SPECI FI CATION Title of the Invention: Water-Reactive A Conposite
Material, Water-Reactive Al Film Process for the Production of the
Al Film and Constituent Menber for FilmForm ng Chanber Techni cal
Field [0001] 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 EBRSII@EAONnenber for a filmfornmng
chanber and in particular to a water-reactive A conposite materi al
using an Al raw material which contains Cu as an inpurity thereof in

a predet ey ty r-r i_ i Fd | st LRg ;
essenti ale]['.{yg%ce qDtfﬁ|r{-:'sﬂénvva]%n(}:’r%n %Ig't i v‘lgg?%ltxl %%arré%%s\?ét eﬂrrat e |O§F;tQaM%% lﬁoa& '

for the pradiicReadtOfe thi Bil, birboesaddracigomsbihiteivn penher Al oriian,
filmform ng chanber, which is covered with this Al film Background

Art [00028nd Conskptwert [Membernfey RigpaFarwsng dhafiberming a thin film
according to, for instance, the sputtering technique, the vacuum
deposition technique, the ion-plating technique, or the CVD

t echni quep, &, fil LM nmetal or a netal compound, as a filmformng
mat eri al , TS Revi ?%%% adhered to a constituent nenber for a

filmfornmaeighanber, which is positioned within the filmfoLm ng
apparatus during the filmformng process. As such constituent
menbers for aThelpndsentiinyenlianberlathere ¢antbe-tésttade Aboromposite
i nstance, an adhesi on-preventive plate for inhibiting the adhesion of
any fil meHHEL nRefA 3T ERBRETGT A Fadliund diavssr Sehdhe paadyction

substr at €6f the Al film and a constituent member for a film-forming chamber

and in particular to a water-reactive Al composite material using
an Al raw material which contains Cu as an impurity thereof in a
predetermined amount; 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 1s covered with this Al film.

Background Art
[00021

In a film-forming apparatus for forming a thin £ilm according
to, for instance, the sputtering technique, the vacuum deposition
technigue, the ion-plating technique, or the CVD technique, a £ilm
of a metal or a metal compound, as a film-forming material, is
inevitably adhered toa constituent member for a £ilm-forming chamber,
which is positiocned 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 form ng such a filmonly on the desired
area on the substrate and a tray for conveying the substrate. A film
havi ng the sanme conposition as that of the intended thin film(a thin
filmto be formed on a substrate) is al so deposited on or adhered to
t hese nenbers during the filmform ng process. In this respect, it is
t he usual apslattiece 4 hmskt hese foenbersirgr euckepedtiédl onlysed t@fe desttasd
renoval of the filmadhered thereto. [0003] The filminevitably

adher ed t%r?%é’géj{?o%‘ét?ﬁtt%ﬁtaﬂﬁjeﬁ%ﬁg C%Wqﬂ%%f%ﬁ%%ﬁbe% Fislm

t hi ckened. | t to the,l f th Ki
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of particless £f 1QPLHRE rEARSE bh Wedindreabes %sfﬁscﬂd%ﬁ]dsri‘t%ardﬂ 89519&@%&?
ere mor t

due to the action of the internal stress of the a

stress actarieateatbndershiudingntid £oLghf dhe ngependeed .t BT 8hls respect,
hysteresis, and adhered to the substrate and this would accordingly
result initHe Fhe weabBragtice thak haesngevbeibate depeatedlyresed After

reason, i t he t ha e constituent menbers for a
filn}forn%H %%ﬁ@g ngogmgdﬁﬁﬁbﬁgﬁe?%iﬁ%@ 5Pt owi ng cycle, at regul ar
intervals; oé@ﬁ renoval or dismantlenment thereof fromthe filmform ng
apparatus at a stage in which the adhered filmis not yet peeled off,

the washi ng t heiee@f 1th 0l He&MBYB] § hRiHerkd asliteked ¢heltdt-0ent Members for
subjection thereof to a surface-finishing treatnment and the

subsequen# ﬁjd@séom?em@@ﬂlampeﬂoiﬁ thickenaﬂhén Msimgtaona:imabe elemgtthl of
such as Al Mp, , Re, Ta, Au, , Se and %g
a filmfoFff ﬁ@%{l@ﬁl&l@ 0’% ﬁ@?efw&g fBé‘@h“ﬂé’é’PF@ﬁsf oﬁuﬁh@ne%@%ﬂﬂq R

of a proc%éﬁ:‘e’%ﬁg&%&@”' Guend %ﬁi‘ % %‘E‘l\é?% s H'?;Ln%' onstlE}leHE’meﬁﬁers

t ake part |on 0 efeo on the surrace o
substrat erand aienaghefiad émﬁd& SeNgbi ﬁﬂ@ahtﬂ&mr&@tlﬂgérﬂﬂaa&@@s

substrate and for the devel opnent of a techni que for naking the
menber s relsdHid edhppO@5|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 thereof
to remove the film adhered thereto, the subjection thereof to a
surface-finishing treatment and the subsequent reuse thereof.
[0004]
When using a valuakle 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 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

o the constituent members other than the substrate and for the



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
duri ng t hédetalaprbot nohigs preatesgue sSorn makhag etties enipees roxnmi-ances,
peel ed off fromthe foregoing nenbers and/or the inner wall, for the
reuse thef@®¥=! Currently used as such a nethod for the peeling off of
this deposit include, for .instance %h sqﬂgbLastin t echni que, the
wet et ching t ECANTHTETRT At TEESUS e\ eag&OH“BFé VR Rt EIEYhe
peeling t Leues whi I e actgi.on
R T R e ik
nmakes useimdtdme, ekeet iohysiwalheseafhe 1M 1MRESHEARE appB@Btus and the
i npl enenting the treatnment for peeling off of the deposit, the
adhesi on- sprieaaenof vevapt ity 0§ daheg@tstiituant mesbeng fdrgaifd lmafooning
snal | quaaﬁities and therefqre, the adhesion-greventive pl ate woul d

be Iim t e FHPYhe it éPaBitheefuabe® Al Subebrathi Shpedarnpitt Heped
has been j .1t h \, f. a.fi Iy .echni

whi ch can ré%%ﬁgh%ﬁéj%bgﬁ%ﬁ%ﬁi§9§$&%%§sdgﬁ%§égg %%%chﬁﬁ%umsgggbes’
adhesi on- pegnmantireerpbitthedgcl-eyb Aty RR&SEPL Gand RRO06he inner WA1Lhifor
respect, however, if the concentration of the peel ed deposit present
i n the bl &gt inegsedsteeregénerCatredntly usgdtdre shioh egoenigod dndlespeabing
technique and in the waste |iquor generated in the treatnment with an
agent suchiasfihisdenorieanfbnie ofcninaiays. thesnAnasting sachnigpe,

cost requiy for . the recovery of .t.he val uabl e tals i .
corr espondipdiss BEr TR, TERAEE S e 18 B Oef, OF it fsidliar gy el
profitabl gng lheSHEd GRS Eachti@ndensit utsQHSl;lﬁeﬁif%oc%fﬂ ehiSri BAOCREHE NG} Y
handl ed as waste, undéer the present conditions. [0007] I'n the
f or egoi ngthe eatientofyi for dAnsagerd,, hpdtognl petdei doahd fevent ttee pgehing
per se is high, but also the cost required for the post-treatnent of
the used PPHINYVBbAR AokeRgUSRICR BRE £J6RETPLYhisghharepPF ur IRdhishease,

occurrence_of .any _envi.ronnental poll.ution should revent ed.. For
Chi s r easthon ARBY BRI RERT o2erPlry op® i Rba A B TOF TP o e
of the fOééﬁéﬁﬂah—ag§8$eﬂéld%ep%é@g fg;ddmﬂgéégﬂ9%§kgéstiﬁé‘fﬁ%ﬁﬁh‘?ﬂvno
when carrying out the foregoing treatnment with an agent’ the

fil mfor nsmgl gtent il i epestd dhefd fdreq midediaetiesi-orepeeiiont bl oldl Bl
woul d be converted into other new chem cal substances and therefore,

t he cost Peduimiegdfisy thpawrbeoval yesfalle finge. f FPmitdsnierparat ehexd
fromthe peel.ed deposit ul d, further be piled Accor di ngl t he
mtor | o shes T SROTEr b ol GhOn IS CIBREPE AL For NGO Tar Gt SPLTH g%
unit pricgpisab C i-4N r BEOVES 0S i%m¢he Lstin
circunstaﬁ%%%? ?%%88?Qxﬂk£ %ﬂgad§?t|05¥F%1t%g met oddgéégéee |ngt%ﬁf
of the depaisédiomprhasnbeen duseusserbvabevposénisle has been known a

techni que for recovering val uable netals which conprises the steps of
i npl enent 18@0& fil mform ng process in an apparatus provided with
constituent nenbers covered with an A _filmconsisting of a

Wat or - T eact | veTAF LB HESEICE - mRAEIEH HaviTiRg CORERRICHEREL oF e Beeled
propertie t ) : i i i - Lni

Bt mospher Sobpt hrefR M SFE s BRSREPS desBa bR BLHLE; 0P BBt
active i ns¥adsTastnegl tagefale and saparatidigd heqhbt ngadhered 1o tihe
Al film during the filmform ng process, through the reaction and/or
di ssol ut i bneafmertie wAlthf ehnagamd $uEn aseeoveciidgttdmtmaaltuatnl ennel bdiki
included in the filmformng nmaterial present in the adhered film

t hus peel BEEFFIENCs 8 LOWortHenSRHn EBTUPER G APL BEEUFRSRVELY sfekhe vaguable

bel ow) %Qtéig ls correspondingly quite high and accordingly, this method

is not profitable. In such case, the deposit thus peeled off is



respect,
or an Al
t her eof .

the water-reactive Al conposite material is conposed of Al
alloy, and In, Sn, the conbination of In and Sn or an all oy
Prior Art Literature Patent Docunent [0009] Patent Docunent

1. JP- A-2005-256063 (Cl ainms). Disclosure of the Invention Problens

That the

I nvention is to Sol ve
accordingly handled as waste, under the present conditions.

[0007]

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 liguid 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. Inaddition, 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.
£0008]

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 film-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 into substances soluble or active inwater; peeling
off and separating the film adhered to the Al film, during the
film-forming process, through the reaction and/or dissolution of
the Al £ilm; and then recovering the valuable metals included in
the film-forming material present in the adhered film thus peeled

off (see, for instance, Patent Document 1 specifiedbelow). Inthis



[ 0010] Accordingly, it is an object, in a broad sense, of the
present invention to solve the foregoing problens associated with the
conventional techniques and nore specifically to provide an Al
conposite material using an Al raw material which contains Cu as an
impurity thereof in an amount of not higher than 40 ppm which can be
made sol upbgpddiy,oupd tdteer-gaatt Ove Wl kowsbeitd MmakefiBtily ecaPotad Mg
at nosphere; an Al filmessentially consisting of this Al conposite
mat eri al ; Ah greehodl farlayheapd dduciShontled combhnapioal ofi [mjargh@naor an
constitueni menber for a filmform ng chanber, which is covered with
this Al fHRY 8% or the solution of the Problems [0011] The
wat er-reactive Al conposite material according to the present
invention is characterized in that it conprises an Al raw nateri al

sel ected propn t1e G Q&G ERSI Sting of 2NAL to 5NAL each containing Cu
as an inmpurity of the Al raw material in an anount of not higher than
40 ppm pPatextalblopumett hi gher than 30 ppm and nore preferably not

hi gher than 10 ppm and at |east one netal selected fromthe group
consi sting®¥#°lin and Bi, in anbunts ranging from2 to 5% by nmass and

OO L At I SRPTS P 2068 313 By e oS of the A
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 using an Al raw material which containg Cu as
an impurity thereof in an amount of not highex than 40 ppm, which
can be made soluble through the reaction with water in a
moisture-containing atmosphere; an Al film essentially 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 1is covered with this a1 £ilm.

Means for the solution of the Problems
[0011]

The water-reactive Al composite material according to the
present invention is characterized in that it comprises an Al raw
material selected from the group consisting of 2NAl to 5NAl each
containing Cu as an impurity of the Al raw material in an amount

of not higher than 40 ppm, preferably not higher than 30 ppm and



If the Al conmposite material has such a conposition, the Al film
prepared fromthis material can easily be dissolved in water in a

noi st ur e-cont ai ni ng at nosphere with the generation of hydrogen gas.

