SPECI FI CATION Title of the Invention: Water-Reactive Al Conposite Mterial,
Wat er- Reactive Al Film Process for the Production of the Al Film and
Constituent Menber for Film Form ng Chanber Technical Field [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
constituent nenber for a filmfopprrerchardgr and in particular to a

wat er-reactive Al conposite material which contains added Bi and added Si;
a water-reactive Al filmconsisting essentially of this water-reactive Al
conposite material; a nmethod for the production of this Al film and a
constltueﬁﬂtﬁﬁnﬂbthPGMMﬁnﬁIQWﬁfUﬁﬁﬁﬁgR@ﬁéﬁﬁgﬁAl%ﬁmmosstéﬁhﬁﬁﬁiﬁﬁih this

Al film _Background, Art 0] In a fil aratus_for farmng a
t hin flanaSEEoFSPﬁ§1F8 A%d? f%st%ﬁﬂﬁ?sﬁ gPaEQFéSHnPGuEhe vgcuum

depost LT 0f14fic NG| BopbiS c1.8RLPlAi R tf‘a%h%;laﬁe@%u&lg cr@¥Betechni que, a
a a ,as a i 'm1Torm

film of matertal, is

i nevitably adhered to a constituent nenber for a filn}fornlng chanber,
which is positioned within the filmform ng apparatus, during the
filmfornreghpieads#ields such constituent nenbers for a filmformng
chanber, there <can be listed, for instance, an adhesion-preventive plate
for inhi H000Ag t he adhesion of any filmon the inner portions of 1 a vacuum

chanber other than a substrate, a shutter, a mask used for fornlqglsuch a
filmonly on t FBed@TESERTar EWHH 1M SobRteqt EO a water-reactive

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

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

Background Art
[0002]

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

inhibiting the adhesion of any film on the inner portions of



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

filminevigtedbyuddErndbrt 8thBesthH0aSEhbSErA t&aEEPEhELtEP! @mhkknadéed M ng
chanber is thickened in proportion to the |length of the working tine of the

filmformiog prochass suShchfidm cdheord e desisegesleedonthe subdtmwater m of
particles, from the constituent nenbers for a filmform ng chanber due to
the acti &Rdod tusy FRTcraneinesfectubsieraeher ddftlnhayrinhehstsame

I di he fil h he . d IS, d
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f fil ' ' - sFor_-t hi v b
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subj ect ed ¢ HeQel Nfedi9ht WG 15XC! Ene atr i GY¥LIN1HAt MG Sss t he tenpypl or
di smantl enment thereof fromthé filmformng apparatus at a stage in which

t he adher e@sipdam,i simoisyehepeshad offactiwe vhBSHi RGeskemeaibdrs rereve t he
filmadhered thereto, the subjection thereof to a surface-finishing

t r eat nent repeatiedl ysubsd@itiar theseemdrea boff. theolifm adhemedstingratoal uabl e
metal such as Al, Mo, Co, W Pd, Nd, In, Ti, Re, Ta, Au, Pt, SeandAg, as a
filmfornml@§O?dterial, there has been desired for the establishment of a

processing 2 tegngaug fl 161 PSARL Lo Thlde Mkl c3ER a00REEto the

for a film-forming chamber is thickened in proportion to the
length of the working time of the film-forming process. Such
an adhered film is peeled off, in the form of particles, from
the constituent members for a film-forming chamber due to the
action of the internal stress of the adhered film 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
subsegquent reuse thereof.

[0004]

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

Nd, In, Ti, Re, Ta, Au, Pt, Seand Ag, as a film-forming material,

there has been desired for the establishment of a processing



constituent nenbers other than a substrate and do not take part in the
formation of the filmthereof on the surface of the substrate and for the
devel opnment of a technique for making the nenbers reusable. [0005] For
i nstance, in the case of the adhesion-preventive plate used for inhibiting
t he adhesion of any filmformng material onto, for instance, the inner

val I of thechhkBhEOFH: Nthe 2RRAVALYSoBNL tAEs SIHAL @ ref a8n¥akhety t3e such
constituent nenbers for a filmform ng chanber, other than the surface of

a substr atenstheudapasdribdy petedurhiag at debsttamté @nd A9 ngy beReDdrt, in the
exi sting circunstances, peeled off fromthe foregoing nenbers and/or the

i nner wal in £be fhematase vifetdef filouthexelof weedhas ssudiace medt Hdwe for t he
peeling off_of this deposit include, for instance, the sandbl asting

t echni queSUPgEraget aBfchphgt e cRaYtePTRTRE o frek dse¢hl e P diakdid an

al kal i aﬁﬂ thewgeeling teggnique whi ch uses the hydrogen enbrittlenment by
t he acti oh"6f "eFBFIPnEFHRER; Chydrogen peroxi de and even the peeling nethod
whi ch nakqgoggﬁ of the electrolysis thereof. In this case, when

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

preventive pl atgri Sn@geameed iih aché eahs8J0l Gted ddhdii teveiitaintd ti es and
therefore, the adhesion-preventive plate would be limted in the nunber of

reusabl e pilaks. uBed fbhirs inkavdningt héwee adhe dieen ofe amrye d if low- fidmidey el opnment
of a filn}peeILng techni que whi ch can reduce the occurrence of any damage
of the aWR&Sraplp@nEPYeHtE@NCasthewnepuaslnietheduds)-faming s

respect, however, if the conce trati%n of the 3 )
apparatus and the surface of a variety of such constituent

members for a £ilm-forming chamber, other than the surface of
a substrate, the deposit formed during the film-forming
process is, in the existing circumstances, peeled off from the
foregoing members and/or the inner wall, for the reuse thereof.
Currently used as such a method for the peeling off of this
deposit include, for instance, the sandblasting technique, the
wet etching technique which makes use of an acid or an alkali
and the peeling technique which wuses the hydrogen
embrittlement by the action o©f, for instance, hydrogen
peroxide and even the peeling method which makes use of the
electrolysis therecf. 1In this case, when implementing the
treatment for peeling off of the deposit, the adhesion-
preventive plate is damaged in a treating liquid in no small
quantities and therefore, the adhesion-preventive plate would
be limited in the number of reusable times. For this reason,
there has been desired for the development of a film-peeling
technique which can reduce the occurrence of any damage of the
adhesion-preventive plate as low as possible.

[0006]

In this respect, however, if the concentration of the



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

the depospieibgditsd 8dpeklkent #8GHAIAY ihdandh8de afendfasiaa awrdely t he
present conditions. [0087] In the foregoing treatnent with an agent, not
only the thestfofefoime wgeidl fxrise tieehhigine At dhsSthé heasaastl e red  for
the post-treatnment of the used liquid containing such an agent is high and
further tgeneratedenve tdfe diseaméntonwebnilahn @gent i suckhas| dnbacidevent ed.
For this reason, there has been desired for the reduction of the amount of
the foregbFRatBgRhior ap dEkybbFreamantad sphRe; hihe crftFrmiierd fmten
carrying out _the foregoi treatpent_with an agent, the filmfor.mng

mat eri al Bﬁ%l%ﬁF?ﬁ?rXréﬁ%tﬁ%évagHggﬁgnm%%%gﬁn%?\é?ﬁﬁ%ﬁg?Qaﬁﬂq}yiﬁyﬂgfhverted

i nto ot hey.: ' ; a T N 1 tr L for the
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further beapk! eghéPdepleLOrehiglpeeld® ot ad AdcdrAfyIeHRAMRTIRE &L only
the filmformng materials whose unit price is balanced with the recovery

cost, in vastexishday thecpmesantesonfdOD8hs.In addition to the nmethod for
peeling off of the deposit, as has been discussed above, there has been
known a té&eRR7hue for recovering valuable netals which conprises the steps
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cost for the agent per se is high, but also the cost required
for the post-treatment of the used liquid containing such an
agent is high and further the occurrence of any environmental
pollution should be prevented. For this reason, there has been
desired for the reduction of the amount of the foregoing agent
to be used as low as possible. In addition, when carrying out
the foregoing treatment with an agent, the film-forming
material peeled off from the adhesion-preventive plate would
be converted into other new chemical 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.

