SPECI FI CATION Title of the Invention: Water-Reactive A Conposite
Material, Water-Reactive Al Film Process for the Production of the
Al Film and Constituent Menber for FilmForm ng Chanber Techni cal
Field [0001] The present invention relates to a water-reactive
Al conposite material, a water-reactive Al film a process for the
production of the Al film and aseeEcIFICAsIONTenber for a filmformng
chanber and in particular to a water-reactive A conposite materi al
conprising 4NA1 or 5NAl which contains added In; a water-reactive Al
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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 comprising 4NAl1 or 5NAL which contains
added In; 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 £ilm.

Background Art
[coo2]

In a film-forming apparatus for forming a thin film
according to, for instance, the sputtering technigue, the
vacuum deposition technigque, 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 fora filmformng chanber, which is
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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 thereseof 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 therxeof to a surface-finishing treatment and the
subsequent reuse thereof.

[0004]

When uging a valuable metal such ag Al, Mo, Co, W, P4,

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

there has been desired for the establishment of a processing



technique for the recovery of 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
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peel i ng ofheOhehbessdepasibiencl ude, for i nstance, the sandblastlng
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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. 1In this case, when implementing the
treatment for peeling off of the deposit, the adhesion-
preventive plate is damaged in a treating ligquid 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.

[000E&]

In this regpect, 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 anpesleafddiissforegeicns ageite 1Qake insedaasel s RO Skligg
In addition, when carrying out the foregoing treatnent with an agent,
the fil m thenfegeoetiey isEndes s ft dahormhguse andhiesi ome prastentliiveor
pl ate woul d be converted into other new chem cal substances and
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Art Literature
desired for the reduction of the amount of the foregoing agent
to be used as low as possible. In addition, when carrying out
the foregoing treatment with an agent, the film-forming
material peeled off from the adhesion-preventive plate would
be converted into other new chemical substances and therefore,
the cost required for the recovery of only the film-forming
material from the peeled deposit would further be piled up.
Accordingly, the materials to be recovered are only the
film-forming materials whose unit price is balanced with the
recovery cost, in the existing circumstances.
[o008]
In addition to the method for peeling off of the deposit,
as has been discussed above, there has been known a technigque
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 (C 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

conposi t ecat&r ivalt onteiding: addedcbfipowhiteh watebea Madersicldgiblsticn
through the reaction with water in a noisture-containing atnosphere;
an Al fil AhasseherabEjccpnspstrihgsothehi 3t Aaronpbeide arateadtdlon dn
met hod for the production of such an Al film_. and a_constituent

menber fof QOFFEHFPGFﬁFH@leﬁﬁﬁb@FWOﬁﬁPEHeiénéoFéPe&h%ﬁtPetMQ?Vﬂrted

film 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 £ilm; and then recovering the valuable metals included
in the film- forming material present in the adhered film thus
peeled off (see, for instance, Patent Document 1 specified
below). In this water-reactive Al composite material, the
surface of small or fine lumps composed of Al crystalline grains

is covered with a film of In and/or Sn.

Prior Art Literature
Patent Document
[0009]

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

Disclosure of the Invention
Problems That the Invention is to Solve
[0010]

Accordingly, it is an object, in a broad sense, of the
present inventiocon to solve the foregoing problems associated
with the conventional techniques and more specifically to
provide an Al composite material containing added In, which
can be made soluble through the reaction with water in a
moisture-containing atmosphere; an Al film essentially
consisting of this Al compogite 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
conprises 4NAL or 5NAl1 and added In in an anmount ranging from2 to 5%
by nmass on the basis of the mass of Al, wherein In is uniformy
di spersed in Al crystalline grains. [0012] If the Al conposite
materi al has such a conposition, the Al filmprepared fromthis
material can easily react wwth water in a noisture-containing
at nospher¥eanshfehethenecdttdanobfhpteogenbyemsand the resulting
product s %an t hus be dissolved in water. [0013]

0011]

Thus, the water-reactive Al composite material of the
present invention comprises 4NAl or 5NAl and added In in an
amount ranging from 2 to 5% by mass on the basis of the mass
of Al, wherein In is uniformly dispersed in Al crystalline
grains.

[0012]

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

[0013]

If the amount of the added 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.

[0014]

The method for the production of a water-reactive A1 £ilm
according to the present invention comprises the steps of
melting a material prepared by adding In to 4NAl or 5NAL in
an amount ranging from 2 to 5% by mass on the basis of the mass
of Al such that the resulting material has a uniform
composition; thermally spraying the molten material on the

surface of a base material; and solidifying the sprayed molten

material through quenching to thus form a thermally sprayed



If the anbunt of the added In is |less than 2% by mass, 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. [0014] film irdfh&iret hed itotnt hernl pditépOnsed in wat eryiseadliive
Al filmaccording to the present invention conprises the steps of

mel ting agpaieeial prepared by adding In to 4NAL or 5NAL in an anount
ranging from2 to 5% by nmass on the basis of the mass of Al such that
the resul tPR§>hat eri al has a uniform conposition; thernally spraying

the molten matgrjal .on t @%%&Hﬂﬁf%gff ?1$a%% %grlngﬁ?ag present
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in Al crystalline grains. [0015] he water-reactive Al fil
accordi ngthe Eheegoésgnwvataventbonive Bhacampesutedmanerhaﬁ.lt

consists essentially of the foregoing water-reactive A conposite
material . [0016]

The constituent member for a film-forming chamber of a
film-forming apparatus according to the present invention is
characterized in that the constituent member is provided, on
the surface, with the foregoing water-reactive Al film.
[0017]

The constituent member for a film-forming chamber
according to the present invention is further characterized
in that the constituent member ig an adhesion-preventive plate,

a shutter or a mask.

