“SPECI FI CATION Title of the Invention: Water-Reactive Al 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 constituent nenber for a filmformng
chanber and in particular to a WS FIEALIPY e Al conposite materi al
whi ch contains added In and added Si; a water-reactive A film
consisting essentially of this water-reactive Al conposite material;

a nethod fof{t1defhedtitidn¥loal: ik e AlRdaldtAealdodm d Maeatiqenber
for a filmformng chanber, which is covered with this Al film
Backgr oundWarer{R¥@@2live Al Film, Process for the Production of the Al

Film, and Constituent Member for Film-Forming Chamber

Technical Field
[0001]

The present invention relates to a water-reactive Al
composite material, a water-reactive Al film, a process for
the production of the Al film and a constituent member for a
film-forming chamber and in particular to a water-reactive Al
composite material which containg added In and added S5i; 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-foxrming chamber, which is covered with this Al f£ilm.

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 technigue, 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 £ilm-forming chamber, there
can be listed, for instance, an adhesion-preventive plate for

inhibiting the adhesion of any £ilm on the inner portions of



In"a filmform ng apparatus for forming 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 fora filmformng chanber, which is

positioned within the filmform ng%agggratus during the filmformng
r
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formng such a filmonly on the desired area on the substrate and a
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constituent nmenbers for a filmformng chanber is thickened in
proporti onrépeatedlenged afterhthewehiongl tafntheffitlncadhd¢rad bherago.
process. SLfCh an adhered filmis peeled off, in the form of
particles, (PPB# t he constituent nembers for a filmforning chamber
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result in the formation of a filmhaving various defects. For this
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subsequent reuse_ thereof. [0004%. When usi ng a val uabl e net al
such as Al acggnrulztedy ipd, thg, Fhlm TithreughTathey remeatse apbaghahs a
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accordingly result in the formation of a £ilm having various
defects. For this reason, it is the common practice that the
constituent members for a film-forming chamber are subjected
to the following cycle, at regular intervals; the removal or
dismantlement thereof from the film-forming apparatus at a
stage in which the adhered film is not yet peeled off, the
washing thereof to remove the film adhered thereto, the
subjection therecf 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 andAg, as a film-forming material,

there has been desired for the establishment of a processing



techni que for the recovery of netals which do not take part in the
formation of the filmthereof on the surface of a substrate and are
adhered to the constituent nenbers other than the substrate and for
t he devel opnment of a techni que for maki ng the nenbers reusable.

[ 0005] For instance, in the case of the adhesion-preventive

pl ate used faor jnhibiting t he adhesign of any filmformng material
onto, for FoEETRE PReCRANERCURTY OF PRE2EF|YRES FohgohppaFatRRF tand
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peeling off of this deposit_include, for instance, the sandbl asting

t echni que, thadnelerd: €RUSEPL8chni que whi ch makes use of an acid or an
al kali and s peel i ng techni que which uses the hydrogen

enbrittlenén the action of, for instance, hydrogen peroxide and

even the peel i nghareidiadiide chpakRs Lse ff e el@riiehyskevihereof .

In this case, when inplenenting the treatnment for peeling off of the
deposit, theaeelhesidrfqr endibivéngl the ddhadmaged anyafilvaforming
liquid in no small quantities and therefore, the adhesi on- Preventive
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present conditions.

deposit include, for instance, the sandblasting technique, the
wet etching technique which makes use of an acid or an alkali
and the peeling technique which wuses the hydrogen
embrittlement by the action of, for instance, hydrogen
peroxide and even the peeling method which makes use of the
electrolysis thereof. In this case, when implementing the
treatment for peeling off of the deposit, the adhesion-
preventive plate is damaged in a treating liquid in no small
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 cf a film-peeling
technigque which can reduce the cccurrence of any damage of the
adhesion-preventive plate as low as possible.

[0006]

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 foregoin qﬁent 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 £ilm consisting



Pat ent Document [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 In and added Si, which can be
made sol ubP® tehr HagAr theaelekied | 43 vemPaditer materkdl stgvandon$dEhi ng
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into substances soluble or active in water; peeling off and
separating the film adhered to the Al film, during the film-
forming process, through the reaction and/or dissolution of
the Al film; and then recovering the valuable metals included
in the film-forming material present in the adhered film thus
peeled off (see, for instance, Patent Document 1 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
[0008]

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

Disclosure of the Invention
Problems That the Invention is to Solve
[o010]

Accordingly, it is an object, in a broad sense, of the
present invention to solve the foregoing problems associated
with the conventional techniques and more specifically to
provide an Al composite material containing added In and added
$i, 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

wat er-reactive Al conposite material of the present invention

conpri ses 4NAI or 5NAlI which contains added In in an anount rangi ng
from2 to 5% by mass; and added Si and Si as a contami nant of Al in a
total amount ranging fromO0.04 to 0.6% by mass and preferably 0.04 to
0.2% by mass, on the basis of the amobunt of Al. [0012] If the
Al conposite material has such a conposition, the A film prepared

01 5t ur o~ CRFASA A3y SHAmBHEN &R P 4 FRoBHEmR: | on of hydrogen gas
and can thy§opﬁ di ssolved in water. [0013]

Thus, the water-reactive Al composite material of the
present invention comprises 4NAI or 5NAT which contains added
In in an amount ranging from 2 to 5% by mass; and added Si and
Si as a contaminant of Al in a total amount ranging from 0.04
to 0.6% by mass and preferably 0.04 to 0.2% by mass, on the
basis of the amount of Al.

[0012]

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

[0013]

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

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

according to the present invention comprises the steps of



I f the anbunt of the added In is less than 2% by nass, the reactivity
of the resulting Al filmwth water is reduced, while if the anount
of the added In is higher than 5% by nass, the reactivity of the
resulting Al filmw th water becones considerably high and the Al
filmmay sonetines react with the noisture present in the atnospheric
air. Mreover, if the total amount of Si is less than 0.04% by nass,

t he ef f ectm@itithta Flatieggatheonpheting t4NAF orheNpEsurvbial aPntaing
with water_is inpaired, if the total amunt of _Si. exceeds 0.2%
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product i on™EERPDd, thee alwbnRt AF Si, iReluding that oif t heesiSigas

o 0. 296 by HEES gDzege be adopiET kB biicaufn F e r b Bl 1 ¢ o

the presenpy ppventd o s, ghakacterized in that it consists
essentially of the foredoing water-reactive Al conposite material.
[0016] [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.