[o008]

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



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

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

Al film grd 4 hepdacowaiddig,d halvakbeapbe iBBt ahstépch vdathviny t Rfach
filmformng material present in the adhered filmthus peeled off (see, for
I nst ance, cRatrantebbsuirenprépspetesi edat bt ovdn Umddétrygs a esgeettiorn him

wat er-reactive Al conposite material is conposed of Al or an Al alloy, and
In, Sn, tReModshbrAacPBhRadNing ahmosphereannd icop thasede ENVETrtARd
Literature _Patent Docunent $£009 Pat ent Docunent 1: JR—A—é%%?-ZS 063

(d ai ms) . 1PEPSEPBELFBCEF FRLUPLG &Rt i INEPYOMRNEREG Rt ReRL M &S #9s to

Sol ve  [00101 Ac6RLALAD ¥y 1 Lo diserilly QR BEE LN 2R OAG: BERSe Bl e

present i Vention fo sol ve or €goi ng pr obl ens assocl t he

convent i oralmb R§NBEIEES s ANEh PBLGH SBRE | Fd£3¢ | o 4ha RO\ s St orf YJFPOSi t e
mat eri al contai nihg added Bi and added Si, which can be nade sol uble

t hrough t baer®bdiilan whiht Méh efecdweri mPitdicuralaabl ai eyl atimsphire; an A
filmessentially consisting of this Al conposite material; a nmethod for the
pr oduct i oanofhe (ol merf cAmifrid mptamdad pvesent ventheeatberedrfibmftilua f or mi ng
chanber, which is covered with this Al film 5 .

peeled off (see, for instance, Patent Document 1 specified

below). In this respect, the water-reactive Al composite

material is composed of Al or an Al alloy, and In, Sn, the

combination of In and Sn or an alloy thereof.

Prior Art Literature
Patent Document
[c009]

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

Diaclosure of the Invention
Problems That the Invention 1s to Solve
[0010]

Accordingly, it is an object, in a broad sense, of the
present invention to solve the foregoing problems associated
with the conventional techniques and more specifically to
provide an Al composite material containing added Bi and added
Si, 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 is covered with this Al film.



Means for the solution of the Problens [0011] Thus, the water-reactive A
conposite material of the present invention conprises 4NAl or SNAl which
contains added Bi in an anmount ranging fromO0.8 to 1.4% by nass; and added
Si and Si as a contaminant of Al in a total amount ranging from 0.25 to

0. 7% by mass, on the basis of the anmount of Al. [0012] If the Al conposite
mat eri al has such a conposition, the Al filmprepared fromthis materi al
can easily react with water in a noisture-containing atnosphere with the
gener ati oMeshs fgdrthensghetion obethesBrobhegmproducts can thus be dissol ved
In water. BOOIS I f the anbunt of the added Bi is |ess than 0.8% by nass,
the reactl Pyl of the resulting Al filmwith water is reduced while if t he
amount of the ded Bh i s _hi her than 1,4% b e eq &y of the
Fooul i ng A r 5w EhewtErfoEranbt Ve hie FOUPRBLEch B L RE MO (1 m iy

react wit r%QSnfDJéﬁ}#{st%]or%% %58% g@ﬁ%aéf‘%%%%h?cﬁ' on:?@fxf&‘é%r gf the

total ano ess y NMass e ef controlling

the reactpyi{y o4 &h&ﬂ@%&%@,ﬂg; A rdn A ghidd Maiehy mddPaiandaddeld t he

total anmount of Si exceeds by mass, the reactivity, wth water, of the
Al filmpet @eliss aecduecedtam@Aialk ofrlma ﬁrateha:@tfadr atbanproghgingfrom a
water-reactive Al film according to the present invention conprises the
steps of On@Pttagla7keberhasscoapr tBenhaanal obr tbaArmownEchfcBAt ai ns  added
Bi in an ?810)%'][ ranging fromO0.8 to 1.4% by mass, and 6

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

[0013]

If the amount of the added Bi is less than 0.8% by mass,
the reactivity of the resulting Al £ilm with water is reduced,
while if the amount of the added Bi is higher than 1.4% by mass,
the reactivity of the resulting Al film with water becomes
considerably high and the Al film may react with the moisture
present in the atmospheric air. Moreover, if the total amount
of Si is less than 0.25% by mass, the effect of controlling
the reactivity of the resulting Al filmwith water is impaired,
if the total amount of Si exceeds 0.7% by mass, the reactivity,
with water, of the Al film per se is reduced.

[0014]

The method for the production of a water-reactive Al film
according to the present invention comprises the steps of
melting a material comprising 4NAI or 5NAI, which contains

added Bi in an amount ranging from 0.8 to 1.4% by mass, and



added Si and Si as a contamnant of Al in a total amount ranging fromO0.25
to 0.7% by nmass, on the basis of the anbunt of Al, in such a nmanner that
the resulting material has a uniform conposition; thermally spraying the
nolten material on the surface of a substrate; and then solidifying the
sanme through quenching to thus forman Al conposite filmthereon. In this
product i oad@eidheil aridgi ai®undoiarfinant@lfull dg & hadtaf ambenSi ramsing
contam nant, to be added to the material preferably ranges fromO0.04 to
0.2% by ndgeom PERESto Thek viey avassacii wdieAbafsillsnodctbedamgund ofhehbr esent
invention is characterized in that it caonsjsts essentially of {he foregoing
wat er - r eadf PRICK ac AAREn &hadt dhenregWdElg M HishsthatiehtUivekeR for a
filmformng chanmbher of .a_ filmformng apparat according to t resent
| nvent § on SOTPEHALREY AR T, FEE RO OTE MUSSE TR s S dordted. on
the surface, sdidaNEhe gtﬁfsetgﬂt%,% Waketnd 1V £y Ogtléfﬂe sggglﬁﬂrg
mt'o ccC

i
constituent nenber for a filmformng chamber Ing to the present
i nvent i on guenfciitiet oCtidi S ey a8dali Fohpaé i t& et Canshielre@mt. MeAbSids an

adhesi on-preventive plate, a shutter or a mask. Effects of the Invention
[0018] Therdderatdldnymephayedtiié dmduntcafsBst i nge bedeng itddty odf thehei
wat er-reactive Al conposite material according to the present invention can
easi |y be asr eanEaBipgng, storflecagdedetss ththmed ardwer PrgLeKRabdysrarges
production., P50 014 by Mals.’

[0015]

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

[0016]

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

[0017]

The constituent member for a film-forming chamber

according to the present invention is further characterized

in that the constituent member is an adhesion-preventive plate,

a shutter or a mask.

Effects of the Invention
[0018]

The thermally sprayed Al film consisting essentially of
the water-reactive Al composite material according to the
present invention can easily be produced by a simple process

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 noisture- containing atnosphere, even
after the filmexperiences a thernmal hysteresis phenonenon as a result of
the filmformng process carried out at a tenperature rangi ng from about
300 to 350 and further the presence of a desired anmount of S

i ncor por ahgd &NEK et ia¥@et & Def 1 tptdise £0T¢ S Adhad  Htheaar eV idliYs s cARGDT
solubility thereof before it experiences a thernmal hysteresis phenonenon
(or duringnt Watfeid ntfioswgingtpeoasssition 00i8h WaiterAlidi Ammeds tunder go a
reaction with water in the presence of noisture and can effectively be

di ssol vedCPRLARRERT WHMOSPHEFEr at YRR hfdEBgethgast il c6KRERGENCEEhE

| nvent | onEREFRRCYT | RT Bk RS SRS OF 7 S oSuii 88 ok Aigmigorgind o
f11m for mpg.ap03; akypefr QYL ed i {Lnseps nt{ﬁ}@%%&ﬁg? o Qcnft Hidg™ for i ng

chanber tance, “an adhesi on- pr ventive a mask),
whi ch arecgo 5@1 Wid W iddBi%fed %&{rﬁs%ﬂf jnhventi on,
t he |neV|ta y adhere flﬁgﬁiwwlstlng essentl ;<% t f%rn1ng

mat eri al andoagbeaeddtithéheis wohdcepeimitorhe ma:rmel, ofathe activity

adhesi on-preventive plate during the filmformng process can be peeled off
and/ or sepafdesd soduipilhisys erseft thefife iheexpatirbreand drhesimslbol uti on
of this Al filmand the val uable rretals|nclhfg]red|nthefllmformng
material BYRtBECEAS PYenOREROR éﬂrfﬁi%}?%et% oo QQW%QI&F‘?}?%) fromthe
surface gBOt_ngz constituent nenbers. [0020] |In addition, the constituent
menbers f ilmformng chanber as nentioned above can thus be reused

over an increagfds Al film can undergo a reaction with water in the
presence of moisture and can effectively be dissolved in water
while generating hydrogen gas. Accordingly, the following
effects can be achieved by the Al composite £ilm of the present
invention: If the film-forming operation is carried out using
a film-forming apparatus provided with constituent members for
a film-forming chamber (for instance, an adhesion-preventive
plate, a shutter and a mask), which are covered with the
water-reactive Al film of the present invention, the
inevitably adhered film consisting essentially of the film-
forming material and adhered to the surface of, for instance,
an adhesion-preventive plate during the film-forming process
can be peeled off and/or separated from the surface through
the reaction and/or dissolution of this Al filmand the valuable
metals included in the film-forming material can be easily
recovered from the adhered film peeled off from the surface
of the constituent members.
[0020]
In addition, the constituent members for a film-forming

chamber as mentioned above can thus be reused over an increased



8 nunber of tinmes. Brief Description of Drawings [0021] Fi

g.

