SPECI FICATION Title of the Invention: Method for the Production of
Wat er - Reactive Al Filmand Constituent Menber for Film Form ng
Chanber Technical Field [0001] The present invention relates to
a method for the production of a water-reactive Al filmand a
constituent nenber for a filmform ng chanber and in particular to a
met hod for the production of a water-reactive Al filmaccording to
the electric arc spraying technique and a constituent nenber for a
filmform ng chanber, which is geweredciibythis Al film Background
Art [0002] In a filmformng apparatus for formng a thin film
according to, for instance, the sputtering technique, the vacuum
deposition technique, the ion-plating technique, or the CVD
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The present invention relates to a method for the
production of a water-reactive Al £ilmand a constituent member
for a film-forming chamber and in particular to a method for
the production of a water-reactive Al film according to the
electric arc spraying technigue and a constituent member for

a film-forming chambexr, 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
a vacuum chamber other than a substrate, a shutter, a mask used
for forming such a £ilm only on the desired area on the substrate

and a tray for conveying the substrate. A filmhaving the same



conposition as that of the intended thin film(a thin filmto be
formed on a substrate) is also deposited on or adhered to these
menbers during the filmformng process. In this respect, it is the
usual practice that these nmenbers are repeatedly used after the
renoval of the film adhered thereto. [0003] The filminevitably
adhered to these constituent nenbers for a filmform ng chanber is
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accunulated in the film through the repeated thermal
hysteresis, and adhered to the substrate and this would
accordingly result in the formation of a £ilm 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 thereof to remove the film adhered thereto, the
subjection thereof to a surface-finishing treatment and the
subsequent reuse thereof.

[0004]

When using a valuable metal such as Al, Mo, Co, W, P4,

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
technique for the recovery of metals which do not take part
in the formation of the film thereof on the surface of a

substrate and are adhered to the constituent members other than



For instance, in the case of the adhesion-preventive plate used for

i nhi biting the adhesion of any filmformng material onto, for
instance, the inner wall of the filmform ng apparatus and the
surface of a variety of such constituent nmenbers for a filmformng
chanber, other than the surface of a substrate, the deposit forned
during the filmformng process is, in the existing circunstances,
peel ed off fromthe foregoing nenbers and/or the inner wall, for the
reuse thereied subdt raté landusee ths Eiel opmelt ia freichbhgueely ek ohd of
this deposit include, for instance, the sandbl asting techni que, the
wet et chi nghe segiagise retiseblankes use of an acid or an alkali and the
peel i ng teg&gﬁgue whi ch uses the hydrogen enbrittlenent by the action
of, for in e, hydrogen peroxide and even the peeling nmethod which
makes use of t I Si e I ' whe ;
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quantities 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 possible.
[0006]
In this respect, however, if the concentration of the
peeled deposit present in the blasting waste generated during

the foregoing sandblasting technique and in the waste liguor

generated in the treatment with an agent such as an acid



In addition to the nethod for peeling off of the deposit, as has been
di scussed above, there has been known a technique for recovering

val uabl e nmetals which conprises the steps of inplenenting a
filmform ng process in an apparatus provided with constituent
menbers covered with an Al filmconsisting of a water-reactive Al
conposite material having such characteristic properties that it can
undergo a reaction in a noisture-containing atnosphere and can thus
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and/or Si. Prior Art Literature Patent Docunent [0009] Patent
Docunent 1109®1]A- 2005- 256063 (C ai nms). Disclosure of the Invention

In the foregoing treatment with an agent, not 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. For this reason, there has been
desired for the reduction of the amount of the foregoing agent
to be used as low as possible. 1In 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 substances 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.

[oo08]

In addition to the method for peeling off of the deposit,
as has been discussed above, there has been known a technique
for recovering valuable metals which comprises the steps of
implementing a £ilm-forming process in an apparatus provided
with constituent members covered with an Al film consisting
of a water-reactive Al composite material having such
characteristic properties that it can undergo a reaction in

a moisture-containing atmosphere and can thus be converted



Probl ens That the Invention is to Solve [0010] Accordingly, it
I's an object, in a broad sense, of the present invention to solve the
foregoi ng probl ens associated with the conventional techniques and
nore specifically to provide a nethod for the production of an Al
film which can be nade sol uble through the reaction with water in a
noi st ur e- cont ai ni ng at nosphere; and a constituent nenber for a
filmform ng chanber, which is covered with this Al film Means for
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9 below). 1In this water-reactive Al composite material, the
surface of a small or fine lump composed of Al crystalline

grains is covered with a film of In and/or Si.

Prior Art Literature
Patent Document
[o009]

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

Disclosure of the Invention
Problems That the Invention 18 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 a method for the production of an Al £ilm, which can
be made soluble through the reaction with water in a
moisture-containing atmosphere; and a constituent member for

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

Means for the scolution of the Problems
[0011]
The method for the production of a water-reactive Al film

according to the present invention comprises the steps of



[ 0012] In this respect, if the added amount of In is |ess than
2% by mass, the resulting Al filmis inpaired in its reactivity with
water, while if it exceeds 5% by nass, the reactivity of the film
wi th water becones extrenely high and the Al film sonetinmes causes a
reaction with noisture within the atnosphere. [0013] The
thermally sprayed Al filmthus produced is a filmin which In
crystalline grains exist in Al crystalline grains in their highly

uni form y déspiisedmacadiil onsdneompeidbsfiNam ¢ansrRAsSi 4y amnder gy a
reaction with water within a noisture-containing atnosphere and can
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di spersed in Al crystalline grains.

[0012]

In this respect, if the added amount of In is less than
2% by mass, the resulting Al £ilm is impaired in its reactivity
with water, while if it exceeds 5% by mags, the reactivity of
the film with water becomes extremely high and the Al film
sometimes causes a reaction with moisture within the
atmosphere.

[0013]

The thermally sprayed Al film thus produced is a film in
which In crystalline grains exist in Al crystalline grains in
their highly uniformly dispersed conditions and the Al film
can easily undergo a reaction with water within a moisture-
containing atmosphere and can be dissolved in water while
generating hydrogen gas.

[0014]

Alternatively, the method for the production of a
water-reactive Al film according to the present invention is
characterized in that it comprises the steps of melting a
material which comprises 4NAl or 5NAl as an Al raw material,
and added In in an amount ranging from 2 to 5% by mass and added

8i, including the 8i as an impurity of the Al raw material in



[ 0015] In this connection, if the anbunt of In is less than 21
by mass or if it exceeds 51 by nmass, the problens described above
woul d arise. On the other hand, if the total anobunt of Si is |ess
than 0.04% by mass, the effect of controlling the reactivity, with
water, of the resulting Al filmis inpaired, while if the tota
amount of Si exceeds 0.2% by mass, the reactivity of the resulting A
filmwth water begins to reduce and if the anpbunt thereof exceeds O

6% by negsorhhean@ant Fahding Wbl ovaleto oofs%tmbynélssfaﬂdrbeefeﬁgolﬁ
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a mask. Effects of the Invention
to the electric arc spraying technique; and solidifving the
sprayed molten material through quenching to thus form an Al
film in which In is uniformly dispersed in Al crystalline
grains.
[0015]

In this commection, if the amount ¢of In is less than 2%
by mass or if it exceeds 5% by mass, the problems described
above would arise. On the other hand, if the total amount of
Si is less than 0.04% by mass, the effect of controlling the
reactivity, with water, of the resulting Al film is impaired,
while 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.

[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.



[ 0018] The thermally sprayed Al filmproduced by the electric
arc spraying technique according to the present invention can easily
be produced by a sinple process while |lowering the cost of

production. Mreover, the Al filmhas such characteristic properties
that it can be dissolved in water through the reaction with water in
a noi sture-containing atnosphere, even after the filmexperiences a
thermal hysteresis phenonenon as a result of the filmformng process

carried oukfpécte e ealTavantdBgl Ng from about 300 to 350C. [0019]
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[a019]

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 of the
constituent member for a film-forming chamber 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



Fig. 1 is a graph showing the relation between the heat-treatnent
tenperature (C) and the reaction current density (mdcnR), which is
observed for the Al filmprepared in Exanple 1. Fig. 2 is a
graph showing the relation between the heat-treatnent tenperature (C
and the reaction current density (md cnR), which is observed for the
Al filmprepared in Exanple 2. Fig. 3 is aphotographshow ng the
adhered film (deposited film peeled off fromthe base nateri al

provi ded thereobse tdvdrhert haerahbyd Spimyed A i prepared in
Exanpl e 3. Fig. 4 is a graph showi ng the relation between the

heat-treatnment tenperature (C) and the reaction current density
(mVcnR), which is observed for the thermally sprayed Al film

pr epar ed iﬁrgﬁn%?%cqﬂpq%’d’e#oprﬁ??ﬁng out the Invention [0021]
When produq?@?oﬁ thin filmin a filmform ng apparatus according to a
variety of frimform ng techni ques such as the sputtering technique,
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Fig. 2 is a graph showing the relation between the
heat-treatment temperature (°C) and the reaction current
density (mA/cm®), which is cbserved for the Al film prepared
in Example 2.

