SPECI FI CATION Titte 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 ¢qQn %ituent menber for a filmformng
chanber and in particular to a FICAIIOYe Al conposite materi al
whi ch contains added Si and added Si; a water-reactive A film
consisting essentially of this water-reactive Al conposite material;

a nmethod feicidgrpnedticiditicaf: tidSeARdddtTveaidoam é hueatiaenber
for a filmformng chanber, which is covered with this Al film
Backgr oundWater {lB8Q%]ive Al Film, Process for the Production of the Al

Film, and Constituent Member for Film-Forming Chamber

Technical Fleld
[0001]

The present invention relates to a water-reactive Al
compogite material, a water-reactive Al film, a process for
the production of the Al £ilm 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 f£ilm
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



In a filmform ng apparatus for formng a thin filmaccording to, for
i nstance, the sputtering technique, the vacuum deposition technique,

the ion-plating technique, or the CVD technique, a filmof a netal or
a nmetal conpound, as a filmformng nmaterial, is inevitably adhered

to a constituent nenber for a filmform ng chanber, which is

iti dwithin the filmf ' tus, dur]j the filmf '
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, the washing thereof to renmove the filmadhered thereto, the
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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 valuable metal such as Al, Mo, Co, W, Pd,
Nd, In, Ti, Re, Ta, Au, Pt, Se and Aqg, as a film-forming material,

there has been desired for the establishment of a processing



techni que for the recovery of netals which are adhered to the
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 opnent of a technique for naking the nenbers reusable.

[ 0005] For instance, in the case of the adhesion-preventive
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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 uses the hydrogen
embrittlement by the action of, for instance, hydrogen
peroxide and even the peeling method which makes use of the
electrolysis thereof. In this case, when implementing the
treatment for peeling off of the deposit, the adhesion-
preventive plate is damaged in a treating liquid in no small
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.

f0006]

In this respect, however, if the concentration of the



[ 0007] In the foregoing treatnent with an agent, not only the
cost for the agent per se is high, but also the cost required for the
post-treatnent of the used |liquid containing such an agent is high
and further the occurrence of any environnental pollution should be
prevented. For this reason, there has been desired for the reduction
of the anmount of the foregoing agent to be used as | ow as possi bl e.
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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.

[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



Pat ent Docunent [0009] Patent* Docunent 1: JP-A-2005-256063 (d ains).
Di scl osure of the Invention Problens That the Invention is to Sol ve

[ 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 A
conposite material containing added Bi and added §j, which can be
made sol ubPE thr BRERT THRAGIEEE | Bh WFIWRRHTS PAter it stavdngonitiithi ng
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into substances soluble or ac¢tive in water; peeling off and
separating the film adhered to the Al film, during the film-
forming process, through the reaction and/or dissclution of
the Al film; and then recovering the valuable metals included
in the film-forming material present in the adhered f£ilm thus
peeled off (see, for instance, Patent Document 1 specified
below). 1In this respect, the water-reactive Al composite

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

combination of In and Sn or an alloy thereof.

Prior Art Literature
Patent Document
[0009]

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

Disclosure of the Invention
Problems That the Invention i1a 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
S8i, which can be made soluble through the reaction with water
in a moisture-containing atmosphere; an Al £ilm essentially
consisting of this Al composite material; a method for the
production of guch an Al film; and a constituent member for

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



Means for the solution of the Problens [0011] Thus, the

wat er-reactive Al conposite material of the present invention

conpri ses 4NAI or 513Al which contains added El in an anmount ranging
fromO0.8 to 1.4% by nmass; and added Si and Si as a contam nant of Al
in a total anmount ranging fromO0.25 to 0. 7% by mass, on the basis of
t he amount of Al. [0012] If the Al conposite material has such
a conposition, the Al filmprepared fromthis material can easily

react wt Mo | - cont.gi_ni sphere with the
generat i onm%@{yfﬁrgg&gﬁngggﬁg%‘gnt% @é’gtﬂ}%}%t&ﬁgr oducts can thus be
di ssol ved [guvgter. [0013]

Thus, the water-reactive Al composite material of the
present invention comprises 4NAI or SNAI which contains added
Bi in an amount ranging from 0.8 to 1.4% by mass; and added
S8i and 8i as a contaminant of Al in a total amount ranging from
0.25 to 0.7% by mass, on the basis of the amount of Al.
[0012]

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

[oo13]

If the amount of the added Bi is less than 0.8% by mass,
the reactivity of the resulting Al film 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 £ilm may react with the moisture
present in the atmospheric air. Moreover, if the total amount
of 8i 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



If the anbunt of the added Bi is |éss than 0.8% by mass, the
reactivity of the resulting Al filmwith water is reduced, while if
the anobunt of the added Bi is higher than 1.4% by nass, the
reactivity of the resulting Al filmw th water becones considerably
high and the Al filmmy react with the noisture present in the
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and then solidifying the same through quenching to thus forman Al
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i ncl udi ng tfhat gf % e S% s.contam nant, to be added to the nmateri al
pr ef er abl y *F8Ag8s°t 1o 4btyom655% by mass. [0015] The

wat er - r eactigygsfl filmaccording to the present invention is
characteri zed Inthat it consists essentially of the foregoing

wat er-reacti ve #heceoapesiteadedesriml. 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 pregent 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



[ 0016] The constituent nmenber for a filmform ng chanber of a
filmform ng apparatus according to the present invention is
characterized in that the constituent nenber is provided, on the
surface, with the foregoing water-reactive Al film [0017] The
constituent nmenber for a filmformng chanber according to the
present invention is further characterized in that the constituent

menber is BAF SAESFOATRFEGEHIT 1% BICREET IG5 SHIRY et GRTaPRedISS Bt s
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process while lowering the cost of production. Mreover, the Al film

thermal hysteresis phenomenon as a result of the film-forming
process carried out at a temperature ranging from about 300
to 350C and further 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 prccess) .
[00189]