Effects of the Invention
[oo1is8]

The thermally sprayed Al film consisting essentially of
the water-reactive Al composite material according to the
present invention would show the effects described below.
More specifically, the Al film can easily be produced by a
simple process while lowering the cost of production; the 2l
film has such characteristic properties that it can be
dissclved in water through the reaction with water present in
a moisture-containing atmosphere, even after the £ilm
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 the Al film is highly active and highly



[ 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 ipyeabien i fwatber sdesoet e edk i t halpdhiercanst idréantal
menber i s an adhesi on-preventive plate, a shutter or a mask. Effects
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through the reaction with water present in a noi sture-containing
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phenonenon as a result of the filmform ng process carried out at a
t enper at upBdr 8NdiLhg from about 300 to 350C;, and the Al filmis highly

active an?oghngy

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 £ilm of the present
invention: If the film-forming operation is carried out using
a film-forming apparatus provided with constituent members for
a film-forming chamber (for instance, an adhesion-preventive
plate, a shutter and a mask), which are covered with the
water-reactive Al film of the present invention, the
inevitably adhered film consisting essentially of the film-
forming material and adhered to the surface of, for instance,
an adhesion-preventive plate during the film-forming process
can be peeled off and/or separated from the surface of the
constituent members for the film-forming chamber through the
reaction and/or dissolution of this Al film and the valuable
metals included in the film-forming material can be easily
recovered from the adhered film peeled off from the surface
of the constituent members and the constituent members can thus

be reused over an increased number of times.

Brief Description of Drawings

[0020]



soluble in water before the filmexperiences thermal hysteresis (upon
the formation of the thermally sprayed film and after the film
experiences thernmal hysteresis as conpared with those produced using
Al raw materials having low purities (2NAL and 3NAl) , since the A
filmof the present invention is produced using an Al raw materi al

having a high pugity (ANAL GoNAowid®O0L8E reilatiockiBeflebhl MHEan
undergo a reaction with water in the presence of noisture and can
ef f ecti vehyabetdesswened tempsatagranshi [ eCgenedatilig hydcogen gascrent
Accordingly, the followng effects can be achieved by the Al

conposi t eSENsAFBf (MR esEht chne sisarvadt torethe |Hagmra g sprayed

operation_js_carried out .using a filmform ng apparatus provided with
constitue%% ﬁ%ﬂ%epgeP%Feg %?Iﬁ??%?h?ﬂg‘chanber (for instance, an
adhesi on-preventive plate, a shutter and a mask) , which are covered
with the water-reactive Al filmof the present invention, the

i nevi t abl Myoadheoedchirkifignsigt tng efgentiahly of the filmformng
material and adhered to the surface of, for instance, an
adhesi on- ppevéhti ve plate during the fil mform ng process can be
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peel ed of §phiteariAg tHHHAGRIOf thBa rRNISidH geHhBIDR! Sofitng R&amber
consti tuent nenbers can thus be reused over an increased nunber of

times. BriefsDeperigditentheé Driivmenyse [(G026peated thefgl hisitermsgraph
showi ng the rel ation between the heat-treatnent tenperature (C) and
the react F8R Elt? erftatdhsithe EmELese) ofwhie ePrsohseRedgHiciheuch

thermal | yagpér?yaeﬂléagigz{—lﬂ@geerﬂ?f\%j ﬂl%t%%am%lighlare pogitioned within
the film-forming chamber and which are coated with the A1 film
of the present invention, is also subjected to the influence
of repeated thermal hysteresis. Accordingly, it would be
necessary that the f£film, at the time of the film-formation
through the thermal spraying technique before the film is
subjected to the influence of the thermal hysteresis, is not
only stable, but also easy to handle. At the same time, the
Al film provided thereon with adhered £ilm inevitably attached
thereto during the film-forming process should have such a
gsolubility (or activity)} that the Al film can easily be peeled
off from the base material such as the constituent members along
with the adhered £ilm and further should be stable, even after
the Al film is influenced by the thermal hysteresis experienced
in the film-forming process. In the case of the water-reactive
Al film according to the present invention, such requirement
for the solubility or activity would sufficiently be

satisfied.