Fig. 3 is a photograph showing the adhered £ilm (deposited
film} peeled off from the base material provided thereon with
the thermally sprayed Al film prepared in Example 3.

Fig. 4 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 prepared in Example 4.

Mcde for Carrying out the Invention
[0021]

When producing a thin film in a film-forming apparatus
according to a variety of £ilm-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 £ilm

of the present invention, is also subjected to the influence



of repeated thermal hysteresis. Accordingly, it would be necessary
that the Al film at the time of the filmformation through the
thermal spraying technique before the filmis subjected to the

i nfluence of the thermal hysteresis, is not only stable, but also
easy to handle. At the sane time, the Al filmprovided thereon with
adhered filminevitably attached thereto during the filmform ng
process should have such a solubility (or activity) that the Al film
can easi | yobergeediast ofefi0muhe Hase smat gebald{ hdBy Constiduatye
menbers) along with the adhered filmand further should be stable,
even afternedassdryf thatithd Afl fielwedtbihe Helntehef nehe Hidmefesmation
experienced in the filmform ng process. In the case of the
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determ ning the loss in weight observed for each sanple before and

after the | merBionpdear ddhiitnofhehér ehdimgl |hyptidtcaid theperature
converting the result into the current density value while taking
i nto consi WEFAtR dhe feregpirafddm-fReming fekamkaed sopntihe exdpreotind

t he i mer sj i f . Sa in.the treating liquid. ]t can be said
that the Aet 388 86 86 ¢ MRaL Rogi P i cBamer R ordbinga Py ot
attached thesedmedUring she dddify VdHHRg REOCESS haSuaHCReBositi
solubility (or activity) DR e BRI GEo0 easily be peéled oft
fromthe bhsehmbqwer.i dlhealiomgphating heecltnened d4 [theevyD abthnitbe. Al
filmis subjected to the influence of thermal hysteresis experienced

in the fil WFBHHITRYy ptbcdOWldscih oAgnes?t hoer eutffiisHedln r ehtomiebe ty

?30335 er m ped-aLeor Uddhdpdihbl ScABE "Ofk 141 Nof14 68% a9 I GiBn
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. 1In 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
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The present invention will hereunder be described with reference to
the foll ow ng enbodi nents. [0025] In the thermally sprayed Al
filmby the method for the production according to the present
invention, Inis highly wuniformy dispersed or distributed within
the Al matrix and accordingly, the Al filmcan easily react with
water within a noisture-containing atnosphere such as water, water
vapor or an agqueous solution and as a result, it can thus be nade

sol ubl e oreRgidied HeVhehorkSaR! getii he present invention as Al raw
materials are, for instance, those having purities of 4N (99.99% and

5N (99. 999Wo02Each of them can be obtained by further treating an Al
raw mat eri al havi n% a low purity and prepared by the electrolytic
process such asTPNICOeFPing s ludN1iey auvpcalivatyoriithg Al conposhtee

| ayer el ecttol yti rocess.or_a nethod accarding to the parti al

sol i difi ca%llg‘ﬂ Cféeglﬁ%ipéﬁ?«? R AR ﬁ’é)tt‘\%Pgﬁl%ﬁ'\feEh%se
of the tenpgratay aiddidik @ﬁet@e?;ﬁ/ﬁ%%rﬂzh? Edognd,1d Ayl e

upon the solidificat isén.?r $he princi pal i ngﬁgﬂ:?%@, %leésog#!te(}?% ?ﬁeé%fNAl
and 5NAL i agl UdeaFeiamdcSrrand toRsetAl (mAaychBlOriad SdétéihBied by
include, for instance, Cu, Nl and C as inpurities other than the

f or egoi ng PFPREF T 2017ES "FuodE]l covered wathkbeMl Ehly it eanm waber

el ect roche/ ot enti difference.hetween Al and In is_in general
quite hi gh{%‘%ﬁ‘%af‘%‘afﬁ%%‘ 8%98&86%“%‘% FEPFFRRPGE Wan9eng EE¥RE 0ROt he
surface thesgof and srd@atali @9 05 Mhot&) N ¢ 2hidh

However, when thatlans%%nt angtoué,I oxi de ff# m}i S o%ﬁl\%?ﬁeﬁég%ﬂrké 5%%
and Al diresttgncaeesity of e tontasiomiltibnlid,. tieid deiczehiaat odn A
can be pronoted very rapidly due to the potential difference between
them At tReshed d§onq which copprihgegdhiessteng af deteradningitgid Joss

R L T g R U
any sol i d- s@heitd bh WheRebk. iAGHRr €88t Yng @ 4RSI SHaAnd [EhGaR: PRy
obtained by nelting A
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 £ilm 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,
so 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 thermally sprayed Al film by the method for the

production according to the present invention, In is highly
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and In in such a manner that the conposition thereof becones uniform
whil e taking care of the density difference between them and then
thermally spraying the resulting nolten material on the surface of a
base material according to the electric arc spraying technique to
thus give an Al film as a result of the solidification of the
deposited nolten material through quenching as well as the
conpressive effect of the solidification. [0027] The added In
i's highly ghspemsie dikpbawgbaubr tdwes v i it wet @k bhis SIS ndie; koatde
action of the electric arc spraying process and It 1s maintained In
t he state &ecowdiglglit, cbeedli il reot easiflgcteadt hwiAlh whteraddedihn
never forns a stable phase along with Al and therefore, the Al/In

i nterface ¥ "¥WMEE FOALRANIRE HiPERRKegFusShate WP aWatRteVaRrn

Vi gorous react.l i . Wt hi noi st ur e- cont ai ni at nosphere
at the con ch%d% é)}:lg %éﬁlgﬁg/a\dt‘ earljwla% gdﬁF?Pi)ﬁf Yo & é'rﬁ%ﬁd%‘édmgge

el ement i ssbIuwl dlicthhyt s Pal saeeOndiddid 3Rde A& 4k lRS 1RYBRE S50
generated during the reaction undergo expansion to thus generate a
mechani cal aadkl oavw Maeeefore areheforaotstander, odhcss hmtimlgypasipiéesi ng
Al OOH are fiLnel )(? ul verized on the surface, due to the nechani cal

action, w Phdédt (Par??Hya8aySH i (9%-PR8Fbon Bk af sh@mseanihe pheainedi d

and the reaggtd 1 i reacti.o ontinuously an

ol oo versy BtLek LRl s B LG fRRE YR B e

[ 0028] pregdiediitghehet B8 BUFbIpt i BBcBks BUCHBLLIANR (9o healDsL
conspi cuous the behavior of the -In"system descri bed above and, in
ot her wor d3¥ (SRe9bkRdvierondingte cbaltdrdee tayspetactsolytid heocase of
4NA1 and 5NAl as coppared with 2NA1 and 3NA1l [ 0029] . Accor di ng
to the preB/ "PHYRNECERTILRE thEPRAPINL i 89bddRfi9atinn sephpigeed
by form ng I : . Lal. t.o be treated in
2’ or edet or SEhe G oA 89a L MEhAZELE] BushiRU Bhe Br s RuppSihice

t echni que, diMf dGeritRki g wiieth Ofh@ 6601P@Shhe MBlRNialpHaeRY Siddo ofe an
Al -1n system More specifically, 4NA1 and In are prepared, In is

i ncor por at @el idikfiaatiionAl Taevpraneipal impuaritdesumteseangingter 4MAD t 0
5% by mass_on th bas'is of the_ mass of the Al raw material to thus
uni formy %?ip%iﬁge”a? W de 78 %L PR hRepe Alakandiakemials ferther

Iti | ot N aw TELSTT e,
e art1 o SR T EFRet et Cor g Soa mfer ATy ihetg? theh®

sprayi ng i shaofdssycind ppiayefadnodde, surface of a base material,
which is subseq]uently used as a constituent nmenber for a filmformng
chanber of [802&] m f or mi ng apparatus such as an adhesi on-preventive

pl ate, accordi to, the . electric arc spraying technigue, while using
Ar gas as a sppﬂgli ﬁaeg "IN PYHRE S pr By d SARGERBFIER Gt ePPEPOFEAL

solidified OGN i t hys . r u t her eby
forma bas%ibrrgt eri aélq Bg? ge%@ghl % Rtéir }é%nlcs\?mx?hg% ea:ll %EE\SA@%T g’éﬁc:t -I%\E/e

thermal |y sipe ageshtiindousmoxIte Ehewmndf | 31 siy gyeshehit! Bt BHe phepaced
is one in which In crystalline grains (having a particle size of not
great er thePeatPhnyhadeniizghionafi Abdsi jotdhdpenced atraldl . cHoweueti ne

rains. . . .
grains 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 sclid-solution with Al.