1 is a graph

showi ng the relation between the heat-treatnent tenperature (C) and the
reaction current density (md&cnR), which is observed for the thernmally
sprayed Al filmprepared in Conparative Exanple 1. Fig. 2 is a graph
showi ng the relation between the heat-treatnment tenperature (C) and the
reacti on gunbeptofdengeésy (nA/ cnR), which is observed for the thermally
sprayed Al filmprepared in Exanple 1. Fig. 3 is a photograph show ng the
filmadhered to the surface of a base material provided thereon with the
thermally sprayed Al filmprepared in Exanple 1, which is in the peeled
state. MoBeiefrDeaeriphionueftRuavhngati on [0022] Wen producing a thin
filmin a fiIgLforning apparatus according to a variety of filmformng

hni que$®%4
;an?}grﬁing o er, J ubj.ect.ed Latl r
agben s subjeghed o the WALl usncs of, rpge

hyst er esi s. or~fhi's Teaso e surrac t he constituen

?Ia

as the sputtering technique, the interior of the

&f lcher nel

menbers such

as an adhﬁééQDtPéEHﬁéﬁtV%dﬂﬁ@f&tdﬁ@(WpéqeaEGSHﬁkQHEQaEtEBhncd¥¥ént
filmform ng chanber and which are coated with the Al film of the present
i nvent i ondehsialsansidmect eHith idebsdftwehcer ohe ridpeately
hysteresis. Accordingly, it would be necessary that the film at the tine
of the fihAn folmapreparedr bungiomharahévenExappagi Ag t echni que before the

filmis 9

ed

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 film prepared in Example 1.

Fig. 3 is a photograph showing the film adhered to the

surface of a base material provided thereon with the thermally

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

state.

Mode for Carrying out the Invention

[0022]

When producing a thin film in a film-forming apparatus

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

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 sane tinme, the Al film provided thereon
with adhered filminevitably attached thereto during the filmform ng
process should have such a solubility (or activity) that the Al filmcan
easily be peeled off fromthe base material along with the adhered film and
further shkhowjéchedstabtBe ByElueid¢€rot heAlthbirinalli hybakreedeedis byot he
thermal hysteresis experienced in the filmformng process. [0023] The
upper |i monlyf sthblehebutl ahystersegitso thatptlieat uRE thet Bamet hieme oriely®i ng
filmformng chanber is on the order of about 300 to 350'C when the filmis
formed acédrfi Haprevided thaseansuith pdhepadifckimdnendhabdyattdeebcuum
deposition, technique, the ian-plating technigue or the D techni que.

Ther ef or e “BEE SRS rt}@gs&?‘ﬁ gf:llé'rﬂ‘aft qwgopqqeascsti%bqum%t hfpot At That the
A filmh v .4 r | ubick h iy, A, \ er it is
subj ect ed%?&h?%glt]itm }(%gn%:%a%ﬂ@hgﬁtg%&ﬁ%%%ggr%%?sé%lﬂyobghlg%%%e of the

t enper at U £ 5ot e R A M 1015 Tt f&ldﬂ%hﬁtﬁ efmer 2 Led | filmeagase of
the water-reactive Al filmaccording to the present invention, such

r equi r enerfturfthiert fhoaddl e Isittaplequedenax i mitheb®]l fSidm $6i Bulf lesneed| be
expl ai ned bel ow nore in detail. [0024] The foregoing solubility or activity
of the Al byorigusitlkermal nhpstenespeesaperignend oM ithevhi it EMMENGhe basi s
of the «current density (in the present invention, also referred to as
"reacti onPEHER density (mVcnR)") as determined by inmersing a base

mat eri al CA r3qd with the Al filmin warmwater naintained at a

predet ermined tenperature (ranging frome60 to

The upper limit of the thermal hysteresis temperature
within the foregoing film-forming chamber is on the order of
about 300 to 350 C when the film is formed according to, for
instance, the sputtering technique, the vacuum deposition
technique, the ion-plating technique or the CVD technique.
Therefore, it would be gufficient, from the practical
standpoint, that the Al film has reactivity with water and
solubility inwater, even after it is subjected to the influence
of the thermal hysteresis up to the range of the temperature
as mentioned above or the higher temperature. In the case of
the water-reactive Al film according to the present invention,
such requirement for the solubility would certainly be
satisfied, as will be explained below more in detail.
[0024]

The foregoing solubility or activity of the Al composite
film of the present invention is evaluated on the basis of the
current density (in the present invention, also referred to
as “reaction current density (mA/cm®)”) as determined by
immersing a base material covered with the Al film in warm water

maintained at a predetermined temperature (ranging from 60 to

10



10 130C and preferably 80 to 100C) and then determ ning the current density
of the imersion liquid. This determnation nethod is one which conprises
the steps of determining the loss in weight observed for each sanple before
and after the imrersion thereof in the treating liquid and then converting
the result into the current density value while taking into consideration,
for instance, d ked priefeaadlea sif tdde N eandinthdmedéetremntnimg tthe of the
same in the treating liquid. It can be said that the Al film provided

t her eon wicMrrggitedetsttynefites imateins iam ddlgpd &-hefhis detéryingeion
filmform ng process has such a solubility (or activity),that the Al film
can easi | jrethedobe cae whichqamniHeambbe mltans of B HPIRITT Che RF2r ed

filmeven .after, the is. subjected to th(ca%eislgfl uenc t her.mal

fil f
hyst er esi §nex"f)%3r31éthc§hs'relﬁ_vg]ﬂle 595 ?%]? rrisﬁ‘ﬁ'p&leo_ pre sgnﬁooﬁgfta? t &St eact i on
current dg@é{ﬁ&%j%ﬁeg%%@f”?ﬂ ﬂ?@oifgaﬂ.girllgf Cir:]i.gﬂfi% gglfrcihggegsc&%%fgﬁm?t han 50

mA/ cn. | present 1 nvention w eun escri be th

reference the teeuflel iawonghenbadireRRt denkitiyheaMiel Whil&0DskShgNEnto
essentially of the water- reactive Al conposite material according to the

present icongritdegat iBin,i fon dhisyancief, othkysdr§épeesadear ofii sheidampbe w t hin
the Al matrix and accordingly, the Al filmcan easily  react with water
within a mstheelmerrdon fgug absPre femaudn the tiaatinddiadidapoftor an

caueous, SOLU bR A3 LUE! ol SN NURCDEIR PR OF T v I
ot AR LS LS AL MO, BISHl 395200y cach of
has such a solubility (or activity) that the Al film can easily
be peeled off from the base material along with the adhered
film even after the Al film is subjected to the influence of
thermal hysteresis experienced in the film-forming process,
so long as the reaction current density as determined according
to this method is not less than 50 mA/cm?®.
[0025]

The present invention will hereunder be described with
reference to the following embodiments.