Mode for Carrying out the Invention [0021] When producing a
thin filmin a filmform ng apparatus according to a variety of
filmformng techni ques such as the sputtering technique, the
interior of the film form ng chanber is subjected to the influence
of repeated thermal hysteresis. For this reason, the surface of the
constituenpopepbers such as an adhesi on-preventive plate, which are
positioned within the filmform ng chanber and which are coated with
the Al film ofotlﬁeuppégeﬂltimihv@ﬁt tba, thermbhdohysbpeerdd tempkgature
i nfluence of repeated thermnal steresi,s. Accordingly, it would be

necessaryW%F%%ntWﬁﬁfﬁQ?ﬁ99ﬂn3I%%1W @Qr@FnﬁhghFWPﬁFfb?nﬁﬁl%ﬁ?ﬁﬁ?%ﬁbﬁf
the ther n&ﬂg?ﬁgr% n&t@* &nPehar %:Lmeo% fé‘;}'rhesst ;cgc{oerc& %?ﬁ tt%1 the,

i nfl uence o her ereS|s IS n

easy to hangtgnc&l the Ss%ﬁﬁtiérri% t&&ﬂléaémpﬁ@vva@th%@%wm
adher ed f|In1|neV|tany attached thereto during the filmform ng

process sheothQaGe shehiansplabihgt yetbnigoti virt yhet B¥D ttleehAlidiel.m

can easil ggeled off fromthe base nmaterial such as the
constitue EPs difonyoith thedgarered B9 | muéﬁacmﬂtherf%%ult@%e

stable, even after t Al f| nfluence he ther

yeteres Eo8 exﬁé%?%ncgﬁndﬁ%ﬁe Hiat " FbPnio Littctas. PRy iExs #ih
the wat ergfeaptdns, é‘ktfa!cllrﬂ §§%ka%'é2ﬁ:éd)t5 %&iﬁﬁ%&nb@@&h@&h&%ﬁ
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tenperature wWthin the foregoing filmformng chanber is on the order
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up to a tengﬁratu&e E 350C. In the case of the water-reactive A
fil maccof8Phg 16% RELBFeLBRE MRVERFFSA: such requirenment for the

solubility,yoyhd certainly be satlsfled as wll be expl ai ned bel ow
nore in detal . [0023]

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 A1 film in warm watexr
maintained at a predetermined temperature (ranging from 40 to
130°C and preferably 80 to 100°C}) and then determining the
current density of the immersion liguid. This determination
method is one which comprises the steps of determining the loss
in weight observed for each sample before and after the
immersion thereof in the treating liquid and then converting
the result intoc the current density wvalue while taking into

consideration, for instance, the surface area of the sample
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The foregoing solubility or activity of the Al conmposite 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 imrersing abase material covered
with the Al filmin warmwater maintained at a predeterm ned

t enper at uggd (Frandimitefgiem 40mk oA 306 3aepiefefabl-¥a80nk01 190GQ . and
then determ ning the current density of the imrersion liquid. This
det er m nataorbarethddchat ¢he Mhifchcprprided ttheresirepd thf adled vedifdilng
the loss in weight observed for each sanple before and after the

i mer si onlltlﬁ*é%*é@banat:h@ChﬁéaW@@eW iR 2h o e 5 leorfieilingg pnpsess

result into the ourr dnS|t vaI

consi dera]%ll FHIF DR ?ef %ln%e E*%%\QYL%&?%O%R%#%&&BI BN SRF e
| mmer si onpLi gBc 9bat ber SANEN tEhé h@aéé SR d] Qi fhg s GARRE Sl eq
that the Al | m provided thereon wth adhered fi 1" 'nevi t ab l'y
attached fhemetwveduifngr tihee Al Miflar ikngupf ecesa bhastiséihfluence of
solubility (or activity) that the Al filmcan easily be peel ed off
from t he bastnpht byPherafbdageipehienecddheride illm-damisia arradessAl
filmis subjected tqg the ipfluence of thernal teresis experience
i the 11 PREGIEFAG i BEBE5 L0l 6 aing Ao T RbLY ERAF BT B PR e G Ey
as deter e c S h S=RO s than 50 mA/ cnR.

[ 0024] L8 gh%ﬁe{a%?gggnt&gl %\ggntllgg% QHFJP gr%}t}éga be described with
reference[bozthe foll owi ng enbodi nents. [0025] In the Al film
consisting essentially of the water-reactive Al conposite nmateri al
accordi ng to tHeeppressanti hyeentbon whll shéwemdenrd ctadqridiesheriséd
or distri bu%ed within the 4NA1 or 5NAL matrix and accordingly, the A
filmcan BRSPF§RFEatP WEhIRateFiRPt AMRCFLIREREEur e- cont ai ni ng

at m)spheri §§gﬁ1 as water, water vapor or an aqueous solution and as a
resul t C&A'thus be made sol uble or active in water. Usable in the
present inventian tas ALl r 8w MBLRMAlS idke, edMnd NSIBNCEE thesedraming
purities of 4N (99.99% and 5N (99.999% and each of them can be

obt ai ned bgatuivherAl r eatnpngiba Aabeawatat ectakdhayi ngp athewpnesan:

and prepared bé the electrolytic process _such as 2N (99% Al or 3N
(99. 9% ALPYERSLAPng IPo 1th&1ERlde Yy er mdYe SisgIosed miro Bt gbuged

ot hod acgerdingche 4iRPart bal SPLLALLI sad o seshoife (ghen c1

segregat| on €ch es use 0O erence
bet ween tB@nS@déil%ﬂdréééﬂl &iRRasRS 4POoR: tRen sal 'rrdi fsltqﬁ_’:é —(Ubnt-g'_'ﬁllng