[ 0013] If the Al conposite material is prepared using an Al raw
material in which the anbunt of the contam nated Cu exceeds 40 ppm
the Al fitheoreprepdeedbly amts uckyamr AhagonPosii £ a1al et dkavhi 6fe hascal
experienced high tenperature thermal hysteresis is inpaired inits

sol ubi | i t§elartret Eromikbn greerArorsistingfaleding Bipdni amaey st hengialy
hystere5|f¥and i f th anDunt f the contam nant Cu further _increases,

the resul FTRY 2aF° 139 ShbWwCahydE BVUBFFS 1 yePReWat 6y  aPR dite
all. In aggé é o128 thé rﬁatées %%DEH&SAPfra%} %g%f}abpne menber sel ected from

In and Bi are l'ess than 2% by nass y mass , respectively,
the resul tognpjAl filmis deterl orated in its solubility in water,
while if they exceed 5% by mass and 1.4% by mass, respectively, the
reactivity of Ifthehéidmdseporkse endtiearivllyhdhs grucind térepddiltioof t eme Al
undergoes reaction with noisture within the atnosphere. [0014]

The wat er {1 Eaerrper g fd—’é’F?p'é]éW ST &R} ffeTopashly @%Qéﬁ?o ‘ﬁi\?ﬂeﬁfll e
f h d
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inmpurity @isthe Al raw materlal in a total anount ranging from 0. 04
to 0.6% by mass and preferably 0.04 to 0.2% by mass for the Al-In
systemor [@2H to 0. 7% by mass for the Al-Bi system This is because
If the amobunt of Si is less than each |lower limt, the additive only
shows an i npailfedeeht @@W@Qﬁlt@(ﬂﬁ’qﬁﬂlﬁﬂrﬂ@ RIFATEAAS P e A rawmaterial

esult 00, AL U iRere M0l Leotin b SXCRECS SR80 4DRSE, LU L
film prepared from such an Al composite material which has
experienced high temperature thermal hysteresis is impaired in its
solubility in water when the Al film repeatedly experiences thermal
hysteresig and 1f the amount: of the contaminant Cu further increases,
the resulting Al film does not show any solubility in water, after
all. In addition, if the amounts of at least one member selected
from In and Bi are less than 2% by mass and 0.7% by mass, respectively,
the resulting Al film is deteriorated in its solubility in water,
while 1f they exceed 5% by mass and 1.4% by mass, respectively, the
reactivity of the film becomes extremely high and the film often
undergoes reaction with moisture within the atmosphere.

[0014]

The water-reactive Al composite material of the present
invention is further characterized by the addition, to the foregoing
water-reactive Al composite matexrial, of 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 and preferably 0.04 to 0.2% by mass for the

Al-TIn system or 0.25 to 0.7% by mass for the Al-Bi system. This is



The nethod for the production of the water-reactive Al filmof the
present invention is characterized in that it conprises the steps of
nmelting a material which is prepared by incorporating, into an Al raw
material selected fromthe group consisting of 2NAL to 5NA1 whose
contam nant Cu content is not higher than 40 ppm preferably not

hi gher t hegra2Geppiiandnemttco psefier iy ot edilgbewerd hami t]Ocippatidadive
| east one nmetal selected fromthe group consisting of In and Si, in
amount s reng RHOVE Gin 2Pl by feels ofapentod lisg 1ty bgcmsidy of the

espect vt 2 tle Deaia 2 e e el e AL ta el n
composi {1 0gs ek bl Ly Suaw og Llle Al eRLeaL ondhe surface of

a base materia hen "sol | e Spraye erial

t hrough quegening to thus forma film [0016] Accordl ng to the
present invention, the foregoing nmethod is further characterized in
that the Al cdhposetizodreicer the mseihcdonfaf nthengaher Aedatlinef it t ficim

conprises, on the basis of the mass of the Al _raw material, Si
(i ncl udi rfef the E?e%?élfahn‘i’%&m ys herpetarizodvinetlat aF)camrasestidie

anmount SS_a | 4 to 0.2%
by mass f%’gégfn%& B;'IQ\‘ E}:Qn rE‘acelcn@]rlor "g’}/]‘f? Spﬁeg%}p fﬁﬁa%g %%Or%lngN r§o
system [90%] raw matgﬂ%lvvﬁteﬁécf@@cﬁﬂo&etﬁé g}fc!d@ 2eAOI AN b2 B8 to
present invention is characterized in that 1t consists essentially of
t he foregeiizlg waier -aeaeiuent? Caonpoaseite imteot ahighdO0dBin 40 ppmlhe
constituent nenber for a filmform ng chanber of a filmformng

appar at usPERkRdHgNe ?tlh?éleb‘r Beant3q prEnanéigre prafekrdy ned higharat

't is proyided, on the surface, with Lhe foregoing vatersreactive; A
of In and Bi, in amounts ranging from 2 to 5% by mass and 0.7 to
1.4% by mass, respectively, on the basis of the mass of the Al raw
material, in such a manner that the resulting molten material has
a uniform composition; thermally spraying the molten material on
the surface of a base material; and then solidifying the sprayed
molten material through quenching to thus form a £ilm.

[0016]

According to the present invention, the foregoing method is
further characterized in that the Al composite material used for
forming an Al film further comprises, on the basis of the mass of
the Al raw material, 8i (including the Si asg an impurity of the Al
raw material) in a total amount ranging from 0.04 to 0.6% by mass
and preferably 0.04 to 0.2% by mass for the Al-In system, or 0.25
to 0.7% by mass for the Al-Bi system.

[0017]

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.



[ 0019] The af orenenti oned constituent nmenber is characterized
inthat it is an adhesion-preventive plate, a shutter or a mask.
Effects of the Invention [0020] The Al film consisting
essentially of the water-reactive Al conposite nmaterial according to
the present invention can easily be produced by a sinple process such
as the thevgmwd] sprayi ng technique while | owering the cost of
production. Moreover, the Al filmhas such characteristic properties
that it can béﬂf@i ss@lsrddupnt waesker hifougta t fblm-dasmiing whenbernt ef i
a noi stur %alnlng at nosphere, even after the filmexperiences a

thernal h L NHh ERBAERDNS a8CeOTEd tEDf LR e PFRPFRYT ot MR 10F0des s
carried ehaa @gct%raﬁgaegﬂt e dﬁpglsn%lf QRL&D @& @9 $2-.320C and, the
e pre n y

further t presence o ernlne anol as an’inpuri

of the Al rémtfsing Waﬂgrlfgad@yaéempegiyﬁ a desired anount of Si
i ncor por at ed thereln woul d pernit the control of the activity and/or

sol ubi l'i t y0QXk™r eof before it experiences a thermal hysteresis

phenonenon (or _during the filmform ng process) In addition, the A
filmafter it %@@ﬁ@@*@@n@%%ﬁmw@%% %@ﬁﬁwléﬁﬁ in that

A i1 m con tinder GaLa reh et SRORT Th Rt FroRre o GRSt moi sture
and can effectively be dlssolved in water mhlle

Effects of the Invention

[0020]

The Al film consisting essentially of the water-reactive Al
composite material according to the present invention can easily
be produced by a simple process such as the thermal spraying technique
while lowering the cost of production. Moreover, the Al film has
such characteristic properties that it can be dissolved in water
through the reaction with water in a moisture-containing atmosphere,
even after the film experiences a thermal hysteresis phenomenon as
a result of the film-forming process carried out at a temperature
ranging from about 300 to 350 C and further the presence of a
predetermined amount of Cu as an impurity of the Al material and
the presence of a desired amount of Si incorporated therein would
permit the control of the activity and/or solubility thereof before
it experiences a thermal hysteresis phenomenon (or during the
film-forming process). In addition, the Al film after it
experiences a thermal hysteresis phenomenon can maintain the high
solubility or activity in water.

[0021]
This Al film can undergo a reaction with water in the presence

of moisture and can effectively be dissolved in water while



generati ng hydrogen gas. Accordingly, the follow ng effects can be
achieved by the Al conposite filmof the present invention: If the
filmformng operation is carried out using a filmform ng apparatus
provi ded with constituent nmenbers for a filmform ng chanber (for

i nstance, an adhesion-preventive plate, a shutter and a mask) , which
ar e covergghagathingheydnegen geeactiamrAingly mcbé fidopinag efifecny eanilen,
the inevitably adhered filmconsisting essentially of the

filmfor R HECPY dheahd cipesete tid 1ihel dier BERSSTL 1Pentiat:ahEdhean
dhesi on- £ late during the filmform.ng b

oot ed of PRSI fa BeBtEe A | Bt Pled b hegh T ol B R P Bl Ear s

and/ or dig&%&é‘dmﬁi croﬂisé_iﬂlleﬁﬂ ki BoLs tﬂ&l?c ¥ atiahlee et Rl Sahel uded:

inthe film form ng material can be easily recovered fromthe

adher ed finsnzpeel eth adhds faremrehentsivef preegf a that canahd bussdk ) edtbiens
and the constituent nenbers can thus be reused over an increased
nunber ofaxe gEserd; veih Dag wript i ornd vErdwh ingsof obeplresent inpgeption,i s
a graph showing the relation tween the heat-treatnent t erafure (
& Tant Y S RO IR oL SRR CORFRCITIY Gbebhb ot I
the thermabiny spravetidl Jid BhpLaRaedih EXAMLeot. ror insEhfice 2 dif
a graph show ng the relation between the heat-treatnent tenperature (
O and t hgdheasickh-phetstit B/ pdads i dyrin B8P 1 lm-\Wak-tind oreleesvesh iy
the thermally sprayed Al filmprepared in Exanple 2. Fig. 3is
a phot ogreghleshodf mpd/der adberaied from (tdepevifack fthirafgipddieedeatiion

fromthe bas terial provided thereon with the thermally sprayed Al
£11m propPhed RLESRMEHENS! ERGs M Fimaghddle ShbHEG TRette b ar Laed

bet ween tﬂ?thefilmrformingnaterialcanbeeasilyrecoveredfr@ntheadhered
film peeled off from the surface of the constituent members and the
constituent members can thus be reused over an increased number of

times.

Brief Description of Drawings
[0022]

Fig. 1 1s a graph showing the relation between the
heat-treatment temperature (°C) and the reaction current density
(mA/cm®) , which is cbserved for the thermally sprayed Al £ilmprepared
in Example 1.

Fig. 2 1s 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 filmprepared
in Example 2.

Fig. 3 is a photograph showing the adhered film (deposited £ilm)
peeled of f from the base material provided thereon with the thermally
sprayed Al film prepared in Example 2.

Fig. 4 1s a graph showing the relation between the



heat-treatment tenperature VC) and the reaction current density
(mVcnm2) , which is observed for the thermally sprayed Al f ilm
prepared in Exanpl e 4. Fig. 51is a graph showing the relation
bet ween the heat-treatnment tenperature ( C and the reaction current
density (mA cnR) , which is observed for the thermally sprayed Al f

i | m pr epahest +trcExasnt et dmpavbderd of ° Gamnyti tige atdacthen | averintodehOOA3]
When producing a thin filmin a filmformng apparatus according to a
vari ety ofmi{q¢un { yhithgstsriigddsr $hefrhasmahty sprayedt Ah§itephabajcas
the interjor_of éhe filmform ng chanber is subjected to the

i nfl uencel®f®¥¥Fe4t &d thermal hysteresis. For this reason, the

surface of the,;constituen ggﬁgs S a LOn- pr, Y

pl ate, which gFrl 'pogi tj::%ntgdn% thin sﬁégipgl nﬁéor%gﬁgtg ant])%\ré%g%g \(iﬂ}ech
are coat eget ithrdahet fdigaratui-de( nnesant thdueRickoBn der@r$0density
subjected to the influence of repeated thermal hysteresis.

Accor di ngliya/dn’) woblidh be arsesssdfyrthatchelmea Ay sprayeddl £hém pirepacdd
the filmformatign through the thermal spraying techni que before the
filmis stBjEE&BHSt6-the influence of the thermal hysteresis, is not
only stable, but also easy to handle. At the sane tine, the Al film
provi ded thereon with adhered filminevitably attached thereto during
the filmub@k "BdidcRESEESS Sltovhd BV 3beh a solubility (or activity)
that the Al filmcan easily be peeled off fromthe base nmateri al

al ong wi thoeds adhered filmand further should be stable, even after
the Al filmis influenced by the thermal hysteresis experienced in
the film for Mhe§ §FicsEesBI &l thifhel lguisea i Inheompnesranreger g acapriingm

di to_th i ti , ' t f t h .
Cor bl |1 50 oP SEETRt kit BEr e STy Beee ST A% 2o GuRRForing

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, whichare 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 Al film, at the time
of the film-formation through the thermal spraying technique before
the film is subjected to the influence of the thermal hysteresis,

is not only stable, but also easy to handle. At the same time, the
Al film provided thereon with adhered film inevitably attached
thereto during the film-forming process should have sucha solubility
(or activity) that the Al film can easily be peeled off from the
base material alongwith the adhered £ilm and further shouldbe stable,
even after the Al film is influenced by the thermal hysteresis
experienced in the film-forming process. In the case of the
water-reactive Al film according to the present invention, such

requirement for the golubility or activity would sufficiently be
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The upper Iimt of the thermal hysteresis tenperature within the
foregoing filmformng chanber is on the order of about 300 to 350C
when the filmis formed according to, for instance, the sputtering

t echni que, the vacuum deposition technique, the ion-plating technique
or the CVD technique. Therefore, it would in general be sufficient,
fromthe pawisfieal. standpoint, that the Al filmhas reactivity with
wat er even after it is subjected to the influence of the thermal

hyst eresi $0@%lto a tenperature of 300C and it would be nore suitable
that the Al film referabl,\é has reactivitglywith wat er even after the