[oC1E]

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



The constituent nmentfer for a filmform ng chanber of a filmformng
apparatus according to the present invention is characterized in that
the constituent nmenber is provided, on the surface, wth the
foregoing water-reactive Al film [0017] The constituent nenber
for a filmform ng chanber according to the present invention is
further characterized in that the constituent nenber is an
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essent | al 1101 RECGAPErTLABETVY KroBBRBEth T hee BV ESl BTGP (o

the has such characteristic properties that it can be dissolved
in water through the reaction with water in a moisture-
containing atmosphere, even after the film experiences a
thermal hysteresis phenomenon as a result of the film-forming
process carried out at a temperature ranging from about 300
to 350 C and further the presence of a desired amount of Si
incorporated therein would permit the contxrol of the activity
and/or solubility thereof before it experiences a thermal
hysteresis phenomencn {or during the film-forming process).
[0019]

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

be reused over an increased number of times.



present invention can €asily be produced by a sinple process while
| owering the cost of production. Mreover, the Al filmhas such
characteristic properties that it can be dissolved in water through
the reaction with water in a noi sture-containing atnosphere, even
after the fil mexperiences a thermal hysteresis phenonenon as a
result of the filmformng process carried out at a tenperature
rangi ng from about 300 to 350'C and further the presence of a desired
anount of Si, i rpor.ated therein wuld permt the control of the
activity aﬁﬁ%%?ccg?ﬁo%ﬂttﬁ‘f’? ?ﬁe B3 ore it experiences a thernal
hyst er esi syphggmonenon (or during the filmformng process) . [0019]
This Al fiFm can undergo a reaction with water in the presence of
noi sture and capiceef fecibval yrhaehdi Ssolingd tihe wedlert win |lestgeseer atheng
hydrogen gas. Accordingly, the follow ng effects can be achi eved by
the Al conpeattlergatimands towregpsyent ( Werbnthe f Tedet 391 nFrEFeRhg
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with the water-reactive Al filmof the present invention, the

i nevi t abl yiadbensd-dtivea Exaspiei hg essentially of the filmformng

materi al and adhered to the surface of, for instance, an
adhesi on- preventiSe I afe adFiany tIROWINgm TR nF PRt R_EYeaT pehe
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const i t uenhlnEivecist aiared Fuosn bberZdusied Soveymrars iitechabesich Inprdparad
times. Brief_Description of Drawi ngs [ 0020] Fig. 1 is a graph
showi ng t héTr EXafPHh Joet ween the heat-treatnent tenperature (C) and
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thermal |y sprayed Al rom-t n conposite nmaterr al

prepared i BuCeapaicE i 1 sEBxmid:€ all. providedtBerdon widhOtepRhehasil ng
the rel ation between the heat-treatnment tenperature (C) and the

reacti on capreyedddndiip grevaned) invixanpleslobduiched sf br theepeeled
thermal |y sgra ed Al filmobtained fromthe Al-1n-Si conposite
mat eri al  pP&REFed in Exanple I.

Mode for Carrying out the Invention
[0021]

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 film-forming chamber and which are coated with the Al film
of the present invention, is aiso subjected to the influence
of repeated thermal hysteresis. Accordingly, it would be

necessary that the f£ilm, at the time of the film-formation



Fig. 3 is a photograph showing the filmadhered to the surface of a
base material provided thereon with the thermally sprayed Al film
prepared in Exanple 1, which is in the peeled state. Mde for
Carrying out the Invention [0021] When producing a thin filmin
a filmformng apparatus according to a variety of filmformng

t echni ques such as the sputtering techniqgue ter| the
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menmber s such as an adhesi on-preventive plate, which are positioned

wi t hin theodly rBtfa®ie, nEuﬁhﬂrE&EEaaa?dtMMI@ e moaited samehtime, Alhd il m
of the present invention, is also subjected to the influence of
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have such a solubility (or activity) that the Al filmcan easily be
peel ed of f f¥¥uhen Bhobad denatablel exromftdn hhe e iherisdinflyenari
further shoul d be _stable, even after the Al filmi mflgen ed by the
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I nvention,” such requirenent for t e solubility or activity would
suf ficientty the paeseit etdveh0022) such requirement for the solubility
or activity would sufficiently be satisfied.
[0022]

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

[0023]

The foregoing solubility or activity of the Al composite

10



The upper limt of the thermal hysteresis tenperature within the
foregoing filmformng chanber is on the order of about 300 to 350C
when the filmis formed according to, for instance, the sputtering

t echni que, the vacuum deposition technique, the ion-plating technique
or the CVD technique. Therefore, it would in general be sufficient,
fromthe practical standpoint, that the Al filmhas reactivity with
wat er evenfirin ef the presabl dgtvedtiont b evaflnabad ©rothe R sisephdihe
hysteresis up t t enper at ure of 300C and it woul d be nore su'%gble
that the APTESTH GEBFEFpl{R (RS PEREETY| 19 T MarerOcter HTbr g ho
Al filmexperi . t he I egd te t RSl
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certainly be satisfied, as will be explained below nore in detail.
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f th [ ti [ | uat ed th [ f . the, t
Gensi by (1 Po1fe FROGRESEAPER Fonco of &b Perert SherodaEowhBiAT rhe

y (i FS R CTRVSHLTon Ot S Pertty o e
NI o e SR R e S e

t enper at ur ge{lied s the ¥Rt Cohpr1S6E +hrds el ef aaity rifining t0eQo=mnd
then determning the current density of the immersion liquid. This
det er ni nat iBnvgeghbd obsevned WAPEh eaghpsiagpd et e forepansd et nihe ng

the loss ip_weight served, f each sanpl.e before.and after the
mer o1 on' RECEGION AORREOEr W PRoLTPat it A RO GHva FPREet TP
result intpplhg opn ?Lﬂttodgﬁé'éxyrf@'ltu%e%ﬂ:? 124D GHiN O taking into
consideration, tor 1nstance, the surface afea of the sanple and the
i mrer si on toneiddrdthensaferi ingtwndd eahienguktaoe cardd ofahhbesseple

that the Al filmprovided thereon with adhered filminevitably
attached tABEt® dUmerLAhE1NEI9R thEWae pRocs §rRakingdiaid. It

solubility (or actiyi hat, ; t Al _fil easl | e, peel ed. of
From the b3e8 tasatd Kbk AN hevaid EReToPh e RR T o
filmis subjegteship dthachBll teacs Sfaiegmehe hﬁ/ﬂnermﬁngx?%ewed
inthe filmform ng process, so long as the reaction current density
as det er m hed sagihoa giodgbtidithi(ernettiodi tyd bkt lthesAt ahnSGmedshy

[ 0024] The_ present_ invention will hereunder be described with
reference P8 PRRledIafdnifxgreiBodidasnhimgterial along with the adhered

film even after the Al film is subjected to the influence of
thermal hysteresis experienced in the film-forming process,
80 long as the reaction current density as determined according
to this method is not less than 50 mA/cm®.

[0024]

The present invention will hereunder be described with
reference to the following embodiments.
[0025]

In the Al film consisting essentially of the water-
reactive Al composite material according to the present
invention, In is highly uniformly dispersed or distributed
within the Al matrix and accordingly, the Al film can easily

react with water within a meisture-containing atmosphere such
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[ 0025] In the Al filmconsisting essentially of the

wat er-reactive Al conposite material according to the present
invention, In is highly uniformy dispersed or distributed within the
Al matrix and accordingly, the Al filmcan easily react with water

Wi thin a noisture-containing atnosphere such as water, water vapor
or an aqueous solution and as a result, it can thus be nmade sol ubl e
or active dsnwaste; . walsabivepbn thenpagsetns isMLultPBrans aal aregpult,

materials are, for instance, those havin urities of 4N.(99,99% and
5N (99, 096t CARCIBIE ReGTaih SMLERRS R B5EAVRAd BITFEr t HEARFel® TS an