principal inpurities present in the 4NA1 and 5NAl include Fe and Si

and atmosphere such as water, water vapor or an agueous solution
and as a result, it can thus be made soluble or active in water.
Usable in the present invention as 2l 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 such as 2N (99%) Al or 3N (99.9%) Al according to the
three layer electrolytic process or a method according to the
partial solidification technique (the segregation technique)
which makes use of the temperature difference between the solid

and liguid phases upon the solidification. The principal

impurities present in the 4NAl and 5NAI include Fe and 8i and
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these Al raw materials further include, for instance, Cu, N and C as
inmpurities other than the foregoing principal ones. [0026] In
the Al-1n system the el ectrochem cal potential difference between Al
and Inis in general quite high, but if the spontaneous oxide film of
Al is present on the surface thereof, the ionization of Al is not

advanced ghedklal HonRVRItervhar tthersrent ARels, oxbHe fddMds, anceni
broken or renoved and Al directly conmes in close contact wwth In, the

i oni zat i oandfC Als dampue tpreenotée rvehynr ape di grami g drihien qugiadnonals .
di fference between them At this stage, Inis, in the as-is status
t hereof, BPBRPY di spersed throughout the Al crystalline grains

i t hout i hem I h o h | [ fi int .
(1570 and nevel 115 any sol Y H-6i utten BHTH-APCHARLGT b RRyRtdaL
desired Ahitrbinoan Ho.pblaimedsly ielsingoAheaad LibR such dmaner

that the conposition thereof becones uniformwhile taking Tare of the

density dthéespbaeahebueenxtiemrana biienlt her paklsynspoayithg theface
resulting nolten material on the surface of a base material according
to the thehfukospridys aAgnicahnrgue Ad ihostgdangedrtfally Fowever,
result of ghe solidification of ,the d&gosited rmltin material t I‘OLélgh
quenchi ng"3S™vETE SROTHREISBIHPELSEVEL eFf BT PTG PREXEDI PRI FFRATH AT

[0027] = a1 d'ﬂ'&@ﬁg%r&& iiﬁebiggéyc&g@ﬁgﬂﬁhﬁe ?E&ZUQHQ%oﬁ%ﬂm of

crystalline grarns due to t action | “sprayi ng process

and it isanmeidid akntbndrddeest/atLod dl Waeht b it HeOpB6eh P 81 BGIE GRHRCT
with Al. The added In never forns a stable phase along with Al and

t her ef or ebetiweenlHam.i nBérflnce stagmmi it aEneich theiass i ghaenerperstcdt.e
and can undergo a vigorous_ reaction with water within a . ,

noi st ur e-E—bﬁPerﬁW%ﬁfgn%% ﬁll?éroélgé’toutth’éh%oq'ﬂt sEs§alfane Whsatidhout

addi | on. cLgRcanaoda el erenialaln i glly 41 sosr sed sandiddon

and the Hy gas es gener Uring the reaction un

expansi on (497t bys ganer akeed Ngehari CahyactiAnqg-Eearefione, Wit al.
reacti on products mainly conprising Al are finely pulverized on

t he surfadegotdéngdyt he desimaed dal fHdin can bet bbuaihednmbyngnalyidg [Ah
t hereon and dispersed in the liquid and the reaction or the

di ssol uti 8R%r 8ActT cH Tt MIFEES YRardEBR pFeareel i ph ddeitre htbagraes

successi VELY eLeNeWRT 1 LeASI Y BOHOUSE Yene density difference between

them and then thermally spraying the resulting molten material
on the surface of a base material according to the thermal
spraying technique to thus give an Al film, as a result of the
solidification of the deposited molten material through
quenching as well as the compressive effect of the
solidification.

[o027]

The added In is highly digpersed throughout the Al
crystalline grains due to the action of the thermal spraying
process and it 1s maintained in the state in which it comes
in direct contact with A1. The added In never forms a stable
phage along with Al and therefore, the Al/In interface ig

maintained in its high energy state and can undergo a vigorous

12



[ 0028] The higher the purity of an Al raw nmaterial, the nore
conspi cuous the behavior of the Al-1n system descri bed above and, in
ot her words, the behavior is particularly conspicuous in the case of
ANA1 and 5NAl as conpared with 2NA1 and 3NA1l [ 0029] Now t he
thermally sprayed Al film obtained using this conposite material wll
her eunder rbgctesarwbeH watapreitiei@id moMithe-d-ddme it MR efrrcedtieree
Al conposite material consisting essentially of 4NAl1-In by way of
exanpl e. f0030] contact fpreaepedithi eatty, ﬂheadéihédntdhaab&ﬂladded
preparation of the thernnlly sprayed Al filmconprises the step
prepari ngekﬁﬂﬁnéﬂf pa R Y\Flﬁépfeﬁ’éeﬂlcqwtrﬁﬁréﬁpﬁlthﬁ EhIfh bqt}}f’léﬁ