Al fil m experigfcEBEPFhd HHhEr Halthfy Shemeadi Byapeieris FepRraiiitevihin
350C. [ 00 . j ]t tLvit f
compost LeChITererote HTRCIA A SrtRbt 1 81 (REL bt o andlE 3he

the curreptodensidry dHen #ihg ReTRhel NYEALIBhg #HoS0 fef 8hEedntd, ashe
"reaction current density (mA/cnR)") as determ ned by i Mmersing a

base nat espuait taniwngr édchmidue hehal vhcium i depsarimivat eschdicoeai obd atn-a
predeterm ned tenperature (ranging from40 to 130C and pre_ferabl% 80
to 1000 BRRF ¥eregeRednt mhd-ehéVeuEpemtiqmsi Thewmiiange fhmipdl@nin

liquid. This deterninati thod i whi i t f
et or mi i AELTHG. PRkt HUBF Bt o0k 676 St Yori B LT WAL B bl Bto CaRa

after theri {HREY QBaLPEFRG wWiBhiPedy @RkhNGrddAYid;and i8R e to the
converting the result into the current density val ue while taking

i nt o consinflaricenpff tie itikirant ehydtcstsf as ecdbeacabetdirsanmgl o@m
the imersion tinme of the same in the treating liquid. It can be said
that the 2ARAf it nprold dedtiiieice Gwiicehhe helatd f ther e Vi itlablprederabhie dhas
thereto during the filmformn r.oce has _such a spl ubilit or
acti vi Ly) TERALRHE HET TRHCRHERASEFS B Aottt SHPFE in TR Epaewl
mat eri al Mith, Lhe, ad d.-£4 fter the Al filmis

subj ect edﬂi’o t ellEsn #ue%ceh'gnﬁt ﬁe‘%l%rlg% \fsgfr)gr(té'si s experienced in the
filmformagegrocess, so long as the reaction current density as
determ ned according to this nethod is not |ess than 50 m¥ ce. [0026]
The i nvent or s The foregdingenrl drilidyeot aghdvitaott blee &4l obrippdtire Fhlm

wat er, of thermally sprayed Al, fil mvaries dependi ng on the
quant| ty Bf 'CIF BRESERT JAVEPRAOAILS SIARREH &P H8° HRSLAPOE I CRATEHe

Frocess | SiehUSE gtk it SR, AL AL Baves B b thenicn

of ther mtuhysitca@sd ity [ROZ4F) ) as determined by immersing a base material
covered with the Al film in warm water maintained at a predetermined
temperature (ranging from 40 to 130°C and preferably 80 to 100°C)
and then determining the current density of the immersion liguid.
This determination method is one which comprises the steps of
determining the loss in weight observed for each sample before and
after the immersion thereof in the treating liquid and then
converting 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 filmprovided 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
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The present invention will hereunder be described with reference to
the foll ow ng enbodi nents. In the Al filmconsisting essentially
of the water-reactive Al conposite material according to the present
invention, In and/or Bi is highly uniformy dispersed or distributed
within the Al matrix which contains Cu as an inpurity in a

pr edet er ntned tarDbate andcadadralicrg with htheAbdhetdn Fanmeasdn vfreacthe
with water within a noisture-containing atnosphere such as water,

wat er vapbt 6#1@n1§qu%ﬁu§c§@@uﬁpoﬁh@ndﬂdﬁuanﬁés@EtthﬁwméénhWﬁﬁgr%ﬁﬁS

made sol ubl e or active in 0028 Usabl.e in the present
i nvent i on®EReTAENCRY ﬁﬁt“e*ﬁ f F%}‘“ k’FF?E?%H"«:es,o LRBY 2 en@”ﬁﬁ?ﬂ%s

and SNAT 1 THRT AR ob “Shta Tl By TUreAar ot oS g SNAT OF “SRAL

prepared byah ey elngetf ol ytic process according to the three |ayer

el ectrolytic process or a nethod according to the parti al
solidificéabdas technique (the segregation technique) which nakes use
of the tenperature difference between the solid and |iquid phases

upon the sol i dine BAIFERTS T B nBY P aipre fred phas 2he Sa1UPReLE A
I nCl Ude FJe_ CH&%‘ a d tttl% r?naAll %)ra?@tcf% S fura% Ell.gl:?a %élcellflfl&ng ogrthe

i nst ance, orn
princi pal qeéﬁ@@lt %QZQL resent' mntaeeesll &awsa{&é@xmalt hs &heﬁ&ﬁ&ﬁhﬁm £2l
potential “difference bé%meen and In or Bi inan Al-In of Al -BI

system i stha gﬁnuasaloﬂu1mnedmlght1ﬁgnthd:dﬁhsoswnn;amﬁQMSyoxﬂdevhri@tpf
Al is present on the surface thereof, the ionization of Al is not

advanced af Em$rm4¥%Mé@@¢aYﬁﬁe$ﬂtfﬂi“§pdﬁﬂ§hebﬁ§eo&¢Qﬂaﬁqﬂjﬁptgdoﬁ@ethe
br oken or, fgn ved a% té% dlr%g_k comes in close contact with In or
Bi, the i bRt 2&Fi%h Obf 8 %F%ﬁﬁ?ed very rapidly due to the
potential ght$erence between them At this stage, In or Bi is, in the
as-is status thereof hi ghly di spersed throughout the Al crystalline
grains wit hOUtTI’ﬁﬁU}SI‘dE@rﬂj’lylmm:LQ@J wildngrerdaeierofod ndagdrbiedasieh

| ow nel ting point and never forns any solid-solution with Al.
Accordl ngkgferenssitpethal fellavisgnemecdimentaed by rrel ting Al and In

whi e taki ng. cir GBSt nt b ASPEyS BT SRERObL Bhthetnt PR ERER
ther ml | YA RIAYCA:L e ool HBg AR 8 Ef%tgfé@éntoﬁﬁ%}?c 44, A Bnlfof

base materi a ccording to the t sprayi ng technique to t
gi ve an ARifiid mgtas, ant Bt ll, @.irsgdi@ea@n di 4t cidui-en Wit hi he-rdepn st eds

nolten material through quenching as well as the conpressive effect
of the soWhilfhieentagms Cu as an impurity in a predetermined amount and
accordingly, the A1 film can easily react with water within a
moisture-containing atmosphere such as water, water vapor or an
aqueous solution and as a result, it can thus be made soluble or
active in water.
[0028]
Usable in the present invention as Al raw materials are, for
instance, those having purities of 2N (99%), 3N (99.9%), 4N (99.99%)
and 5N (99.999%) . Each of 4NAl and 5NA]1 of them can be obtained by
further treating 2NAl or 3MNAL prepared by the electrolytic process

according to the three layer electrolytic process or a method

according to the partial solidification technique (the segregation

12



[ 0030] The added In or Bi is highly dispersed throughout the Al
crystalline grains due to the action of the thermal spraying process

and it is nmaintained in the state in which it conmes in direct contact
with Al. The added In or Bi never forns a stable phase along with Al
and therefore, the Al/In or AI/Bi interface is maintained in its high
ener gy stadehmainfhed anhicidaigesauve gof aie teasdtahrel Bhf fatRicewbtbirdera
noi st ure-cont ai ni ng at nosphere at the contact surface with water. In

addi ti on, thhe sodiBiargs] gnighdeases vhenthessalidd fhrghlon di Spepsédcipal

condition,and the H2 gas bubbl es generated during_the reaction

under go eXPANSITIRFSt BEEFRIL genkiie A4 Mechids &5 2o (Sloand Hssss b eraw
(he,react o pradiet s )l sarvLsag. 8.0y ol bpeloopubyeri e

filmthergeReant:6i sperstbddinthgrihdy-d andsthe reaction or the
di ssolution reaction continuously and expl osively proceeds at the

successi vét§29lenewed reacti on boundary. [0031] The hi gher the
purity of an Al raw nmaterial, the nore conspi cuous the behavior of

the Al-1n or AR BRe N sTBRYRESEr | i SABevVeORRHLICRh RetRBELabCdS Terpree
behavior js _particularly co icuqQus. in_the . of _4NA1. and 5NAL
Canpar ed WETCANAT, S[O0HLPE B 10 AL Pbslrb&ln i e Y8t abiove. Jtheras
cont am nagt; {3 ReSeBLr i1F the MlodiaWelRL it Ram B5ShI0NY ]_:%fefs%_ﬁE G
the solubility, "'n water, of the thermally sprayed Al fil mobtained
after subfeetsuigfack tloetdrds, mahe hiystienests, ofdepensdirng advathedemuall .
thereof. In this respect, if the Cu content is high and, in other

wor ds, ifHetevepnvbar titeppeitancousdexials fphm ishenceduokengn neneeed y

d Al | h i ffici t lubility i t fter .t he.
£11 m oxperPRAtedt TR vt SOHES 5P GO EHEPTAC YT el BST & bt HEPAFBr Lo

the Al fiLineanane,peebnd:of Lot el adl T chl tbceren whanrbbgnce

t enperat ure rsion wa ncrease the treatnment

peel i ng obétwéert titeiepnsiched skhbe) tMaremives, ihkhkhe €4 tastiefhetabt s
within the range of from30 to 40 ppm the treatnent for peeling off
of the depoghteddispensshodhgobsheat rikel st cupstal rigiesigrginke without

tenperature . . .
P causing any chemical change. Each of In and Bi has a low melting

point and never forms any solid-solution with Al. Accordingly, a
desired Al f£film can be obtained by melting A1 and In or Bi 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 mclten material 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 molten
material through quenching as well as the compressive effect of the
solidification.
(0030]

The added In or Bi is highly dispersed throughout the Al
crystalline grains due to the action of the thermal spraying process
and it is maintained in the state in which it comes in direct contact

with Al. The added In or Bi never forms a stable phase along with
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of the water used therefor (for instance, up to a |level of not |ess
than 100C) . On the other hand, if the Cu content is not higher than
30 ppm the resulting Al filmcan satisfactorily be dissolved in
water of a |ow tenperature (for instance, not higher than 80C) and
accordingly, the deposited filmcan be renoved. Furthernore, if the
Cu cont entl iasdncherddfgphrer, tHea Rl 10n ppndl fHieisodtizdd 1y maintadhet inofts
the resulting Al filmwould further_be inproved even after the A
filmis stfleEedIvostde inf JanceIdrIphadr oSt spestorpighhyvajirsr

tenmperature (on_the order of about 300 to 350C) .. [0033 No\
the pres e‘ﬁjcthg-"ﬁ?/% ﬁ‘t‘%léﬁuﬁﬁ?"rﬁél&é?% ﬁ%EEHP@ﬁ% 2k iy %%@%OS%CQ with
wat er-re i C ife terial _consi st ialls f

4NAL- | n gﬁ&%ﬁilég?, yqag%”o$gé%gnp g% %ﬁéééE%?ﬁ%?ﬁgﬂgﬁ%%j%ﬁgAFfﬁ?%Xn
i s obtai nefspist=Rg atndltidh emdcheBl, cRid iResIte Faterdmld Wheied nthe
or Bi is unifamlly dispersed in 4NAl, according to a nethod which
conpr i sesredretisrepndérdo@raipagsaon i n dhdedotidratef at heclomoedi setion.
material on the surface of a base material. to be treated in a

pr edet er nTHEKP LA oo F BAECEEY BF IS THEWherTRi SSPRAVIORG e hinse.
mhe resul LNRLDRATRN S AYEle M ald f cib Bloabih R omiges. Bl

Bi crystaflTne grains (having a particle size o nmor € t Han

in such arshitrey &gk lheYedten BhaMi¥pepbé@hAlthedi SREESAMN the tBEcAon
crystalline grains. [0034] The foregoing thermally sprayed A

filmcan be grepasedEricor deanctian cborinusisdycand tehplboiveoly pgoceeds
procedures: More specifically, the nmethod conprises the steps
of prepar*thgtZANGHCCESSARA HeRGHRRL B onwWRgS s bunt of the
contanina?60§ﬂ is not higher than 40 ppm and In or Bi;

incorporating,” into the Al raw material, 2 to 5% by mass of In or 0.7

to 1.4% by masge0li Bler @ Hide thast Sn Qi HebindRssa®f thhcAk dAWpicucus
material to thus uniformy
the behavior of the Al-Tn or Al-Bi system described above and, in
other words, the behavior is particularly conspicucus in the case
of 4NAl and BNAl as compared with 3NAL.
[0032]
As has been discussed above, the contaminant Cu present in the
Al raw material has a strong effect on the solubility, in water,
of the thermally sprayed Al film cobtained after subjecting it to
thermal hysteresis, depending on the amount thereof. In this
respect, if the Cu content is highand, in other words, if the content
thereof exceeds 40 ppm, the resulting thermally sprayed Al film has
an insufficient solubility in water after the film experiences high
temperature thermal hysteresis and therefore, the Al film can be
peeled off with great difficulty even when the temperature of the
immersion water is increased in the treatment for peeling off of
the deposited film. Moreover, if the Cu content falls within the
range of from 30 to 40 ppm, the treatment for peeling off of the

deposited film should be carried ocut while raising the temperature
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di sperse or dissolve In or Bi inthe Al raw material; formng the
resulting uniformblend into a rod-like or wire-like article to be
used as a material for thermal spraying; thermally spraying the
material in a nolten state on a base naterial serving as a
constituent nenber for a filmformng chanber of a filmformng

appar at usos U astan uadhegicarfprey®it inerplat eud o hhevehagbebt less
according to, for instance, the flane thermal spraying technique