This Al film can undergo a reaction with water in the
presence of moisture and can effectively be dissclved in water
while generating hydrogen gas. Accordingly, the following
effects can be achieved by the Al composite film of the present
invention: If the film-forming operation is carried out using
a £ilm-forming apparatus provided with constituent members for
a £ilm-forming champer (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 adhesicon-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



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 thermal hysteresis phenonenon as a
result of the filmform ng process carried out at a tenperature
rangi ng from about 300 to 350t and further the presence of a desired
amount of Si incorporated therein would permt the control of the
activity IHERST &3] GBMEPty thereof before it experiences a thermal
hyst eresi s phenomenon (or during the filmform ng process) . [0019]
This Al filmcan undergo a reaction with water in the presence of

noi sture afh SADHeRLIEpLLYR! ¥E DSrdliRf ved in water while generating
hydr ogen gas. Accordingly, the follow ng effects can be achi eved by

the Al conmposditle filmof the present invention: If the filmformng
operation is carried out using a filmform ng apparatus provided with
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nent i oned above can thus be reused over an increased nunber of
times. Al film prepared in EBExample 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 £ilm 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 f£ilm-forming chamber and which are coated with the Al £ilm
of the present invention, is also subjected to the influence
of repeated thermal hysteresis. Accordingly, it would be
necessary that the film, at the time of the film-formation

through the thermal spraying technique before the film is



Brief Description of Draw ngs [0021] Fi'g. 1 is a graph show ng
the rel ation between the heat-treatnent tenperature (Sc) and the
reaction current density (mdcnR), which is observed for the
thermally sprayed Al filmprepared in Conparative Exanple 1.

Fig. 2 is a graph showing the relation between the heat- treatrrent

tenperature (C t he reaction current densit whi ch
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Carrying out the Invention [0022]

thereto during the film-forming process should have such a
solubility (or activity) that the Al film can easily be peeled
off from the base material along with the adhered film and
further should be stable, even after the Al £ilm is influenced
by the thermal hysteresis experienced in the film-forming
Process.

[0023]

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 sufficient, 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.
[6024]

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



When producing a thin filmin a filmform ng apparatus according to a
variety of filmform ng techniques such as the sputtering technique,
the interior of the filmform ng chanber is subjected to the

i nfluence of repeated thermal hysteresis. For this reason, the
surface of the constituent nenbers such as an adhesi on-preventive
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it would be sufficient, fromthe practical” standpoint, that 'the Al
filmhas réastswit 3 sslidbivater (@ndcsovity) thytitheral éilmevaneadiey it

is subjected to the influence of the thernal thtere,sis up tao the
range of t e Pefped Rtk £120 HBAt PAFR IS loR1PRS Wighdihe adhered

{ eTPer kg F SR et HE PLEL RIS L LT SRRt
certainly heegahlShyethras sMelkbehecgxph aimetebel om FoFe rid petkakk,
[0024] 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 £ilm 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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The foregoing solubility or activity of the Al conposite filmof the
present invention is evaluated on the basis of the current density
(in the present invention, also referred to as "reaction current
density (mA/cnR)") as determ ned by i mrersing a base material covered
with the Al filmin marn1mater mai nt ai ned at a predeterm ned

then dot or BHAPTEF G CEPIeRt GEnBY 107 SoPHNBLI ARETSHINe (Ko hd. ke
det er i nat uggeir%ﬁla% /0E o6, COPRLERSALARCELTRS (o lebet LA 1O

the loss in or eac afte t he

i mer si on bb@na@fme{titchﬁ tecdtiigig (LB Qe?f'ébatﬂei’h c@rheriguey Whech
result into the current density value while taking into

consi der at mekesfuge pﬁsithamd:empehetwsm fdatféeaeaaewe&wnsbhgls’@@ﬁidan@e
i mrersion tine aI the sane in e treatin . It_.can_be_sa

that the ALLFRE ;ﬂ}?\ﬁe@eduPﬂBr WEPH1EY %‘F% ‘?I?I m i TS P&BP?P“
ttached t | gf t
attache '?%ﬁ%ﬁat tlr%@i}e%i {.1‘1 R QR %@Eﬂﬁ?sﬁ}é‘ﬁﬁié%h&é@ﬁgh&' y

(or activi m can easi e peeled off fromthe base
mat eri al akaagewl Fravh@asdhts Bl ffuﬂtme@vesﬁbmdeer folreidbtdndan icn, Ni
subj ected to the influence of thernal hystere5|s experienced in the
filmforn rgdpf ceeddpusdtieniden hbancdm iforegai ngier HeHdialy opss .

det erm ned %%ﬁg dlng to this nethod is not |less than 50 mA/ cn®.

[ 0025] [ present invention will hereunder be described with

reference to the,f oW NoR£Magdi 8RNt $he eledtRobhemitali [POtential
consisting essentially of the water-reactive Al conposite nateri al

accordi ng ta fithkeepcedemtivdenvehtaroh BiBis iin begétyl Lqut@rhighdlmmenfed
or distributed within the Al matrix and accordingly, the Al film can
easi |y readhenwSPRNhRBRAUSY PHiGe £idH Sfufd- ESPESFRHg It FSpR¥TEa8hch

as vater, WaLeLoyangy, oL, AL AIYeQHS SOl HEL O ANdCAS, Aa [ £SUloyelb Can

t hus be nm Pible “or Vel n € present

invention amed thaw S@ﬁ:ahlaé{@ M iRle EQnmll@baeée@r&m@rhﬁeM@d and
purities of 4N (99.99% and 5N (99.999% and each of them can be

obt ai ned byilf ditderly coaeenin avlosk conraxtt erithlBhathegieni zat jpuy pfy

and prepar %SL an g%r%m%%terdowlr 123'; %a E lcl?%ue to the potential difference
between them. At this stage, Bi is, inthe as-is status thereof,
highly dispersed throughout the Al crystalline grains without
causing any chemical change. Bi has a low melting point
{271°C) and never forms any solid-solution with Aal.
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 A1 film, as a result of the
solidification of the deposited molten material through
guenching as well as the compressive effect of the

solidification.