AUt 1 209100, LLAM Rl TS L0t NURaUPLE oLy dissol e
dlsperse I"to Al \% he Tesu Ing unrrorm X urelnoa

form of agegdrgtea i Erﬁectl'ﬁntl@éﬁ gh¥eianiat erhakekabet herm@l SRIAYon
t hen coverl ng the surface of a base material, for instance, a

consti t ueptodanbermd ol daorpmifsanm A@OOHaaamaerflmfequ pulweftdestngn the
apparatus such as an adhesion-preventive plate wused in the chanber
by sprayi ﬁlg}rtfﬁéerrﬁ@ FalthenmeeBanbfaenddtisry Bhthpet foridew anytiidm

subsequent s "§ABnBRNG SHET SO 71 T RGL TP L 4y ol her B o &5
e S TELEL 8 SR ot soly g ot el 2
formed i stheestiacebisehelny kenpwedentacnidh boyvatalkli ne grains (grain
dianeter: not nore than 1Onm in its highly, uniformy dispersed

st at e. [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 5NA1 as compared with 2NAl and 3NAL.
[0029]

Now the thermally sprayed Al film obtained using this
composite material will hereunder be described in more detail,
while taking a water-reactive Al composite material consisting
essentially of 4NAl-In by way of example.

[0030]

More specifically, the method for the preparation of the
thermally sprayed Al film comprisges the steps of preparing 4NAl
and In; combining the Al raw material with In, in an amount
ranging from 2 to 5% by mass to thus uniformly dissolve and
disperse In 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
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[ 0031] When i mrersing the base material covered with the
thermally sprayed Al filmin warm water or spraying water vapor on
the base material, as has been discussed above, for instance, when

i mrersing the sane in warm water whose tenperature is set at a
predeterm ned | evel, the reaction of the filmwith water is initiated
i mredi at eliyeafirethehehdnes Biy Whraphirghthe rdaeanRani 8d dymbheen state
generation of hydrogen gas, the water is blackened as the reaction
further pPBcedas [Fauvdigse obft hehpr éxarematerfigrl | astandengdeposithed
In, finally the thermally sprayed filmis conpletely dissolved and
preci pi taifigm‘ééﬁ]é‘%i“iaﬁgs%‘fa}yjf GErdnadnds : aRd SRRt b mieRcii Nthe

war m wat e Thi s sr | [Welo) p wi.t h t.he increase.in
the t enperafuRsTar e 1St GhSafa PRACREES Ml Gl LGP Rar ity
sprayed fmaﬂébaalbg%\ﬂmd i hedrabovey il @ t@ksDgeq bYW Heactive
exanple, one fornmed using a material having a rod-like or wire-1like
shape accohdingliyg ddmenfddmd- f hénmmal Tispraprng llechprgued Aut Ihe iAm
filmmy |jkew se be forned using a powdery material according to the

fl ane- t heFHEP SBFAFHNGSt @RANTRUE Ihel 1 | ImAREE S thie A lpervstrdd ine
cpr ayi g FERARPqUE= St PRETBFEEaNTornTEiE: G AL P Pace HLEhLY,
descri bedyabe¥ent § ARLLERschoLLqwed Dy the spray of the nolten
material on the surface of a base material, quenching and solidifying
the sane fooshiis forma thermally sprayed film according to one of
these thermal spraying techniques, while using the known process
conditions. [0BBSp immersing the base material covered with the
thermally sprayed Al film in warm water or spraying water vapor
on the basematerial, 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 watexr
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, £inally the thexrmally
sprayed film 1is completely dissolved and precipitates
consisting of, for instance, Al, In and Si remain in the warm
water. Thig reaction vigorously proceeds with the increase
in the temperature of the watex.
[0032]
The foregoing thermally sprayed film has been described
above while taking, by way of example, one formed using a
material having a rod-like or wire-like shape according to the
flame-thermal spraying technique, but the Al filmmay likewisce

be formed using a powdery material according to the flame-

thermal spraying technique. The film may further be formed
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If using a base material, whose surface is covered with the foregoing
water-reactive Al film as a constituent nmenber for a filmformng
chanber such as an adhesi on-preventive plate or a shutter which is
positioned within the filmform ng chanber of a filmformng
apparatus, as has been di scussed above, the film conposed of the
filmfornagorat £fitd] chaevic-adiv: a8beped g heceoNghd t benthdBIReha
for a filmformng chanber can easily be peeled off fromthe

constit uespraghher tafdleridqure cofpl ethen pofeddre f Lhueholohng Wreoceaw
carried out over_a_predetermned nunber of tinmes or cycles and

accor di nghgterhal @gerbpleedatha e danmpé teBeofel davetony tiHe saaiaed oAl
filmprovided thereon with the deposited filmof the filmform

mtor ol COFIR R hia} oA TESRIRERER S Bele ieferla Ll bR pg:
peeling obhqQloitite A PIRAS 4k EblfRUS £B @%e%ﬁ%mlgaé ﬁfg&@fﬂm@ut
is water such as pure water, water vapor or an aqueou % ion.
Accor di nghycotrfiing tpossidloF thepeevhaimbhesmeopiienerofi s dafmge
of the constituent nenber for a filmform ng chanber such as an
adhesi on-ppenentheekppenerdoecss chrddisgnPuti on of the latter in the
l'iquid ang ésgfe constituent nenbers can be reused over a