under t hethammwAof Ber neth tSer ahieghanhdii £ ithesGu endtant idirfori mgghelrethan
sprayed nolten material through quenching to thus give a base

mat eri al pY REHeFPENERBOH- WSt AL af HES iGPBd SRRt EaGtexe Lty viee tHEsRaVey 10

sprayed film. The the/ nal sp ed A_ filmthus produced i.s,one
B i ch Tarer B 18 RS Bk, M B RS ol By R

hi ghl y- di §p8558Ghqa9NdiHe @o=ikB83aNm can bAHCEREHANT FQr-ARALRCE, if the

embodi ment of theé present 1 nvention, Si can be added to the foregolng
Al -1 n or dh-dBinteypstE=mbe hivissr ohaoved phe, ahar acl@silSttiyG i epeel] est
of the resulting thernal Ify sprayed Al film [0036] In the case
of the thERfrafgsplspnayield TALNE vouRd fyatieewr hesingravashryesi akaratheil

bt ai ned ddi . 1, f Si Al -1
Che sol ubbHTye FiIasPer oorhg {8t Luarmmpt Resmay bR et iapeaiber
cont ol | ool AM-oS b 03t Nabbeo A fkImbG A0V, PSS -t T eat ment. and

this accordingly prevents the thermally sprayed filmfromthe

di ssol uti ¢oo3dir ough the reaction with the noisture present in the

at nosphere and this al so nakes the handling of the filmeasier.
Moreover, if tNe, upberpidsant ofivemelarempél avairdesduibagd witd rhéenahce
hyst eresi s phenonenon t aki ngéﬁl ace wi,thin the filmform ng chanber_is

on the or 881§t "AHFIEE36HEYE AnAFCTRIThEEHRGST e pransiching esseaptable
e oot S , et
activily gf » QE\THEHIIH ot %ﬂ?—\y\@éze,r bggl;bgib,%f. LD EE t%? ?ﬁe%ﬂy IE’RI%?FIEd

conposite material which conpris i nCorpora erein,

anount rangifAdmfisBtl.184dte10g6% Ay RSSABE dheldiakinater081 BePe B0
by mass, while if the upper limt of the tenperature during the

t her mal hystaer Bsiis phidivamepohi sperseghrofifaheacroetingf takouetBE0@hicn
Al filmshowi ng practically acceptable activity or_solubility in

wat er can“BEPIFFUCEE GSFRPaf AMEInFdsET RN efian Whitdle ComBPFLEs

! DooTRRLELER, LTS 8 A0, BTG, 00000 P
predetermined atmosphere according to the thermal spraying
technique. The resulting thermally sprayed Al-In or 21-Bi film
comprises In or Bi crystalline graing (having a particle size of
not more than 10 nm) in such a state that they are highly uniformly
dispersed in the Al crystalline graing.
[0034]

The foregoing thermally sprayed Al film can be prepared
according to, for instance, the following procedures:

More specifically, the method comprises the steps of preparing
4NAl, as an Al raw material, whose amount of the contaminant Cu is
not higher than 40 ppm, and In or Bi; incorporating, into the Al
raw material, 2 to 5% by mass of In or 0.7 to 1.4% by mass of Bi,

on the basis of the mass of the Al raw material to thus uniformly
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In addition, the thermally sprayed Al film conposed of an Al
conposite material obtained by incorporating a desired anount of Si
into the foregoing Al -Bi systemshows a |ow activity, it can thus
easily be handled and the thermally sprayed Al filmafter it is

subj ected to the influence of thermal hysteresis is considerably

i mproved dhspdiseacki didgplandrh her Bil thage hhusaw heweaidl giFcablhit dhef
di ssolution (activity) in an atnosphere in which noisture is present.
| n addi t i Besuktiat wetim hlepd dyed AlrofLikewyr wbhnetlikesabel dentverked
into powder at ordinary tenperature in the atnosphere within 2 to 3
hours, dep&fididty aoﬁlattﬁél%%%ittfﬁ%’ﬁai PG TSF BReHmR S SPravheS f e

after the_filmex i I IS ordingly, the

t her mal | ymé%%%ﬂya:ldﬂi%l"&?fg%ﬁi%gg%e ot g%%lﬁé?%rr-le%l %%lr?%a%]%%sc Bﬁg}r&étlfl?nete
of any nDihSHREE FHR &/ &E YHIF MIRSPELRSTBYE |d ke WnSERA eS8t 1Qr S&5h
to avoid the occurrence of the reaction thereof with the noisture in
t he at nosphene adhasidn-pregspecte dlheef fémthef chanexpactentimg tbhefaml
hysteresis may sometines such a phenonenon that it is converted into
powder deBRHEAN S orPEhELEBRAPEF TN APTAEENS BECIBI1®Bd Ugfernghe known
accordi ng e filmmy |ikew se be stored.i.n.the same manner used
Sbove. 1 nkt sese MY SR SRR s P, STR b T E Y o e
of the | npSleSKst eMroudiPWRhching teIREILNG tPekReLIBL 1L 1S g&@%@&lacﬁl
f ilmprepared froma Taterial obtained by inco porating a desired
anount of tiseredt wiah Al dddiredswergr tieacAlivéitimarnslprogoesedAisil ngi B,
Al -In-Si conposite material, in which In and Si are uniformy

di sper sedThe Hermplidvennaved Al  fidacbhds myodocadnes sve Whivdtich In or
conprises_the step of .formng an intended film of the conposjte

mt orial Bh ThETStrtade of AToaeiRtiant 774 ghn (risaPidh i) Cgspersed
predet er nL.ygsk @tyhRsphere according to the thermal spraying technique.
The resulting thermally sprayed Al-In-Si filmconprises In in such a
state thafotd® In crystalline grains are highly uniformy dispersed
in the Al crystalline grains. [0039] The foregoing thermally
sprayed Al filAndosdingrtd asebipee enprdineed cdctbe dinegend ihenmphodSi

detail ed bel ow. i fi ly, th t hod f th .
U b R T SN -
<Dl 10 AV BB A BT E1Lelor WhOSECSORLAI PR OB DL

in an anomantfiangi ng from2 to 5% by mass, and Si (inclusive of the
contam nant Si present in the 4NAl) in a total anount ranging from
0.04 to 0[698%y mass and preferably 0.04 to 0.2% by mass, while
taking into caonsideration the anpunt of Si present in the 4NAL as, an

inpurity to thids ORI FRTHISF GPEpePSE el YdrBER e AlnéihBtPraficeRd SIng n
oy o . | ( vt . .
the raw %&p%@ﬁk’ma(toéxrﬂaﬂgoﬁ?%r{ﬁ ié&;%@%néna éﬁerﬂe%}%n%ee 'a?r[[o%n? of

rod-li ke or wre-lTrke article erita or t herm

spray; then €®wer g ke ssbhnf age: eblapbass, Mhepd @y SBFVERY R rRally
constituent nenber for a filmform ng chanber of a filmformng

appar at usspreyeddilani adhssi be- poeventliede wptidet wsederhitdetehaibéi liy
thermal |y spraying the material in its nolten_state on the surface of

the base Rat¥EH BPSheEEATRECt 3E FE1F AerOIH SO DEseRfenghe thermally

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, anAl film showing

practically acceptable activity or solubility in water can be
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t echni que; and subsequently solidifying, through quenching, the
thermal |y sprayed material to thus give a base material provided
thereon with a desired water-reactive thermally sprayed Al film The
thermally sprayed Al filmthus fornmed is one in which In is present
in Al crystalline grains in its highly, uniformy dispersed state, as
has been pesdidddedusiboy ean [ 804Qbmposite MoageyEdl, @hihasecomberdeal si,
provided thereon with a desired water-reactive thermally sprayed Al
filmcan becpmspared Bherginetifodh evaprt shnginhdrondpd4ofo pr &paryi vaps
4NAl, as an Al raw material, whose contam nant. Cy _content is_not

hi gher & KRR RFGERACIRA B° 5RO Sre HORBRAT g e LANALS WHAFTBLT h o
anount r i r 1. 4% by, ; LN Y f .1 he
cont am ngﬁltgé % “%F gg%%giél‘%lg}g tﬁ{ﬁlt)ﬂéﬁﬁaé ﬁg%a?%eas(ﬁguﬁ?&?éénﬁglpﬁgl%%ﬁh
0.25 to Ood ¥nBY:riBs Sf Ml Foaki, Bg ANt 016 SRS Oy Btdan chh ey areuptaie
Si present in the 4NA1 as an inpurity to thus uniformy disperse or
di ssol ve atielhidtyhoBrozuol 1Sityi in whteAban b praidecied|ys ihgram A cbingosite
resulting uniformmxture into a rod-l1ike or wire-like article to
thus gi veTar$eiedr WRECE oFOTNESREl S&pr BYSOneR te6 BRETRI hd s B f JEAIYT

b i.al [ [ nber. f [ f ]
Chanber of SIS 19 NEPBy Wi t4 857 At "EREn"UE B AIREYY ot Seht e

pl ate usegydd the chanber by thermally spraying the material inits
nolten state on the surface of the base material according to the
flame theio@d7lsprayi ng techni que; and subsequently solidifying,

t hrough quenching, the thernmally sprayed material to thus give a base
material pr ovi%éd@h@%ntﬂﬁtﬁl@f@gémwamdeﬁlr%@m Cosredry wdl iy AL

d Al film The th LY. d_filmthus forned i i
o oh B TEREE P F IR CPYSLA (e GPATTR a8 FRGHIS! SRR

di SpersedSJS_t'%tt%’tkﬁeszf% A flaSCLLbed, aRgYe 5 18948t vity,
i mrer si ng tﬁe base mat e c%Rta‘ijlejncovere% W t% theat ernéﬁ;ltsydr 35%%21_[11115
filmin wesasWwatter hahdied asidgheatRervEliof spitat/be hase imteteal it ass
has been di scussed above, for instance, when imersing the same in

war m wat esuiiriged saperatinfduppsce aaf shezmpt deleateivechedis eveisidehably
reaction of the filmwth water is initiated i diately after the

| et i oniTRHTVER 18 Het ORbAYeAB) T TGLRETR FBHS T, BrbgRh gLy

Lhe vatelof Sl Rnkensd feclNAcyfachi on JUHIheE-0! 06 SRPRAUSE Ol

t he presence I nst ance, “deposi t I na

sprayed fptasdr .complaiietyotl] $sel Medrandypsmeipid Al 65 160RS) Sbindgimds
for instance, Al and In remain in the warmwater. This reaction

vi gor ous| e pranyestsd winttle péwddmet eassnpnyttismpeeaperatior ehefatmhephere
wat er. [0042], The foreaoi%gd,t hermal ly sprayed film has been

descri bed"d 20 PeRPEIE N gEPERA RS CB LI SHIRE L g RBAL iRt e @fs Pt
mat eri al Viing.a.rod: | i i [ es.i ordi t .
flame-t he??ra Hs%?%y?ggkt%%% q%id(lae,r e%lu]tnl(%%@%%ﬁ 8??%% {Frlg%/ﬁ%lkceh\kisg gr%‘céls'

f or med usA@@oﬁdﬁ@Mrmﬂh@f&@il@@@@aﬁéd\gﬂ ﬂiInh@sLé:&!f%rbB@f/ Mored in
sprayi ng technique. The filmmay further be forned according to the
el ectri c anetypephéreg free kifi gueno ostidee (plvasmam spmayphey < rah i geeisd n
the present invention, the raw material described above is nolten,

fol | oned By H3MspRaSFH tRATRIG ERSnREBRTERCEn T Hdes hpratdornoEharepke

mat eri al , i nd sol | di fyi the s to thus fautta.therpally

oo ayed 11T ARBPaRRE: PE b e ir ot RS Shr s e BehmBe iR

whi | e usi Bgpd PRl oW HAHRE €356 0P8k 1d A8 somet imes such a phenomenon that
it is converted into powder depending on the compositional ratio
of Bi and Si and accordingly, the film may likewise be stored in

the same manner used above, in such case. In this connection, this

situation is also true of the In-Si system.
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[ 0043] If using a base material, whose surface is covered with
the foregoing water-reactive Al film as a constituent nenber for a
filmfoiuting chanber such as an adhesi on-preventive plate or a
shutter which is positioned within the filmform ng chanber of a
filmform ng apparatus, as has been di scussed above, the film
conposed ofc3idie filmformng material inevitably adhered to the
constituent nmenber for a filmform ng chanber can easily be peel ed
of f fromthe &eAsriinghhe baperllif srrayashl b pr¢raTast fndyea material
filmform n%rjé_ger cess carried out_over .a predeter.n ned nunber of

times or G BREHAERGNS & FT TFPITHE et at - be'h 8%t ed
fromthe | ed fl I r.eo 1 1 i k f
the F11m Far ning ey o7 okt baf bR 2 Tud RonfB0RN hESetiall B
as a |iquigidiorrpeeld rg ekk ohitdhenld Geppesed eid iddnals At mandrial,
chem cal reagent, but is water such as pure water, water vapor or an
aqueous sateprdimg Areoetdhngiwpichtcomprpessitbeestep qff fvaming e intended
occurrence, of anéhdamage of the constituent nenber for a filmformng