Al raw material_. hayj ur.i . ed ; ct iC
process sdth ae tzﬁl%%&);o%yg@ %11#‘1%5’%%3&? &%\Ipcﬂ%dc g?%iltﬁ%%ta gl"‘tg he&gﬁ?)rézae

| ayer el ecd0lng barRE9e8SsE N X oebhed argosdi Y .oskheapardddt of
solidification technique (the segregation technique) which makes use
of the tenpemtcamebdi fhea bmat Hyetfwethet hereadt ing &md AL Gaw dngirriad
upon the solidification. The principal ippurities Er eient in the 4NAL
and SNAL | FRY AT aFLOH RITSC YRG0 (RESETAC Yyl e SCRFO LY b€ HEFOCESS

i ncl ude, f I , NI s'rpj_ﬁi i ef .t

f or egoi ng %é?%%%gﬁcg%g% ‘T%IOQZIS?% ?99'9% n théedcﬁi%-ﬁtrrlﬁs;gtgﬁn? %kﬂ%e

el ectrochepd ¢ epoterd il i dhibesanee sbnéteanadboddihd toithel pageiey al
quite high, but if the spontaneous oxide filmof Al iIs present on the

surface t heokibdifidat iconiteehhbguef (Fie i segrsigatdeanéedhaiqag) which

However, when the spontaneous oxide filmis once broken or renove
and Al di r@mﬁ/%n& Hhe EERREr G FIRT TS PELHESR ] S 5PLAA B A

can be prog{p%&isi?\éggs{a%p: 1311} ﬁ%t t ot hes patential di fy reﬁlfg% Jeen

them At t e as-1s status thereof,

di spersed ijhperDiiss prBeeAt Gf yakadfANendr SWAS wdlhdet Feausi By any
chem cal change. In has a |ow nelting point (157C) and never forns
any sol i d- sbese iFdnramtmagrisdescdndrhgr includesi £08 MsHNCH, can- PE
obtained b lting Al_and In_in_such manner that the conposition
t her eof be%’(}a:gg aﬁ’n?'i"%‘rlﬂ’r Elé)t%lﬁﬁi ﬁ(}f‘&}lh@ g?r?ﬁ(él%ﬁﬁlpflgggf%?eeéﬁce
bet ween thegyagd then thermally spraying the resulting nolten
material on the surface of a base nmaterial according to the thermnal
sprayi ng techni qnethe tHilugngi sestaam Al thel mleasrachesiddl opotéamtial

solidification of the deposited nolten material _through quenching_as
vel | as t h8lEbrpreasibpEvernckt a9 TRels AN RASRY ate high, but 1t

the spontaneous oxide film of Al is present on the surface
thereof, the ionization of Al is not advanced at all. However,
when the spontaneous oxide film is once broken or removed and
Al directly comes in close contact with In, the ionization of
Al can be promoted very rapidly due to the potential difference
between them. At this stage, Inis, inthe as-is status thereof,
highly dispersed throughout the Al c¢rystalline grains without
causing any chemical change. 1In has a low melting peint
{157°C} and never forms any solid-sclution with B&Al.
Accordingly, a desired Al film can be obtained by melting Al
and In in such a manner that the composition thereof becomes
uniform while taking care of the density difference between

them and then thermally spraying the resulting molten material

12



[ 0027] The added In is highly.di spersed throughout the Al
crystalline grains due to the action of the thermal spraying process
and it is nmaintained in the state in which it conmes in direct contact
with Al. The added In never forns a stable phase along with Al and
therefore, the Al/In interface is maintained in its high energy state
and can undergo a vigorous reaction with water within a

moi st ur e- copt @l d)i 1G- RIS SRNET Badh hita QN adcordihgCeoWthd wRdRkal | N
addition, In as an added elenent is in a highly dispersed condition

and the H2sgesyibubbkebniguertat edusgiiveganfd feawt issnaureiRlgoot the
expansion to thus generate a mechani cal action. Therefore, the
reacti on pFRHi@HEiCation yokokBei denpsAtesH nalden ML Al eF TN
the surface, due. to the nechanical ti ] t 1L.0g y fiidm
t her eon anﬂu%?§%€¥%e§% nwFﬁg I%%ui%ﬁén éﬁ%%gggio%gggbghegﬁ it

di ssol uti ogo1 £8cti @yt ieenti nuously and expl osively proceeds at the
successively renewed reaction boundary. [0028] The hi gher the
purity of &m02¥lraw naterial, the nore conspi cuous the behavior of

the Al -1n system described above and, in other words, the behavior is
particul arly coPi2eeed IR tie NHdYordiauer sedy BNRISROUE

giouLq
\émsggn?:\lglll c{’gg’g%]linfe rqrang &%%_BH’IX écpd’ia&ﬁegf%h% iél{grﬁg'ﬂj\%}?f%%g
y € T0oregoing n-conposi te material, chis
f or med process and it is maintained in the state in which it comes
in direct contact with Al. The added In never forms a stable
phase along with Al and therefore, the Al/In interface is
maintained in its high energy state and can undergo a vigorous
reaction with water within a moisture-containing atmosphere
at the contact surface with water. Inadditicon, In as an added
element is in a highly digpersed condition and the H; gas bubbles
generated during the reaction undergo expansion to thus
generate a mechanical actionm. Therefore, the reaction
products mainly comprising AlO00E 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 continuously and explosively proceeds at
the successively renewed reaction boundary.
[0028]

The higher the purity of an Al raw material, the more
conspicuous the behavior of the Al-In system described above
and, in other words, the behavior is particularly conspicuous
in the case of 4NAl and S5NAl as compared with 3NAlL.

[o029]
The thermally sprayed Al film consisting essentially of

the foregoing 4NAl-In composite material, which is formed
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t hrough the thermal spraying process, .can be handl ed with great
difficulty since it certainly shows high activity and the solubility
thereof in water within a noisture-containing atnosphere is |ikew se
too high. However, if a desired amount of Si is added to this
material, the resulting thermally sprayed Al filmis reduced inits
activity and the handling of the filmbeconmes easy. Contrary to this,

the t her byl 84€@nsknki I9praliak driodet s UhiiBs edniivethe thinfidsance
y

of the therma steresis is’inproved in its activity and the film
can thus stbffizedilitgh sbide tit aferdiadsdiushows (htghvacyiviyy eaand the
atmosphere in which noisture is present. For this reason, the Al film
may somet i sekulpielidohvigrerars nin Paheer YAERER dPnJIO) SEERBaFIRER M t he
at nosphere_dependi ng.on .t he.conpositional, rati of | A e
film In sﬁEng%pg%eer,egfﬁgl%ewf'lsfa??oshf@?gf erHé’bw%‘yegt’ %feér}}e%q%ﬁﬁa?&rlr%%% ere

free of anysmnist 4ied 8o\RG YA RN AL 88Y1 4 i HEVhSndIEL S yéd
order to avoid the occurrence of the reaction thereof with the

nmoi st ur e i pltfidmai sredoerd.id 008Gctivity dodvtheHmmplldagnef itheeht ton
will be described with reference to the water-reactive Al cggp '

t
material cBRASPEET AS¥ssERIFATY &P ChIANANS REETTablY fRYAYFY EXa : “é_.e
e e M pEY e REACG o dddd1 ) 2uRUA ICA M U B bn bl PHPL-LOEBOS | L ©

mat eri al are uni formy disperse accordi ng

to a met hodgsWhiGhvedRhi S5 alchevet enardf ther Fing am thtendsw bihiglof
the conposite material on the surface of a base material to be

treated i nabipityetferdiissedunions pmrisidydoddi ay atnagpherieefrayhich
sprayi ng technique. ' The resulting thernally sgra ed Al-In-Si_ film

conpri ses PRIBFYSE aftfi MESHERINs (Todvi Myt % PSP ‘P’&}/etQFzé\lof :'nld[l ¥ e
than 10 nmhohBc PHED 12 ééé&&é&fgagg]eaoﬁe% i Yt il Qe dhsRer s ed

in the Al Crys i ne gralns.
the atmosphere depending on the compositional ratio of In and