subst ant i af ncreased nunber of tines, as conpared with that
observed for the Gang; I piUChaBcGHer, CRhoLeagentals HORbAT G B
liquid for peeling. reover, any c eri car reagen? 'S not used in e
present i pNeNtdrEySth hekel-ekactliRieSANWORH Xh f esubtcdiktfient member
consi derabl e reduction of the cost required for the post-treatnent
and in t h&opr esdrivat-iformgingt ehaanbhar osweint as Fant hehssien -postveoft itviee

film forning materi als adhered to the constituent nenbers for a,
filmfor PhatRIRINBeteicdr 3815k A8RAFIIn-Pret ¥athde Ppradd Ims feapdng

di ssol ved 4 er -and ordi , ent, _i Nt | as,_such .an
ol ved.hautal eCe a0 cashoALATLY, Lhe BLRSCNL | KETLgn Dag uehs
having a gepabesi tid andm shapessdbsbantimd | yeidentd:Galnd O rahes8 a1
observed for the filmformng material. In addition, the present

i nvent i onisdunsakbligh agheaddantagehe habnsoti torhy trteemlreec ofker yac dstimean
be dramatical |y reduced, but also the process to be used for the

recovery EERMbRISTRAINGT &dTaRBSad¥orinffhed witdet vam €y constratarens s
can be I efONELEd ARaar ding Lodie ALgseRt I AKent] u@hfggr%g};gi?p%g%%’ss'f

the filmtormng erial’s are~expensi ve neta

netal s andaf2i 8dMRitbser! §H SR Qfridi N Slinbdend £ TBNREY oL 0ky@ es and
filmform ng chanber such as an adhesi on-preventive plate, Which is

provi ded, aonotienglyf acket heleablewinthadsf cbm dbensiestivegedl fibe the
wat er-reactive Al conposite material of the present invention, would
pernit theegefdval fadmppEryhgedffhestearhyifhy vie fanasibiad dhareld the

t he const Lt eg% menber d rim% the.%bln}forning oper ati ons and
consistingig? ﬁﬁm%F?nT?g?ﬁ% g’ it &P §75®sinply by i mersing the
menber inrygtej or spraying water vapor on the same. This in turn
permts the recovery of precious netals and rare netals w thout being
acconpani ed byIanyhtenri=dd nalsednasTAUL, qiie fleec @peeny ngostfcan diee Al
reduced and the filmformng material can |ikew se be recovered while
they are SP¥PPsihethiln i ghtgaayi eieebrl tiegeent, but is water such

as pure water, water vapor or an agueous 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
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[ 0035] The present invention will now be described in nore
detail below with reference to the follow ng Wrking Exanpl es.

Exanpl e 1 [0036] 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
t her mal | ytisgir ayeeriiddBoanthé¢ heygeesul kisi ¢hus cabhnacaedra®sent is used

I nvesti gated and conpared with one another, while using 3NAL , 4NAl
and 5NAL &% stusd: Al 1iqwideliast peled ingn t Hpseevane@nvrhatigadddeggent
amount of,In is exgr_essed in ternms, of that relative to the nmass

(wei ght) b? HeUAPdr HvtRgt BF PP hsEl SHOEEYPRI3NATT € 966 by s WO
of In; %It 31%? mﬁer@éﬁsf&eigﬁle reduction of the cost required for

the post-treatment and in the preservation of the environment.
Furthermore, most of the £ilm-forming materials adhered to the
congtituent members for a film-forming chamber such as an
adhesion-preventive plate is never dissolved in water and
accordingly, the present invention has such an advantage that
a material can be recovered in the form of a solid having a
composition and a shape substantially identical to those
observed for the film-forming material. In addition, the
present invention shows such an advantage that not only the
recovery cost can be dramatically reduced, but also the process
to be used for the recovery can be simplified and accordingly,
wide variety of materials can be recovered according to the
present invention. For instance, 1f the film-forming
materials are expensive metals such as precious metals and rare
metals, the use of a constituent member for a f£ilm-forming
chamber such as an adhesion-preventive plate, which is
provided, on the surface thereof, with a 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
film-forming operations and consisting of the film-forming
material, simply by immersing the member in water or spraying
water vapor on the same. This in turn permits the recovery
of precious metals and rare metals without being accompanied
by any contamination. Thus, the recovery cost can ke reduced

and the film-forming material can likewise be recovered while
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3NAL - 4% by mass of In; 4NAL - 2% by mass of In; 4NAl - 3% by nass
of In; 4NAl - 4%by mass of In; 5NAL 5NA1 5NAl1 [ 0038]

they are still in their high quality conditions.
[0035]
The present invention will now be described in more detail

below with reference to the following Working Examples.

Example 1

[0036]

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 films 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 mass (weight) of the Al raw material used.