chanber sttt && ShEadMERIBFepPRTETtFY EPpFaE S HUE 0Ot e RiiSgs BR T 6H
of the la‘EcB e ¢ attggi -Iﬂg 'r%dgggxrﬁﬂjee%ea tﬂetrgea corgy Srt% ﬁ'?entltl)eerm 1
reused over a su Stanti al y T'ncreased nunber of times,~as co.rrpared'?L
with that swrn\é;egemﬁ@@_e. CAEL rb Hu Whinght e S RaN Cabr S RAMEN T -§ 1 USEIG,
as such a liquid for peeling. Mreover, any chemnm cal ‘reagent is not
used i n tbenpriesenin imgeah ot arrdcidrerlef onerysba Sl imemudch irvesatd highlhe
consi derabl e reduction of the cost required for the post-treatnent
and in thenprasEpy i Fparsid thetbait sRBRELL R tH&iHBre, nost of the
filmforrri[g%;3 terials adhered to the constituent nenbers for a
filmform ng Chamber such as an adhesion-preventive plate is never

di ssol ved i n walerr-20go86f ofichRBhY,, EReapEfsentsiyent i ¢n - hag-saeh an
advantage that a material” can be réecovered in the formof a solid
havi ng a coopasd bonoaditha tshahe wsetfizidadktallyd iddmivi:cal to t hose
observed for the filmformng material. In addition, the present

i nventi on sholreuckresnt deRdlit adera Hethest fom Fhenhdrepasitergn costthaan

be dramatjcal | duced, . hut t he . to b d for, th
recovery FARREDSPHETTE & SRt deetrnR) s A | ApgD T,

mat eri al s;gan, B8 186 MeedaC LN goh QarlharRr 83 &tnceRY et PR 1

instance, if the filmformng materials are expensive netal s suc%{%rs
preci ous teiralks gnd sademehals,; ¢dheinsegofha4Nahstiichurnt iAerbanoler
a filmformng chanber such as an adhesi on-preventive plate, which is
provi ded, T@rg e fxanfhéce Phévevsss wiapd i f(inelueies ifi hige sfontheinant
wat er -reagtive Al comp site material oi] t he present ia&/ention, woul d
permit t hel BERSGAF O CHeciiig 7 PEThE PLRh i RBYNEHIS Adfeitedo
t he constj r@ig) i t f . tori.m o] At .and. -
consi st ng&g‘ﬁ Q%%e | ;i—rrﬁe? %%%lnﬂ 6r1rgjt4erﬂlcjalr6? 2s"i %%Irqf}glgﬁ?/' Pﬁn%gl%s?%%l?ﬁemto

nmenber i ncvld Blererk iSAN G ReoWAt &5f \BAPpresshd He SBEBINATNAS 4 itfdhiPity
permts the recovery of precious netals and rare netals w thout being

acconpani ed Bysanpiformbnidispeoae Fhukissbhverdoovety fosindc & be the
reduced anfl the film, forming material can |ikew se be recovered

whi | e t he§ aFa¥ sTREeTiat it FFPIRE ghRGUARFEY - dhdititonyg, mixture into a

rod-like or wire-like article to thus give a material for thermal
spray; then covering the surface of a base material serving as a
constituent member for a film-forming chamber of a film-forming
apparatus such as an adhesion-preventive plate used in the chamber
by thermally spraying the material in its molten state on the surface

of the base material according to the flame thermal spraying
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[ 0045]
detail be
Exanple 1
by incorp
thermal |y
conpositi
| nspect ed
naterlal
raM/na
resultlng
i nvestiga
I S expres
raw nater

The present invention will now be described in nore
low with reference to the foll ow ng Wrking Exanpl es.
[ 0046] The following Al -In conpositions were prepared

orating In in 2NA1 , 3NAl1 and 4NAl1 as Al raw naterials, then
sprayed Al filns were prepared using the resulting A -In

vashmaiyghe;hendesubseqegnither salidgi Bpmnay edhAbudh |q@neathyg wetttes
for the relation between the Al purity of the Al raw
Ghewma v ﬁér@m@atﬁiréﬁl & IpenTane riaffeseuMziotitient piravided

LERL Sy At 1oyl L ot acti L uetety of A5
S8 A DO EDALODOEILI00 LUSISE ATTUDL
Lalal useeeall@&/§rains in its highly, uniformly dispersed state,
as has been described above.

[0040]

Moreover, a bhase material provided thereon with a desired
water-reactive thermally sprayed Al £film can be prepared by a method
comprising the steps of preparing 4NAl, as an Al raw material, whose
contaminant Cu content is not higher than 40 ppm, and Bi and Si;
combining the 4NAl1 with Bi, in an amount ranging from 0.7 to 1.4%
by mass, and Si. (inclusive of the contaminant Si present in the 4NAl)
in a total amount ranging from 0.25 to 0.7% by mass, while taking
into consideration the amount of Si present in the 4NA]L as an impurity
to thus uniformly disperse or dissolve the both Bi and Si in the
Al raw material; forming the resulting uniform mixture into a
rod-like or wire-like article to thus give a material for thermal
spray; then covering the surface of a base material serving as a
constituent member for a film-forming chamber of a film-forming
apparatus such as an adhesion-preventive plate used in the chamber
by thermally spraying the material in its molten state on the surface
of the base material according to the flame thermal spraying
technique; and subsequently solidifying, through quenching, the
thermally 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 Bi is present
in Al crystalline grains in its highly, uniformly dispersed state,
as has been described above.

[0041]
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2NA1 (the amount of the contam nant Cu: <400 ppm) - 3% by mass (wt 1)

of In; 3NAl (the anmount of the contam nant Cu: 70 ppnm) - 3% by
mass of In; 3NA1 (the anpbunt of the contam nant Cu: |ess than
the detection limt) - 31 by mass of In; ANALl (the amount of the
contam nant Cu: less than the detection limt) - 3%by nmass of In.

[ 0048] Thete ineses Genbhacad randrt a1 wedberedc i oh e @hethglly

rates specified above to thus uniforny dissolve or disperse Inin
the Al ra@Prayed ifdl Loy irhwareasiteresul spray ibbemet s yapor ned thet base
rod-like article and_.this artjcle was used as a material_ for the

ther mal “SPFY Y} proCESSeSTEFaARer RSy Spf ayEEsHT e oeReirDy
t t - t : .
Tasul £ ng el Tt L REth) bt WBfet N ALTR  SREE R dBrarminen

of al um nuavdn, the R@sBhYELRE FAN M W Ratdie iE506thiftliaRBa SRERWE Bbely
techni que (heat source: C2H2-02 gas; tenperature: about 3, 000C) .

Each of théteherimalinpmespiayedwiiidineid husoppaedied dowashes Wanechetoh cof
heat-treatnent at a tenperature ranging from ordinary ter‘rﬁerature to
350C (t he'¥PFPHSRERS + BB ¥ALEH 16D agKRBSP REAS R ctAeN Hugthangroceeds

subsequent| ol within a fugnace). i | ace, of subj.ecti the film
Co the. | nriafRRonit i et 8f oPel e sBeRy Rost bR dtt R Epe
the film taemdi PiReassa Fhel aaf tefp1the1 Pase MRl e gha qu%\eiggéates
thereon with thethérnally sprayed filmprior to the heat-treatnent
(at ordi napystisnper afyur 8pr amdtbhee saxie abas &n nBéneriirali nusies vabey eaaad.
obtained after the heat-treatnent (one obtained after it had been

subj ect edThes t Fearht P eVégovPushier puPcegst eveth sFheadmergase imetlsed
in 300 nL_of pure wat er _nmai ntai ned at 80C, followed by the

det er mi nat PRS- e CE uF e Mt§8nsi ty of each immersion liquid to

estimte thgaspl ubility of each thernmally sprayed filmand the
results thus obtained were investigated. The results thus obtained

are plotted orrte gordgoiy Eh@rmalllyt Berdieat £t I alrERtert! aaPEr Biadl 8bbvd)

is plotted as abscissa and the reaction current density (mAcnR) is

pl ott ed avhblelitakinag, by way of example, one formed using a material having
a rod-like or wire-1like shape according to the flame-thermal spraying
technique, but the Al film may likewise be formed using a powdery
material according to the flame-thermal spraying technique. The
film may further be formed 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 the molten material on the surface of a base material,
quenching and solidifying the same to thus form a thermally sprayed
film, according to one of these thermal spraying techniques, while
using the known process conditions.
[0043]

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
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[ 0049] The data plotted on Fig. 1 clearly indicate that the
solubilities of the thermally sprayed Al filns prepared using 2NAl to
4ANAl1 as the Al raw materials fall wthin the range practically
acceptable. The thermally sprayed Al film prepared using, as an Al
raw material, 4NAl1 whose contam nant Cu content is |less than the

det ect i onfiimi fordsgs @pphirhtly, a4 Mad ebeerhi @heruskBanabbose ohserfyvad
for the Al filns produced using 2NA1 and 3NAl as Al raw materials. In
addi ti on, cerRosgsl Wi Ithei Eslnffavéngheapelial speajeably ddheredpreptired
usi ng 3NAL and, 4NAl as the Al raw material s whose contam nant Cu

content i SO?%J%JStW%nmﬂﬁerdgf’E& i ORTT ﬁ?ﬁﬁl“ﬂe‘?}%a“?k&fnﬂarﬁ Fasdlediubeeled
wat er singerthe reagtiqn cuerent dﬁ%r%e%f egfﬁc%ler li?et a5 fe‘?{ioheso than
a heat - At t éNper a

t
50 mA/ cnR as observe en using treatne ure ©

350C. Howeyet.fdhang@rdlbkhbhes: of ochbevhhergmldey esRiayedubed bf PBres
prepared using 2NAl and 3NAl as the Al raw material s whose

cont am nantr @¢lesmrgnicicrdioyly eshettrdmable pabe raanf loeimdcdoe el from
insufficient even after the filns were subjected to a heat-treatnent

of 350C. Fhereledi b fidasprovigiedarhergans wably trenderesd tedsEblw ed Fhe

water evep.if the. ure of.the treating liquid was set at 100
C. Exarrpl'@éirﬂ %ﬁg&%n{ﬂ%{%‘%a&,&é 1€ he fol | ow ng Al-In

conposi ti gpgayere prep ared by incorporating In in 4NAL as an Al raw
material, thermally sprayed Al filnms were then formed using the
resulting Al -IIn tleipossd | assd agd Tihgideit pegigndlofffi dhrsheat kowebeite
inspected for the relation between the contam nant Cu content in the
Al raw mafébnals aae ahechenidi] reguent, Watels woterhrudtess|pynsgwater,

t heLmal | y ai_ned, were

d fil dth Lts t t .
| vest | galEE ANAPRE S AR A FROE oG Eorectr BREC R ad e d SRR IS E
| SXPT eSEEULIL LEEMRRUhEL SELAY IRk LFRIARESA: LR Herk R ox

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 mimber of times,
as compared with that observed for the case in which a chemical
reagent is used as such a 1iquid 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, mogt of the film-forming materials adhered to the
constituent members for a film-forming chamber such as an
adhesion-preventive plate 1is 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
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4NAl (the amount of the contam nant Cu: |ess than the detection

limt) - 3%by mass of In; 4NAl (the amount of the contam nated
Cu: <10 ppm) - 3% by mass of In; ANA1l (the anmount of the
contam nated Cu: 40 ppm - 2.5% by mass of In; ANA1l (the anount
of the contam nated Cu: 40 ppnm) - 3% by nmass of In; ANALl (the

anmount of stiel coirbammbtatc@dingDy ppride 3%rbytnesst witdmials card N
(the anount of the contam nated Cu: 20 ppm) - 3% by mass of In;
4ANAL1 (t heTBRPURTCDOPCIHEIFONANhA Aredeth: Lr3Bnppay - - For swshpnaass fofhe

I n.