[0027]
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such as 2N (99% Al or 3N (99.9% Al according to the three |ayer

el ectrolytic process or a nethod according to the parti al
solidification technique (the segregation techni que) which makes use
of the tenperature difference between the solid and |iquid phases
upon the solidification. The principal inpurities present in the 4NAl
and 5NAl include Fe d.Si ,and the Al _.raw materials further

i nclude, for i n'gtﬁ%negae@lj,BlNilsaﬁﬂl%%Xs HRRFL IS S RaRgR a%k{enef"l

f or egoi ng Warel L0 ] s Binesyshe

el ectroche%ggﬁégﬁsit%ér)ﬁﬁgﬁngi erté)nglelebae?%})e&n%%d Hé% hBi isl iglﬁr%gﬁnegr{al
qui te hi ghprbygéss faride tspenhangeasnaxiide thel srofe Aln ivmiphesentonss t he
surface thereof, the ionization of Al is not advanced at all.

However, wherditectspontaneotisloilde The added dhic aeyeskEeres & ehabbel

d Al di tl in.cl t wwth Bi , _the.iaqni ' f Al
2an be proRGREH SLTS8 ARIUIAL GBS EBSERESHRL crtis AL/ AT ERLE"S8t hben

them At thi Bl sl S gl z | u i
di sper sed F‘h?ggéﬂ%? ltﬁ hle&,%lhllg ?y%{%q%’isﬁ{éébég?%séﬁ :&E‘(E)lg'? E‘Tga%g?%gi‘%%?/

chem cal chaageioBividas vatkew:TEhin 0 mpakBliré 2ddaanithgnatensphens
any solid-solution with Al. Accordingly, a desired Al filmcan be
obt ai ned bytrdia Cepta¢t sud LBreiwi thuedter maAnaddiffdon, L asibafidedn

th f b i f, whi .aki .th i di ff
e ol DecomenyL Lo IS dal e o scol L deng o dh L hcos°
material ogehBe suEf B6EiAL %hga%a'ﬁiclti%ﬂ aln R dfhiQ dnhecd henasl

sprayi ng téchnique to thus give an Im as a result of the
solidificaenaratet ke dlephanied makteon it eTheate fidrequgtheueeabihgnas
wel | as the conpressive effect of the solidification. [0027111

The added Bropy¥chsgiAiyly epeprisinchpdbaghiare £heely reilysrared R §Rai ns

due to the action of the thermal sprayin r ocess it i ,

mai nt ai ned S!uﬁtftaﬁg’ S u§tteD FFﬁe E@ﬁnﬁgaiéﬁéﬁoﬁn hd ﬁ:?lggt%nfgoofrﬁlé{gtsaw tfﬁlt&l .
The added @!he%&ﬁrarfl@_rdﬁﬁspﬁgr%fe@bhﬁ Qﬂésﬁcﬁlﬁ_‘ﬁn&' the Areaitth drheretgee,
the AIl El interface is maintained in its high energy state and can

under go a viigsrdusioeaekictnoniddnbiaenshytaridesp hosstaliyeproreedshiahg
at nosphere at the contact surface with water. In addition, Bi as an
added el endhe F?CFﬁsﬁl‘ﬁ?Jg\ﬁlV%%F@éﬂt&%o@‘?‘fr&%f%d the H2 gas

bubbl es ge roéta?d during the reaction undergo expansion to thus
generate a nechani cal action. Therefore, the reaction products mainly

conpri sing Al OOmhar Righee! yhepuwayzed an hberswrh@ce;iaye the wbee
mechani cal action, without formng any filmthereon and dispersed in
t he |i qui d congpiRecneadis dehevioneoflitdeohUtBbsvisdLnt encEbrRd RPOYS| y

and expl osive]y,proceeds at th uccessively renewed reaction
boundary. [0261R OCRes MaiEity GRETOTIAY S £ yPABT LN LAF ¥ A IRLLEPHP,
the nore coRSRheUOMSe 1€ ARBRANHQ 5101 BRE-AhsHed X3 LB ARS CAdPagAaboOve
and, in other words, the behavior Is particularly conspicuous in the
case of 4NADboamd S5NAL as conpared with 2NA1 and 3NA1 . [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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The thermally sprayed Al filmconsisting essentially of “the 4NAl-B
conposite material, which is fornmed through the thermal spraying
process, shows high activity and good solubility thereof in water
Wi t hin a noi sture-containing at nosphere but can be handled with great
difficulty. In addition, the thermally sprayed Al filmis |ess
reduced in_its reactivity (dissolution) after it is subjected to the
i nfl uence 6#0%He t her mal hysteresis. [0030] If a desired

amount of Si i d ve -4NAL- Bi i i the
thermal ly spr aile%%AﬁgFﬁﬁ?ﬁﬁﬁdgﬁﬁegffér\@]rﬁ$ gagﬁpfg%r#pk%y Ee)%ra%g]i al is
reduced i ncbrh%omé idryrdad, t BRe h@m@mm&ofs agetl AM betensst Lol
Contrary to this, the thermally sprayed ilmafter it is subjected
to the inffuvenddeohl tdmmpdsdteamatgssiadr ési sedwddrpnoiviet activisy and
activity and the filmcan_ thus show a high ability of dissolutiaon
(activity) ™4 héﬂ‘d&tli‘f*gs‘bﬁ Ehlwlﬂea?‘“ﬁﬁi e F@n\éF%EErﬁo. tgbr”*ft 5

reason, th i bt A j£C . Latl :tgn,_p

t her mal hy%%%gsillﬁ nééég%c}r%%ifgg%@e%o%gg?%ggsggggagg ergﬁﬁi%‘%ﬁm ng
it to stangffidie 2hérhQuns dthreBesaidagpherea Bl itsdePenditigans e
conpositional ratio of Bi and Si in the film In such case, the A

fil m bef or &ilhecant HhiusneliowWj @chiah edyilhsyi of | deRed usflonhdéachey hy)
hysteresis,is peeled off fromthe hase material is preferably stored
in an at moipRS 2EReRIGE b?\)?’gcr’rﬁpéttcl}rsé;u(‘:g ABEESE A moEphRe \Vaaabal

li kewi se b@ﬂ&%@tdﬁilin[‘aﬂéjxeﬁtti% %@ie%tfe @Eﬁ&rif-‘gg%%m% JeMehd ﬁlﬁgg\lﬁhﬁﬂ

thereof with the noisture int at nosphere.