Accordingly, a desired Rl film can be obtained by melting Al

12



[ 0030] In this case, the electric arc spraying process should
be carried out in the atnosphere or an N2 or Ar gas atnosphere.
[0031] The thernmally sprayed Al film consisting essentially of the
foregoi ng 4NAl-In conposite material, which is forned through the
el ectric arc spraying process, can be handled with great difficulty
in the as-is state or in the state immedi ately after formation
thereof, since it certainly shows high activity and the solubility

t hereof in t W LRl -SL-UE B [ ' ' i, Se
too hi gh. Thacinr PRCD & aeRrSy et A s T TR IR R bR
mat eri al , theferswiiilegtbkéngatdye oF ayedddhsity M aredivec et Redh S
activity and the handling of the film becones easy. Contrary to this,
t he ther nafh§m apdaian phernald wspeaying ithestswdtiag nol téremphéti@hce
of the thermal, hysteresis.is inproved i,n_its actjvity and the fi|m
can thus sﬁ%&FQFtﬁ%ﬁ?é i PEe§ %ég%ﬂqéiﬁrﬁﬁﬁoﬁc€9£%}ﬁﬁt thg ghectric

at nospher e5 4 i I i aaﬁﬂg EQr .1 hj on, th ilm
may soneti%%g %é?%%%ﬁ%??&gﬁ?%?%‘%% er ggggrg#h%?yfﬁgﬁbgfa%u?%é$}gthe
at mospher eo fleghenst gl ichi daltd onas ORke tdepali tedtnd) tefn hat&rthiSthidudihe
film In such case, the Al filmis preferably stored in an atnosphere
free of anfue@tling e §%a weddunhét mbBpheremprasdiveeniesdebt uséd) the
order to a%gid IQ@ ccurrence of the reaction thereof with the
moi st ure i Ot HE ERGR S er e. [ 0032] Now, the present invention
will be degggppped with reference to the water-reactive Al film
consisting essentially of a 4NAL-I1n-Si, by way of exanple. The nethod
for the productTien afidedt en- ieadtigta yAl didgandad titerclerin aiay cal
sprayi ng techni que according to the present invention, as nentioned
above, can®p¥s e IR inee e Hodl §lee edleiqn cdficthenedécthic arc

{herml Y SRERYS Aol SRRSO b bl L0 S 5 LAOTh T
it comes in direct contact with Al. The added In never forms
a stable phase along with Al and therefore, the A1/In interface
is maintained in its high energy state and can 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 in a highly dispersed condition and
the H; gas bubbles dgenerated during the reaction undergo
expansicn to thus generate a mechanical action. Therefore,
the reaction products mainly comprising AlOOH are f£inely
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
explogively proceeds at the successively renewed reaction
boundary.

(00281
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
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produced according to the nmethod detail ed bel ow Mor e
specifically, the method for the preparation of the thermally sprayed
Al filmconprises the steps of preparing 4NAL1L , In and Si; conbining
the Al raw material with In, in an amount ranging from2 to 5% by
mass, and Si (inclusive of the Si present in the 4NAl) in a total
anount ranging fromO0.04 to 0.6% by nmass and preferably 0.04 to 0.2%
by mass, while taking into consideration the anount of Si present in
the 4NAL agnaieoRb@E BANINAD drfuSNHDI 49TdBnbadeasel v Apd dnapsfge, t he
both In and Si into Al; formng the resulting uniformmxture Into a
formof a f@RVr a wire to thus give a material for electric arc

spray; then covering the surface of a base material, for instance, a
constituent nerREOFBMNIES FRMETSERNEg eRtion  gthatherm ¥ b aprgved

t _ i on- tjve. pl at d in_the ch b
pray g (o ot R RN B RN AP o i€ o Batcef AnBephse

material agsOsid0chbd Eﬁeﬂﬂﬁhi§p§é§e§@ﬁﬁﬂyﬂé@a£38§ﬁﬁﬂf@ac%ﬂifng
using Ar gas as a spraying gas; and subsequently quenching and

sol i di fyi ngottie sdeayedcmaterspltaying heshgiyeea wabk: maikdngalise of
provided thereon wth a desjred water-reactive thermally sprayed Al
film The RhEPRRPFYLRpFAVREET | FPRRLACITS Rl 38 BhelinsVptem- | Hore

t i ) L] i in it i_ghl uni form i d
Dt ate. as FoscfElahal POERLES 1P bhBndtdd) tn 1NN 0B TAES
described ehoyal rawima5ase oh dhambhff r@ﬂc?‘yirf@pfféflﬁcb Rb £4 P mass

produced using a conposite material obtained by adding a

pr edet er m ore¢hareamits of tBe nassaaf AhelAl sysmamerihe wcthws byl fbemly he
solubility, in water, of the thermally sprayed Al filmcan be

cont rol | edHFRHGIR 5 UBF2RTHRy InED Aher AL Havo Makerpast -theozeruhtingd

t hi s accorgi vt herad . sprayed filmfrom the

R i
at mospher eagifk 1 thndd SkoriRie aridedianali 88 af maherfhh Me8RASERErmal
Moreover, if the upper limt of the tenperature during the thernal

hyst er esi sSphaifigrehs molgknandbaceyed phithe ter fadawt ar baswmabarbel, i S

on the ord r.@j& about. 300C, a]tther |1y sprayed Al fil m show ng
practi cal | Y5t ep? aBPRSGITVE YY) Wied ARibR | FEPSTR ventermemhepefor a

produced ugifig. Afufiing CRRABLL S0 fTBY %&hﬁa‘-f&ﬁ’%?ﬁ% %Q@%riflsﬂ:[%zs %‘ugg}o BY Mass

i ncorporated therein,”™ in an anount rangi ng

and pr ef er adiheys b prevedtIVebp mmes, adidr@inly the tppes1déthte ofrthe
tenperature during the thermal hysteresis phenonenon is high on the
order of afR¥AYSZBEDCechniges nithiilespeiyedrAbasidsnasapmaninggast i am| y
accept abl e_act i vi 'Fax, r solubi ity in water can be ]g{oduced usi ng an

Al conposi TR mPEAYER WL h TOdAET sRRtegial ndgr pRrkitid teser ENROUSR an

amount  r anghdLHIYE8: hd BofeR %Y sTRESEMAPES T re%%lb)fr Pl ! Bade 170
by mass. [0035] '

material provided thereon with a desired water-reactive
thermally sprayed Al film. The thermally sprayed film thus
prepared is one in which In crystalline grains (having a
particle size of not greater than 10 nm) are highly uniformly
dispersed in Al crystalline grains.
[0030]

In this case, the electric arc spraying process should
be carried out in the atmosphere or an N; or Ar gas atmosphere,

[0031]