2]. . , . :
[005 ]EJ_lm—formlng materials are expensive metals such as precious metals

and rare metals, the use of a constituent member for a f£ilm-forming
chamber such as an adhesion-preventive plate, which is provided,
on the surface thereof, with a £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 film-forming operations and
consisting of the film-forming material, 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 £ilm-forming material can likewise be recoveredwhile
they are still in their high quality conditions.
[0045]

The present invention will now be degscribed inmore detail below
with reference to the following Working Examples.
Example 1
[0046]

The following Al-TIn compositions were prepared by incorporating
In in 2NAl, 3NAl and 4NAl as Al raw materials, then thermally sprayed
Al films were prepared using the resulting Al-In compositions and
the resulting thermally sprayed Al films each were ingpected for
the relation between the Al purity of the Al raw material used in
the composition, the contaminant Cu content in the Al raw material
and the golubility or activity, in water, of the resulting thermally
sprayed films and the results thus obtained were investigated and
examined. In this comnection, the added amount of In is expressed

in terms of that relative to the mass (weight) of the Al raw material
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There were conbined Al and In with each other at the rates specified
above to thus uniformy dissolve or disperse Inin the Al raw

mat eri al and then each resulting blend was fornmed into a rod-1ike
article and this article was used as a material for the thetnal
sprayi ng process. Then a thermally sprayed filmwas fornmed by nelting
the rod-lukedarticle and then thermally spraying the resulting nelt
of the article on the surface of a base material nmade of alum numin
the at nosph@4d according to the rod flame spraying techni que (heat
source: C2H2-02 gas; tenperature: about 3, 000 C) . Each of the
thermal |y spra¥fed (Fif @ RGsChidgueed amiaastiffEc a0 tpm - 3% by mass
heat - t reaii‘?cpﬁ)t &t tf.tenperature ranging fromordinary tenperature to
350C (the'filmwas freated in the atnosphere for one hour and

subsequent |'y. £gal qgdni At JFUERAC&INtafi RAAC &Rl 78UBLRCTI R Hhenddd m
to the influence of thermal hysteresis possibly encountered during
the fil mébriing process. Thereafter, the base material provided

thereon with the thermally sprayed filmprior to the heat-treatnent

(at ordi nary ¥¥Hpéklhg greynged e conhanbmsyd Fat depdl theseheBeteckinn
obt ai ned 9%5%# thghﬁ tridealment (one obtained after it had
experi ence T Her mal° €§? n?

eresi's) "each were immersed in 300 nL of pure
wat er i nt ai fed 3tn80nGund o PHEARYahNRLAloLe! TLBLIAR Ofe HBEc: s
current density o? eacﬁ inners?%% P?qﬁ% to evaluatelgﬁé §%|UE??F%%P
of each thenngl |-y 3§pbayeks idfniland the results thus obtai ned were
i nvestigated. The results thus obtained are plotted on Fig. 2. In
Fig. 2, th@04¥at-treatnent tenperature c) is plotted as abscissa and

the reaction rrent density nR).is pl.otted as qardi nat [ 0053
The data pl ot &é&rSnwﬁ%.COZM&P%% ?%%i%étwé‘%hsf?d?h%&é‘?ﬁ | el ’é%t%‘-%
the therngbly; sRIRY8EvA cd IthiE BhERATAT HSLOGANAL BScbdi&seAlrnl 8W the
material certainly fall within the range practically dacceptabl e since
t he react Abnrawmzartridenand ytHdereeh ressitfiligc beahd ywds dglarmkd fhes Al
raw material has a contam nant Cu content of less than 40 ppm the
resul ti ngreRelnd Pytsptayawl Ahigi ansldgcHafeneed agnd nateaiadofabl Eor

active in_water, since they show reaction current densi. of not
less ¢ hantEer Tl ERBXVTSOLSS A Tt S B HBLLY (ReayRar iy vas Totmed
tenperatu &Ngi o] ! ' r e %ﬁﬁl
sprayed AF§f$Irn E@ggg%egbﬁggﬁ§p§%§%f§%a%ﬁé%gﬁgﬁ gPe é%?%ﬁ bﬁﬁg the
cont am napgs€lt ieennelt obftHdapipinwasn frtnslitfadecof astdd aaestilal made
soluble in water when the heat-treatnent was carried out at 350C,
whi | e t heo§ aaemAInuin; i idlst atmesbhdrenacherdiswt toridm ot fivke carevieny
out at 300C was fogﬁd to be sufficiently soluble in water since the

reaction EBFFRIUSIERERT ST e of2HRal? 196t dCE P HE HOE * | @A Raf©B80C) -

my cn2. |pagj : At LI LN | QI S
cet at 1000 e har Rty L pro 2R A Al £l eI EEE L e 18
heat - t r eak il -efe30R@mONAS of Qi@ ule Sethl Erondsihary temokl-av@se
found that when inmrersing, in warmwater naintained at 80C, the base

mat eri al toVAFEE Wihd filrhweestteptedr an etheAkthpsphdrayifny angdour and
solubilitg in water and obtained after the foregoing heat-treatnent,

the react FERESIEYdYr FPtSH (HERAReR FETRRET | 1R RFACBEi SRisFtangethe

t he i nmer si on, ich.j ni i qor ol
nydrogen St the bt bt RERR BE RS, WRC K AR LUES SRR BBl
because ofuthey PiRsanae-ebmiy drdskance Tidarastted tike HdfRaklyethel
thermally sprayed fil mcannot maintain the state such that it is

firmy adherettdd theerebaseinht éheakhduenlly tdperavedctfiom wridr wab ethe
and the filmbegins to be peeled off fromthe base material with
di ssol ut i BRAL ForeatASRANGE, CEEirsHavireRerREyre B angtdiearame base srtar hthg

added In Wsiéd E%g{}g aE’l o%%a%%gglaeﬁtteekytr%et%a%qt%fe];ttr]:lér?tm(}Dﬂg o%%gae.ned after

it had been subjected to the influence of thermal hysteresis) each
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Exanpl e 3 [0055] The followng A -In-Si conpositions were
prepared by incorporating In and Si (in a total anount including the
anount of Si as an inpurity) in 4NAl1 used as an Al raw material, the
ally sprayed Al filns were then prepared using the resulting Al-1n-S
conposition and the resulting thermally sprayed Al filns each were

i nspect edwdis imhersed dtni B00 het vegurtcheatpar kbynddindeafl 80y Mol Boveal
the added anount of Si and the solubility, in water, of the
resul ti ngPy heerigtieymipaieiof ithescument iensd syl afseadhy $ i i are Hi ueirck

used,

|nvest|gated and examn ne

I n. this connection,_fhe adde e1é'a,rmunt of

In and Si %reegté&zlﬁ?:%s Sgﬁ%lrwéfeff FHoL &P Y SPEBYE

the Al

r

not hlﬁﬂﬁ' an ﬁﬁ#%99§€%6§6 égﬁgﬁlaHﬁﬂp£%ég;qua%%§§£g$1§§§“

are plotted on Fig. 1. In Fig. 1, the heat-treatment temperature
("C) is plotted as abscissa and the reaction current density {(mA/cm?®)
ig plotted as ordinate.

[0049]

The data plotted on Fig. 1 clearly indicate that the
solubilities of the thermally sprayed Al films prepared using 2NAL
to 4NAl as the Al raw materials fall within the range practically
acceptable. The thermally sprayed Al film prepared using, as an Al
raw material, 4NAl whose contaminant Cu content is less than the
detection limit has solubility, in water, higher than those observed
for the Al films produced using 2NAl and 3NAl as Al raw materials.
in addition, the solubilities of the thermally sprayed Al films
prepared using 3NAl and 4NAl as the Al raw materials whose contaminant
Cu content is less than the detection limit were found to be soluble
in water since the reaction current densities thereof are not less
than 50 mA/cm’® as observed when using a heat-treatment temperature
of 350°C. However, the solubilities of the thermally sprayed Al
films prepared using 2NAl and 3NAl as the Al raw materials whose
contaminant Cu content is not less than 70 ppm were found to be
insufficient even after the films were subjected to a heat-treatment
of 350°C. In the latter case, the Al films could not be dissolved
in water even if the temperature of the treating iiquid was set at
100°C.

Example 2
[0050]

In this Example, the following Al-Tn compositions were prepared
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4NAl (the amount of the contam nant Cu: not higher than 10 ppm 3%
by mass of In - 0.1%by mass of Si; 4NAl (the anmount of the

contam nant Cu: not higher than 10 ppm) 4% by mass of In - 0.5% by
mass of Si; 5NAl (the anpunt of the contam nant Cu: not higher than
10 ppm) 1.5%by mass of In - 0.05% by mass of Si; 5NAl1 (the anount

of the copyamichapbrd®ingnoh 1Al QREr s Bam1l Oap RiRera BV BY¥rh@sS, Shrdyed
0.1% by nmass of Si;
Al films were then formed using the resulting Al-In compositions
and the resulting Al films each were inspected for the relation
between the contaminant Cu content in the Al raw material and the
solubility, in water, of the resulting thermally sprayed films and
the results thus cbtained were investigated and examined. In this
cormection, the added amount of In is expressed in terms of that
relative to the mass of the Al raw material used.
[0051]
* 4NA1 (the amount of the contaminant Cu: less than the detection

Limit) - 3% by mass of In;

* 4NA1 (the amount of the contaminated Cu: <10 ppm)

3% by mass

of In;

* 4NA1 (the amount of the contaminated Cu: 40 ppm) - 2.5% by mass

of In;

* 4NA1 (the amount of the contaminated Cu: 40 ppm) - 3% by mass
of In;

* 4NA1 (the amount of the contaminated Cu: 10 ppm) - 3% by mass
of In;

* 4NA1 (the amount of the contaminated Cu: 20 ppm) - 3% by mass

of In;

+ 4NAT (the amount of the contaminated Cu: 30 ppm) - 2.5% by mass
of TIn.
[0052]

There were combined Al and In with each other at the rates
specified above to thus uniformly dissolve or disperse In in the
Al raw material and then each resulting blend wasg formed into a
rod-like article and this article was used as a material for the
thermal spraying process. Then a thermally sprayed £ilm was formed

by melting the rod-like article and then thermally spraying the
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5NA1 (the anobunt of the contam nant Cu: not higher than 10 ppm 3.5%
by mass of In - 0.5%by mass of Si. [0057] There were conbi ned
Al, Inand Si with each other at the rates specified above (in this
respect, the amount of Si is expressed in ternms of the anount
including that of the contam nant Si) and the same procedures used in
Exanpl e lrewule imgpesittedf edteeptt fde asithg ddrdacesifl hilegeAhaiconpdsidde
material to thus give theLmally sprayed Al films. Then each of the

t hei nal | yo§Flapéaun ighehasnepydgrecacorslisgbfecihed reg flnanes greaying
heat -t reat ment, used. i n_ Exanpl e the filmwas treated_.in the .

at nospher Eg%ml%]ﬁeqﬂﬁﬂf’ %@?dbé’é‘%ﬁgﬁfgﬁ?; oo A i rﬁlﬁj“ftugn%%)c). .
Thereafte i<al i i r Vi
prayed f T o e T e HoaPr earane (o Brafeee e e

and the sanmeabaseedmicald at ausefhbeabouvee aBdgohd Eroahrafihetytdeperature
heat-treatnment (one obtained after it had experienced the thernal

hyst er esi 89 ICIE wehe fidwersedaat800imithef apueepheatee Eoredng dicne et
80C, followed by the deteimnation of the current density of each

i mer si onSHP NELY PP Rit @1EREN oI TBTPAFEY U RdECR Phef I 188r Hhed

filmand res S. t ai-n el [ .

@ resut, R EuHATHRRR R RO B S R R Heumteredy
Si perm t guthey Gort Al moEotih A GriotkblY . anthe R FOEREI t MO NESe WhCerial
solubility of the thermally sprayed filmwhile the filmis in the
condi ti onpjousidest tidrerebs Worhathenthéenadfy wpriblredt fiekmaprspr aye nighe
techni que. Moreover, if the upper Iimt of the tenperature of thermal

hyst er esi Beposiaatperk péiti Stied - amETRFIRE ¥ PRITHE FAtE3Se Metekiahe
order of abé)&%%a%g% %hdl dpria efg%%grtt%%tl%e%é—@%égﬁlﬂ%% ﬁg@é)sﬁg%gégeé Lef,

. jui
havi ng a p?ac y acceptabl e activity or's n er can

be produced pisd @cgéﬁi&cé&rﬁ?%%inbﬁ RRdterleal < havidig «aReadfifd-dada sANEGNt
of not less than 2% by nass and an ‘added Si content ranging from 0. 04

to 0. 6% bylLnsspur&watlee ot heraimeddst i80 " Chefaljperdl byrtheadetteh@ination
tenperature of thernmal hysteresis is high on the order of about 350C,
it was foBAdtEharurrenfieARBFHYY P &p€8 AMe s iarh Adanid P raddivese| Yhe

200EPL 20 £ RGALILY o SEUBLEL P ASLELACRI, Bou bl SCo S IO A0,
by mass apgramhafdede Sinvedbt§fted aNGhOGeE0OPE 1R L1:LrRY HYe FRSSEed
onFig. 2. InFig. 2, the heat-treatment temperature ("C) is plotted
as abscissa and the reaction current density (mA/cm®) is plotted as
ordinate.
[0053]

The data plotted on Fig. 2 clearly indicate that the
gsolubilities of the thermally sprayed Al films prepared using 4NAL
as the Al raw material certainly fall within the range practically
acceptable since the reaction current density thereof is
gufficiently high. If the Al raw material has a contaminant Cu
content of less than 40 ppm, the resulting thermally sprayed ALl films
each were found to be soluble or active in water since they show
a reaction current density of not less than 50 mA/cm® when carrying

out the heat-treatment at a temperature ranging from 300 to 350°C.
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Exanpl e 4 [0059] In this Exanple, the followng Al -B
conpositions were prepared by incorporating Bi in 4NA1 as an Al raw
material, thermally sprayed Al filns were prepared using the
resulting Al -Biconpositions and the resulting thermally sprayed Al
filnms each were inspected for the relation between the contam nant Cu
content iMotdeve, taw mmiwerndldl sprdjeel All- Silmomeesirtdonsanrd shhal raw
solubility, in water, of the resulting thermally sprayed filnms and

t he resul Patemisl BBV IS edCPRaninamssti gonsanamf éRappmeds founchte be

connection, the add amu of Si. is expressed in terns of that |,
o arve Daetie ey Al At Bt ERe Y68y Provuomt was Cakpied

(A erout o e ol an 00 Ly @, CRO, 20T h 2RISR OF cBlco

Si . was carried out at 300°C was found to be sufficiently soluble in
water since the reaction current density thereof was found to be
not less than 50 maA/cm®. Incidentally, when the temperature of the
treating liquid was set at 100°C, the thermally sprayed Al film
obtained after the heat-treatment of 350°C was found to be soluble.
[0054]

It was found that when immersing, in waxrm water maintained at
80°C, the base material covered with a thermally sprayed AL f£ilm
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 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 bagse material due to the reaction
with water, and the filmbegins to be peeled off from the base material
with dissolution. For instance, as shown in Fig. 3, the Al film
containing added In was found to be completely peeled off from the
base material. Thus, it can be said that the Al alloy film of the
present invention is certainly water-reactive.