pr ef er abl enhgsbeth s nd vodortda maiselse Rionhvay-e 8l1 it pbidde estl bhhiy
with reference to the water-reactive Al conposite material consisting
essenti al | Jtofo #tAes] £pir- 83 gungyinothexampdsphqUe32jir, depending

on the compositional ratio of Bi and Si 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 inventionwill
be described with reference to the water-reactive Al composite
material consisting essentially of a 4NAl-Bi-8i, by way of
example.

[0032]

The thermally sprayed Al film is obtained using an
Al-Bi-Si composite material wherein Bi and 8i 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

14



The thermally sprayed Al filmis obtained using an Al -Bi-Sit conposite
material wherein Bi and Si are uniformy dispersed in A, according
to a nethod which conprises the step of formng an intended fil m of
the conposite material on the surface of a base material to be
treated in a predetermi ned atnosphere according to the thermnal
spraying technique. The resulting thermally sprayed Al -El-Si film
conpri ses BFMRIBRALS PLRETHIRS 1S gﬁﬁvfrl?@“@lp&??ﬁkﬂ-%g diefAndaugot T e

than 10 n i C h i ghly i f .dispessed
in the Al SeStEif (EusbE ol "Rpskipd UESLRY Yokl MheRtHS
sprayed Al cf{dtBIBSind raliAst FELinPrLHdced 2 CH i NF hott Reraetigad
det ai |l ed bel ow. More specifically, the nmethod for the

pr epar at i oho gim)t 1re stikbrarak b ye gheayede Ak réiHighdgmomi Sasnliyhéi spepsedf
preparing 4NAL , Bi and Si; conbining the Al raw material with In, in
an amount LRNgFhPF (GHSEad 1B 19884MF- nass, and Si (inclusive of the
Si present bé}ﬁﬁe 4ANAl) in a total amount ranging fromO0.25 to 0.7%
by nmass, \M[n € taking into consideration the anount of Si present in

the 4NAL1 as a oM &BB38ind @hkbrs]l Wisbeaybd i 5504 Ve, afeh dhspaise, the
both Bi and Si into Al; formng the resulting uniformmxture into a

form of a poddered amigeediogt hosthe viee tharthtdertiadleflobet trer mal  spray;
t hen covering the surfacge,of_a base materjial, for instance, a

constituent merf¥® FEPCATIFRHY ofheietdshber Wi REPPRRR FARThPhgtRe
P ayi ng t B raf L BpRe ER a TG LR PR B DS e B L Y

spraying t mat er i1ts no ate on c ase

material agcQmd BY ; t@rdigihlgaBe tAheram materani ngh 412 ahni fhiein ancuint
subsequently quenching and solidifying the sprayed material to thus
gi ve a bastangirg ifalomppo¥itded . thdreomswi t and Hedinedupsveol shet$ve

(heral |y SREtes £ ot Ty d W IBLLy spraved (1an s, fotted, o

uniformy ¢i §pegsaghsd alhi18ScMRend et Je3HEL REMA ARAY & nd ARddht 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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As has been described above, in the case of the thermally sprayed Al
filmproduced using a conposite material obtained by adding a
predeterm ned amount (ranging fromO0.25 to 0.7% by mass) of Si to an
Al -Bi system the solubility, in water, of the thermally sprayed Al
filmcan be controlled wi t hout subjecting the Al filmto any
post-treatnment. be a v.ent

thermal |y sprayed | I m T %{rg%ggﬁ%%é sggol ati ong%‘%r%a%eﬁg?h‘%ﬁr ié%@fm%lnlm th
the noi st ugerdrasent £i nthoRIGERISEEEHE 20em B‘sﬁt@@t\&ﬂbﬁ'a&ooﬁ%ﬁlédle
handling of the filmeasier. Mreover, if the thermally sprayed Al
filmis subyadchdag @ Pplredehé oiomsd anbmheﬂnahgiuy@tfercasloszﬁ he 0.7%
activity thereof | s i ncreased_and, the sol ubili t%lthereof in water is

li kewi se i Rpreassd, 9 nshr‘%ﬁ)@rnt pdnBE cXHEM nEREaS WL ke adBe¥ Hount
of S and &Pe}:}li?ncre f the Qgrﬂfllt%{%?tggn & co @%ﬁ%ﬁrﬁ%tﬂ@ut

particul ar xp r| nces her'ma eresrs o

less than 280fectfify Aihéuiin fﬁncoweaﬁledpégﬁ&ree%ehtm nphys byould
allowing it to stand for 2 to 3 hours in the atnospheric air. In this
respect, hevevedingly hetallesto franedr3hdyhamsal bf srayeddddediront he
Al -Bi system the resulting Al filmloses its ability, of dissolution

in water. Fbeﬁ]ssolutwn\méﬁusm@%r%%w Bash %fé?ﬂr%lfr%eo%?%%m th
the thermaky DL aﬁgpgzlér%a & Li gﬂgem/agfg ggképgfefvhaﬂdmir oV EROT

on the basé I scusse ove I nstance, when

i mrer si ng EhemSeaPidn, WRbFevté Ll WhasR teEpPRABLYI S PRlatian is
predeterm ned level, the reaction of the filmwth water is initiated
i mredi at el 9u1aﬂeeteca he thengnéleenceni dthergadcoyalrussd® byhe petivity
generation

t.h t ck d h t
AP S S S VL e ARSI S A R
di ssol Ved 30de Qge%ﬁéo%as ﬁ?%&bﬁ&kﬁ@oﬂfto tRe ﬂdate%eeof@he Shaand