In the Al film consisting essentially of the water-
reactive Al composite material according to the present
invention, Bi is highly uniformly dispersed or distributed
within the Al matrix and accordingly, the Al film can easily
react with water within a moisture-containing atmosphere such
as water, water vapor or an aqueous solution and as a result,
it can thus be made soluble or active in water. Usable in the
present invention as Al raw materials are, for instance, those
having purities of 4N (99.99%) and 5N (99.999%) and each of

them can be obtained by further treating an Al raw material

having a low purity and prepared by the electrolytic process
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having a | ow purity and prepared by the electrolytic process 11 such as 2N
(9999 Al or 3N (99.9% Al according to the three |layer electrolytic process
or a nethod according to the partial solidification technique (the
segregation techni que) which nmakes use of the tenperature difference
between the solid and 1iquid phases upon the solidification. The principal

i mpuri ti esueheaenNi fobke ANAdrapN HDAIotnchudecéeraing Stoatite tlmese Al raw
materials further include, for instance, Cu, NN and C as inpurities other
than the flayegotbechprohyt palprocess of a0esihaod acicerding teyheapa rit el

el ectrochem_cal, potential difference between Al and Bi_ is in general quite
hi gh, but SPidifd catderafesifiguadelthe fegregationpiadmi@et iehiehf ace

thereof, the ionizatiqn of Al is _not advanced at all. ver, .. when the
Spont aneoll8 X5 HEErTH e EEREE =B BRentor P ERRTaP e Thi e, FRAi A8 es | &
cl ose cont A kaat NELLANI [ if 54 n..be pr t Vi pidly
due to théﬁ%tl\gnt Pgﬁbglsfnggﬁceg e'fg\r/\%lceindl't ecnﬁctalg%rp‘t hi sﬂg?a e,lr%?:‘z’?afls'_f‘ in the
as-is statigipurierieef preBedl! yndtisdanead ahar sNANOLHC 1 e Ale anistal Ahde grains
wi t hout causing any chemi cal change. Bi has a |low nelting point (271C) and
never for hemeyAdotrad-sateriahs ivtthdr inddentali igiry inatdaser eduAINfi | m can
be obtained by nelting Al and Bi in such a manner that the conposition

t her eof b@@GhTEsas UHIPWEht @S | ethekithprec dhe §pregeingnBrinciPeicereRe bet ween
t hem and thz}n ;herrrally spraying the resulting nolten material on the
surface ofl%%%$dse material accordi ng to the thermal spraying technique to

MRS W R TG ORI R R
difference between Al and Bi is in general quite high, but if
the spontaneous oxide film of Al is present on the surface
thereof, the ionization of Al is not advanced at all. However,
when the spontaneocus oxide film is once broken or removed and
Al directly comes in close contact with Bi, the ionization of
Al can be promoted very rapidly due to the potential difference
between them. At this stage, Bi is, in the as-is status thereof,
highly dispersed throughout the Al c¢rystalline grains without
causing any chemical change. Bi has a low melting point
(271°C) and never forms any solid-solution with Al.
Accordingly, a desired Al film can be obtained by melting Al
and 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 molten 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.

[0027]
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solidification. [0027] 12 The added 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 Bi never forns a stable phase along with Al and therefore, the Al Bi
interface is maintained in its high energy state and can undergo a vi gorous
reaction w th wakeradddédi Bia i RighyC@ilspeiisedl athibspdieser ahet fwl cont act
surface with water. In addition, BI as an added elenent is in a highly

di sper sedceystialilioncagdatihe €2eges thebbloes ongerfiet heetheloma hgspihayirgict i on
undergo expansion to thus generate a nmechanical action. Therefore, the
reacti on PEPSE&SEt 8Nfailhl yScBApRFELRgdAIDOrHharetatacly WelcRriteP®Rs t he
surface, due.to the nechanical tion, W thout formng_.any film_thereon and
di sper sed nthEC iﬁ?ﬁaﬁaﬁﬁd”mﬁeac?%na%&#%l el olfﬁFF‘(?nar %%}?f n

conti nuou n iyel esfls- h Y d; Leaction
boundary. i{%&%%l%ﬁlegﬁit\é}hé%i t l-gi:purl te?ooﬁé'aﬁt%]gg%%n;aﬁe%?%fgt elém)re
CONSpi CUOHS inka ike@Yh ot Phighee b rir sHEtieahdessh R rRPuevi ug n ot her
wor ds, the behavior is particularly conspicuous in the case of 4NA1 and
5NAl as campatddrnwwtiih?iAteandi8hdh. a 1OD2O rdheot et mithd yatsposplestral film
consisting essentially of the 4NAI-Bi conposite material, which is forned

t hrough t 8¢ theaontadppuyfagepriddeysteshonsn Adg tdsm vBi\ahad a@drd
solubility _thereof in wgi;ei1 vvici,hi n a npistyre-contajnin at nos hfre
be handl e§LGMERgt 24N }PEPRLYI4YSPeTFed condition and the H; gas bubbles

generated during the reaction undergo expansion to thus

but can

generate a mechanical action. Therefore, the reaction
products mainly comprising A1OOH are finely pulverized on the
surface, due to the mechanical action, without forming any £ilm
thereon and dispersed in the liquid and the reaction or the
dissolution reaction continuocusly and explosively proceeds at
the successively renewed reaction boundary.

[0028]

The higher the purity of an Al raw material, the more
conspicuous the behavior of the Al-Bi system described above
and, in other words, the behavior is particularly conspicuous
in the case of 4NAl and 5NAl as compared with 2NAl and 3NAlL.
[0029]

The thermally sprayed Al film consisting essentially of
the 4NAl-Bi composite material, which is formed through the
thermal spraying process, shows high activity and good
solubility thereof in water within a moisture-containing
atmosphere but can be handled with great difficulty. 1In
addition, the thermally sprayed Al film is less reduced in its
reactivity (dissolution) after it is subjected to the

influence of the thermal hysteresis.
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addition, the thermally sprayed Al filmis less reduced in its reactivity
(dissolution) after it is subjected to the influence of the thermal
hysteresis. 13 [0030] |If a desired amobunt of Si is added to the above
ANAI - Bi conposite material, the thermally sprayed Al filmobtained fromthe
Al conposite material is reduced in its activity and the handling of the
fil mbecomesizeasy. Contrary to this, the thermally sprayed Al filmafter it
is subjected to the influence of the thernmal hysteresis is inproved inits
activity and t A€ afdésired amosntshwivsd hisghddedl toythé abheenl4NATBiL
(activity) in an atnosphere in which noisture is present. For this reason,
the Al fiFemePedtei materdgd) e&hed thermad lynEnrayes &l thHdm rhtrined

hyst ' ti b ted._int wder by.allowing, it_t t and

for 2-3 hGaPE FASthe CTRSSIIE: MELAE 13 LabB IS o S SORPOSFYiTHAl rati o
f Bi d.Si 4 ' Al S 1

cubj ect od 15 PRRATERpLR el ST U b i dies 2N () CrRiET BRCRTE. 1S 11 om e

base mat ekhakmah 3yt LFSabhY Sitgf £HLER 13N @nPSRbecd {6 efeofnANYerd@ sture (a
vacuum at nosphere may |'i kewi se be used) in ordér to avoid the occurrence of

t he react odnthéertesmai tHysteremisstgr tmphoteé imtinespkedieity0ARd]theNow,
pref erabl e enbodi nents of the present invention will be described with
ref er ence fidmt panwahue- sbavwt Aveigh abhpbeytef dimzelulieonEAstivigy)
essentially of a 4NAl-Bi-Si, hy way, of exanple. [0032 The thernally
sprayed ARTF3R AEMOspheTienty w&lsliclpgméhsture 1s present. or this reason,

theAl filmafter it is subjected to the influence of the thermal
hysteresis may sometimes be converted into powder by allowing
it to stand for 2~3 hours in the atmospheric air, depending
on the compositicnal ratio of Bi and 8i in the film. In such
case, the Al film before the Al film subjected to the influence
of the thermal hysteresis is peeled off from the base material
is preferably stored in an atmosphere free of any moisture (a
vacuum atmosphere may likewise be used) in order to avoid the
occurrence of the reaction thereof with the moisture in the
atmosphere.

[0031]

Now, preferable embodiments of the present invention will
be described with reference to the water-reactive Al composite
material consisting essentially of a 4NAl-Bi-S8i, by way of
example.