Example 3
[0055]

The following Al-In-Si compositions were prepared by
incorporating In and Si {in a total amount including the amount of
Si as an impurity) in 4NAl used as an Al raw material, thermally

sprayed Al films were then prepared using the resulting Al-In-Si
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[ 0061] There were conbined Al and Si with each other at the
rates specified above to thus uniformy dissolve or disperse Si in
the Al raw material and then each resulting blend was fornmed into a
rod-like article and this article was used as a material for the
thermal spraying process. Then a the ally sprayed fil mwas fornmed by
mel ting thempod-dickearad ttihel resaid ihyerhdrivad gl Spraspdayl figlhdeach were
resulting melt of the article on the surface of a base material nade

of al um nimFPertasefar Fsprrdas ot &etpay the e tvoef thad v apragial
t echni que (heat_ sour C2H2- 02_qa enper at ur e;, abouyt 3, 000C

Enoh of L HESE RGeS FRy B 5 e rf epﬁsﬁj £l Gae L i et ehT B
heat - trea&g!j-ﬁﬁ‘im %S&éﬁ{aﬂﬁg%fﬁ#agﬁﬁﬂ%e% éghf@sr ¥ ﬁ&BB@é%&éH Feld

350C (the treate e atnosphere one our

subsequenthye£oijadedwhhidlidgkaaihed Naga) chik I@bﬁﬁ@c@iorﬁ,ubhécédd@ bRGuhtd M
to the influence of thermal hysteresis possibly encountered during
the fil m 0brim agdFloses £xPrhesedfirnerernhefbadssautbatiate podhiedwdight
thereon with the thernallg Spra ed filmprior to the heat-treatnent
(at ordi n8fy-hedderalurdyeid tigdsame base material used above and
obt ai ned ZB %ﬁ the heat-treatnment (one obtained after it had

experi enced e thermal hysteresis) each were imersed in 300 tnL of

pure water naipiRiRRd a@fbuﬁg ofCend %ne\éﬁ@nmt tcﬁe et f‘ﬁ% 1?)}‘ ?%&?)e

current density of each imrersion liquid to evaluate

of each thek¥abyt yaspr afedh f4 I0m0&Rdoy heagsestil £5; t hus obt ai ned wer e

i nvestigated. The results thus obtained are plotted on Fig. 4. In
Fig. 4, the h@é%lttb@tawtt@npbemﬁémén@t Co.: plagt heghes thas didsgpm)
and the reaglion current den é}’m ig.plotted as ordinate.

[ 0062] e "G4ta° pI o?te p E’Ife Ty indicate that the

solubilities, t I i S
the Al raw marG ol Sar A HIoF ?2%?@*%%@.5%%%?% HEERLG e PR, (i
accept abl e. 49hHey selsgbbEi y,- in S@aberma=ef ofheit hermal |y spr ayed Al
filmprepared using, as the Al raw material, 4NAl whose contam nant

Cu content isS¥ygudbheamOnpprli shewsrndamabaupCu nmrteh’sghemetlanrﬂé) ppm)
heat -treat nent, tenperat ure_exceeds, 200C and t.h filmhas a high
reaction EHE %‘htfb g@ﬁ??t?%e{/ré &/ﬁgﬁl Y \gsS sﬁ% %’c*t ed to a

heat -t r eat men t t f

solubility i ngl\\P\th e?hél n %g.#{gﬁg %%Z“gﬁ g%%? th(san Bl%ﬁcen%ﬁ%tl oﬁl&x
t he hi gher 2hex $ot wbkki b Di - be1&l b inamsobfashed af ter experiencing
a high terrperature heat-treatment. Moreover, the solubility of the
thermal |y sprayeEd mefaMMr@bahecbanﬁiamgnamt Alu: rrave hiwlesr ahantidsppm)

cont am nant , cont ent qua 0 6,000 ppmwas found to be | ow as
conpar ed \7vi{5%lu “@ﬁ?e‘? of- % DY 1SS QE] Y sprayed Al film

pr epar ed éb@ an Al raw nmat erl al haV| ng a contam nant Cu content of
10 ppm [ 063?] It was found that when inmmersing, in wattil water
mai nt ai ned at There were combined A1, In and Si with each other at the rates

specified above (in this respect, the amount of Si is expressed in
termg of the amount including that of the contaminant Si) and the
same procedures used in Example 1 were repeated except for using
the resulting Al composite material to thus give thermally sprayed
Al films. Then each of the thermally sprayed films thus produced
was subjected to the same heat-treatment used in Example 1 (the £ilm
was treated in the atmosphere for one hour and subsequently cooled

within a furnace). Thereafter, the base material provided thereon

28



80C, the base material covered with the thermally sprayed Al film
(the content of Cu as an inpurity: 10 ppn) obtained after the
foregoing heat-treatnent, the reaction of the filmwith water is
initiated imediately after the i mersion, which is acconpani ed by

t he vi gorous generation of hydrogen gas, the water undergoes

bl ackeni n*giizts ithee theawal by Spuatykdr £pingeeds ec abs ehedt ttheapnesents
of, for instance, deposited Si, finally the thermally sprayed film

cannot na??@la’ﬁ%f’)’t FENBER g ﬁnfih’é}flel RS bﬁsﬁmﬂ?t%@fﬁélr egefoabaee sk
material due to the.rea t|o wi.th water, and th fllmbe ns t.

peel ed of t];a},%d{ aeftt?gse &R PR s S8t PR eagg\}:??: ]\%ng??d
| mer si nge@ékn)’@f&'éd"‘@ﬁ@rthérﬁ%lbﬁ’ﬁécé@s%? %a&?%&%dj_w{léfbéd]gn 300 mL

thermal |y sprayed Al film (the content of Cu as an inpurity: 6,000

ppm , i nof hersanetemmacntaiyed abouE,C,t Bel Wwdd binttandbe=thissetivak
with great difficulty as conpared with the base material covered with
the t her neli$ ycuprayte digs ity rﬁfpr%%ﬁ? damersiran LAMiGwiaaeetimdtenaidieng

2 oo Sl 35 2 LB LSl 10 O LB 0,5 L9000 L S

i ncor por %]?ﬂ%[rgd %gﬁijin&é& %aq:g&al anount including that of Si as an

inpurity o use as an Al raw material, thermal Iy sprayed
Al filnms wessathen prepared using the Al-Si-Si conpositions and the
resulting thermally sprayed Al filnms each were inspected for the

rel ati on bet wéenatitssudont Hnivaanioudd tit ehe dddithen At Sipxsidetermined
conpositions or the Al raw material and the solubility, in water,

the resul BFAFT RESTPTYISHr difed R THsChMe AR VasuRns tirueth %{Pﬁ%
‘g’fer gi ! g‘r’lgélgél; %gbﬁlg]%égﬂgg Qeﬂ?eén%ﬁg 5131}01 'he%E R”Whltféet %dﬁcimagg“
pr sse er ng~ of ere ative t6 T he masso
the Al rayheatehdalidasefhst] @368} the formation thereof by the thermal
spraying technique. Moreover, if the upper limit of the temperature
of thermal hysteresis possibly experienced in the film-forming
process ig on the order of about 300°C, it was found that a thermalily
sprayed Al film having a practically acceptable activity or
solubility in water 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. On the other hand,
if the upper limit of the temperature of 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 in
water 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 0.2% by mass.
Example 4
[0059]
In this Example, the following Al-Bi compositions were prepared

by incorporating Bi in 4NA1 as an Al raw material, thermally sprayed
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4NAl (the amount of the contami nant Cu: 10 ppm) - 1% by mass of Bi;
ANAl (the amount of the contam nant Cu: 20 ppm) - 1% by mass of Bi -
0. 25% by mass of Si; ANA1 (the anpbunt of the contam nant Cu: 30
ppm - 1% by mass of Bi - 0.5%by mass of Si; ANA1l (the anount
of the contam nant Cu: 40 ppm - 1.4%by mass of Bi - 0.7% by nass of
Si; ANAT frsheesarpurbanéd tisd ngoth@amesant 16y A11e1 ppmpos it%hy avass
of Bi - 0.85% by mass of Si; [0066] There were conbined A, Bi
and Si wi ke é'ﬁ%‘létlﬂ%rﬂ%ﬁmﬁl%éw%@@%éél £11eP sP6VWEER tIMSPeGRed oFaH v
di ssol ve gr ers t he raw _mat d t hen_eac
feoul ] gt BRI % R TR gt b PF?B‘?&H%F&%%@W%%
was used @5 BndBhLIH:alcdilost ol NESABS NG 1 PO dden & the
thermal |y spraye J1mvvasformad by nelting eac ro Ilie article
and t hen fémmrigytmyw@p&agemsm lang 1R teafl dehehay bbed Sewdafee
surface of a base material nade of alum numin the atnosphere

accor di nglnestigated dricdamamimesyi ng! ththwogouect tat theomdided agpHRL X

gas; terrpera.ture abot 3,.0000) c f the thermall ed filns
Thus prodibed LREFHS % AL TS BHTErO SPodM S per R b T
rangi ng fﬁ%f@ a?i t&ggd tenperature to 350C (the filmwas treated in
the atno ere one hour and subsequently cooled wthin a furnace)
in place pgﬁoaqu ecting the filmto the influence of thermnal

hysteresi s possibly encountered during the film fanning process.
Thereafter, -tdnlbasks mabent adf phevictedmt leite an : Wi taoot xemt hersrahd wass
sprayed filmprior to the heat-treatnent (at ordinary tenperature)
and the s@h®Pbase material used above and obtained after the
heat -t r eat ment__(.one_obt ai ned er had experi enced t her ng|
hysteresis) ‘e \R}é Lf‘ c?@%ammaﬂt ga: ' 5.7

of BRi.

75/ by mass

[0061]

There were combined Al and Bi with each other at the rates
specified above to thus uniformly dissolve or disperse Bi in the
Al raw material 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 f£ilm 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: CH;-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 ordinary temperature
to 350°C {the film was treated in the atmosphere for one hour and
subsequently cooled within a furnace) in place of subjecting the
film to the influence of thermal hysteresis possibly encountered
during the film-forming process. Thereafter, the base material

provided thereon with the thermally sprayed film prior to the
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m. of pure water maintained at 80C, followed by the determ nation of
the current density of each imrersion liquid to evaluate the
solubility of each thermally sprayed filmand the results thus

obtai ned were investigated. The results thus obtained are plotted on
Fig. 5. In Fig. 5 the heat-treatnent tenperature CC) is plotted as
absci ssa laukL tthearsact i(ab cndineny tdepetrbyufanaadhei sanel oddeedaasrial
ordinate. [0067] The data plotted on Fig. 5 clearly indicate

t hat the $¥3UBPPYe pad obtained pRberahEyIesSr hyeatymntf (¢nmsoptaigmderifter

using the, Al. raw materi al_ havi a desired content of Cu gs an ,
ot 1y o Aot Sick PR Dl Rt carey W graaresd ien
t he ther r]ﬁ%{_% fi <HSI i ining
a desi reg?éaén%ﬁ%? 0 Sﬁ(}gﬁ%f%ﬁﬁ%ﬁ%&é%%@l ica ﬂé{)g?tg?\t/\t/g%(%o&%@%alt%rp
when addi 6 e idur@Bnan@steithaegi Bgch r oMcd=2dnt 01 uitPody rassats dHe
material, the reaction current density of the resulting Al film

i ncr easess@hyrig ikt bft hach nchease lyf sphayed dedrmmndntthef rE€splihethus

thermally sprayed Al fil mundergoes_a reaction with water and is
di ssol ved®? %Kéde‘f’e%dni’ﬁ%tﬁa}tﬁ i*S t@’e?s?fﬁ?uh‘é%ftak}? PR IR pRLetted

mat eri al . this r t ver., .l found t ih
activity C())Ilrl %% ru4tii |ﬁ§f§| ﬁ’vr%gjt eret%l 611:&%%%\@%61?%%%8@%”%&%@8 :b?%tyeéid
Al filmigs exsbenBh bl 9h 2B8caL&odipghy sehbity (d/ahl)oneditprssand
in the atnosphere, it reacts with water and is converted into powder
within 2 ¢odihateurs. [ 0068] It was found that when i nmrersing,
in warmwater maintained at 80C, the base material covered with a

t hermal | y[S¥r%yed Al film having a good solubility in water and

obtai ned after_.the.foreqoi eat-tr.eatnment . the reaction of .the film
oPih water | o TR PR E R aPB ot oF &7 erdtoRas ot e
acconpani ggh.ay; 111Re c¥i FOE AU heGRALT AL RAAE A ¢ 0QEN:3R8red NG 1 WRT Blin1
under goes bl ackening as the reaction fufther proceeds because of the
presence ag , theonl imest amoe;iadepostdied vBEall wlahliy tHeerihes mabbyically
sprayed fil mcannot maintain the state such that it is firmy adhered
to the bade&sRizdiral ,TheuBCWPIHEYr et FPERT widththattdiermaady tsmaraypfiml