Si remain in the warm water Is reaction vigorously proceeds with
t he increaamcuntt b tEMMAIdL thie Ohcidesavadper thpO@Refmal hystéhesis
foregoing thermally sprayed film has been described above while

t aki ng, by tmyeﬁ-ﬁt%rrpl & pastigwkasg usf ngha Aater eXPeRaonNARSs athe
rod-like or wire:l shape accordi o the flane-th ayi, ng
L ochni due. CHEEMRRePAFEETS Rt T en RS BOAPORRDA CasithG Lpondt 45
material ageaidirngatihtidgoliarts AR TBl SOIAKINGT:t achRiaus. tdhe £6l m
may further be fornmed according to the electric arc spraying

t echni que, 3ohothe ipl abee spEre@pengcteichni quethis relseeptesemqever, if
invention, the raw material described above is nolten, fol]owed by

the spray &Pt heSHidhedn0 ndk & Brse Pt fid Suedded 0 téi‘eb%EeB%‘réﬁ’éFFEr
quenchi ng %gg S ﬂﬁ?f%ﬂglgg i+ Q H{IUS ¢ &%f’hﬁ? ﬁEE@éA yn%\%%g;rzed

film according to on erma Sprayi ng ni ques,
usi ng the kmewsjprocess conditions.

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

thermally sprayed film is completely dissolved and
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[ 0037] If using a base material, whose surface is covered with
the foregoing water-reactive Al film as a constituent nenber for a
filmformng 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 of the filmformng material inevjtably adhered.to the .
ot rt uenPTRERBLIATa5 COnPE Prtb Py AP AATb R AR e ) APIE: EBR IR

of ffrom t g GANGLEK YRRL,TeeN: ALLEL: SG16APDLEL] ORabelbSitn the

filmform ng process carried out over a prédeter er of tines

or cycles andrass®rii nHe/ tembpervalivabde 4mi alakegan be recovered from
the peeled Al filmprovided thereon with the deposited film of the
filmform ng0Rdterial, with ease. [0038] In this case, used as

l'iquid f | i ff of the A ite filmi t 1 cal
eagent . bt | SO eSRARS I APBPaY S i s B ARCSEUSOhe
agent. but | s Wt SH-eRREAat p t
R o A s g T A

as an adhemh@erpsehantinge pbat eikeort witdal ikessphpd aedoptiihtiad ahé er
in the liquid and these constituent nenbers can be reused over a
subst ant i aflgmg nehesral spuabEng sechngade ., dutcddmpal &d ln nay Lhkevwise

observed for the case jn which chemical reagent._.is used. ,as_such a
" au 0 For SheEPRRET WEHEbVbbovsity v, RBHFEAFL r Sttt thotbBe SR e ¢ he
present inygation o hiqhBi S MRUEd 1 pestl t flftHdle be formed
consi der abl e reduct’ or#lgfg ?fﬁg cég? required for%'he pose{}?t feea?ﬁ{eﬁ?]t
and in theapresdingtiodrheélédier Enure apregting Rwchhéguer er tisplagma he

filmformng materials adhered to the constituent nenbers for a
filmform S§raHanBer-eshBRIES - an HHhEBE oRXEEERENtINVENSILRNe (D heTRY

di ssol ved in. wate nd _accardingly, th resgnt. i nventi u an
advant age PRSP réa_?‘rac?eesrciré'l e%aﬁb%ee r'éco Zur:grd’ i]ﬁorbtl_r?ewerdgg% %t?e %%28% %P
having a cemRasilitedmandia15hapte sukEhaBldrd bisé darkireal , pehbasty
observed for the filmformng material. In addition, the present

i nventi on ehdvwolsidhf yangatheaatngda tiats formentlyetneel Inespraysd €ddn, can

be dramatically reduced, but al so tPleFlﬁrocess t.o be used for tge
recovery c@vREALNAPET R8O SRS SPAFHRE SPTRYAE IV R FRRIAHIS mitfe i fal s

can be rec%‘é‘%ﬁdtﬁgcﬁﬁwgﬂo‘%ets@ecBEﬁEE%né.”VE”ti on. For instance, if
the filmformng materra are expensive netals such as precious
netal s and pang]netals, the use of a constituent nenber for a
filmform ng chanber such as an adhesi on-preventive plate, which is
If using a base material, whose surface is covered with
the foregoing water-reactive Al £ilm, as a constituent member
for a film-forming chamber such as an adhesion-preventive
plate or a shutter which is positioned within the £ilm-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 f£ilm provided thereon with the deposited £ilm of the
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provi ded, on the surface thereof, with a filmconsisting of the

wat er-reactive Al conposite material of the present invention, would
permt the renoval or peeling off of the filminevitably adhered to
the constituent menber during the filmform ng operations and
consisting of the filmformng material, sinply by imersing the
menber in water or spraying.,water vapor on the sane. This in turn
permts th&ltBeER D Maseddrdusvhel 83358 nd rare netal s without being
acconpani eg(}?#?ny contam nation. Thus, the recovery cost can be
reduced an efilmformng material can |ikew se be recovered while

they are still i {Hhe EaBbghigtidabbty 1q?@§idtf@f1§;ee(199@9éff of theTAE
present invention will now be described in nore detail belowwth

ref erence tompbeifelfidw hg nodnpay atfiens cBlanpigentan Hutdos & ivad eExanph es.
(Conpar ative Exanple 1) The followi ng Al - Bj conpositipns. were
prepared affl RREWIRIHERERE YBPOY RE ILRILEIUF BRl WekIF t hECEPTRLRFTY),

