesh- breahaepbsu{fs Shuangbtheneanme base material used
above and obtained after the heat-treatnment (the base material which
experiencédoshe thermal hysteresis) each were immersed in 300 nL of pure
water maintained at 80C, followed by the determ nation of the current
density of eachsian¥essilén thepe dVEtSboé'E?a‘Vﬁdtth]ée sEmes SEOBRNFYyaSthadch

thermally sprayed filmand_the investigation of the results us, obt ai ned.
[ 0049] Xebgerég& 0 ErarRleal- ot?ster"‘(}aér’dq:t %&rﬂé“i 5&’@% Q& 10 bser ved
i n Exampl gc1 o] at .t | tiQn f redet hned anount
of S porbfia PhetEiskRlReGr pRubbabe T, By prl RS e A
sol ubi i t ¥ceiviBg dAer M8l b¥nePPidYES, ftHdMsR1u®i 14@ vt Be fedicHdra@iingat, while

the filmwas 1in"the condition just after the formtion thereof by the
thermal sprayedof it e tdVkheonear -trehbmetippewhiilei thoff ilhe was

tenperature of the thermal hysteresis is on the order of about 300C, it was
f ound t haina&heheondit yor grusyef e r thenfeara thion fheteoédwthagharmal
conposite material having an added In content of not |ess, than 2% by nass
and an adg@Rga¥ingofeshnique. Moreover, 1if the upper limit of the
temperature of the thermal hysteresis is on the order of about
300°C, it was found that a thermally sprayed Al film can be
produced using an Al composite material having an added In
content of not less than 2% by mass and an added Si content
ranging from 0.04 to 0.6% by mass and preferably 0.05 to 0.5%
by mass and that the resulting Al £ilm would have a practically
acceptable activity or sclubility inwater. On the other hand,
if the upper limit of the temperature of the thermal hysteresis
is high on the order of about 350°C, it was found that a
thermally sprayed Al film having a practically acceptable
activity or solubility would be able to be produced using an
Al composite material having an added In content of not less
than 2% by mass and an added Si content ranging from 0.04 to
0.2% by mass and preferably 0.05 to 0.1% by mass.
[0050]
Example 3
Platinum (Pt) film-forming operations were repeated over
30 cycles using a sputtering apparatus provided with an

adhesion-preventive plate whose surface had been covered with

a thermally sprayed film (film thickness: 2004 m) of the 4NAl
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ranging fromO0.04 to 0.6% by mass and preferably 0.05 to 0.5% by nmass and
that the resulting Al filmwuld have a practically acceptable activity or
solubility in water. On the other hand, if the upper limt of the
tenperature of the thermal hysteresis is high on the order of about 350C,
it was found that a thermally sprayed Al film having a practically

accept abl e 33CHWinh¥sObrsehubi bi i ¥ WpuhdsBeopbse ppeporedoduceamsiag an A
conposite material having an added Ih content of not |ess than 2% by mass
and an addedn&i tlemttde adhegiiog -pbrevetti4et plabe286 whindsshandtpfeirerabl y
0.05 to 0.1% by nmass. [0050] Exanple 3 Platinum (Pt) filmformng

oper at i onhager beeppeadreredervas0 dydssemiady droput thei ngPuppey TRas
provided with an adhesion-preventive plate whose surface had_been_ covered
with a tREPRFALPSsBRE)EEr3 tednWith WRER ¢ahes matpyiped et RE ENATRAS 26 - 3%

by mass of. IL.n - .Q. 1%.by mass_of .S epared.in I 1 _and_then, t he
aéhesi on-ﬁr&?ﬁﬁ% e thr g‘f%stgoﬂﬂgchhgﬁe%& ?:ihlerﬁmgﬁ‘g'?bs&)e%ayf e?'e wa'g

di sassenbl I : { NQ: d, d g ter

i nt o nos P TEORI BARMI 10 RAPREBOUE 900 mineEka id L e
filmis cARIPEY1Missatved peéed SO Yot Aknadiess Bod-phatethbeve adher ed

filmof Pt is peeled off fromthe adhesi on-preventive plate, as shown in
Fig. 3. Tiplsateht as shewhi im ffdgm iy  nEles ) aPtcaws dleasfiimbEormimyer ed. At
this stage, it was found that AL100H is precipitated in the warmwater.

| ndust ri amasgggiadaaukd, eq0a] |be freuade TRl - with HH-AI S%399n cBns¥a%i ng of

t he . . .
found that AlOOH is precipitated in the warm water.