[0037]

* 3NAl - 2% by mass (wt%) of In;
*3NAl - 3% by mass of In;

* 3NA1l - 4% by mass of In;

*4NA1 - 2% by mass of In;

*4NAl1 - 3% by mass of In;

* 4NAl1 - 4% by mass of In;

* BNAl - 1.5% by mass of In;
*B5NAl - 2.5% by mass of In;
* ENA1 - 3.5% by mass of In;
[0038]

There were combined Al and In with each other in the rates
specified above to thus uniformly digsolve or disperse In in
Al and then each resulting blend was formed into a rod-like
article and this article was used as a material for the thermal

spraying process. Then a thermally spraved film was formed
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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 nelting the rod-like article
and t hen phetant 1yg SfHayddn- The rasildliagmeltdhesf themantyckgrafginbe
surface of a base material nmade of alum numin the atnosphere
accor di ngthe rasutbdng| aebtspfaphagareénneqoe theasusdareeofCaHRag2
gas; tenperature; about 3,000C). Each of the thermally sprayed fil ns
t hus pr od‘ﬂ%‘é‘ﬁ%ﬁ% '%%Fffﬁé%ﬁé‘&%néﬂ“héat the At RRfPhete £ ‘Iéhlg%% (e the

angi ng TLom Gia 350G LLhacl | muReLLLedigd  n bhiecat msphepe

one hour se ue ol ed ur nace

subj ect nge&b@r&tﬁf‘ét Oabbet i flfd)@@ﬂ@ﬁ OfEat&}ﬁrdBiEHéy%h%rrﬁé'liKp%%%h%ﬂ
experienced during the filmformng process. Thereafter ase

mat eri al pidwsdedus hpredncaiit tatheubliectrall yospr aged -tirkatpenar atoa
the heat-treatnment (0C) and the sanme base material used above and

obt ai ned ’é?‘f@?r@ﬁ‘érﬁe]éﬂlﬂ%%tm O &En3REr & |Hﬁ@r§b7d“|"fﬁ%werﬁliet§* in

pure wate n ed at. 80C | | owed .by 1 he det nlnat af _.t.he
current dé%sn E‘/ o? EET F]éa‘glﬁ’ U ﬁfi é/‘tlbse a|n he% 6”1131}33}1&

each ther ﬁﬁfhé(céprﬁifeéjlaféé B -Ekh%jreec%li th@u§19ﬂt@b rtedje Vﬁ’fﬁuence of
i nvestigated. The results thus obtained are plotted on Fig. 1.

Fig. 1, theeheal- hyeatorentist eppes Hb Ly e ekOprienpkdt tdad jasy abBGI fiamnd
the reaction current density (mA/cn) is plotted as ordinate. [0039]
The data pPEPied GFOFEFS-1 cTI@%ményrﬁl cathe thpie wWakarisingrAvides

terial h h N or_5N, th b d th
tendency CRETSORe YHOR 1y AR mi%@regﬁab? Fies i hate the

hi gher thgp,tbat-9bs ﬁgefohof@r ahﬂetlgés Ja'nle”b or e A“efl ﬂ%eﬁ'\ﬂo@é‘%ntd‘e

data also indicate t ere 1s observed, raw mat eri

havi ng eacbtapeeifictpurihy, hé&ne-tfmahﬂmmig dedtdensye ihetighdan Bhe
In concentration (not |less than 296 by nmass) in the Al conposite
mat eri al , mEhechi givare tﬂﬁéegolwmtayﬂw tée BEs@.ti hglhpwed| ey Fahe

t hi wh t | f t t.h
4NI s UecHeLAERARE A oS LR AR DBt (1] CORECHUPST 67F or i ich.
%Dy maES, et a9l LEAGLROLORLL Y. A ARt Ah ) LBLSPoNSe £900dne

peellng-o rom-t ase materra
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.

[0039]

The data plotted on Fig. 1 clearly indicate that, when
using Al raw materials each having a purity of 4N or SN, there
is observed the tendency that the resulting Al films have
solubilities 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
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[ 0040] It was found that when i nmersing, in warm water

mai nt ai ned at 8000, the base material covered with a thermally
sprayed Al filmhaving a good solubility in water and obtained after
the foregoing heat-treatnment, the reaction of the filmwith water is
initiated imediately after the i mersion, which is acconpani ed by

t he vi gor bhs geEngridtiitonoafthy deegénigaAl fhémwat Bor tider geeson, when
bl ackeni ng as_the reaction further proceeds because of the presence
of, for inABtAahdav Bapesileddhaning|maunitvheftpet didss sheayell ¥ luped
cannot maintain the state such that it is firmy adhered tq the base
materi al SH1eRT g T AUREETOASR PR FRTER Hhd TGP ey s e b &

| ed of {,,f t el | [ b Qn. <E
Pt i num (BT el or SChg aner o7 Bhe b T ehent o ouer T30 Gt Fegt

usi ng a spekl enprgrappasat YBeppar¥edadtwr- A1an adhesi on-preventive
pl ate whose surface had been covered with a thermally sprayed film
(filmthi ¢RA€8s: 200mm) of the 4NAL - 3-75 by mass of In prepared in