81 in the film. In such case, the Al film is preferably stored
in an atmosphere free of any moisture (a vacuum atmosphere may
likewise be used) in order to avoid the occurrence of the
reaction thereof with the moisture in the atmosphere.
[0030]

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

The thermally sprayed Al film is obtained using an
Al-In-Si composite material wherein In and 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
atmosphere according to the thermal spraying technigque. The
resulting thermally sprayed Al-In-S8i film comprises 1In
crystalline grains (having a particle size of not more than

- 10 nm) in such a state that they are highly uniformly dispersed

14



The foregoing thermally sprayed Al filmis, for instance, produced
according to the nethod detail ed bel ow More specifically, the
nmet hod for the preparation of the thermally sprayed Al filmconprises
the steps of preparing 4NA1L , In and Si; conbining the Al raw
material with In, in an amount ranging from2 to 5% by mass, and Si
(inclusive of the Si present in the 4NA1) in a total anount ranging
from0.04 i thé%byryasalandepgedaiably 0.04 to 0.2% by mass, while
taking into consideration the amount of Si present in the 4NAlL as a
cont ani nanf{9@€3tk hus unifornly dissol ve and disperse the both In and

Si to Al; f th t f t f

Cod or a wire (Y ﬁageésa{;iqsﬁk ETeH RFEFOPR Ry hh™ &P At HRETCe

covering tPeogtld G lraingass, ERL Hditod ikalishapehoy A consti tuent
hanmber o m

menber for m form ng a ftil orm ng apparatus such as

an adhesi on- pr eexd kpecpfE a¢£l Bsedhemdthed barhge pyespratyiorgof hehe
material in its nolten state on the surface of the base nateri al
accordi ng thermalky maymﬁﬂreﬂllgm@wwetse‘@m%aﬁs Oérﬂww@lﬁﬁjl Wy

quenching and soli di .t he sprayed material to.t ve a ba
material pr B\Pﬂfg tﬁe%g’&%‘ W%ﬂéﬂé@%&ﬁé ‘?”e%i:?five ﬁgr%?lfét
sprayed Al réhbﬁgﬁsmw c?@&'ﬂymé ]s,axﬁe di méﬂ&a@amﬁel@ BREsdt
which In is present 1n Al crystalline gralnsmlts highly,  uniformy
di spersed shatlkee @mlhadnbeetotslandient gbagbng[HOIR]0.04 to Asthdsy

been descri bed above, in the case of the thermally s.praéed_Al film
produced uBfAg @%&Wﬁ@lﬁaﬁew 10 bi2&i hEdeSsS adth aking into

predeterm ned a to an Al - n syste

hater, Cof PRASEREFTHIG Si SRaM 711 Fr o BROBE Lot 3?&?‘ AL s
subj ecti ngcbHeam ndrd 'Ebt Qhﬁgﬁuﬁ%rh&?aé%l@@nahaﬁsﬁéﬁ% @hBObdth
prevents the thermally sprayed filmfromthe dissol ution through the
reacti on wirhhatdeimmist wle pfomsbnt the tdéasultimsphéfermnd dtiors #hiso
makes the handl i rrl% of the filmeasier, Mreover, if the upper limt

of the tenﬁeﬁ@fr& auaf%@rt HeW%%FI?thH’?ﬁJe‘f%@ wa beEHRIMERSN T PaRIy
place wthin the {iLm CP&&"OS{l { % 598%8& ?ﬁé’#t £99C,
film gﬁ ablé acti vi 'l:'

an Al ng prac |ca accep y or so Tty in

wat er can ResphRdsCed ciakRYtadnAnci®BROSOE & TRl AL Edtmiy WhambaR! bses
Si, incorporated therein, in an amount ranging fromoO0.04 to 0.6% by

mass and paefmmmﬁpnﬁ@umwm% ampidhesiiont preegrpeive Phite of
t he tenperature d r| n é‘“g her mal tereS| S ghenomenon ts hi gh on
t he order &Pegbléh’f g‘ ah MSHF%‘% ‘b‘%ﬁﬁ@tﬁ%’ ﬂeeaaq%,m EhEhbte
activity OfySOlubI Lil¥abl W Cincabdie PROCLCAH USERG 8lnd) ompRsi te

mat eri al V\:hl ch conpri ses SI I ncor por ate erern, 1n an nount
rangi ng fr @ afleOdhétmdl %%frbymgafecﬁﬁﬁqj%efaa{cabhysseq@&aﬁby Quétichyng
mass. [0033]

and solidifying the sprayed material to thus give a base
material provided thereon with a desired water-reactive
thermally sprayed Al f£ilm. The thermally sprayed film thus
formed is one in which In is present in Al crystalline grains
in its highly, uniformly dispersed state, as has been described
above.
[0032]

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

by adding a predetermined amount of 8i to an Al-In system, the

15



When i nmmersing the base material covered with the thernmally sprayed
Al filmin warmwater or spraying water vapor on the base material,
as has been di scussed above, for instance, when imersing the sane in
war m wat er whose tenperature is set at a predeterm ned | evel, the
reaction of the filmwth water is initiated inmediately after the
i mrersi on, which is acconpani ed by the generation of hydrogen gas,
t he wat er sslibickenednasatdrre, péache dhetwal hgrspreyededts fidoaose bf
the presence of, for instance, deposited In, finaIIythethermaI%E%_g

j of,

sprayed fi FANFECkb| BEERGU; sUBTSeERthdtPRedilpi FtRstoc i R

for instance I n ST kN 1N the r m_wat i | on
Vi gor ousty CFracnsnts At ab P Rer ety PRSI iRl 3 R
vater. [008#y from the f@rR@ubgchhenralby Peawedtibm Ragnbeat

descri bed above whil e taking, by way of exanple, one forned using a

mat eri al havigguee rpxcederke ior ther ethosphestmpndacdisdahgot vake® the
flame-thermal spraying technique, but the Al filmmy |ikew,se be
forned usi hgﬂélb‘éﬁ\d@rghﬂaﬁlélﬂ 8RS or Mopgovert W fhEmRR ettt Of
sprayi ng techni_que, il rther f d r di e
electric a esﬁ%ﬂ??ﬁ%pﬁgéhﬁg%%§¥ ggetﬁgeﬁﬁg% §g§F5§¥%§ Eégﬁ%+%hé§lln

the present,iMNeHI® wibBBihaKd TR Shl AbrRESE (dHARBe2DOY @ $hBDbE &Y
foll owed by the spray of the nolten material on the surface of a base

materi al, ggeapbing3andcsohn dif yihpm t sieowiane fradtieallier avaeptabal | y
sprayed film according_to,one of these therpmal spraying techni q}gtes,
whi | e usi ngCERBEI KRR SHIB44 E¥ oI 13 6iTs Capobgsproduced Us1ng; 4y

base materi . i i t j .
bt or T eaeFoBoRNER fatd 25 S S BUBERLL K | Moo S M cheredn,
chanber sugh &% aaduvadhesh@IhPrEevanst i oL tpl at €% oy AasbunEprebeedbly
positioned within the filmform ng chanber of a filmformng

appar at us, 0a$§5Has0 Jeehy tiassusddd eabbtee upherfliimhtcohpls gmperatiace
filmformng material i nevi&g{bl y adhergg"cvig to the const ':ht ue%rrené)er
for a fil mAPGHREQICRARDER SXF CeEPly RETIERen o FIBFor (g OFocT
consti t uent, MepRar 3kheg tQﬁ.&?ﬂ?hfﬁ'gﬂb&qnq. dddBah95 MaRGPELEES S
carried out over a predéternined nunber o i'mes or cycCles and
accor di ngl yettihetyabriaddlaintialsicamber rcagover pdoduem tusd ngeehenl Al
filmprovided thereon with the deposited fil mof the )
composite material which comprises Si, incorporated therein,
in an amount ranging from 0.04 to 0.2% by mass and preferably
0.05 to 0.1% by mass.
[0033]