the Bi conggnisaii.ans, and, the SaLublid i teAclion Ly ofaddife CasEhd 1 N0

thermal |y Spray s an € resu S obtai ne

i nvest i gat ednandc o anefbay t foPng @ndhhesyrmidy | enardld ANAL andadNAL
as the Al raw materials. In this connection, the added anobunt of Bi

i s expressedheaioerpeewinttivatplateadieda the déspadytioriofHthe datteae A
;r:\évs mg]'E erB: ?ln tﬂ'?ee(hqu%c%]hd- tgégg@cgﬁsg?ggeégw rr{[e %frsBcl.a;m b%NrAélus-edobécoe/% by
a substantially increased number of times, as compared with
that observed for the case in which a chemical reagent is used
as such a liquid for peeling. Moreover, any chemical reagent
is not used in the 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 gubstantially 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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2NA1 - 1% by mass of 4NA1l - 0.2% by mass of Bi; 4NAlL - 0.5% by nmass -
of Bi; 4NAl - Ik by mass of Bi. [0040] There were conbi ned Al
and Bi with each other in the rates specified above to thus uniformy
di ssolve or disperse Bi in Al and then each resulting bl end was
formed into a rod-like article and this article was used as a
material for the thermal spraying process. Then a thernally sprayed
filmwas fBFAEtE®Y AR EhRgSHRERFO NG tar FERe2 Adt ﬁ&ﬁstlﬁéftﬁalﬁ
spraying t r i of .t Lecle surd o] e
mat eri al rrg g ?%%Fu?ng%g%‘?% %%er&g{“%%%%r gggg%grg%ii lréﬁgf ?‘%% h r?%%?é

fl ane sprayh@gnt £60N wdUed ({8 tSOME GRMoCa 10 Re82Sng IHIPEE &lhél £11m
about 3, 000C) . Each of the thermally sprayed filns thus produced

was subj ectirgvicahliheatheredt tentthat conshiieeatumentaryidrimontite t o
400C (the filmwas treated in the atnosphere for one hour and

subsequent Fy1BobPEM N (MeFE1IPRENERE) CORS LW S L5 LALMAGOTRERT i | m
SapsEduen. C ) ; . . .
the 111 mr BHEREERE, StRB1Ty THALERERL SHORBRBLY (HASELE WP Eptib LA

t hereon wi hbtéhev&%@ g lches paay ed THilsMipar tQfn tPetdia hedle- reeataent
(00 and the sanme base material used above and obtained after the
heat - t r eat mnprecichiaveesal amard ed rennSOOL srivishopurke ing eccoupani¢dhed

at 80C, followed by the deferm nation of the current deni{t\r/ f each
Crmers) on PYGUT CPBTBBLARKI e 2BRTLI1H% FOEPVERKIFasherRa RS, Fepnas

F LM he BEAUAS el Biocobt Al N0 ces & | 000k 0RE £ peThE SRS ant fuis

obt ai ned are plotte Firg 1, eat -t reat nent
t enper at ur eheyGiré Sstpilot tied the i abREHE Squalict t wnideaébhen current

density (mA/cer} is plotted as ordinate.
[0039

The present invention will now be described inmore 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 4NAl 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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[ 0041] The data plotted on Fig. 1 clearly indicate that, when
using 2NAl as the Al raw material, the resulting Al filns do not
show any solubility in water, while if using 4NA1 as the Al raw
material, the resulting Al filnms show significantly high solubilities
in water. In addition, there was observed such a tendency that the

hi gher the concentration of Si, the higher the solubility, in water,
of the restP¥4%g Al film Thus, it was found that a thermally sprayed

Al film having et %%ggghiﬁlyawtsﬁgﬁh EABRR O Go YORlL

using an Al raw naterra aving a puri not less t

usi ng 4NAlggscihedapbaw fatafustlini POWRVLIdi diicakleesd @ildpeaseuBld imat
the resulting thermally sprayed filmhas an extrenely high solubility
and that tht 4nd mhben eemberéesdl i HPendewasf Ldxned rigitiot at sodt btk at
ordi nary teggerature aqver to.3 hours jn the atnps

2 her e.
Accor di ngl §TE4RES BREE-Het BFF4F LDMETi the BRdt BBhenith SR REPRENY
sprayed A gékg@n@%%e%?“e%@éﬁ | t&l@?‘m@&%&éé{;ﬁ%&é@ ¥ 150k £ BPmed

stored in ere free any nol st acuum at nosphere nmay

li kewi se bayUf€Thing fdle tBAES1IRAHidlle wadl thée dIRGeBIAkYsphapiag he
Vi ewpoi nt o? the practical applicability, that the activity
(sol ubi | it ghet hesebfinhmdld loé ¢cbat avtiele ton tthes swkacehefhanbasag

t her eof easy. Ex le, 1 (0042), . ln view of the results obtai ned
1 Conpar aPkbEr EALBAGE T & HENL APoPRe ASEbeE Rt ET i e £ Fhe
pr epar ed -Bi -Si onggf' i NS i p LN I--and Sk (¢ ot a
anount | n?h?gi nfg% at ég&gstgﬁh#%i 33)@an%§%ch%\1 a(?l{énbzgl eéri%{/v
materi al amdmpbeatpreparaitt Repoalty. smpaahedf Abhé i trmmadilpgsphayed
resulting conpositions and the resulting Al filnms were inspected for

t he interréﬁémﬁoﬁh%%tEERQFQﬂdbW@@d@dbéﬁﬁﬁﬁ@stQﬁaEﬁe%%ﬂ§ISﬁt§ﬁHttﬁE a

sol ubi 1 tyt%[np%%g{:t\{:!:é yfaﬂgr}_n\ga Fom {)()f1l:ot QSO’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 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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resulting thermally sprayed film In this connection, the added
anounts of Bi and Si are expressed in terns of those cal cul ated on
the basis of the nass of the Al raw material. s4NAlL - 1% by mass of