The thermally sprayed Al film consisting essentially of
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When i nmmersing the base material covered with the thermally sprayed
Al filmin warmwater or spraying water vapor on the base material,
as has been di scussed above, for instance, when imersing the sane in
war m wat er whose tenperature is set at a predeterm ned | evel, the
reaction of the filmwth water is initiated inmediately after the

i mrersi on, which is acconpani ed by the generation of hydrogen gas,
the water is bl ackened as the reaction further proceeds because of
the presencge Oford@8iddIS{MNCEm dRRRRIiE hceling! | ynibE §DCEOPLLY
sprayed filmis conpl etely dissolved and precipitates consisting of,
for i nst ancleroudh ahd dIeaten® ard sorheingrpposaiser, . cadinbe Healliiddwith
vigorously proceeds with the increase in the tenperature of the
wat er. [00g6gat diffipplygilngthe Basés miede of invtssetate flapedistely

menber foroBETT | FPPBRRERG SHEFEE o PSS ah ARFESONYor YRR | boSh.
plate or aaéma}ﬁ;fmbcmﬁes Resiibi pLeg whteh}befthﬁwg%@&mtgﬂn a

chanber of a filnform ng apparatus, as has been di scussed above, 't he

fi | m conposetlsoird feritialimi hgratimgpmeiver i all ikesvsé aboyhagher gdwevet he
constituent menber for a filmform ng chanber can easily be peel ed
of f from the BoAFi¥ednaneidherf aficist RAdednpPethdn whtenbal, the

filmform cess, carri out o .predet erm ned nunber of . tines
b el o, BORRLONE BRERROI Y BHGRMAD 81 RS Ee S AT A B i by v
t he peel ed i i r 1 0S} J 0 e

fil n“IrO form %lgénﬁéeg?gﬁ?ﬂ\#'?ﬁ gggeiﬁj[qno\g'%%]amégee%ﬁn F%ﬁgr%%%e@o Eg%a% as
a |liquid fohepesdimeg 1of fspafayelieAN ftbmpaside fi liB isiiettadytehens cal

reagent, but is water such as pure water, water vapor or an agueous
sol ution. ZeEbreReRyP§ thetthernsdshypreresipiedenrovad ioctis rehteloy
any damage e constitue nenber for .a. fi f.orm ng .chanber ., such
as an adheasu!q%n-gg?e\%é i S%prlia%_%‘a %ﬁgwtg ?ﬁghdfa%’ggllgyi 8% (Siflstsﬁguf"é?’?er
in the |iquageaptkhhesatonsbithent i RBADRISKE Bh R &@L@%é}%@r for
substantially increased nunber of tines, as conpared wth that

observed fbhishreasase tihe MhifdAmanagheome bime® hgeninves-teslethtaspswdsr a

liquid for Eeel i ng. Moreover, any chem cal reagent is not used in the
present i nFEnPFHHIMRY termespsiEe LR sheouttrsriiane depengang on the

cons! der BbLensSHNELLAN 9Lk Do OB LR LR AR POl LeLIEK!
filmform pgenmt ennal 5s gieaeedbll¢ ¥6red 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.
[0032]

Now, the present invention will be described with
reference to the water-reactive Al film consisting essentially
of a 4NAl-In-Si, by way of example. The method for the
production of water-reactive Al film by the electric arc
spraying technique according to the present invention, as
mentioned above, can be applied to the method for the production
of the thermally sprayed Al film consisting of 4NAl-In-Si.
[0033]

The foregoing thermally sprayed Al film is, for instance,
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constituent nenbers for a filmform ng chanber such as an

adhesi on-preventive plate is never dissolved in water and
accordingly, the present invention has such an advantage that a
material can be recovered in the formof a solid having a conposition
and a shape substantially identical to those observed for the
filmformng material. In addition, the present invention shows such
an advantage that not only the recovery cost can be dramatically

reduced, hptodic@ RecrA9EESEot Bhdendtgast fadtatinedr Bedygry can be
sinplified and accordingly, wide variety of materials can be

recover ed acconriinggspect hecaprlasenheimptdmd dor Hher presaemicsgn of tihe
filmform ﬁtri al s are_expensive netals such as precious netal s

t
and rare %Tnia PTG & 1dB{QTRTISRS sBEEPE Of RETRamIE R hy
b ‘ O L | ST O .
The surf ac fig, &0 UBIRORSPHSY BT 1P eBbTar AN AL S PLIK S8GuntT

wat er - r eactaiveindy £LOHROSH b€ vibhess Abnafgil Nem NS of RYen i ﬁﬁesé‘\@&” d
permt the renoval or peeling off of the filminevitably adhered to

t he constiimedte ddidder idus i frfahanicunt reoginagf opertatidons ands by
consisting of the filmformn material , sinply by ,imrersing the
menber i nqm%rar@r p§6ﬁ8§?ﬁbyy\§t% %ﬂo?*oﬁyt‘ﬁ‘%s%aﬁé?ﬂ?nfcékilﬁgt HREe
permi ts { NEolenaneint ol dHCClbimdebA! 81 ApdeLane TR s WidafioU, bel N
acconpani ed by any contam nati on. us, the'recovery cost can De

reduced aneortniddn® torphug uiEirerndl EadkdiveewhaedbepdraoOraredomhi | e
they are still in their high quality conditions. [0038] The

present i nve@ndofivintgo Adw Bermdaix thhereswl mimoeuddfaith nidtowewinto

reference to the foll ow ng Exanples. Exanple 1 [0039 The
fol | owi ng RS Bgrﬁﬁ?i‘jt‘?’gﬁ’sW\’N’éngetcbrté‘b‘ﬁrW%ﬁdmg‘ﬁ%ﬁlg%éﬁ’é’cﬁéﬂmﬁﬁc t he

Lo o 7 DELSER Al o Ul BoERSE MRS AT ecr
the resul t snétatscoobhaboré: VaIent MeadbbirgpbLG &NUNCOARRIRS NakiBe@NEE
anot her, while using 3NA1, 4NAl1 and 5NAl1 as the Al raw materials. In
t hi s conneztiiidm- foleing dapanabust swih pe 4 adhps beRepiréverttdvespbite hat
rel ative tg,Lhe s (s aht) of the A e e o7 |l woed), [00401
on the surface of the base material according to the electric
arc spraying technique, while using Ar gas as a spraying gas;
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 film thus formed is one in which In is present
in Al crystalline grains in its highly, uniformly dispersed
state, as has been described above.
[0034]

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
activity, i.e. the solubility, in water, of the thermally
sprayed Al film can be controlled without subjecting the Al

film to any post-treatment and this accordingly prevents the
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3NAL - 2% by mass (W% of In; 3NAl - 3%by nass of In; 3NAlL - 4%
by mass of In; 4NAl - 2% Dby mass of In; 4NAl - 3% by mass of In;
ANALl - 4% by nmass of In; 5NA1 - 1.5% by mass of In; 5NAL - 2.5% by
mass of In;

thexrmally sprayed film from the dissolution through the
reaction with the moisture present in the atmosphere and this
also makes the handling of the film easier. Moreover, if the
upper limit of the temperature during the thermal hysteresis
phenomenon taking place within the film-forming chamber is on
the order of about 300°C, a thermally sprayed Al film showing
pPractically 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 0.6%
by mass and preferably 0.05 to 0.5% by mass, while if the upper
limit of the temperature during the thermal hysteresis
phenomenon is high on the order of about 350°C, a thermally
sprayed 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.

[0035]

When immersing the base material covered with the
thermally sprayed Al film in warm water or gpraying 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
congisting of, for instance, Al and In remain in the warm water.

This reaction vigorously proceeds with the increase in the
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5NAL - 3.5% by mass of In; [0041] There was conbined Al with
In in arate specified above to make In uniformy disperse or
dissolve in Al, the resulting blend was forned into a rod-Iike
article for use as a thernmal spraying nmaterial, and then the thernal
spraying material was nolten and thermally sprayed on the surface of
a base material nmade of al um num according to the rod electric art
sprayi ng techni que (heat source: electric energy; tenperature: about
6, 000C) , wemperdisireg ofr tBaswaged. sprayi ng gas (spraying gas
pressure: about SO psi) to thus give a thermally sprayed film Each
of the thet®®34ly sprayed filns thus produced was subjected to a

heat - t r eat nent a.te rature ranging from0O to 350C (the filmwas
treated in the Hﬁéﬁﬁgg;"ﬁﬁ m@ﬁ@‘:ﬁgtr S FHEERGENT FOUSSPEdW IR hi n

2, furnace) h G816 hleGs L0 £3TEn, Gd Be LNl URNGE Bluper

thermal hysteresis po encount éred during orm ng

process. Thereaf £eIm- fdwanhias ecmiiey aludi G ded ddiRi-Aon -Wrkhehbeve
thermally sprayed filmprior to the heat-treatment (0C) and the sane
base nmat erpatei9zt abotbeamhisht &8 podisficeedttidigathe fddmprEatmingh

were imersed .in 30 Qf pure. water nmaintained at 80C, followed_ by
the det er nf AT %ffo qnhé%ﬁ&f:’éﬁlmﬂeﬁgi’?’f/a‘ﬂfs edth h%glﬁgiloﬁl PPEEFet o
estimate t | uRk Lt ys r I pr _£11lm and :
subsequentgiﬁ?l?/ée)%t?%llgti%lnﬂr(l)f Wo%ggu% %ﬁfl;%s g%ﬁgi #’e%m@em%ggﬁf?ls

t hus obt ai el Brahlgh cddieskea b gthd. constithent hdnbdicatord rgat ent

tenperature (C) is plotted as abscissa and the reaction current
density (nBPERMY ghambar zake capddy e peeled it darn Phorccodtdhueny. |