Industrial Applicability
[0051]

If c¢coating, with an Al film consisting of the
water-reactive Al composite material according to the present
invention, the surface of constituent members for a
film-forming chamber of a vacuum £ilm-forming apparatus, which
is used in forming a thin film of a metal or a metal compound
according to the sputtering technique, the vacuum deposition
technique, the ion-plating technique and the CVD technique,
the film inevitably adhered, during the film-forming process,
to the surface of such a constituent member for a film-forming
chamber can be peeled off therefrom in a moisture-containing
atmosphere and can easily be recovered. Therefore, the
present invention can be used in the fields in which these film-
forming apparatuses are employed, for instance, in the
technical fields related to semiconductor elements and
electronics- related machinery and tools for the purpose of
increasing the number of reuse times of the constituent members

for a film-forming chamber of a film-forming apparatus and of
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wat er-reactive Al conposite material according to the present invention,
the surface of constituent nenbers for a filmformng chanber of a vacuum
filmform ng apparatus, which is used in formng a thin filmof a netal or
a netal conpound according to the sputtering technique, the vacuum

deposi tion technique, the ion-plating technique and the CVD technique, the
filminevidealveradiergd £ Ay feandikgy ifnatariawmcm eeRtainst Palhgppelr f ace of
such a constituent nenber for a fil'mformng chanber can be peel ed off

t her ef r onmettad snoi st ur e-cont ai ning at nosphere and can easily be recovered.
Therefore, the present invention can be used in the fields in which these
film form ng apparatuses are enployed, for instance, in the technical
fields related to sem conductor elenents and electronics- related machi nery
and tools for the purpose of increasing the nunber of reuse tines of the
constituent nenbers for a filmformng chanber of a filmform ng apparatus
and of 27 recovering the filmformng materials which contains val uabl e
netals. 28 What is clainmed is: 1. A water-reactive Al conposite nmateri al
conprising 4NAI  or SNAI which contains added In in an amount ranging from 2
to 5% by mass; and Si including the Si as a contamnant of Al in a total
anmount ranging fromO0.04 to 0.6% by mass, on the basis of the amount of Al.
2. A nethod for the production of a water-reactive Al film conprising the
steps of nmelting a material conprising 4NAl or SNAI, which contains added
In in an anount ranging from2 to 5%by mass, and Si including the Si as a
contam nant of Al in
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a total amount ranging fromO0.04 to 0.6% by nmass, on the basis of the
amount of Al in such a manner that the resulting material has a uniform
conposition; thermally spraying the nolten material on the surface of a
base material; and then solidifying the sane through quenching to thus form
a filmthereon. 3. A water-reactive Al filmconsisting essentially of the
wat er - r eagd L€y cgggﬂg&i?gznaterial as set forth inclaiml1l. 4. A
constituent nenber for a filmformng chanber of a filmform ng apparatus

characterijzed ijnwhial -ireaict iReOXl dedmpbiet 80fatbtta R M td Bagtaneer Al film
consisting essentially of a water-reactive Al conposite material as set
forth in orabRAIlwhich vahedineasdided Bh in lan prepaite dasrioiglifixpn @ t he
method as set forth in claim2. 5. The constituent menber for a
fil mforntagsthanrassas angt Sif onechuding|thensd, asharepntanénaohsef tAldent
menber is an adhesion-preventive plate, a shutter_ or a mask. 29

in a total amount ranging from 0.04 to 0.6% by mass, on the

basis of the amount of Al.

2. A method for the production of a water-reactive Al film

comprising the steps of melting a material comprising 4NAI or

5NAI, which contains added In in an amount ranging from 2 to

5% by mass, and Si including the 8i as a contaminant of Al in

a total amount ranging from 0.04 to 0.6% by mass, on the basis

of the amount of Al in such a manner that the resulting material

has a uniform composition; thermally spraying the molten

material on the surface of a base material; and then solidifying

the same through quenching to thus form a film thereon.

3. A water-reactive Al film consisting essentially of the

water-reactive Al composite material as set forth in ¢laim 1.

4. A constituent member for a film-forming chamber of a

film-forming apparatus characterized in that it is provided

thereon with a water-reactive Al film consisting essentially

of a water-reactive Al composite material as set forth in claim

1 or a water-reactive Al £ilm prepared according to the method

as set forth in claim 2.

5. The constituent member for a film-forming chamber as set

forth in claim 4, wherein the constituent member is an

adhesion-preventive plate, a shutter or a mask.
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