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

presence of, for instance, deposited In, finally the thermally

sprayed film 1is completely dissolved and precipitates
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filmformng mterial, with ease. [0036] In this case, used as *
aliquid for peeling off of the Al conposite filmis not any chem cal
reagent, but is water such as pure water, water vapor or an aqueous
solution. Accordingly, it is possible to prevent the occurrence of
any damage of the constituent nmenber for a filmform ng chanber such
as an adhesion-preventive plate due to the dissolution of the |atter
in the |iEensigtdnonete fndnpEaRae. Mdnmberandhfipeenatsdgd B magm

b iall i d nb foti , ; ‘
Sbaorved (i qo FHLE TSN VA cehRiP Ly A d i tEtn A sltease |

i sTused as suc

liquid for;pegld 1mpMPLEAYE! of e GREL,CAl reagent is not used in the
present invention aﬁd therefore, this would result in the

consi der ableosgducti on of the cost required for the post-treatnent
and in the preservation of the environnent . Furthernore, nost, of the
filmform ng nekhe farsgadne rdermgliespionad fhéRthafpeensdegrriped

filmform chanber such_as an adhesi.on-preventive i.s .never
di ssol ved ¢ OV%t‘gFﬁaen}a}cl@gr‘d' KoY Pﬁeeﬁgggie/eﬁt +lﬁ%eﬁ+ﬁ)eﬁd h"a%s:LQI uch an
advant age fhaly g 1mBheihdla FE0- Pacd 8L 1kB dNRd EEdRi1my 86/dHE
havi ng a conposition and a shape substantially identical to those

observed f pramére: Herimaslf e ynighgree elni bdue | huaddietA AL 1 e ypt Besritse

i nvention shows such an advantage that not only the recovery_cost can
be dranmt i Bal fgrmedwaddd BuPCHRASEY t RACYTgtle SFEEF BRI SR RO T aRE-

recovery c be sinmplif.ied accordingl i ‘ﬂEit gaLerdals
can be recgﬁgf%ﬁfasg%&y&flﬁgtggg?h%%r elgg%t ¥Hﬁ\{/\ne“%%1 on. E%% iB%stfanced, if
the filmfQrRbAG nd"Bb @hiedd e 18 CXREBELYPi B LaLEN SYEL), 88 tHeasl Lk
netals and rare netals, the use of a constituent nenber for a
filmform egrapanbeteswhqas. an Iadhess oprpseventinvenpiat e, thidi Giew s
provi ded, on the surface thereof, with_a film_consisting of the

wat er - r eacTRYET ] CSSCEIPEE FRA L8 MBttehe ILOWRE B FBR2Y ful d
permt the I i i i o]

t he consti F&gﬁ\ir%lr}%rﬁggrg?% ?%%SQ?F%?SH %é%ﬁét%?%%ﬁg%g&%é
consi sti ngaafl dhedhickimg ¥nE sgnérabertival fofh Bhedna lilensiyed b,
menber in water or spraying water vapor on the sanme. This in turn
pernmits thecrerdirg \roopnprekithigsenthatnahsPraynivd neading Gieshotibi ng

acconpani ed bﬁ ar%/ %ont am nation. Thuys,.the recovery cost can be
reduced andSth8 TR mHIBFhPTGCRECeFPRFLEEIPS i kewi se be recovered while
they are st[io|055§ n their high quality 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 wvaluable metals can be recovered from the

peeled Al £ilm provided thereon with the deposited £ilm of the
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The present invention will now be described in nore detail below wth
reference to the follow ng Conparative Exanpl es and Wor ki ng Exanpl es.
(Conpar ative Exanple 1) The following Al -In conpositions were
prepared and then inspected for the relation between the A purity,
the In concentrations and the solubility or activity of the resulting
thermally sprayed filnms and the results thus obtained were

I nvest i gatednevtbradnpgamateniah, oneclaraisker, whil e usi ng 3NAL, 4NA1l
and 5NAl as the Al raw materials. In this connection, the added
amount of [#P36 expressed in terms of that relative to the mass

(vorar) o1 0o, c ot oL gh MERh:LO0TOL. A, TAPYTRRE
composite film is not any chemical reagent, but is water such
as pure water, water vapor or an aqueous solution. Accordingly,
it is possible to prevent the occurrence of any damage of the
constituent member for a film-forming chamber such as an
adhesion-preventive plate due to the dissolution of the latter
in the liquid and these constituent members can be reused over
a substantially increased number of times, as compared with
that observed for the case in which a chemical reagent is used
as such a liquid for peeling. Moreover, any chemical reagent
is not used in the 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 canbe 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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4NAL1 -
mass of
5NAL1 -

2% by mass of In; 4NAl - 3% by mass of In; ANAL - 5% by
In; 5NAL - 1.5%by mass of In; s5NAl - 2.5% by mass of In;
3.5% by mass of In;

provided, on the surface thereof, with a film consisting of
the water-reactive Al composite material of the present
invention, would permit the removal or peeling off of the film
inevitably adhered to the constituent member during the £ilm-
forming operations and consisting of the film-forming material,
simply by immersing the member in water or spraying water vapor
on the same. This in turn permits the recovery of precious
metals and rare metals without being accompanied by any
contamination. Thus, the recovery cost can be reduced and the
film-forming material can likewise be recovered while they are
still in their high quality conditions.

[0037]

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-In compositions were prepared and then
inspected for the relation between the Al purity, the In
concentrations and the solubility or activity of the resulting
thermally sprayed f£ilms and the results thus obtained were
investigated and compared with one another, while using 3NAl,
4NAl and 5NAl as the Al raw materials. In this connection,
the added amount of In is expressed in terms of that relative

to the mags (weight) of the Al raw material used.

[0038]
*3NAl - 2% by mass (wt%) of In;
*3NAl - 3% by mass of Im;
* 3NAl - 4% by mass of In;
*4NAl - 2% by mass of In;
*4NAl - 3% by mass of In;
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[ 0039] There were conbined Al and In with each other in the
rates specified above to thus uniformy dissolve or disperse Inin A
and then each resulting blend was fornmed into a rod-like article and
this article was used as a material for the thermal spraying process.
Then a thermally sprayed filmwas formed by nmelting the rod-Iike
article and then thermally spraying the resulting nelt of the article
on the surfacesndl a baseymakesl 8f rmde of alum numin the atnosphere
according to the rod flame spraying techni que (heat source: C2H2-02
gas; tenperatuf¥Al abauts¥3pRoagss &hcinof the thermally sprayed fil ns
t hus produced was subjected to a heat-treatnent at a tenperature
rangi ng from 054! 3‘56;(:5(3& ke PRff MaslBreated in the atnosphere for
one hour and s uent ogl thin a furnace) in place of

subj ecting the%jﬁe% ??)El’t%gg’l ﬁ?gge#:ef%’f t hermal hysteresis possibly
experiencedodsging the filmform ng process. Thereafter, the base
mat eri al provided thereon with the thermally sprayed filmprior to

t he heat -t r eat MBmRrg 8eye svibinedfdnand 5w kit eprhiotheadinbbec e
obtai ned after, t he, heat-treatnment each re i rsed j.n_300 of
pure wat er SHET ’aﬁ%@gc’éﬁa_ ’é‘b% UFOPPB_Q%HT' dﬁﬁé”%fe‘?%dﬁgﬁaaﬁeg#ﬁ?e
current degsiiyg AhnetALl-hTRELS] Ofhd iiuhd b ORbAldy LReosal Hhilidne of
each thermal |y spraye Fllm The results thus obtained were

i nvest i gat edtidhe andsiditssatrbicl®bbhaivsed as @ phodtied 6or Rihg. tHernal