I ly indicate that i Al teri_al h, havi
C LY o "HRRELE hEBL s MRS g el A TR RS SR A NS
hi gher t hap,{pate Qb esved af e ddiedili nbldl A %?Bgﬁgidﬁ% Bg &}ﬁﬁgesagg the

f
data al so I ndicate that tﬁe@te I'S observed, rawnaterr a
havi ng eaclcspedindlss puwhe yaluh®léohtbalfgcdensienasovEredhicghar thie
In concentration (not |less than 2% by mass) in the Al conposite
materi al , PReled dlefilmproyideilliiharesn vhieh thsufeperitad £ilmofphe

this reasop,,when an Al raw,materi having a purity of not |ess than
AN is usedg% —%?Fr?ﬂln-q H‘aﬁ?&lg‘rﬁln' h&45"4n*3%F concent rati on of not |ess

than by nagggayhe resulting thernmally sprayed Al film shows an
excellent solubility in water. However, when using 5NA1 as an Al raw
mat eri al, probl Bogldsi sessuatsddat 4 He gqudsuEbi nepdlieigmekF o & phayell
filmhas an extrenely high activity and the solubility thereof is
good but i fORRYSHe %Am % 0t Anyréhmninzls reavest, RPednps evarer such

as pure water, water vapor ox an agueocus solution. Accordingly,
it is possible to prevent the occurrence of any damage of the
constituent member for a film-forming chamber such as an
adhesion-preventive plate due to the dissolution of the latter
in the liquid and these constituent members can be reused over
a substantially increased number of times, as compared with
that 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 presgent 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
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[ 0043] The inventors of this invention herein investigated the
interrelati on between the kind of the spraying gas used in the
electric arc spraying process and the solubility or activity, in
water, of the resulting thermally sprayed filmwhich was prepared
using Al -In conposite materials each having the foll ow ng conposition
and produced using 3NA1 and 4NA1 as Al raw materials and the results
t hus obtained were conpared with each other. In this connection, the
added anmount of In is expressed in terns of that cal culated on the
basi s of thenstebisuait thenAry dorral efilal-£okfA4] chdhbdr - s38f adyan

massin  3NAl - 3%f by massin 4NAl - 3%of

adhesion-preventive plate is never dissclved 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
provided, on the surface thereof, witha thermally sprayed £ilm
consisting of the water-reactive Al composite material of the
present invention, would permit the removal or peeling off of
the film inevitably adhered to the constituent member during
the £ilm-forming operations and consisting of the £ilm-forming
wmaterial, simply by immersing the member in water or spraying
water vapor on the same. This in turn permits the recovery
of precious metals and rare metals without being accompanied
by any contamination. Thus, the recovery cost can be reduced
and the film-forming material can likewise be recovered while
they are still in their high quality conditions.
[0038]

The present invention will now be described in more detail
below with reference to the following Examples.
Example 1
[0039]
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by massin 4NAl1 - 3% f by massin 4NAl - 3%of by massin [0045]

There was specified above to make In uniformy disperse or dissolve
in Al, the resulting blend was forned into a rod-like article for use
as a thermal spraying material, and then the thernmal spraying
material was nolten and thermally sprayed on the surface of a base
materi al made of al um num according to the rod electric arc spraying
techni que (heat source: electric energy; tenperature: about

?:50000) , Whi | eusTingvRnheusnki 20srOLcRBbaYE IIndARES 59«@?5%& PKEn
prayi ng gas pressure: about 50 psi) to thus give various ermal |y
sprayed filinspected 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 S5NAl 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.
[0040]
* 3NAl1 - 2% by mass (wt%) of In;
* 3NA1l - 3% by mass of In;
*3NAl - 4% by mass of In;
*4NAl - 2% by mass of In;
* 4NAl - 3% by mass of In;
* 4NAl - 4% by mass of In;
*S5NALl - 1.5% by mass of In;
*5NAL - 2.5% by mass of In;
* BNAL

3.5% by mass of In;
[oo41]

There was combined Al with In in a rate specified above
to make In uniformly disperse or dissclve in Al, the resulting
blend was formed into a rod-like article for use as a thermal
spraying material, and then the thermal spraying material was
molten and thermally sprayed on the surface of a base material
made of aluminum according to the rod electric art spraying
technique (heat source: electric energy; temperature: about
6,000°C), while using Ar gas as a spraying gas (spraying gas
pressure: about 50 psi) to thus give a thermally sprayed film.
Each of the thermally sprayed films thus produced was subjected

to a heat-treatment at a temperature ranging from 0 to 350°C
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Each of the thermally sprayed filns thus produced was subjected to a
heat-treatnment at a tenperature ranging fromO to 350C (the filmwas
treated in the atnosphere for one hour and subsequently cooled within
a furnace) in place of subjecting the same to the influence of
thermal hysteresis possibly encountered during the filmformng
process. Thereafter, the base material provided thereon with the
thermally sprayed filmprior to the heat-treatnent (0 C) and the sane
base mat er {ghe US€tin 2PaY et 288 &Pt 8h NeHe AbtRbsHRErdIepd s t ERAL ABRE ARG
were inmmrersed in 300 nL of pure water maintained at 60C or 80C,

fol | oned bsubpequentenmceoaiedrwitfhithe furnact) denplage off eabjecting
imrersion liquid to evaluate the solubility of each thermally sprayed

filmand tHeesERERglentthEnESNgRER R ToENRBal e SYISEETERES BREELREY.
The result ' pd.oL 1 ¢ n.Eig. 2. JdnkHg. 2. the
heat - t r eat %%%We%pgecfgpgg%g%@f :%{;Ln%ff%tr EEE S Oaflznessc:si 'ss'ghgﬁ%a%%eer’ the

reaction cuis€matdensh tprovlheaericoridh Pl @Heathed Nt Sprdyd Bi Sy

respect, however, when using the air as the spraying gas, the

resul ting priér |tm ghe heat diresdimemti f0Wa} eandatchel bamddmaredinagkyial he
results obtained for the filmare not plotted on Fig. 2. [0046]

As will beYgpeaibeyemnthetiaincy aften bhe rept Lragtaent earh were
prepared usj 4 S hi Lty i S r Wi .t h
Pherti i m praor St o 208 e nds W et R o LR oA HE Y e

sprayi ng gp§ 0Wetexhifa®loh birghhs Ghirlichit Jerihdi WRLEr e B8h GRNR2EEEN
with the filmprepared using N2 as the spraying gas. Moreover, when

usi ng 4NAllaguidetAlestiwatrat hé adoland At yaeft bacls grimpimed lyaspraped
resul ting thfrmal Ly sprayed Al filmstill shows a high solubility in
wat er eventatPefPEhehei pHPFeIUSH; dotrtigak irBar t Ch&t FeATIRE Hbus

tenperat ur §181r:£1n§c§p CThLOQé%J%B%, tqlhéetoga\%infeg“&% ;}@@Ctoé\’/gelf e%éx' Vrf\:l‘gy[]s % ng.

in warm wa mai nt ained™ a ase mat er |

thernmal |y sareyed if,i bAe (KOAL-+3%aphefBSSedbe ddbursP (AY) NPs GADELAK) as
having a good solubility in water and obtained after the foregoing
heat - t r eat #bAcissmendddet Fearifort terféntrians bt ydmady cind) asioridinete.

i mredi at el )f af%| r the i mrersion, which is acconpani ed by the vigorous
generation gp4 idrogen gas, the water is blackened as the reaction

I, Tinally the EReToal B chrayan ¥ if m Cansar Rat Ry oY Sy aielic

In, finally the t y spra he st'ate such

that it isubinglayl athemnadetoaldadiastafahgra adutus, be@ theor eact ths
with water, and the fil mbegins to be peeled off fromthe base
mat eri al wreBudtse® Pdt Folns have moloddd i6f eerirewstay highewatmawshet