[0032]

The thermally sprayed Al film is obtained using an
Al-Bi-Si composite material wherein Bi and Si are uniformly
dispersed in Al, according to a method which comprises the step
of forming an intended film of the composite material on the

surface of a base material to be treated in a predetermined
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Al -Bi -Si conposite material wherein Bi and Si are uniformy dispersed in
Al , according to a nmethod which conprises the step of formng an intended
filmof the conposite material on the surface of a base material to be
treated in a predeterm ned 14 atnosphere according to the thermal spraying
technique. The resulting thermally sprayed Al -Bi-Si filmconprises Bi

crystal | i gemgephage( ha¥bngiAgped i € herw@ 105ppal/i ABr eéhAnqudd MHe i n such
a state that they are highly uniformy dispersed in the A crystalline
grains. [©838]ltifige tbhergalhy tdprawdd y Adpidy-Sd Afifiml neosprisesi it ance,
produced according to the nethod detailed below. Mre specifically, the

met hod f ofryREaplapgr drrdnsofhaNendt Acparli§le pPhgedoRl Nek | MeEdHPdkes t he

steps of prepari,ng 4NALl, _Bj d Si: conbini,ng.the AL ra terial with In,
1B aroRAI AP HOR ShEbe i Fheth boe et vannt PR PR the S
present in_t ANAL), | I t ranging fromO0.25 to 0.7% by nass,
whi | e tak?ﬂgglﬁﬁt gﬁ\céﬁglgggrlgglhgng?ﬁgﬂgﬁount of Si present in the 4NAL as a
cont am nanpoigjt hus uniformy dissolve and disperse the both Bi and Si into
Al; formng the resulting uniformmxture into a formof a rod or a wire to
t hus give a natTaei &brégoindeheaimalirvaypraped 2dofeimng t fer mptfanese of a base
material, for instance, a constituent nmenber for a filmform ng chanber of
a filmfopredycegpacgoydingcito sheameibiodsdetapledeeilvw :pl ate used in the

chanber by spr%yl ng the material inits nolten state on the surface of the
base material MREEPRERYELGALEY fimBetReftnEPT Shaaprrgaratdargot; theind

s OUT L ASIE A0 PRSI G it 008 oML 2eBgs JEDSCLRLskg Ak, Ve 3
Bi and S8i; combining the Al raw material with In, in an amount
ranging from 0.8 to 1.4% by mass, and Si (inclusive of the 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 4NAl as a contaminant to thus uniformly
dissolve and disperse the both Bi and Si into Al; forming the
resulting uniform mixture into a form of a rod or a wire to
thus give a material for thermal spray; then covering the
surface of a base material, for instance, a constituent member
for a film-forming chamber of a film-forming apparatus such
as an adhesion-preventive plate used in the chamber by spraying
the material in its molten state on the surface of the base
material according to the flame-thermal spraying technique;
and subsequently quenching and solidifying the sprayed
material to thus give a base material provided thereon with
a desired water-reactive thermally sprayed Al film. The
thermally sprayed 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.

[0034]
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a desired water-reactive thermally sprayed Al film The thermally sprayed
filmthus formed is one in which Bi is present in A crystalline grains in
its highly, uniformy dispersed state, as has been described above. [0034]
15 As has been descri bed above, in the case of the thernmally sprayed Al
filmproduced using a conposite material obtained by adding a predeterm ned
amount (rangi ngsfri@endeetbdeacibéd dyov@ssh theSad®d ANt Rb-tHemyslym the
solubility, in water, of the thermally sprayed Al filmcan be controlled

wi t hout spbpyedi Ay fhbmArdduoed eisdmg posompoeidtevmateThat alohdihed
accordingly be able to prevent the thermally sprayed filmfrom the

di ssol uti &Y 9ﬁﬁiéughat REcHeberménedi ROURE (HrBILRG HFeBehi25tP the’®

t h dt I d ke t h h fil
Nor over . BY{ PARE) t Eral 13 Rprdye AYSFFlm Foe SeEyRLe ShYt - HE T uence of
thermal hygt eresiche 9 130l La e qu Sl we@oﬁ@&@l 4 hes Sbwbi 1 ty

t hereof in water I"nmpr ove I n proportionh to e I ncrease of the

added angubleekifly aMé tAe fﬂ%e@éeaﬁfy e L hedaRimenest erqqﬁ!§ wdErper at ure.
In particular, if the filmexperiences the thermal hysteresis of not |ess

than 250* Gccblrdinlgliibenakde tonwerternt ithieotipemtel 1 gisytaydd falinafwreoy it to
stand for 2 to 3 hours in the atnospheric air. In this respect, however, if
not |ess therdtssaluyiomshrengd the regddd arowinh the BD1§$1§F§ri?I‘eEI€H€Z

I Al filml | I VWh
| rer si ng LB ARRRRAR SANCoL B! & 1ok 1h ALA@ DERETHRE APPSEgont AN 1 m i
war m wat e Gty SOLIULNO WBLEL,YAPOLe Ol IRelREf PRLSELPLa AP BPmbEST

di scussed "above, ance
subjected to the influence of thermal hysteresis, the activity

thereof is increased and the solubility thereof in water is
likewise improved, in proportion to the increase of the added
amount of Si and the increase of the thermal hysteresis
temperature. In particular, if the film experiences the
thermal hysteresis of not less than 250°C, the Al film is
converted into powder simply by allowing it to stand for 2 to
3 hours in the atmospheric air. In this respect, however, if
not less than 0.8% by mass of Si is added to the Al1-Bi system,
the resulting Al filmloses its ability of dissolution in water.
[0035]

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

thermally sprayed film is completely dissolved and
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when i mersing the sanme in warm water whose tenperature is set at a
predeterm ned |l evel, the reaction of the filmwth water is initiated

i medi ately after the i mersion, which is acconpani ed by the generation of
hydrogen gas, the water is blackened as the reaction further proceeds,
finally the thermally sprayed filmis conpletely dissolved and 16

preci pi t apeectpitiatelsn@ontist Ofgiotst gdgeindandd, and Bi drRiBhNremainhe warm
water. This reaction vigorously proceeds with the increase in the

t enper at unie oifie Waemwvaater . [ (U8} redkt iboregedngus he mmeideedspwapbde | m has
been described above while taking, by way of exanple, one formed using a
materi al BBRFTEGSE Aodibiekéeperatare od §%§péa§@ébrding to the

flane-therﬁgl prayi ng techni que, but the Al filmmay |ikew se be forned
using a pd 8Py nateri al according to the flane- thermal spraying technique.

The filmmay fuysthe rgﬁgﬁﬂé@erﬂ&f%%q‘{l% tf{lﬁ.nfhﬁ%%&&nﬁt?&séﬂ@é@ ng

techni que, or theé plas prayl ng e preése I nvention, the
raw mat egirdledgafanidadialnye vy WAt 80, ekambowed ok tiendd a¥sidlg 4 he
nolten material on the surfiace of a base material, quenching andCJ

sol i di fyi ngtietd ajaheving thuedF bl ke dherimel-y kepshypd dadordimreeorheg to one
of these thermal spraying techniques, while using the known process

condi ti onFlamgosermafl sRTayling feshnigus. Bt theodd S mey 1skewi’e ed with
the foregoing water-reactive Al film as a constituent nmenber _for a

fil mfornPSg TORARSe Msddich 3 PONPSITh &G tGF I e AHINE NS 1R 1 BlaMRitter

SRS SRS S NI SO U LA R
according to the electric arc spraying technique, or the plasma
spraying technique. In the present invention, the raw
material described above is molten, followed by the spray of
themolten material on the surface of a base material, quenching
and solidifying the same to thus form a thermally sprayed £ilm,
according to one of these thermal spraying techniques, while
using the known process conditions.
[0037]