Bi (including 90 ppmof the contam nated Si); ANAL - 1% by nmass of

Bi - 0.251 by mass of Si (including 90 ppmof the contam nated Si)
N S o P QPR O S (419 b g A Bt
o S B oo e ML s o
[ 0043] solubilities in water. In addition, there was observed such
a tendency that the higher the concentration of Bi, the higher
the solubility, in water, of the resulting Al film. Thus, it
was found that a thermally sprayed Al film having excellent
solubility in water can be produced when using an Al raw
material having a purity of not less than 4N. When using 4NAl
as the Al raw material, however, problems arise such that the
resulting thermally sprayed film has an extremely high
solubility and that the £ilm 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 likewisge 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 Rl-Bi-sSi
compositions by incorporating Bi and S8i (in a total amount
including that of 8i 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

21
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Using a thermally sprayed material produced by conmbining A, Bi and
Si together in the rate specified above, uniformy dissolving or
dispersing Bi and Si in Al and then formng the resulting blend into
a rod-like article, a thermally sprayed filmwas forned by nelting
the rod-like article and then thermally spraying t he resulting mel t
of the article on the surface of an a e materi a

at nospher et &ebrdihd gyrﬁBr?Y%ﬂekuﬁﬁayl éghﬁPaﬁ%c +ﬁﬂﬂ e
sour ce: t b c t

thermal |y sp?%%eg % Fﬁﬁ%ﬁﬁgg %&gdﬁge was subjecteg @e?@s S those
heat -t r eat sENéu Bt IRIMRRE abalE Bs I @hRgmbEe ) the 350Cait Retétian was
treated in the atnosphere for one hour and subsequently cooled within
a furnace) i4¥pll ades bf ey eftHin@itbbudiane 90opimhe £itifd centemibfiated
thermal hysteresis possibly experienced during the filmformng
process. Tﬁe}eafter the base material provided thereon with the
thermally sp ed I RO (0 ane
base naterré#ﬁ§3ed£%bgbe andégb alnngS?fgéng%gnﬁ 1té%§ ﬂﬁlb& i
base naterpph of titie XPREMEAGLEG the; t her mal hysteresrs) each were
imrersed in 300 nL of pure water maintained at 80C, followed by the
det er mi nat i*o¥MA3f -t hé ymaest ofiedisi-t P . 6% Bactassmoér 31 ofindlgdidgt boo

obtain the_solupility of each_the |1y sprayed filmand the
subsequentPPWV%Et?QEﬂ?QﬂF%WF“PEEQ égﬁfts t hus obtained. The results

thus obt ai ne%]%;e R %tgge ed g -8, '?h;gb};heaéé‘%r{‘%ﬁt ({hEFLARNG

t enperature isplo scrssa and reaction current
density (mAbonBpmast it m@h@amhﬁﬁﬁé¢ Si}; The data plotted on Fig.
2 clearly indicate that the addition of a predeterm ned amount (0.25
to 0.7% by ‘nt¥s) -ol% iy pesmaa"e Bihe CoMfiY by wiss led 86t {iAalynding, 196

ot her words, th ol ubi 1.it t.h hermal |y sprayed Al filmfree of
any heat - tpggtﬁgnfh%WN?Q§%ﬁ4 FnSF “in the condition just after the
formati on tjagegpf by the thernal sprayi ng techni que. Accordingly, the
di ssolution of the thermally sprayed Al filmthrough the reaction
thereof with thésing st therquiseaprayed hstatrﬁraimrerdelcedrbjbe:opbe‘nénged
with certalnty Mor eover, there is_observed such tendenié that, in

the case oPlyhdi @msr fhibcpedhezy iy the PRt SRRCHTIEE 2PTYS ferhing
it to the *?ﬁ Lo &Ifﬁﬁ%&ﬁhﬁ &AQFS% Ipdi EX therneol i5.d PRER t %@dthée

solubility t ereo se | rove In proportion to

i ncrease ofrekhetadgashcvia @ﬁebemtro@nqlkbeai—wmse theti€lly sprayed
heat-treatment tenperature, but if Si is incorporated into the

mat eri al f &dlpr sdgcifiogmede bX meltingn the aﬁ@unekefa@t$§@@b§nﬁa§§enthe
resultlng f|| never sho upi |t

omnbet i o et LY e e Fean bt Lt i et BErEht AL SIAEPE] | m
i's produce%uﬁaeg %Mﬁrhghmiﬂur\i‘h'b% S'maeesnaqddﬁ@ tﬂearat%egﬂgm

ranging fromO0.25 to 0. 7% by nass e thermally sprayed Al fi'lm
whi ch has leewardtihgecs athd eod biane tswaiyient tathRbfGe i heaonwented :
into powder when allowing it to stand over 2 to 3 hours in the
atnnsphere(th(b 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 cone 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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[ 0045] In case of the thermally sprayed Al film produced from
an Al -El-Si conposite material, the thermally sprayed Al film shows
such a tendency that the solubility in water is not reduced, but

i ncreases even when the heat-treatnent tenperature exceeds 350C

[ 0046] It was found that when inmersing, in warm water

mai nt ai ned at 80C, the base material covered with a thernallg sprayed
Al film haBFHeF £b6be Beatdfinaatyens (Rt @k aasd tBBt Ao dasrt BREYREAL

foregoing heat-treatnent, .the reaction of the filmwth r J4S
i ¢ atod FRARAVATE bt (BTRES, RRETEI I KA R IEEbnLaaT iRty
the vi gor oyse gener akreep ShdMdne9ay A thbAfa MahAk cirss Db AEkenefe AS
the reaction further proceeds becalse of the présence of, for

i nst ance, depessé@dnEl o fnaklputdeathermaidtaisedayed d’id, mMEohhowedd

mai ntain the state such that it is firmy adhered to the base |
materi al db¥ & SReerainatinn Gft thesiErenipnHE Y PE Rty RBeT B ¢l