T B RRS iR PR e R Ry e R e e
vater was AQlyi 88k ha909hrFXAWNRrIed, for the Al raw material having
each specific purity, the following tendency: The higher the
In concentration (not less than 2% by mass) in the Al composite
material, the higher the solubility of the resulting Al film.
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 5NAl as an 21 raw material,
problems arise such that the resulting thermally sprayed £ilm

has an extremely high activity and the solubility thereof is
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[ 0048] Platinum (Pt) filmform ng operations were repeated over
30 cycles using a sputtering apparatus provided with an
adhesi on- preventive pl ate whose surface had been covered with a
thermally sprayed film (filmthickness: 20012m) of the 4NAl - 3% by
mass of In prepared in Exanple 2 (spraying gas: Ar) and then the
adhesi on-preventive plate to which the Pt film had been adhered was
di sassenbl ed fromthe sputtering apparatus and treated with warm

water mal Ad\ehiliBAGy B8 Rad@R toih! RSl UREiLhpty the thermal Iy

sprayed fiTmis conpletéely dissolved wthin 30 mnutes and that the
adhered fEdamplfe Bt is peeled off fromthe adhesion-preventive plate,
as shown in Fig. 3. Thus, Pt as the filmform ng material could
easily be F ered. At this stage, it was found that In and AIOOH i s

ipitated in.,th t Ex le 4 100491, . A |
B pr DLt ated Tl e S e LR A RO s TG E AT,
]9}‘ | ?n he[ ggg%z}ﬂéﬁke(l%@i%' bétWderPEnt N8 HL8H N Bp LRI AR IdaY SHLRAY RO 1Y

electric arc gpraying process and the solubility or activity,
in water, of the resulting thermally sprayed f£ilm which was
prepared using Al-In composite materials each having the
following composition and produced using 3NAl and 4NAl as Al
raw materials and the results thus cbtained were compared with
each other. In this connection, the added amount of In is
expressed in terms of that calculated on the basis of the mass
of the Al raw material.

fo044]

*3NAl - 3% by mass of In (spraying gas: Ar);

*3NAl - 3% by mass of In (spraying gas: Air};

*4NAl - 3% by mass of In (spraying gas: Ar);

*4NAl - 3% by mass of In {spraying gas: N2);

*4NAl - 3% by mass of In (spraying gas: Air).

[oo45]

There was combined Al with In at each corresponding rate
specified above to make In uniformly disperse or dissolve in
Al, the resulting blend was formed into a rod-like article for
use as a thermal spraying material, and then the thermal
spraying material was molten and thermally sprayed on the
surface of a base material made of aluminum according to the
rod electric arc spraying technique (heat source: electric
energy; temperature: about 6,000°C), while using various kinds
of spraying gases specified above (spraying gas pregsure:

about 50 psi} to thus give various thermally spraved films.
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Al -1n-Si Conpositions were prepared using 4NAL as the Al raw materi al
and incorporating In and Si (including the contami nant Si present in
the Al raw nmaterial) into the Al raw material, the resulting
conpositions were used for preparing thermally sprayed A filnms and
the latter was inspected for the relation between the purity of the
Al raw material used in the conposition, the added anount of Si and
the solubility, in water, of the resulting thermally sprayed film In

this connexd¢wbs t&féetﬁéidm.laf*’ft@%iﬁ}f)ecpfiirﬁb 2RAs Pr RRR P £EGB e bifed
n e

terms of those calculated o asis of the nmass of the Al "raw
mat eri al . {OG5Heat4Nrgainent At pabenSiratif®e ppnping386dy onkes3®i "d n;
4ANAL - 3%b1}’ mass. of In - O. 05%,b3/ mass of Si. (including the

cont am nantth§ BFloowapnyreatefuain - thr, HYMORRRETS 197 -OFF 180 RS

o 5 (kg R sk iR IPTh A JHORGTRE

4NAL - 2. 60hdysamestof the 1n@1b¥mby BBSEhetmSL GLiBELHEEDES possibly
encountered 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 60°C or 80°C,
followed by the determination of the current density of each
immersion liquid to evaluate the solubility of each thermally
sprayed film and the subsequent investigation of the results
thus obtained. 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?) is
plotted as ordinate. In this respect, however, when using the
air as the spraying gas, the resulting Al film did not dissolve
in water at all. Accordingly, the results obtained for the
film are not plotted on Fig. 2.
[0046]

As will be clear from the data plotted on Fig. 2, the Al
film prepared using 4NAl shows high solubility in water as
compared with the film prepared using 3NAl and the Al film
prepared using Ar as the spraying gas shows extremely high
solubility in water as compared with the film prepared using
N2 as the spraying gas. Moreover, when using 4NAl as the Al
rawmaterial and Ar as the spraying gas, the resulting thermally
sprayed Al film still shows a high solubility in water even

after the film is subjected to a heat-treatment at a temperature
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the contam nant Si of 100 ppn) . [0052] There was conbi ned Al
with In and Si at each corresponding rate specified above to nake In
and Si uniformy disperse or dissolve in Al, the resulting blend was
formed into a rod-like article for use as a. thermal spraying
material, and then the thermal spraying material was nolten and
thermally sprayed on the surface of a base material nade of al um num
according to the rod electric arc spraying techni que (heat source:
electric emerypn d.enperature: about 6,000C) , while using Ar gas as a
sprayi ng gas (spraying gas pressure: about 50 psi) to thus give each
correspondl®@gilhermal |y sprayed film Each of the thermally sprayed

films thus produced s suhjected to a heat-treatnment at a, .
tenperature rang KgS \T&V%Bﬁ'?idﬂaﬁ WRRRELPRES 1Y mfaa T ¥aket "RAnEAned

at nospher e +hau Lbsequ 0 Ayl in
pl ace of gﬁ ﬁ%%?ﬂn& th%aggﬁgéto ?ﬂé%?%%¥Sgn§£€gfgﬁ%é§#%§il%;é?ggg%?s

possi bl y efthwntendd 3duby mgadhe £f Thin SpxaHing Baecess) tharierf hegood he
base material provided thereon with the thermally sprayed filmprior
to the heatolylebliifaht 1p0Cyabed tansd samsabned nafteey althgsedoapgoenand

obtained after the heat-treatnment (after _experienging.the thernal
hyst er esi s e%%t%%@e?‘@fﬁttmm‘ﬁ}%drfﬁ%b%n m?fof'ﬁ’tﬁjr g’“%ﬁt g’ﬂ'.tgai‘?ﬁ%rneﬂs at
80C, Tol | operl bycddie dielimiaall onspk l Neneur ipk-deBsl tVyicfachy

i mrer si on quid to evaluate the solubility of eac ermal Ty sprayed
filmand thaeconbmepdny theesig@gphigeperhiechest| iydddysn glkal prd.
The results thus obtained are plotted on Fig. 4. In Fig. 4, the

heat - t r eat ¥@beY tighpdrgkanedGey the plesctéanafuniher Spcasdst hecause
reaction current densit ggﬁlfnﬂ).a or di nat e. £OQS§E . The dat a
pl ot ted on®Ei Y€ PIESERFPY OF nat Cat’ @ U Sy neeBaet tF ot Tgnally the
predet erm i rm : r:Ql act Lyi and,
70t her vor de e "Rl a O Gr T he et el e S P S ¢ o
t he heat -t t edtimanity adhdmed be thd bads mhneirhel cRrdtditte jesdtadd eithhe
formation thereof by the thermal spraying technique. Accordingly, the
di ssol ut i of@eert hand heltgrefiyn fadipsd 9 e Deedegh offie fremcthenbase

thereof with the i.sture present in_t at nospher.e can, be prevented
w th oor t aPRESE DM bt R ook Y pABE O fEmEERLRT o Bl WeEh
the thermals ByshRi@Tagnetl 8 5d-e EheMbd 4 WatQ:6R2ME6% et &3 QA thehe
order of about 300C, it was found that a thermally sprayed Al film
can be protiherdalky gprayedl AL dhjios bt emernt Byrieal abavengrien saddédl Sty
content ranging fromO0.04 to 0.6% by mass and preferably 0.05 to