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

accordingly, the valuable metals can be recovered from the

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

provi ded themegbrmihl mAeeteRaSi Wwadhf eb@eqf the 17 filmform ng material,
with ease. [0038] In this case, used as a liquid for peeling off of the A
conposi te [DOB®]i s not any chem cal reagent, but is water such as pure
wat er, water vapor or an aqueous solution., Accordingly, it is possible to
prevent the ocdilr EBhBecaFe aisathmgge biquhd fenmagkincheifenbethedi!l a
filmform ng chanber  such as an agFeslon-preventiv | ate due to the

di ssol ut | GRTBPSARE FAlRcrs TGE ARY FReli bt a9re: il art BaRe” i s can

be reused_qv stam' ' L“‘%) 1] me as ed with
that . obsera‘\(%eﬁ“‘ilf-(?)reJa'\t%%g’caseéI‘lajﬁ’!aéﬁ|!':cr§ilr gf}%}%ﬂ“‘n% ca Séégéé{#"i :A%sed&ﬁgﬂé’uch a
l'iquid eritp%!lb@QsilB@é qQY @rev@t chenbeahrFER8E M any Aghayeedsithd he
present invention and therefore, this would result 1n the Considerable

reducti oncohsthieuenst mespbsr efiofor fiilen {Mgimingeati@ibennguch tde an

preservation of the environment. Furthernore, nost of the filmformng

mat er i al s addliesicon-preveat iverplatedvwe merihe ditgolutithmf ohei nttevanber

such as an adhesjon-preventive plate is never_ dissolved in water and

accor di ngRy, t}t’ﬁelkﬁ@scgﬁfldi YRRt i CRad uathmeRPsadvarradRe rRYFCILYRE eri al

can be recove e% I n tgﬁ fohm of gdsol ll&g hagkngia corrgosi tion and. ahshape

sub_stantigl F§71 PHEREAEALYt SPERGEESOBERPGECF oF 1 PRR £ RF nFY WM TY HbtRrial . 1n

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

metals, the use of a constituent member for a film-forming

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

rare metphevidled,uss theasGepatet tR8teBENMRIthoa Bifh!fdoidh g shanber
such as an adhesi on- preventive plate, which is 18 provi ded, on the surface

t her eof , wheh watfed weansiwd | A§ cfompde vt mateedafli wef Atheonpossdnet mat eri al
of the present invention, would permt the renoval or eelln off of the
film i nevnvgmtyoadh*e@@hdmﬁrtmié EbpsYeneent areppedingre qfhé ef§338 f or ni ng

t d t the filmf t I b
he menbeinELiOLY USRSy hY e Zteoﬁéﬁmaa@%snﬁ?ﬁié@%ﬁ ¥hiah #n%?ﬁ“' "
ermts t e I I S e S¢
gccorrpanl ggﬂn %%\éﬁﬂﬁgo%%’e%a%%&%n %%O%ﬁh oovfgf%/}?%:os canclyl]bTl duced

and the f&nb%fr%m ngllﬁﬁiﬁrb}aﬁnﬁ@}s'lhige‘éhé%aﬁbéfcﬂi/%%@rv@f|@p }hﬁy are
still in their hi gh gquality conditions. [0039] The present invention wll

now be desmatielegrapbrimonetdet aame . betloins Wi htwigd esermier & otliderd @dvemy ng
Conpar ati ve Exanples and Wbrking Exanples. (Conparative Exanple 1) The

f ol | owi ngoAl prericuapustalsmnderarpmesaledwanbiouheheingsyeetrpanizdt he

rel ati on between the Al purity, the Bi  concentrations and the solubility or
activity &Y #R¥ ‘?%"tﬂ@%ﬂﬂflqrher Fausy SRR YRECTET Vi ceRebe egdYeed hus

obtai ned vere, Liesti gated a0d comnar g, W £t 91\, F1OLIEL ¥kl G151 NG 2NAT

they are still in their high quality conditions.
[0039]

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

(Comparative Example 1)

The following Al- Bi compositions were prepared and then
inspected for the relation between the Al purity, the Bi
concentrations and the solubility or activity of the resulting
thermally sprayed films and the results thus obtained were
investigated and compared with one another, while using 2NAl
and 4NA] as the Al rawmaterials. In this connection, the added
amount of Bi is expressed in terms of that relative to the mass
(weight) of the Al raw material used.

*2NAl - 0.2% by mass (wt%) of Bi;

* 2NAl - 0.5% by mass of Bi;
* 2NAl - 1% by mass of Bi;
*4NAl - 0.2% by mass of Bi;

*4NAl - 0.5% by mass of Bi;

* 4NAl - 1% by mass of Bi.
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and 4NAl as the Al raw materials. In this connection, the added anount of
Bi is expressed in terns of that relative to the mass (weight) of the Al
raw material used. 2NAl - 0.2% by mass (W% of Bi; 2NAl1 - 0.5% by nass of
Bi; 2NAl - 1% by mass of Bi; 4NAl - 0.2% by nmass of Bi; 4NAl - 0.5% by
mass of Bi; 4NAl - 1% by mass of Bi. 19 [0040] There were conbi ned Al and
Bi with egeobaother in the rates specified above to thus uniformy dissolve
or disperse Bi in A and then each resulting blend was fornmed into a
rod-like arti Gherandetrdicomirimied 31 \wasl B vl tls eaaimothenlinf thettatasher nal
sprayi ng process. Then a thermally sprayed filmwas formed by nelting the
rod-1i ke gpeicéféegnaberente rréwﬁamrylgwr&w j Ssoddey exufipRETARIBL gint he
article o the su face o{_‘ a base

h

at mospher aé‘@grﬁ fg £8° ’éespiﬁl?m@é‘gr‘ﬁ?? ngoi:@%ﬁnzl'ﬁﬁ‘gu%}flegq}@gfﬁ ce:
C2H2- 02 9%?&1(%%2&%& YLy #é dfé{soggghea$%fﬂa9 IRQ? éc{]:eEﬁglﬁﬁ’eﬁHf‘VEd

films thu was su rea tenperature

rangi ng f eMalite @Q%e(stshe 'i"héﬂ‘ NeghifRal e sﬁraivés £ IRSPLET Eofiidq one hour
and subsequently“cooled within a furnace) 1n 'place of subjecting the film

to the inbyusmeceiaf théefaal-lﬁmet&feswep@ﬁdlbhgneuwmﬂ\b}echmymt he
filmformng process. Thereafter, the base material provided thereon with
the t her mihley resraydadf memtpcifortheo amtd clirean ttleatsnfaq® o)a dmise he sane
D oA T n 82 S M R 1P Lol b ESqLE o osD vere
i mersed fMAt§Fgal made o P gto
rod flame spraying technique (heat source: C;H;-0, gas;
temperature: about 3,000°C). Each of the thermally sprayed
films thus produced was subjected to a heat-treatment at a
temperature ranging from 0 to 400°C {the film was treated in
the atmosphere for one hour and subsequently cocled within a
furnace) in place of subjecting the film to the influence of
thermal Thysteresis possibly experienced during the
film-forming process. Thereafter, the base material provided
thereon with the thermally sprayed film prior to the
heat-treatment (0°C) and the same base material used above and
obtained after the heat-treatment each were immersed in 300
mL of pure water maintained at 80°C, followed by the
determination of the current density of each immersion liquid
to obtain the solubility of each thermally sprayed £ilm. The
results thus obtained were investigated. The results thus
obtained are plotted on Fig. 1. In Fig. 1, the heat-treatment
temperature (°C) is plotted as abscissa and the reaction
current density (mA/cm?) is plotted as ordinate.
[0041]
The data plotted on Fig. 1 clearly indicate that, when

using 2NAl as the Al raw material, the resulting Al films do
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mL of pure water maintained at 80C, followed by the determnation of the
current density of each imersion liquid to obtain the solubility of each
thermally sprayed film The results thus obtained were investigated. The
results thus obtained are plotted on Fig. 1. In Fig. 1, the heat-treatnent
tenperature (C) is plotted as abscissa and the reaction current density
(mV cn2) netpbhbivesngssord@hipiey {iMWGbHer Thehidat d fphetihgd4nalFhg.tHecl early
i ndicate that, when wusing 2NAl as the Al raw naterial, the resulting A
filns do 20 raw mgttewiady thod gesuiltyngrAlvdtidms sipweighiddicagtidndligls the Al
raw material, the resulting Al filnms show significantly high solubilities
in wat er. Sodubddiltiies, inhwrketias Bhaddidd Auchhexe: Wagepeservad sWe hi gher

t he concentrati.on of_ Bi he_higher_. the solubility, [n .water, of the
esul t1 ng SAFSRRPReP RS chE higleT GhICPREEP R ARAPRLTT P R REHCT || m
havi ng exgell ubi | j ' r d usq Al raw
mat eri al %Zl\% ﬁgﬁ'gbggw y % %réo%#\%gjg Fﬁgnnr%ﬁfP%lgicﬁsif\#%ﬁgNﬁhﬂgé%e Al raw
nmaterial, Wa@wevehd phaR! S”Ehéhnﬁ@_l?_uﬁﬁrh?éﬁ hheri1asHhving éhesBéhy sprayed
filmhas an extrenely high solubility and that the filmis converted into
powder if sodtbbidgty tin owstendcah bedip@ydudethpehen uneingean? Alo Bawours in

the atnobsphere. Accordingly, the base material provided thereon wth the
t her mal | y "aegjied havingm mwgidht af mek dfess thaa 4Meattharedsibdat48¥hbul d be