Exanple 1 and then the adhesion-preventive plate to which the Pt film
had been adher ¢l "R T arRa<SSEhVRe firEia b S plt et bpp rd e 1asd

treated with mwat er_ mai ntai ned at 8000, As .a result, .i.t was found
that the ThefHar!y" Sprayed 1 Th 18 e ISl S5 aTrad b hiTh 56
mnutes and thah Hdeiadheredd tsbmu%filﬁ’ttt}ﬂ snpeeted oid dyQnddip arter
adhesi on-preventive plate. Thus, Pt as the filmformng materi al
coul d easthy beregcbmgrirdat Atréhisest agehe i teavasi drount tHeatf IAnO@K tiks
precipitated in the warmwater. _ .
water is initiated immediately after the immersion, which is
accompanied by the vigorous generation of hydrogen gas, the
water undergoes blackening as the reaction further proceeds
because of the presence of, for instance, deposited In, finally
the thermally sprayed film cannot maintain the state such that
it is firmly adhered to the base material, due to the reaction

with water and the film begins to be peeled off from the base

material with dissclution.

Example 2
[0041]

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
- 3% Dby mass of In prepared in Example 1 and then the
adhesion-preventive plate to which the Pt £ilm had been adhered
was disassembled from the sputtering apparatus and treated
with warm water maintained at 80°C. As a result, it was found

that the thermally sprayed £film is completely dissolved within
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I ndustrial Applicability [0042] If coating, with an Al film
consisting of the water-reactive A conposite material according to
the present invention, the surface of constituent nenbers for a
filmform ng chanber of a vacuumfilmform ng apparatus, which is
used in formng a thin filmof a netal or a netal conmpound according

to the spatteihiges eatihittae, thBeayAeUem SENOSIR PENikesdel gaies £ Fe-om
ion-plating technique and the CVD technique, the filminevitably
adher ed, @bei aghenboriPreverd vig pradcess Thus ,t Ré ssirtfhe & idin-gyamiag
constituent nenber foaa filmform ng chanber can be peel ed off

t her ef r on'PHEA1ADI SPHLE- EBRLAYNPRg TROTESKE-e AhdTRAR 84898y HE was
recovereds Eﬂﬁr ﬁﬁﬁ"ce 1688 959%9 9¥sEEaOQnC%ﬂFb%ag§ﬁe§ake the fields

in which these ormn ara uses are I nst ance,

in the technical fields related to seniconductor elenents and

el ectronics-rel ated machinery and tools for the purpose of increasing
t he nunbeEndhstedsdé Appddcebilllheyconstituent menbers for a
filmform ng chamber of a filmformng apparatus and of recovering
the filmf 88%? g materi al s whi ch contains val uabl e netals What is

clainmed is: reactl AI conpos mat er i al

4ANA1 or 5NAL an Wgtaglflﬁ in"a anﬁ&nt &tﬁal f FORE2 St Yo 6’? rrg:g]se
on the baﬁh%le-rEQ@t&T@éSAPfcchos1‘Méeﬁ1§t9rll§1'a.scd{ﬁ}ciﬁ{gm:)é E'hé&ﬁfe%%ﬂ n
Al crystalline grains. 2. A nethod for the production of
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prepared by adding In to 4NAL or 5NA1l in an amount ranging from2 to
5% by mas&lém- tfﬁémbaglcgla@ﬁbecm@f ra¥acoEnAl lsyde ks ehparatust iwigch
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grains. technique, the ion-plating technique and the CVD technique,
the film inevitably adhered, during the film-forming process,
to the surface of such a constituent member for a film-forming
chamber can be peeled off therefrom in a moisture-containing
atmosphere and can easily be recovered. Therefore, the
present invention can be used in the fields in which these film-
forming apparatuses are employed, for instance, in the
technical fields related to semiconductor elements and
electronics-related machinery and tools for the purpose of
increasing the number of reuse times of the constituent members
for a film-forming chamber of a filwm-£forming apparatus and of
recovering the film-forming materials which contains valuable

metals.
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3. Awater-reactive Al filmconsisting essentially of the

wat er-reactive Al conposite material as set forth inclaiml. 4. A
constituent nenber for a filmform ng chanber of a filmformng
apparatus characterized in that it is provided thereon with a
water-reactive Al filmconsisting essentially of a water-reactive A
conposi t ewhat eisatlatmsdtisorth in claiml or a water-reactive Al
fil mprepared according to the nethod as set forth in claim2. 5.
The constituenf WBRBErTEBETAVE| A FOMPRTHE HERARST1ags CORPIHGANY “NA

clai m4, whengin e consti{uent, menber s, an. adnssl on- preyentive.

pl ate,

on the basis of the mass of Al, wherein In is uniformly dispersed
in Al crystalline grains.

2. A method for the production of a water-reactive Al film
comprising the steps of melting a material prepared by adding
In to 4NAl or 5NAL in an amount ranging from 2 to 5% by mass
on the basis of the mass of Al such that the resulting material
has a uniform composition; thermally spraying the molten
material on the surface of a base material; and solidifying
the sprayed molten material through quenching to thus form a
thermally sprayed A1 film in which In ig uniformly dispersed
in Al crystalline grains.

3. A water-reactive Al fiim 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 film consisting essentially
of a water-reactive Al composite material as set forth in claim
1 or a water-reactive Al film prepared according to the method
as set forth in claim 2.

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

adhesion-~preventive plate, a shutter or a mask.
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