0. 55k by nﬁgstgﬁdﬁ¥ﬁ%3Fb§@FFFn§aﬂln@FI?ﬁ%&ﬁH(ﬁQﬂéve a practically
accept abl e g&%ﬁ¥%ty or solubility in water. On the other hand, if the
upper IiniF 0 e tenperature of the thermal hysteresis is high on
the order @foapput 350C, it was found that a thermally sprayed Al
filmhaving a practically acceptable activity or solubility can be
produced usi ng BlatAinwofpokiidmriteniag dperandoan vedaeteSea omhbeatr

ranging fromO0.04 to 0.2% by nass and preferably 0.05 to 0.1% by
mass. (005a4f cycles using & sputtering apparatus provided with an

adhesion-preventive plate whose surface had been covered with
a thermally sprayed film (film thickness: 2004m) of the 4NAl
- 3% by mass of In prepared in Example 2 (spraying gas: Ar)
and then the adhesion-preventive plate to which the Pt film
had been adhered was disassembled from the sputtering
apparatus and treated with warm water maintained at 80°C. As
a result, it was found that the thermally sprayed £film is

completely dissolved within 30 minutes and that the adhered
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It was found that when i mrersing, in warmwater naintained at 80C,

the base material covered with a thermally sprayed Al film (4NA1 - 3%
by mass of In - 0.1%by mass of Si) having a good solubility in water
and obtained after the foregoing heat-treatnent, the reaction of the
filmwith water is initiated inmediately after the inmersion, which

i s acconpani ed by the vigorous generation of hydrogen gas, the water
under goes bl ackening as the reaction further proceeds because of the

presence ofilh @t PASiQR1edLpOSi £:65h khe hiRakioniheddhivel pyate,
sprayed filmcannot maintain the state such that it is firnmy adher ed

to the basas shreniidl Fide 3t o Tthes r Baesi e @i th- Hetmwing sader il Eolihd
begins to be Eeeled off fromthe base material with dissol ution.

Exanpl e 5 §dPEhEY Pe recoypreq. gat Cﬁ‘r’p%ﬁttaigénslﬁéfae“ SPEPEr gep utnand NAL
and SNAl ag %%gg £ S §§E§§b3|§na99 rgéq[%gi &Jng In and Si

(1 ncl udi ng e contamn presen raw materials) into
the Al raveg@hsiéead, the conpositions were then used for the
preparation of thermally sprayed Al filnms and the resulting Al filns
each were (@@pekted for the relation between the purity of the Al raw

material used in the c tiion, . the added anount, of Si and the
sol ubility, in AaRem Pg hjel rbésﬁi”’t’?ﬂgmc REL A F RS ad BWR G S £s

orms. of tRASe 6Ll ot e S Ehe el B ns I P Ty PAPREP T Cr e
mat eri al . f@@ﬁﬁﬂ1ngHWMbrma2%@b¢pﬁa§§dqﬁlIfhhnp.0596by mass of S
(|nclud|ng 90 pfnlof t he contam nant Si);

Al-In-Si Compositions were prepared using 4NAl as the Bl
raw material and incorporating In and S8i (including the
contaminant Si present in the Al raw material) into the Al raw
material, the resulting compositions were used for preparing
thermally sprayed Al films and the latter was inspected for
the relation between the purity of the Al raw material used
in the composition, the added amount of Si and the solubility,
in water, of the resulting thermally sprayed film. In this
connection, the added amounts of In and Si are expressed in
terms of those calculated on the basis of the mass of the Al
raw material.
foo51]

* 4NAl (contaminant Si: 100 ppm) - 3% by mass of In;
* 4NAl - 3% by mass of In - 0.05% by mass of Si (including the

contaminant 8i of 90 ppm);

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

contaminant Si of 100 ppm);

* 4NAl - 3% by mass of In - 0.2% by mass of Si (including the

contaminant 8i of 100 ppm);

*4NAl - 2.6% by mass of In - 0.5% by mass of Si (including
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4A4NA1 - 3% by mass of In - 0.11 by mass of Si (including 100 ppm of
the contamnant Si); 4NAl - 41 by mass of In - 0.51 by nmass of Si

(i ncluding 100 ppm of the contam nant Si); 5NA1 - 1.51 by nmass of
In - 0.051 by mass of Si (including 100 ppm of the contam nant Si);
5NA1 - 2.61 by mass of In - 0.1%by mass of Si (including 100 ppm of
t he contam nant Si); 5NA1 - 3.5% by mass of In - 0.5% by mass of
Si (including 100 ppm of the contamnant Si) . [0057] There
were conbi tied Adntdmiramd Si wEt Doeaspmpot her at the rates specified
above and the sane procedures used In Exanple 1 were repeated to thus
form each E&¥%&sponding thermally sprayed film (spraying gas used: Ar
gas) . Each of jhe thermalﬂ% spr.ayed filns thus produced was ‘
subjected to a S ¥4t ﬁpeafgoyﬁF#H&W@q Ré dafechreregspendingd

|1 Bxampl ey ded Uik BanBod Sal RNzl N ALTORREL S PasaE RN, and

It was subsequently cooled w a furnace erea base

materi al pdbyvssheds thexleoahwi tdbuiife ngheT dmd kit sSps@axed 1htbma PHEOLi ke
the heat-treatment (0C) and the sane base material used above and
obt ai ned akreickhddeueetzeat pharmil rpimsiogmbber dhl whimsh then the

experienced thermal hysteresis) each were imersed in_300 nL of pure
wat er mai nt ?%ﬁ?fé%é?gf%ﬁeﬁ?@g ¥3° MRd LEBt AHERSEPB AL BERIFYSEUPR ent

Conthal, o AR S Ul bOL LTI e DD b ces”

obt ai ned. {ROXBH electric arc spraying technique (heat source: electric
energy; temperature: about €,000°C), while using Ar gas as a
spraying gas (spraying gas pressure: about 50 psi) to thus give
each corresponding thermally sprayed film. Each of the
thermally sprayed films thus produced was subjected to a
heat-treatment at a temperature ranging from 0 to 400°C (the
filmwas treated in the atmosphere for one hour and subsequently
cooled within a furnace) in place of subjecting the same to
the influence of thermal hysteresis possibly encountered
during the film-forming process. Thereafter, the base
material provided thereon with the thermally sprayed film
prioxr to the heat-treatment (0°C) and the same base material
used above and obtained after the heat-treatment (after
experiencing 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 evaluate the solubility of each thermally sprayed film and
the subsequent investigation of the results thus obtained.
The results thus obtained are plotted on Fig. 4. In Fig. 4,
the heat-treatment temperature (°C) is plotted as abscissa and
the reaction current density (mA/cm?) as ordinate.

[0053]
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As a result, there was observed the same tendency as that observed in
Example 4. It was thus found that the addition of a predeterm ned
anmount of Si permts the control of the activity and, in other words,
the solubility of the thermally sprayed filmprior to the
heat-treatnment, while the filmwas in the condition just after the
formati on thereof by the thermal spraying technique. Mreover, if the
upper limt of the tenperature of the heat-treatnent is on the order

of about 300C, The wdestd quinst Hethtora Riler naldleairayediAhtki thataphbe
produced using an Al_conposite material having an added In content of
not | ess tAGAIPEDPIrAsRredrl-enisedeansine ok &it PeEMGERgHe 6ANOTOL to

0. 6% by mas d that the resul,ting, Al filmwould have .a.practically
accept abl eogcﬁ%i G OF o1 A MY Ofg'Heﬁ/a’f"g?a]S On&?‘sf'les%]t"ﬁ@ﬁlﬁgnﬂ, Fget he
upper |im thefnk emRgeal ; < t t j [ e
order of abguthiS%Y C i ?%\%agifﬁggjnrdltc{}ﬁg?e%% ﬁ%%%a??%‘é%?%?e‘ﬁ%@ﬁh?m
havi ng a pfathilaliny theceptdid ragukti After 3@l @bihat yomaiHed o Bhl e

to be produced usi n% an Al conposite material having an added In
content of th8ttheasd L sripyindleehiskaumd ARcardienlsy, chaddmsodatgpng

f 0.04 t .2% b . EX 6 _[ 0059 Th; .
f |r Ionm“r f orm ﬁg t%r%%%%%“@%if%@@%?h?ﬁﬂ&%ﬁfggg %Ee?%tﬁgﬂfgﬂgﬁ%%&t)?or
i a2 whooor ey B ARD RS e DD XHECR o PP, TRCHP Py b Fn,