Prored | ah BLTRPRNcl et 0f B, I2! UGS (3. eum LPERe! 6
ool S BELRRLAPE SRR ks B ohih! 1)

solubilityand that the film is converted into powder if letting
it to stand at ordinary temperature over 2 to 3 hours in the
atmosphere. Accordingly, the base material provided thereon
with the thermally sprayed Al film and obtained after the
heat-treatment should be stored in an atmosphere free of any
moisture (a vacuum atmosphere may likewise be used). For this
reason, it would be necessary, from the viewpoint of the
practical applicability, that the activity (solubility)
thereof should be controlled to thus make the handling thereof
easy.
Example 1
[0042]

In view of the results obtained in Comparative Example
1, the inventors of this invention herein prepared Al-Bi-Si
compositions by incorporating Bi and Si (in a total amount
including that of Si as an impurity) into 4NAl as an Al raw
material and then prepared thermally sprayed Al films using
the resulting compositions and the resulting Al films were
inspected for the interrelation between the added amounts of

Bi and Si and the solubility or activity, in water, of the
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easy. Exanmple 1 [0042] 1In view of the results obtained in Conparative
Exanple 1, the inventors of this invention herein prepared Al -Bi-Si
conpositions by incorporating Bi and Si (in a total anmount i ncluding that
of Si as an inpurity) into 4NA1L as an Al raw nmaterial and then prepared
thermal Iy sprayed Al films using the resulting conpositions and the

resul ti ngrébuﬁthﬂg \ﬁ/ﬁé@malmﬁvp%@:tr@%ﬁorfltmﬁ | Theihalsatdtneatisren die added
anounts of Bi an and the solubility or act|V|ty, in water, of the 21

resul ti ngatidednabynspr afe®if and Slin atriel exporerssesd dm tehmms a:dije:ducmmunt s of
Bi and Si are expressed in terns of those calculated on the basis of the
mass of tRalpulasadnanethal basigNafi theogags neEstld Bl yawndatdH@ 00 ppm of
the contam nated Si); 4NAl - 1% by mass of Bi - 0.25% by nass, of Si

(i ncl udi ng 4RR1 ppAd Y MasscofitRii (Aacd@ddng 24 ppm of theCopinigiatgd - 0. 5%
by mass ots i?l (including 100 ppmof the contamnated Si); 4NAl1 - 1.4% by
mass of Bi ’0 7% by mass of Si (including 100 ppm of the contam nated Si);

ANAL - 1% %, by_ f ign u n t he
cont am na(;e ]?sf(??ﬂ"as%sg? gg t@rs‘% bfgnar%ay% %%t g%%%?‘g%]uﬂd by

conbi ni ngppAl othhandoﬁltathgathar siin ;the rate specified above, uniformy
di ssolving or dispersing Bi and Si in Al and then formng the resulting
bl end i nt o aNADd- |i1%k&yambisel ef Bitherad by spssyed Si (including 100

ppm of the contaminated Si);
*4NA1l - 1.4% by mass of Bi - 0.7% by mass of Si (including
100 ppm of the contaminated Si};
* 4NAl - 1% by mass of Bi - 0.85% by mass of 8i (including 100
ppm of the contaminated Si).
[0043]

Using a thermally sprayed material produced by combining
Al, Bi and Si together in the rate specified above, uniformly
dissolving or dispersing Bi and Si in Al and then forming the
resulting blend into a rod-like article, a thermally sprayed
film was formed by melting the rod-like article and then
thermally spraying the resulting melt of the article on the
surface of an aluminum base material in the atmosphere
according to the rod flame spraying technique (heat source:
C.H,-0, gas; temperature: about 3,000°C). Each of the
thermally sprayed films thus produced was subjected to a
heat-treatment at a temperature ranging from 0 to 350°C (the
film was treated in the atmosphere for one hour and subsequently
cooled within a furnace) in place of subjecting the same to
the influence of thermal hysteresis possibly experienced
during the film-forming process. Thereafter, the base

material provided thereon with the thermally sprayed film
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filmwas formed by nelting the rod-like article and then thermally spraying
the resulting nelt of the article on the surface of an al um num base
material in the atnosphere according to the rod flame spraying techni que
(heat source: C2H2-02 gas; tenperature: about 3,000C). Each of the
thermally sprayed filns thus produced was subjected to a heat-treatnent at
a tenper abuh 8y 89 % K HedD G et minfiC (019 ahildl Bh¥esahe e 4l ridt drfign)
at nosphere for one hour and subsequently cooled wthin a furnace) in place
of subj ectubag abeveaandt ebthhifednblftercehef Hdwr-aledtymirar eise esssd bl y
experienced during the filmformng process. Thereafter, the base nmaterial
provi ded mhteroalvafter kepehrdemading shedylezinidl hys2 emeisdis)t eachevere
heat-treatnent (0C) and the same base material , used above and obtaj ned
after thelRBSTSEAehR i Mt RE Pake Wak e Medntaingd akp’? i endiHg e t her nal
hyst er esi ch re . imersed jn 300 nL of. pur.e water i.nt ai ned at 80C,
(511 oved B, RR detEiyinaERdm £FoH he i o At B Sr R AN TRAR D! on
liquid to ' upi Li : |1 I | ng. t he
subsequen%gﬁﬁsgg%é gﬁ%gnln g?ét%%[%lslﬁla@gO{fﬂﬁés@%gth)aéir?l%&axe%géyggu ts thus
obt ai ned ahg H&oELREeeiehitdinvest Igdt Pon &f théedralcd tRab BYHa iry@er at ure
CC) is plotted as abscissa and the reaction current density (md cnR) as
or di nat e. Thé0#daulfhetibas colpt died ame Pplptt2dleamiyg.i 2di cameFidat2 t he
addition of a predeterm ned anount (0.25 to 0.7% by mass) of Si pernmits the
control otheneeafettxaaymemt tempegatarendr@s 1s Ph@tg@@tﬁﬁ pbsgispatdnd
thermal |y Fs_‘gra ed Al filmfree of ang’ heat - ¢ eatrrenﬁ.vxh{':lle the filmis in
Yorf tng

the condit nl{eﬁgf:igf‘t EMTTERE ASPRAL &feof 3By°t Brmal spraying
t echni qQUe.[5044]

The data plotted on Fig. 2 clearly indicate that the
addition of a predetermined amount (0.25 to 0.7% by mass) of
Si permits the control of the activity and, in other words,
the solubility of the thermally sprayed Al film free of any
heat-treatment while the film is in the condition just after
the formation thereof by the thermal spraying technique.
Accordingly, the dissolution of the thermally sprayed Al film
through the reaction thereof with the moisture present in the
atmosphere can be prevented with certainty. Moreover, there
is observed such a tendency that, in the case of the thermally
sprayed Al film obtained after subjecting it to the
heat-treatment, the activity thereof is increased and the
solubility thereof is likewise improved, in proportion to the
increase of the added Si content and the increase of the
heat-treatment temperature, but if Si is incorporated into the
material for producing the Al film in an amount of 0.85% by
mass, the resulting Al filmnever shows any solubility inwater.
In this connection, however, it was found that if a thermally

sprayed Al film is produced using a material to which Si is
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Accordingly, the dissolution of the thermally sprayed Al film through the
reaction thereof wth the noisture present in the atnosphere can be
prevented with certainty. Mdreover, there is observed such a tendency that,
in the case of the thermally sprayed Al filmobtained after subjecting it
to the heat-treatnent, the activity thereof is increased and the

sol ubi I'i t yghbar eaf anS dridif SEaddIHPVEEom | 0. PEOREN bi. 9”8 by WR&s | HHeLase of
the added Si content and the increase of the heat-treatnent terrperature

but if Sithermatdypemtssdd nAd fham reiarh ahakobegrodsbhectd® Ab fa Imin an
amount of 0.85% Dby nmass, the resulting Al filmnever shows any solubility
in wat er . heah-thestwenhext 268, Chvmwwoarerite dibrt ¢ pawderhyhenfald awigianal | y
sprayed A, filmis produced using a naterial to which Si is 23 added in an
anount rahbi h§ FFGWOOYSrtB 5°7% ByurgsdD the AtREFRAFEF-sprayed Al film

whi ch has ﬁggg subjected to a heat-treatnent at 250C is converted into
powder Wné I]ovm' ng it to stand over 2 to 3 hours in the atnosphere.