Fig. 1, the heat-treatnent tenperature (C) is plotted _as abscissa_ and
t he reacti 8RT2LLRT @ROCESTsi t Thgm® theymadly| srraspdhdidmdwadt E0T9e5H40]

The data plott on Fig. l.clearly .i.ndicate t.hat, . when,using Al. raw
mat eri al s _Xp‘ﬂ‘%ﬂﬁ\ﬂ%&hg 58?17{@(%94%{1%? %R[,g e rt&%r“ﬁl;}j iﬁgraﬁllnrﬁs
have sol Ubthétf@&iﬂﬁ’&iwlth'o&h%ﬁetQﬁi‘iéi@torpbﬁﬂ’ wedrhoe bhea Abadd I m
produced using 3NAl arid the data also indicate that there is
observed, fhatetihel Aladeawnf relesimain haviing ataokpbpeeiddmppliniat o thee
foll ow ng tendency: The higher the In concentration (not |ess than 2%
by mass) i AC€he laMmee ofRIAYHTY nheehigue t hBeaf giweuree oHetfid | 935 of
the resulting A _film _For thi eason e r er.l

havi ng a plt]‘rel P?/r% “hot albé%% ? hg(r)lé 4@51 sEﬁ(s\égdgfaﬁt(r}’ églr%: hﬁl@mﬁﬁgyéﬁ)@%ﬁ Ef'%s
an In concentmnat tRis Girdiicdesmst Banj2dedy tHSS hddte theathéhdtat a
thermal |y sprayed Al filmshows an excellent solubility in water.
However, whenpesavgrsahgdngahrdn O & A8 ¢ i @he pHLdblvwams taeptedsirh

that the resultin hermal |y sprayed fil mhas an extrenely high
activity, CRE FFTTHENEREROE Po8 T oe BOVHHSSEPELY P 1ad #0 ELAAR at
ordinary t re, i e.ai ; Iy rdj ; e

u th or sa SHEFPEEtifh PlabRCof duBRictho e BN ERNONY E1NBRARTS:
the vi ewpoichbrnblt R9spedstisaboapibl ¢abkbet yenddmt dlidicroactheyi £¥1m-

(solubility) thereof should be controlled to thus nmake the handling
t her eof eadprming4pfpocess. Thereafter, the base material provided

-

thereon with the thermally sprayed film prior to the heat-
treatment (0°C) and the same bage 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 densgity of each immersion liquid
to obtain the solubility of each thermally sprayed film. The
results thus obtained were investigated. The results thus
obtained are plotted on Fig. 1. In Fig. 1, the heat-treatment

temperature (°C) is plotted as abscissa and the reaction
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Example 1 In view of the results obtained in Conparative
Exanple 1, the inventors of this invention herein investigated the
Interrelation between the added anount of Si and the solubility or
activity of the resulting thermally sprayed filmin water while using
4NA1 as an Al raw material, and taking, by way of exanple, an Al
conposite material to which In and Si (the amount thereof includes
that of Sicasreait idamsiitty (nh/éh)) Hadpheeheddaedrdimadteher words, an
Al -1n-Si conposition) . In this connection, the added anmounts of In
and Si are[‘é‘;‘&ﬂ]essed in terms of those calcul ated on the basis of the

Cont ar nat od S RGBT RpRY SLE SRRy Thilss Lof T 1Y AL Aot By e
(W% of Ifgin Aq5fhgymgﬁ§§1é)}fs Pachl H&b% @p%@l@?%?fﬂ\f ke 5N, the
contam nated Si) - 3% by mass of " In”- % by mass of Si
(i ncl udi ngré@@ltpmg Bi ﬁ:hmmnm@monabéﬂh&e)s in water higher than that
observed for the Al film produced using 3NAl and the data also
indicate that there is observed, for the Al raw material having
each specific purity, the following tendency: The higher the
In concentration (not less than 2% by mass) in the Al composite
material, the higher the solubility of the resulting Al film.
For this reason, when an Al raw material having a purity of
not less than 4N is used and an Al-In system has an In
concentration of not less than 2% by mass, the resulting
thermally sprayed Al film shows an excellent solubility in
water. However, when using S5NAl as an Al raw material,
problems arise such that the resulting thermally sprayed film
has an extremely high activity, the film is converted into
powder if letting it to stand at ordinary temperature in the
air and it may accordingly be handled with great difficulty.
For this reason, it would be necessary, from the viewpoint of
the practical applicability, that the activity (solubility)
thereof should be controlled to thus make the handling thereof
easy.
[0041]
Example 1
In view of the results obtained in Comparative Example
1, the inventors of this invention herein investigated the
interrelation between the added amount of 8i and the solubility
or activity of the resulting thermally sprayed film in water

while using 4NAl as an Al raw material, and taking, by way of
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4A4NA1 - 3% by mass of In - 0.2%by mass of Si (including 100 ppm of
the contam nated Si) ; 4NA1 - 2.6% by mass of In - 0.5% by mass of
Si (including 100 ppm of the contam nated Si). [0043] Using a
thermally sprayed material produced by conbining Al, In and Si
together in the rate specified above, uniformy dissolving or
dispersing In and Si in Al and then formng the resulting blend into
a rod-|i keezampld ean altdrepadilty mgreayied o Whiehdnfarded (bhermtauniy

the rod-like article and then thernally spraying _the resultin t
of the - arthereobAneHeles FRAE ©Toft 28 3l HRPREI DRSS Hinkas PEET %gﬁc{%e

at nosphere,according to the . rod flane sprayi te Laue .
source: C2HA 8g£§5§§%rtd§wpaé? é@ﬁ?@?éhgg’ﬁpgﬁ?’z‘%ﬁ%g' .EEaryéﬁ%o?&{l}Eégétlon'
thermal Iy spLayedal ihdBnddug B Qduced MRSe sl Al LUntiertns of those
heat-treatnment at a tenperature ranging fromO to 400C (the film was
treat ed i ncabhenttans pherbeflsdsimethahe nasds subsdeudit kawcontediadi .t hi n

a furnace) in place of subjecting the sane to the influence of
thermal hy§@@telsi s possibly experienced during the filmformng

process. Thereafter, the base material provided thereon with the
thermal |y Sptyedthel AFpWRGO% 6‘5%80%5?‘}??%%@%‘& 108 E?‘“Sana %ﬁé’ysarre
base materhaksusedr,pbove and obtained after the heat-treatment (the
base material after experiencing the thermal hysteresis) each were

i mersed in 400 rawhypss WEey ofeimt-ad ek By S of dil oiedlbyinde
determ nation of the current density of each imersion liquid to

obt ai n t he98oP®Mbi ¢f thhepfconzaminpbedeftly/ sprayed fil mand the

subsequent investigation of the resuylts .thus obtained. The.res
Chus ot ai ekl &' SFdpt dasenobi gt 50 1B T gmed oF L Tiant ErasE dd
t enper atu:TgF&, 0B ths PrRlEhedadsgalsel ssa and the reaction current
density ( cnR) as ordinate.