(filmthickaessin2@Opiprebvehe #MAThe uplelry 10mss of the -tehpk¥abyvirgass
of Si prepared in Exan'gl e 4 and then the sanme deposit-peeling test
used i n Ex8fptee Fhgeral| hxevpresiepibhin e dpdn-spruingchanber is

the. Cher abty CBbr SR 141 I LGN Be ory HFESHPY Y ehipoeel o7
adhered fi bgy@feftall F_iBﬁ@a%db@fpfroﬁhggﬁtﬁﬁrﬁ%dQﬁsfilpebﬂfzsgflfﬁ nseepkate,
as in the case of Exanple 3. Industrial Applicability [0060]
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 f£ilm
would have a practically acceptable activity or solubility in
water. Onthe 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 £ilm having a
practically acceptable activity or solubility can be produced
using an Al composite material having an added Si content
ranging from 0.04 to 0.2% by mass and preferably 0.05 to 0.1%
‘by masgs.
{0054]
It was found that when immersing, in warm water maintained
at 80°C, the base material covered with a thermally sprayed
Al film (4NAl - 3% by mass of In - 0.1% by mass of $i) having
a good solubility in water and obtained after the foregoing
heat-treatment, the reaction of the film with water is

initiated immediately after the immersion, which is

accompanied by the vigorous generation of hydrogen gas, the
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According to the present invention, the surface of constituent
menbers for a filmform ng chanber of a vacuum filmform ng
apparatus, which is used in formng a thin filmof a netal or a netal
conmpound according to the sputtering technique, the vacuum
deposition technique, the ion-plating technique and the CVD
technique, is covered with the water-reactive Al film Accordingly,
the filminevitably adhered, during the filmformng process, to the
surface ofwsteh wmdeagskest bbatkerirprad chearéatpidorfirthechprbeeedan
be peeled off therefromin a noisture-containing atnosphere and can
easi |y be PeeAS efl theresaice of héoprinsdancendanioredan bELingbly i n

the fields_| ich-these fjl.m.formng, apparatuses are _enpl for
i nst ance, ?ljrllgttﬁfeérf“%(l:%}{i cPeﬁag)fe fire% %ji';m F 8‘P8$8(§P"’ﬁ5‘t§‘éﬁi @b%&aé{:&@%?{ﬁg%?s
and el ectr opi G5¥ik-ah pteshdmahieper e ¥adet AR SH{QN e BWIROSEaBEion

i ncreasing the nunber of reuse tinmes of the constituent nmenbers for a
filmformwitichatker, ofdahfe Filh deging apier ptabednd fof romahieebhsg
the filmformng materials which contains valuable netals. Wat is
cl ai med i setarisl dethodieePluheOPr oduction of a water-reactive Al
film conprﬁglg&eﬂge steps of nelting a material which conprises 4NAl
or 5NA1 as an raw material and added In in an anount ranging from
2 to 5% by gess) on the basis of the mass of the Al raw material in
such a manner that the conposition of the material becomes uniform
thermal |y spraydndgint4td Cospbsinfomomeee prépited weinbhenslahaceNal a

base material according to the electric arc spraying technique; and
sol i di fyi n@°tHe pryeReher izl ardeincarnomasigs fuenrdnthdinslufimg

forman Al _film.i i i ni.f or i.spersed in. crystall]ine
oraine. 200 Bided Bl 5 Seeal holte ML RELSBR 11N kR Fhe
conpri si ngat heast AREepiaTEl th@%@rgﬁ@éﬂfi@ﬁs WD Suprhses AL RE
5NAl as an Al raw material, and added In in an anmount ranging from?2
to 5% by npesparatiadded Shermatlwvdmmpyelde ASi fatmarandmuhel rgsoftihe Al
raw material,_.in a total anount r%l\gi ng fromO0.04 to 0.6% by mass, on
the basis Bf fEHESHASH ¥ITE MBSPECTIMIARILSL T 1 atd o ket weaTarR PUrhBY
the resul t] is if i ti,on; .thernall
Spraying t ho oot ElteTRCErAAL (AR B (R RCR TR BR uthrod f alun

materi al aese@idang tiie EBEuBl BLEY | EnakLeahr 8YidHe LEGHNE e thakflally
solidifying the sprayed nolten material through quenching to thus

form an Al spraved diwmichin fhis earirfesitiion, dilspedded anmpultscof sirabhdne

grains. 3,.A consti tuen{h renber f(gé %ﬁfi | mform ng chanber of a
filmform Ny HSpSFRFEESEHAMFERF R tiosengrlFilateth Pav iR Paster ebn

with a wat gpareact iye e bl LRrapaLed pccording to the nethod as set
1 or 2. '

forth in claim
[0056]

*4NAl - 2% by mass of In - 0.05% by mass of 8i (including 90

ppm of the contaminant Si);

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

ppm of the contaminant $1);

*4NAl - 4% by mass of In - 0.5% by mass of 8i (including 100

ppmt of the contaminant Si};

*5NAL - 1.5% by mass of In - 0.05% by mass of Si (including

100 ppm of the contaminant Si);

*5NAL - 2.6% by mass of In - 0.1% by mass of 8i (including
100 ppm of the contaminant Si);
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4. The constituent nenber for a filmformng chamber as set forth in
claim 3, wherein the constituent nenber is an adhesi on-preventive
pl ate, a shutter or a nask.

*5NAl - 3.5% by mass of In - 0.5% by mass of Si {including
100 ppm of the contaminant Si).

[0057]

There were combined Al, In and Si with each other at the
rates specified above and the same procedures used in Example
1 were repeated to thus form each corresponding thermally
sprayed film (spraying gas used: Ar gas). Each of the
thermally sprayed films thus produced was subjected to a
heat-treatment according to the sgsame 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 (¢°C) and the same base
material used above and obtained after the heat-treatment (the
base material which experienced thermal hysteresis) each were
immersed in 300 wl of pure water maintained at 80°C, followed
by the determination of the current density of each immersion
liquid to estimate the solubility of each thermally sprayed
film and the investigation of the results thus obtained.
[(0058]

Az a result, there was abserved the same tendency as that
observed in Example 4. It was thus found 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 was
in the condition just after the formation thereof by the thermal
spraying technique. Moreover, if the upper limit of the
temperature of the heat-treatment 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
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not less than 2% by mass and an added 8i content ranging from
0.04 to 0.6% by mass and that the resulting Al film would have
a practically acceptable activity or solubility in water. On
the other hand, if the upper limit of the temperature of the
heat-treatment is high on the order of about 350°C, it was found
that a thermally sprayed Al film having a practically
acceptable activity or sclubility 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 S8i content ranging from
0.04 to 0.2% by mass.

Example §

[0059]

The same film-forming process disclosed in Example 3 were
repeated except for using a sputtering apparatus provided with
an adhesion-preventive plate whose surface had been covered
with a thermally sprayed film (film thickness: 200um) of the
4NAl - 3% by masgs of In - 0.1% by mass of Si prepared in Example
4 and then the same deposit-peeling test used in Example 3 were
likewise repeated except for using the foregoing adhesion-
breventive plate. As aresult, it was found that the thermally
sprayed film is completely dissolved and that the adhered film
of Pt is peeled off from the adhesion-preventive plate, as in

the case of Example 3.

Industrial Applicability
[0060]

According to the present invention, the surface of
constituent members for a filwm-forming chamber of a vacuum
film-forming apparatus, which is used in forming a thin film

of a metal or a metal compound according to the sputtering
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technique, the vacuum deposition technique, the ion-plating
technique and the CVD technique, is covered with the
water-reactive Al film. Accordingly, 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 recovering the £ilm-£forming

materials which centains valuable metals.,
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What is claimed is:

1. A method for the production of a water-reactive Al film
comprising the steps of melting a material which comprises 4Nal
or 5NAl as an Al raw material and added In in an amount ranging
from 2 to 5% by mass on the basis of the mass of the Al raw
material in such a manner that the composition of the material
becomes uniform; thermally spraying the resulting molten
material on the surface of a base material according to the
electric arc spraying technique; and solidifying the sprayed
molten material through quenching to thus form an Al film in
which In is uniformly dispersed in Al crystalline grains.
2. A method for the production of a water-reactive Al film
comprising the steps of melting a material which comprises 4Nal
or 5NAl as an Al raw material, and added In in an amount ranging
from 2 to 5% by mass and added Si, including the Si as an impurity
of the Al raw material, in a total amount ranging from 0.04
to 0.6% by mass, on the basisg of the mass of the Al raw material
in such a manner that the resulting molten material has a
uniform composition; thermally spraying the resulting molten
material on the surface of a base material according to the
electric arc spraying technique; and solidifying the sprayed
molten material through quenching to thus form an Al film in
which In is uniformly dispersed in Al crystalline grains.
3. A constituent member for a film-forming chamber of a
film-forming apparatus characterized in that it is provided
thereon with a watexr-reactive Al film prepared according to
the method as set forth in claim 1 or 2.

4. The constituent member for a film-forming chamber as set
forth in c¢laim 3, wherein the constituent member is an

adhesion-preventive plate, a shutter or a mask.
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