[0045] In casgy o%agge tfhﬁ%gaﬂ: iRl )elg%ﬂparéc?!ﬂ prﬂh'W&gP%cli}% B - Bi - Si

conposite material, the thermally spr iIm sho a tendency
that the galabikily] idoniRisdtd maBlliall§dtle thditialREEpRagedeABEMeN the
heat -treat ment tenperature exceeds 350C. [0046] It was found that when
i mer si ngshowswaumhwat drentamtyai tieak  @lhe 89@1ubhkibgse‘nnwa$leiraliscmﬁm ed with
a thermally sprayed Al filmhaving a good solubility in water and obt ai ned
after th&eAYFEdoi nPWeatiNGRaRIRIt VYRR r WBED| o DS AT 14TRAGMSNE water is

initiated |m"rg(%g%¥_1%|e eg&ggagtggo Eqmrsmn which is

[0046]

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 generation of hydrogen gas, the
water is blackened 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
ig firmly adhered to the base material due to the reaction with
water, and the film begins to be peeled off from the base
material with dissolution. Thus, it can be said that the Al
composite material of the present invention is certainly
water-reactive,

Example 2
[0047]

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
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acconpani ed by the vigorous generation of hydrogen gas, the water is

bl ackened as the reaction further proceeds because of the presence of, for
i nstance, deposited Bi, finally the thermally sprayed film cannot maintain
the state such that it is firmy adhered to the base nmaterial due to the
reaction with water, and the filmbegins to be peeled off fromthe base
material with dissolution. Thus, it can be said that the Al conposite

materi al thlﬁé'ﬁmﬁ%*%ﬁralf&?rfti'lﬁln(E§1ﬁ%1ﬁf&]€&ké{ss!ﬂ’5§cﬁ1ah‘}‘a€f'ﬁ’t€e 4Rganpl e 2
[0047] Platinum (Pt) fil'mformng operations were repeated over 30 cycles
usi ng a spullkebiynmgaappaf aBils- pd 0v% dey madd ah Sihdhegpamredriayaamel el at e
whose surface had been covered with 24 a thermally sprayed film(film

t hi cknessl awd4fenvthehadbppion-preypptinssphitgite whisd phenisLidm S
prepared in Exanple and_then the adhesjqgn-preventive plate to which the
Pt film had blé%%‘ad?fé?%’@%é‘aﬁ SQ§§éﬁﬁPQ@&)PFioanﬂ‘€ SRt t SRS E3hr at us

and treate ] ter | ntai ned at_80' C_. a.r I £, 0t f ound
o AR WS LR D B G BN g 41 M Tl
m nutes apd LBah ¢t her 3Eher&iidd | et Fhel EnReRhEHyOLbbRRM thaAm ig _
adhesi on-preventive plate, as shown in Fig. 3. Thus, Pt as the filmformng
materi al eempleeasiyl VikeoleeadyariathirAtaddits 30 agénutéswasd ftoiand dhwt A100H
is precipitated in the warmwater. Industrial Applicability [0048] If
coating, widhhred AllmidfinPtohsimste e of fi iromwahe radtescitdn-@Everdnipssi t e
material according tqQ the present , ,
plate, as shown 1n Fig. 3. Thus, Pt as the film-forming
material could easily be recovered. At this stage, it was

found that AlOOH is precipitated in the warm water.

Industrial Applicability
[0048]

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 vacuum 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 film-forming process,
to the surface of such a constituent member for a film-forming
chamber can be peeled off therefrom in a moisture-containing
atmosphere and can easily be recovered. Therefore, the
present invention can be used in the fields in which these film-
forming apparatuses are employed, for instance, in the
technical fields related to semiconductor elements and
electronics-related machinery and tools for the purpose of

increasing the number of reuse times of the constituent members
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invention, the surface of constituent nenbers for a filmform ng chanber of
a vacuum filmform ng apparatus, which 1is used in formng athin filmof a
metal or a netal compound according to the sputtering technique, the vacuum
deposition technique, the ion-plating technique and the CVD techni que, the
filminevitably adhered, during the filmformng process, to the surface of
such a cofgr AuiimMBFBRIng Whatnbidy Bl &1 NE- f SIS appir i spaageds of f
therefromin a noisture-containing atnosphere and can easily be recovered.
Ther ef or e reddorerimgsehe fiinrerfidomi mgpmaberiusgd whii ¢lheohitelids valwhbté t hese
film form ng _apparatuses are enployed, for instance, in the technical
fields rem@téd -0 sem conductor el ements and el ectronics-related nmachinery
and tools for the purpose of increasing the nunber of reuse tines of the
constituent nmenbers 25 for a filmformng chanber of a filmformng
apparatus and of recovering the filmformng materials which contains

val uable netals. 26 Wiat is clainmed is: 1. A water-reactive A conposite
material conprising 4NAI  or 5NAI, as an Al raw material, which contains, on
the basis of the anount of Al, added Bi in an anount ranging from0.8 to
1.4% by mass and Si, including the Si as an inpurity of the Al raw
material, in a total amount ranging fromO0.25 to 0.7% by mass. 2. A nethod
for the production of a water-reactive Al film conprising the steps of
melting a material conprising 4NAI or 5NAI, as an Al raw material, which
contains, on the basis of the anount of the Al raw material, added Bi in an
anount rangi ng
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fromO0.8 to 1.41 by mass and Si, including the Si as an inpurity of the Al
raw material, in a total amount ranging from0.25 to 0.71 by mass in such a
manner that the resulting nmaterial has a uniformconposition; thermally
spraying the nolten material on the surface of a base material; and then
solidifying the sprayed nolten material through quenching to thus forma
filmthergrar $s S1¥@hed-1s8active Al filmconsisting essentially of the

wat er-reactive Al conposite nmaterial as set forth in claiml. 4. A
constituent nembeatkerraaticimef Al ntogpohhdanatdérbal fadmpifiosimqgNgIpar at us
characterized in that it is provided thereon with a water-reactive Al film
consi sti ngreS¥Aht jaf |an Adf rawwaRELTiadct Whéchl cenppbRst éDIPrBFtI'Eﬁ ikAsiss set

forth in claim 1 or -rea ve, Al film prepared a,ccor tothe
met hod aSfskherapewnt © nV\% i %é Eﬂ‘le”b(ﬁ%ta}“i) “g

o 3 b 0050 B P M TS5
Al raw material, in a total amount ranging from 0.25 to 0.7%
by mass.

2. A method for the production of a water-reactive Al film
comprising the steps of melting a material comprising 4NAI or
ENAI, as an Al raw material, which contains, on the basis of
the amount of the A1 rawmaterial, added Bi in an amount ranging
from 0.8 to 1.4% by mass and Si, including the Si as an impurity
of the Al raw material, in a total amount ranging from 0.25
to 0.7% by mass in such a manner that the resulting material
has a uniform composition; thermally spraying the molten
material on the surface of a base material; and then solidifying
the sprayed molten material through quenching to thus form a
film thereon.

3. A water-reactive Al film consisting essentially of the
water-reactive Al composite material asg set forth in claim 1.
4, A constituent member for a film-forming chamber of a
film-forming apparatus characterized in that it is provided
thereon with a water-reactive Al film consisting essentially
of a water-reactive Al composite material as set forth in claim
1 or a water-reactive Al £film prepared according to the method
as set forth in claim 2.

5. The constituent member for a film-forming chamber as set
forth in claim 4, wherein the constituent member is an

adhesion-preventive plate, a shutter or a mask.
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