Thds. i1 Ea BECRTS PHAPSL RE A1 ATIGY FF o7t Y proSenCorhoB iR

i's certai@ghYeWlell- 18aELLYE t FHAPHR Shows an abrupt increase when the
heat-treatment temperature exceeds 200°C and the Al fiim has a high
reaction current density even when it was subjected to a heat-
treatment at a temperature of 350°C and thus has a satisfactory
solubility inwater. In addition, the higher the Bi concentration,
the higher the solubility of the Al film obtained after experiencing
a high temperature heat-treatment. Moreover, the solubility of the
thermally sprayed Al film prepared using an Al raw material whose
contaminant Cu content is equal to 6,000 ppm was found to be low
as compared with that observed for the thermally sprayed Al film
prepared using an Al raw material having a contaminant Cu content
of 10 ppm.
[0063]

It wag found that when immersing, in warm water maintained at
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[ 0069] 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 the
thermally sprayed filmof the 4NA1 (the anount of the contam nant Cu:
| ess than the detection limt) - 3%Dby mass of In prepared in Exanple
1; the theohe) ltheSipasy edtéiian ebvehed 4NaL (Hehamally ebrafed Al film
contam nant Cu: 40 ppm - 2.5%by mass of In prepared in Exanple 2;

p , .
the ther mdFhy SPrleRidd Ff IGw 6 e 1ORAT1LY hel Grpemit Bftainedcahteni Hamnt
Cu: not hi.gher than 10 - 3% mass _of In_- _0.1%by mass of S
pr epar ed Fﬁr%&lrﬂ?l e?,‘t‘f}ﬁegtfrﬁggngﬂ? HFEyER 9% I%eoéli‘ﬁew&ﬁhi’at:?ﬁels
anount of : | St i na . - 504 bV.+.E , ; r
i n Exanpl éh%?lor t%@%@lergfc A @é%ﬁfgl;%& W&%Frgn?%/% %’Rgg %%gf% are“r%%nk?}gj
of the coshanviigttodl: g@epRpAbn- ck%yrees @hsBi theO h¥eby ulBSSg&ds
Si prepared in Exanple 5 (each having a fil mthickness of 200pn) .

Ther eaf t eblathrniaghes itba-yreeennive tpeattsrceedutiiechusb @ Pthd praséaack
been adhered were di sassenbled fromthe sgutteri ng apparatus an

d
treated wPth W PRSEARSE nEsRRSEFEPt TaPaLEy the BheEhly, SL?‘-fa}(ﬁstihlm
f dth ilmis.co : .

o0 s, A1 SBLSIEE s coper 1y 3900 Y5 AL

about 30 m nutes an

adhesi on- paeyerti ¥ee A tel SoR@8bRGy DI whtem thRy 888 1ThNSy i +8Sbe
the filmformng material could easily be recovered. At this stage,

it was fopedledatfArOdHhesbpseaaperatbdich dimsolathonat Boredvedystinémal
Appllcablgaéggéfﬁ%?ﬂin waxm water, the base material covered with the
thermally sprayed Al film (the content of Cu as an impurity: 6,000
ppm) , in the same manner used above, the AL film can be dissolved
with great difficulty as compared with the base material covered
with the thermally sprayed Al film prepared from an Al raw material
having a content of Cu as an impurity of 10 ppm.
Example 5
[0064]

In this Example, the following Al-Bi-Si compositions were
prepared by incorporating Bi and Si (in a total amount including
that of Si as an impurity of Al) in 4NAl used as an Al raw material,
thermally sprayed Al films were then prepared using the Al-Bi-Si
compositions and the resulting thermally sprayed Al films each were
inspected for the relation between the contaminant Cu content in
the A1-Bi-Si compositions or the Al raw material and the solubility,
in water, of the resulting thermally sprayed films and the results
thus obtained were investigated and examined. In this connection,
the added amounts of Bi and Si are expressed in texms of those relative

to the mass of the Al raw material used.

[0065]

32



If coating, with an Al filmconsisting of the water-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
nmetal or a netal compound according to the sputtering technique, the
vacuum deposi 4NZ0N (tRehahseue, oEhehé oreri¥aal hagt t@chnioggemand itheyGids
technique, the filminevitably adhered, during the filmformng
process, 6 Bhe surface of such a constituent nember for a
filmformng chlﬁ‘nber can be peeled off therefromin a .

moi st ur e- cont @Fhi GRSt APHeCE BRE CIFBABAY B PEcBIB) ed 1% by mass
Thereforeqste pPresgntyd LAt Lenggan be used in the fields in which
these fil mform ng apparatuses are enpl oyed, for instance, in the
technical fieigs rehat b $EMEONCERAnShENBIM $02B8n) - 1% by mass
el ectronics-rel ated machinery and tools for the purpose of increasing
t he nunbePfdBire®séstbyiesrssf afh8iconstituent menbers for a

filmform ng chanber of a filmform ng apparatus and of recovering
the filmforniiy rfaberauastval dhecerramisaph] Gable Ptalsl - 43t maes

claimed ig; gid._ A wat 'E%ﬁ? ive. Al conposite material conprising an
Al raw materElsaI sel ecfﬁ‘% ro:%ft ﬁé’group consisting of 2NA1 to 5NAL

each contai ni pghICUcRS SRolbPWE Ede Horflami RadP @AMPYRL 55 NOtshighgr
than 40 ppm and at |east one netal selected fromthe group

consi sti ngf o8l In CaB8%Boy wassamfufits ranging from2 to 5% by nass and
0.7 to 1.4% b%/ mass, respectively, on the basis of the mass of Al.
2. The wat@fe%kactive Al conposite material as set forth in claim1l,

wherein it furfher conpri % & ny ! N6 #‘%r}’% hen SiaC%S%a%fi ggt@%égg%ﬁ

the Al raw matertal, ih a al “"anount fangi ng from

mass for bbecArddabyst &b @hul. 481 £y’ % BYo18S Sof Bk spdieseANiEhng i
system 3. A nethod for the production of a water-reactive Al film

in the Al raw material 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 each 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: 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 ordinary temperature
to 350°C (the film was treated in the atmosphere for one hour and
subseguently cooled within a furmace) in place of subjecting the
film to the influence of thermal hysteresis possibly encountered
during the film-forming process. Thereafter, the base material
provided thereon with the thermally sprayed film prior to the
heat-treatment (at ordinary temperature) and the same base material
used above and obtained after the heat-treatment (one obtained after

it had experienced thermal hysteresis) each were immersed in 300
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conprising the steps of nelting a material which is prepared by

i ncorporating, into an Al raw material selected fromthe group
consisting of 2NA1 to 5NAl whose contam nant Cu content is not higher
than 40 ppm at |east one netal selected fromthe group consisting of
In and Bi, in anounts ranging from2 to 5% by mass and 0.7 to 1.4% by
mass, respecti puty wagerttmitiasnsdait BAEC ey lofvef iy Ahe rdavemat vat abn

I n such a manner that the resulting nolten nmaterial has a uniform
conposi ti Bh; CRASIHREERY dBRih @t RaCRol TesTSielettarid i Kyaduntace s

a base mageri.aly..and then splidifying the sprayed l.ten_materi al
Chrough qUSRGRIHET: &7t Raans Brete i dorased ThEN D 4 o FepRELs “oms
product i oBLedifed\pbes iheastiya N fhldnasusel hostdbdalinehalm Bilotted
wherein the material further™ conprises, on the basis of the nmass of
the Al rawnmigerd.al In Bigl B¢ /urd gxti-heeStmast aampagrturky( ‘a) 1dpldttdaw
material in a total amount ranging fromO0.04 to 0.6% by mass for the
Al -1 n systemFcigse2mncotite 7oRByipmSErrent m@s;\tysum%y@%eﬁs plpttad as
wat er-reactiive Al filmconsisting essentially of the water-reactive
Al conposPt&™Hit%erial as set forth in claiml or 2. 6. A constituent
menber forgggdj | mformng chanber of a filmform ng apparatus
characterized in that it is provided thereon with a water-reactive Al

filmconsistirmheesasty i piibyted anwatief.-r saciliewel N GeHEPasSEt eHmt efnal

as set forth inclaiml1l or 2 or a water-reactive A film prepared

accor di ngsebiphld tiesholl tie Seertigrlvhspreyddidm Bibes prepared using the
Al raw material having a desired content of Cu as an impurity
certainly fall within the range practically acceptable, when the
thermally sprayed film was produced using the material containing
a desired amount of added Si. More specifically, it was found that
when adding S8i in an amount ranging from 0.25 to 0.7% by mass to
the material, the reaction current density of the resulting Al film
increases along with the increase of the added amount of Si, the
thermally sprayed Al film undergoes a reaction with water and is
dissolved in water and the film is easgily peelable from the base
material. In this respect, however, it was also found that the
activity or solubility, in water, of the foregoing thermally sprayed
Al film is extremely high and accordingly, if it is allowed to stand
in the atmosphere, it reacts with water and is converted into powder
within 2 to 3 hours.
[0068]

It was found that when immersing, in warm water maintained at
80°C, the base material covered with a thermally sprayed Al film
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
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7. The constituent nenber for a filmform ng chanber as set forth in
claim6, wherein the constituent nenber is an adhesi on-preventive
pl ate, a shutter or a nask.

generation of hydrogen gas, the water undergoes blackening as the
reaction further proceeds because of the presence of, for instance,
deposited Bi, 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 £ilm begins to be peeled off
from the base material with dissolution. Thus, it can be said that
the Al alloy film of the present invention is certainly
water-reactive.

Example 6

[00E9]

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 the thermalily
sprayed f£ilm of the 4NAl {(the amount of the contaminant Cu: less
than the detection limit) - 3% by mass of In prepared in Example
1; the thermally sprayed £ilm of the 4NAl1l (the amount of the
contaminant Cu: 40 ppm) - 2.5% by mass of In prepared in Example
2; the thermally sprayed film of the 4NAl {(the amount of the
contaminant Cu: not higher than 10 ppm) - 3% by mass of In - 0.1%
by mass of Si prepared in Example 3; the thermally sprayed film of
the 4NAl (the amount of the contaminant Cu: 10 ppm) - 0.75% by mass
of Bi prepared in Example 4; or the thermally sprayed film of the
4NA1 (the amount of the contaminant Cu: 30 ppm) - 1% by mass of Bi
- 0.5% bymass of Si prepared in Example 5 (eachhaving a £ilmthickness
of 200yum) . Thereafter, the adhesion-preventive plates to which the
Pt film had been adhered were disassembled from the sputtering
apparatus and treated with warmwater maintainedat 80°C. Asaresult,
it was found that the thermally sprayed film is completely dissolved
within about 30 minutes and that the Pt f£ilm deposited on the

adhesion-preventive plate is peeled off from the same. Thus, Pt as
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the film-forming material could easily be recovered. At this stage,

it was found that ALOOH is precipitated in the warm water.

Industrial Applicability
[0070]

If 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 wvacuum
film-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 £ilm-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 £ilm-forming chamber
of a film-forming apparatus and of recovering the film-forming

materials which contains valuable metals.
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What is claimed is:

1. A water-reactive Al composite material comprising an Al raw
material selected from the group consisting of 2NALl to 5NAL each
containing Cu as an impurity of Al in an amount of not higher than
40 ppm; and at least one metal selected from the group consisting
of In and Bi, in amounts ranging from 2 to 5% by mass and 0.7 to
1.4% by mass, respectively, on the basis of the mass of Al.

2. The water-reactive Al composite material as set forth in claim
1, wherein it further comprises 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 for the Al-In system or 0.25 to 0.7% by mass for the Al-Bi
system.

3. A method for the production of a water-reactive Al film
comprising the steps of melting a material which is prepared by
incorporating, into an Al raw material selected from the group
consisting of 2NAl to 5NAL whose contaminant Cu content is not higher
than 40 ppm, at least one metal selected from the group consisting
of In and Bi, in amounts ranging from 2 to 5% by mass and 0.7 to
1.4% by mass, respectively, on the basgis of the mass of the Al raw
material, in such a manner that the resulting molten material has
a uniform composition; thermally spraying the molten material on
the surface of a base matexial; and then solidifying the sprayed
molten material through quenching to thus form a f£ilm.

4. The method for the production of a water-reactive Al film as
set forth in claim 3, wherein the material further comprises, on
the basis of the mass of the Al raw material, Si including the 8i
as an impurity of the Al raw material in a total amount ranging from
0.04 to 0.6% by mass for the Al-In system or 0.25 to 0.7% by mass
for the AlI-Bi system.

5. A water-reactive Al f£ilm consisting essentially of the
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water-reactive Al composite material as set forth in claim 1 oxr 2.
5. 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 asg set forth in claim 1 or 2
or a water-reactive Al film prepared according to the method as set
forth in claim 3 or 4.

7. The constituent member for a film-forming chamber as set forth
in claim 6, wherein the constituent member is an adhesion-preventive

plate, a shutter or a mask.
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