+ 4NAL - 3% by mass of In - 0.2% by mass of 8i (including 100

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

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

cooled within a furnace) in place of subjecting the same to
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[ 0044] The data plotted on Fig. 2 clearly indicate that the
addition of a predeterm ned amount of Si permts the control of the
activity and, in other words, the solubility of the thermally sprayed
filmprior to the heat-treatnent while the filmis in the condition
just after the formation thereof by the thermal spraying technique.
Accordingly, the dissolution of the thermally sprayed filmthrough
the reactithet haftaénae t bft hRemmadt hyetpresint poas 1hky atrpephearcedan
be prevented with certainty. Mreover, if the upper limt of the

t enper at ur @up¥ng h&hehefin - foygiageREPGHschi n Thereafiey or g Ratsnber

is on the order, of about. 300C, it was, found at her nal spr.ayed
N e el St any hrerron SaphosEr, bhekpd 1 SRE e, EL
added Si c [ I t 6% &bl

o 0e to o BhEEed BRE RS 1A BbnEte ) B0 S Unl B St BaBE it

practi cal | ysetcapiwablands ebthihetlyaf temailer he@t -threadhbet khidne bade t he

upper limt of the tenperature of the thermal hysteresis is high on
the order oitebiak agsec eirerigacisgridia hhereat h¥FRareyisheagadiae

filmhaving a practically acceptabl e solubilit, an -pr oduced usi ng
an Al corrpg@‘?"?’gs?fgtlé‘r ay %9%@%”&5%&“@“@&#@? Pag)ng'ngoff%wrﬁ .04
to 0.2% by, odeprefer At %02 Ll rlnd BN 17858 0 Phmersion |t
was found that en Imersing, in warmwater maintained at 80C, the
base mat er iautdver evcatt bha ddieivmliky cperayedhébrmbil lndmaayed £igood

solubility in water and obtained after the foregoing heat-treatnent,
t he reacti apddthe: ebdequant ipvertiigation of thamedylisedhug ebyainedy

the i nrersjpon, whi.ch i_s acconpani ed _by_the_ vigorqus generat i,o

hydr ogen gggf" TR 5?‘“?30}3%% &'jreagi?ﬁrée eerll_c?ilgn ?Urt_ e?lgfg%eeds
because of thhe feseReenht tefberBtARGE C) daPPSLE £ bB. addidshyadde
thermally sprayed filmcannot maintain the state such that it is
firmy adhehedréactivn hageemmt dehaityubni font’heas eacdirmgates t h wat er,

and the filmbegins to be peeled off fromthe base nmaterial with
di ssol uti od9%%Als, it can be said that the Al conposite naterial of

the present inventign s gcertal nly s ery 18aethye s nk0046L that the
addition of a predetermined amount of Si permits the control
of the activity and, in other words, the solubility of the
thermally sprayed film prior to the heat-treatment while the
film is in the condition just after the formation thereof by
the thermal spraying technique. Accordingly, the dissolution
of the thermally sprayed film through the reaction thereof with
the moisture present in the atmosphere can be prevented with
certainty. Moreover, i1f the upper limit of the temperature
of the thermal hysteresis within the film-forming chamber is
on the order of about 300°C, it was found that a thermally
sprayed Al film can be produced using an Al composite material
having an added 8i content ranging from 0.04 to 0.6% by mass
and preferably 0.05 to 0.5% by mass and the resulting Al film
would have a practically acceptable solubility in water. On

the other hand, if the upper limit of the temperature of the
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Exanpl e 2

The inventors of this invention herein investigated

the interrelation between the purity of Al raw material, the added

anount of
resul ting

mat eri al s,

Si and the solubility or activity, in water, of the
thermally sprayed filmwhile using 4NA1 and 5NAl as Al r
and taking, by way of exanple, Al conposite materials t

which In and Si (the amount thereof includes that of Si as an
i mpurity ofheftmalhhgs beensaddechigmonttiey ondedssf abhowt -3/50-°8i, it was
conposition). In this connection, the added anounts of In and _Si

expressed

the Al raw mat

of Si (ind%fi

fqundethetonr thegealdyl coraved dh THa BAYiBIoR RIACHIESd 1y

aw
(0]

are

P%&&)g@ B%ﬂ’%ﬁ%%%ﬁpgnﬁ% ‘E)%%Er%“)slng ag,\ﬁ\llo 050/ mass

I'TB.SS

of In - O.J0dW JTeRSvPhg In La8k udi BEndOR: &amg%gtb@ommo@r&w.% Si)

by mass and preferably 0.05 to 0.1% by mass.
[0045]

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 reacticon further proceeds because
of the presence of, for instance, deposited In, finally the
thermally sprayed film cannot maintain the state such that it
is firmly adhered to the base material due to the reaction with
water, and the film begins to be peeled off from the base
material with dissolution. Thus, it can be said that the Al
composite material of the present invention is certainly
water-reactive.

[(0046]
Example 2

The inventors of this invention herein investigated the
interrelation between the purity of Al raw material, the added
amount of Si and the solubility or activity, in water, of the
resulting thermally sprayed film while using 4NAl and 5NAl as
Al raw materials, and taking, by way of example, Al composite
materials to which In and 8i (the amount thereof includes that
of 8i as an impurity of Al) had been added (in other words,

an Al-In~S81 composition). In this connection, the added
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ANAl - 4% by mass of In - 0.5%by mass of Si (including 100 ppm of

the contam nated Si)

of In - 0.1%by nmass of Si (including 100 ppm of the contani nated
Si); 5NAL - 3.5% by mass of In - 0.5%by nmass of Si (including 100
ppm of the contam nated Si) . [0048] There were conbi ned Al,
and Si W tdmeeatly of Herand st here akpse sqst Lhitedmebofl e hawe ¢dladated
procedures used in ExameI e 1 were repeated to thus form each

§

cor r espondithGheh®agas|

films thus uced was subjected to a heat-treatnent according to
e

the sanme p

furnace)

ures used in Exanple 1 (the filmwas treated in the

at nosphere,f on ' ) l:ed; wi{.hi
kR oY pRES S S GRS e i b e,
t hermal | y g ayfedhki konpandriated tdig ;heat -treatnent (0C) and the sane

base materi al

base mat er r alARht c3t dypeasencednt hed t Hehyanahystlerfdsi(spcbadinmedd
i mrersed in 30

of re.water fmintained at 80C, followed by the
det er m nat¥¥h % rgﬂﬁzecﬁ’ﬁg?'gﬁ?aﬁ%cﬁﬁﬁy of each imersion liquid to
obtain the, ANAL -

4% by mass of ITn - 0.5% by mass of Si (including 100
ppm of the contaminated S8i);

*5NAl - 1.5% by mass of In - 0.05% by mass of Si (including
100 ppm of the contaminated Si);

* SNAL - 2.6% by mass of In - 0.1% by mass of Si (including
100 ppm of the contaminated Si};

* 5NALl - 3.5% by mass of In - 0.5% by mass of Si {(including
100 ppm of the contaminated S$i).