P o 3 S VRSB PRttt & B8R (Y B
certai nly wahehe §@¢dddRntExar®dE AtiRAd the resultlsdhidiBbiFined.
filmform ng operations were repedated over 30 cycles using a
sputteringThepeatlts phosi dietthindd aae ptlbesedrorpiFégenti vanpFage hose
surface had been covered with ,
the heat~treatment temperature {(°C) is plotted as abscissa and
the reaction current density (mA/cm®) as ordinate.
[0044]
The data plotted on Fig. 2 clearly indicate that the
addition of a predetermined amount (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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a thermally sprayed film (filmthickness: 200arn) of the 4NAl - 1% by
mass of Si - 0.5% by mass of Si prepared in Exanple 1 and then the
adhesi on-preventive plate to which the Pt film had been adhered was
di sassenbl ed fromthe sputtering apparatus and treated with warm
water maintained at 80C. As a result, it was found that the thermally

sprayed filmis conpletely dissolved wthin_ about 20 m nutes and that
t he adher e¥3989 A faIPARUN ARG inGf TrPBnPt Re 5BhBsT HrPHhrBYeTn i

pl ate, as in, Fi Thusc. thetil mfaorm ri.al
could easiﬁgg’gﬁe]alrl co%aéfﬁd #tﬁ%s s?gﬁéﬁ Ptggvv?ge?‘o?n tegltgaAlt%Ojis
preci pi t at gght N A ndRMBVAEEF ¢ INEstddtld fRPd pedlekivher] 80¥8)ing

If coating, with an Al filmconsisting of the water-reactive Al
conposi t e iratesislaraccoedi Bgtoo3 t heuyps dservhel atopepbaret he surface of
constituent nmenbers for a filmform ng chanber of a vacuum
filmformn h§C%Pbaratus, which is used in forning a thin filmof a

o deaon t 1 ip, CHERONRC L RECOREIND 110 pOGYBRUAL BTIO o BAIBLAEr o e

vacuum deposi tion ni que, g teéechniqu

t echni que, gh e -fHil-gi aedaleymadber £0, tder ¢ Ngridg f isﬂfsza}fréti AILNEL Im
process, to the surface of such a constituent nenber for a
filmform agoehasheh zaremderpaeltddtofihet Fedabidptinin water is not

noi st ur e- cont ai ni ng at nosphere and can easily be. recqvered.
Ther ef or e, rF%t’éc?ﬁieseWEti RS HIE T arf V5 ué"é’(ﬁ’% n%lhl‘?e CEFASTFATIRT Ch

t hese fil %%g?%%%%ﬁ%ﬁgegsaﬁe.enpl oyed, for instance, in the

t echni cal to sem conductor el ements and
el ectroni cgooebpt ed machinery and tools for the purpose of increasing
t he nunber of reuse tinmes of the constituent nmenbers for a
filmform ng chiwbes fsfungd thathwhen tingrappar 4nUa@nhdaber padpveined
the filmf g{__msggclnngheer ib%lsse %@E‘:grpig nc;[o%irenrsedvevli ﬁb'la ethneezzm%tlliy sprayed
Al film having a good solubility in water and obtained after
the foregoing heat-treatment, the reaction of the film with
water ig 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 ingtance, 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 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,
Exanple 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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What is clainmed is: 1. A water-reactive Al conposite nateria
conprising 4NAI or 5NAI, as an Al raw material, which contains, on
the basis of the ambunt of A, added Bi in an anpunt ranging fromO.8
to 1.4% by mass and Si, including the Si as an inpurity of the Al raw
material, in a total anobunt ranging fromO0.25 to 0.7% by nass. 2. A
met hod for the production of a water-reactive Al filn1conprising t he
steps of nelting a_material_conprising 4NAI or S5NAI

i or UGBSV Y S5h FERE. bR B CERes gL Bl sy Al
material, added Bnka 89 DU Sag) ROSLIOM 8 Brlddal%h e s And

Si, |nclud|ng as an inpurity terla In-a

total anouptadd@nBenGHd aghls 2&1119:&;9}9@1% PRSSe it shﬁ:bha;limnﬂehhhat
the resulting material has a uniform conposition; thermally spraying
the nol t enhadt deieal adheted swabacéisisseuided nfreni gihe afButkRILNG

oAb BT LS BT D
f h
cosemt) a1 4 ofable vl iod gty <l BUBTSLLGTR Copelyes £oky

filmform sgmppepediat Uk sraveeat aiched hBotbaRoi hihsces oam@lednamemwn
wth a water-reactive Al filmconsisting essentially of a

wat er - r eacaferad f@émﬂ@%ll’ctelﬁm@rhe&ll ofE Ixem the @dhiesiongprrYentive
mater-react ve Al fil re d accordj to_t he et forth
i SEL RS g Rt e Pl Phbe ST e 2
set forth poc-clalind M%ra%'l% %@ EQBé%éié@nt Arfe@a% 58288, it was

adhesi on- preventive p utter or a mask
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 f£ilm 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 canbe 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 tcools for the purpose of

increasing the number of reuse times of the constituent members
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for a film-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 4NAT
or 5NAI, as an Al raw material, which contains, on the basis
of the amount of Al, added Bi in an amount ranging from 0.8
to 1.4% by mass and Si, including the 8i as an impurity cof the
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
ENATI, as an Al raw material, which contains, on the basis of
the amount of the Al raw material, 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 basematerial; and then soclidifying
the sprayed molten material through gquenching to thus form a
film thereon.

3. A water-reactive Al film consisting essentially of the
water-reactive Al composite material as set forth in 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 f£ilm 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 c¢laim 2.

5. The constituent member for a film-forming chamber as set
forth in claim 4, wherein the constituent member 1is an

adhesion-preventive plate, a shutter or a mask.
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