[0048]

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

current density of each immersion liquid to obtain the
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used above and obtai ned after the heat-treatnent (the

; S5NAL - 1.5% by mass of In - 0.05% by mass of

Si (including 100 ppm of the contamnated Si) ; 5NAL - 2.6% by nass
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solubility of each thermally sprayed filmand the investigation of
the results thus obtained. [0049] As a result, there was
observed the sane tendency as that observed in Exanple 1. It was thus
found that the addition of a predeterm ned amount of Si permts the
control of the activity and, in other words, the solubility of the
thermally sprayed filmprior to the heat-treatnment, while the film
was in theschrsliititon jafSt eddler thenfadliyat ispratyedr edfilby taimel t hdveal
sprayi ng techni que. Moreover, if the upper limt of the tenperature
of the thetiasEdo8sPE Fhe creawiktSor gbtabped- 300C, it was found
that a them{él sprayed Al filmcan be produced using an Al
conposite i al having an added In content of not |ess than 2% by
mass and an addgd Ste 4O ePhe FARALNSLdd B RE datielr Sdadhicyas S raid
preferably 0.05t0 0.5%Dby nmass and that the resulting Al filmwoul d
have a prashsemaltdd iac@epmpbé el actTitvivhy ohus daund thyti bhaeddditi@n t he
other hand, if the upper limt of the tenperature of the thernal

hyst er esi sOf 53 negtesehacd: gepupt %oﬂt EUdt s theasorbrel ehdihe

thermally s ed Al filmhavin t|cII ce e activity or
sol ubt 11 Ly RSB E68ng| 4 P BEE b ehpta oot Shsohenat

mat eri al  hayig fFaddsei &P t%oﬁhérﬁeapi t’l‘?etath%ﬁﬁ t i £ YorRY £ iR SN d
an added Si” content ranging fromO0.04 to 2% by mass and preferably

0.05 to O.i18hy cask tipA0hG]t Hkarptiee $ormat101Pk:hEre®|ﬂb@rFtth)e thermal
filmformng operations were repeated over 30 cycles usin
sputt er i ngSBRREIE RePitAGed WMorgoNBradidsitds- pbeentlipe plodft e&Rfhose

fﬁrziﬁgsgagﬁegﬁovesﬁfq:g% eirméf%grnger s:.é)rlasygxq IeI c@:cﬁer of" about
300°C, it was found that a thermally sprayed Al f£ilm can be
produced using an Al composite material having an added In
content of not less than 2% by mass and an added Si content
ranging from 0.04 to 0.6% by mass and preferably 0.05 to 0.5%
by mass and that the resulting Al £ilm would have a practically
acceptable activity or solubllity inwater. On the other hand,
if the upper limit of the temperature of the thermal hysteresis
is high on the order of about 350°C, it was found that a
thermally sprayed Al film having a practically acceptable
activity or solubility would be able to be produced using an
Al compogite material having an added In content of not less
than 2% by mass and an added Si content ranging from 0.04 to
0.2% by mass and preferably 0.05 to 0.1% by mass.
[co50]
Example 3

Platinum (Pt) film-forming operations were repeated over

30 cycles using a sputtering apparatus provided with an

adhesion-preventive plate whose surface had been covered with

a thermally sprayed film (film thickness: 200um} of the 4Nal
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- 3%by mass of In - 0.1%by nmass of Si prepared in Exanple 1 and

t hen the adhesion-preventive plate to which the Pt film had been
adhered was di sassenbled fromthe sputtering apparatus and treated
with warm water maintained at 80C. As a result, it was found that the
thermally sprayed filmis conpletely dissolved within about 30

m nutes and that the adhered filmof Pt is peeled off fromthe

adhesi on- predenby veags atfe Inas @hibwwby maBisgof 351 hnepared as Exemple

filmformng material could easily be recovered. At thjis stage,,jt
was found LD ARET §he ASBRSRORr BECTRNTHE RARREVER SPICHTTRR B 57

found | i PACBESTE Y _ St
the vat or - PBlcI A pPdbgreds B8 ARG ptt AL Bk BN EBLELLERS

invention, abpersths 3eRA ehe£00s WitueM ripaRetsnditarld &t fearm.ndas
chanber of avacuumfilmform ng apparatus, which is used in formng a

thin film af rasmtal ivr wasnfvand corpo Wit ddwomdildy sprapedsputmeirsng
techni que, the_vacuum depositjon technique, the ion-plati n%Pt ec@ﬁ]éque

and the CVECPBARPHYedissIVed Withes R0y ddnaisd-eaurPigifk
fiimtorm BgnE2geas, b ﬁé‘ggﬁgéeéfe%fo?; B Ao CORR {epl o UBADRGe T OF

a filmformng er ~can eled o ere

noi st ure- cenkakni Bg ahAREPRAr ®igndacanTaasi | yrbasr ekeveries-forming
Therefore, 'the present invention can be used in the fields in which
these fil mmhoeriay appht atasidy deec respiveyed, fAdr tihist &tege,i httwWas
technical fields related to sem conductor elements and el ectroni cs-
rel ated madRMREr FhahPIUS <5 BrechBibat pdst JS HerBa¥”hGTt he nunber
of reuse tinmes of the constituent nenbers fora filmform ng chanber
of a filmform ng apparatus and of recovering the filmformng

material s wWhidkiste98l aApS1 ddbialllkg netal s.
[0051]

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

for a film-forming chamber of a film-forming apparatus and of
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What is clained is: 1. A water-reactive A conposite materi al
conprising 4NAI or 5NAI which contains added In in an anobunt ranging
from2 to 5% by mass; and Si including the Si as a contam nant of Al
in a total amount ranging from0.04 to 0.6% by mass, on the basis of
the amount of Al. 2. A nethod for the production of a water-reactive
Al filmconprising the steps of nelting a material conprising 4NAl or
5NAl, whi checoverning thdded m-forning mareminlsarygicigeérioni®s valesbby
mass, and Si ifcluding the Si as a contaminant of Al in a total
anount ran@fh@*from 0.04 to 0.6% by mass, on the basis of the anount
of Al in such a manner that the resulting material has a uniform
conposition; thermally spraying the nolten material on the surface of
a base material; and then solidifying the same through quenching to
thus forma filmthereon. 3. A water-reactive Al filmconsisting
essentially of the water-reactive Al conposite material as set forth
inclaiml. 4. A constituent nmenber for a filmform ng chanber of a
filmform ng apparatus characterized in that it is provided thereon
with a water-reactive Al filmconsisting essentially of a

wat er-reactive Al conposite material as set forth in claiml or a

wat er-reactive Al filmprepared according to the nethod as set forth
inclaim2. 5. The constituent nmenber for a filmform ng chanber as
set forth in claim4, wherein the constituent nenber is an

adhesi on-preventive plate, a shutter or a mask.
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What 1s claimed is:

1. A water-reactive Al composite material comprising 4NAT
or SNAI which contains added In in an amount ranging from 2
to 5% by mass; and Si including the Si as a contaminant of Al
in a total amount ranging from 0.04 to 0.6% by mass, on the
basis of the amount of Al.

2. A method for the production of a water-reactive Al film
comprising the steps of melting a material comprising 4NAI or
5NAI, which contains added In in an amount ranging from 2 to
5% by mags, and Si including the 8i as a contaminant of Al in
a total amount ranging from 0.04 to 0.6% by mass, on the basis
of the amount of Al in guch a manner that the resulting material
has a uniform ccmposition; thermally spraying the molten
material on the surface of abase material; and then solidifying
the same through quenching to thus form a f£ilm 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 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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