SPECI FI CATI ON Water-Col | apsi ble Al Conposite Material, Al Filmand A

Powder Consisting of This Material, and Methods for Preparation thereof, as
wel | as Conmponent Menbers for Constituting Film Form ng Chanbers and Met hod
for the Recovery 5 of FilmFormng Materials Technical Field The present
invention relates to a water-coll apsi ble al um num (hereunder referred to as
"Al") conposite material, Al powder and an Al filmconsisting of this 10

wat er-col l apsible Al film and nethods for the preparation of these
substances or materials as well as a conponent nenber for constituting a
filmformng chanber using the MEHEIEIENIIERSible Al filmand a nethod for
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constituting a I'mformng material I's 20 inevitably deposited on ‘or

adher gd t¢f KiRiFarmioOVROAGsIE nenbers of a filmform ng chanber arranged
within such a filmform ng apparatus during a filmform ng process. For
this reason, the conponent nenber for the filmform ng chanber conpri ses,

for instance, a baffl e plate for preventing any deposition of a filmon the
i nteri or brchnigal Figk uum chanmber ot her than a substrate, a mask which pernits
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after the renoval of such
the water-collapsible Al film and a method for recovering film-forming materials using

the component member.

15 Background Art
In a film-forming apparatus for forming a thin film on a scmiconductor or
electronics-related machinery and tools according to, for instance, the sputtering
technique, the vacuum evaporation technique, the ion-plating technique and the CVD
technique, a film of a metal or a metal compound constituting a film-forming material is
20 inevitably dcposited on or adhered to ccrtain component members of a film-forming
chamber arranged within such a film-forming apparatus during a film-forming process.
For this rcason, the component member for the film-forming chamber compriscs, for
instance, a baffle plate for preventing any deposition of a film on the interior of the
vacuum chamber other than a substrate, a mask which permits the deposition of a film
25  only on the desired portions of a substrate, a tray for transporting the substrate and/or a
shutter and accordingly, a film having a composition identical to that of a desircd thin
film (one to be deposited on the substrate) is deposited on these members.
The thickness of the film inevitably deposited on these component members for

the film-forming chamber increases in proportion to the increase in the operating time.



films deposited thereon. Such deposited filns may be peeled off fromthese
menbers for the filmformng chanber in the formof particles due to the
action of internal stresses and/or repeated thermal history, these filns
peel ed of f are then deposited on the 5 surface of a substrate and this
beconmes a cause of various defects of a desired film deposited on the
substrate. Accordingly, these conponent nenbers for the film formng
chanber are detached fromthe filmform ng apparatus at such a stage that
the deposited filmis not yet peeled off fromthe nmenber, the nenbers are
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deposits thereon during ‘the filmformng stage. enerally used

for tibe rsermaatiniofing RRsEnHERAS tHes thé yhemethbave rigen knawscid @mnsisisd ance, a
sand- bl asting nethod; a wet etching nmethod which nakes use of an acid or an

al kal i ; ah@trgmédd sigpsmet mogtnwhil cipearak etsrepggler mfertdie hydr ogen enbrittl enent
with, for instance, hydrogen peroxide; and a nethod for peelinq t he sane
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15 technique for recovery and recycling trcatments for these film-forming materials, in
order to reduce the amounts of thesc materials, which are not used in the film-forming
processes and disposed or abandoned, to a level as low as possible.
For instance, the baffle plate is uscd for the prevention of the deposition of any
film-forming material onto the intcrnal wall of the apparatus other than the substratc and
20 a variety of componcnt members for the film-forming chamber, arranged in the
film-forming apparatus, but it is presently common that the plate is rcusced after the
removal of any deposits thereon during the film-forming stage.  As methods gencrally
used for the removal of these deposits, there have been known, for instance, a sand-

blasting method; a wet etching method which makes use of an acid or an alkali; a

b
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peeling method which makes usc of the hydrogen embrittlement with, for instance,
hydrogen peroxide; and a method for peeling the same while making usc of the
clectrolysis technique. In this connection, however, the baffle plate would be damaged,
through the dissolution of the same, to a certain extent during the process for the

removal of such deposits and therefore, this may in turn limit the number of the



repeated use of the sanme. In this respect, only a small amount of blasting
dust is generated during the foregoing sand-blasting step and the waste
fluid generated in the foregoing treatments wth a liquid containing a
chem cal such as an acid or an alkali contains the film which 5 had been
deposited on the foregoi ng conponent nenbers and peeled off therefrom
during the treatnents, in only a | ow concentration. Accordingly, these
materials have in general been disposed as waste nmaterials, at present,
because of an increase in the cost required for recycling the sane.
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15 foregoing treatment with a chemical-containing liquid, the film-forming materials may
be converted into different chcmical substances through the treatments and accordingly,
an additional cost would further be required for the recovery of only the film-forming
materials from the deposits peeled off from the foregoing component members.  For
this reason, the subjects to be recovered at present are only the film-forming materials

20  cach having a unit price comparable to the recovery cost thercof.

In addition, there have conventionally been developed a variety of mcthods for
the generation of hydrogen gas. For instance, there have been known a partial
oxidation method or a reforming mecthod which makes usc of natural gases or
petroleum; a method for clectrolyzing an agueous solution of NaCl or water; and a

25 method which makes use of a hydrogen-gencrating alloy material (sce, for instance,
Patent Article 1 specified below). At present, however, thcre has not yet been
developed any satisfactory hydrogen-generating method.

More specifically, the method which makes use of natural gases or petroleum

suffers from various problems such that it never provides hydrogen gas having a high



3 purity, that it requires the use of a high tenperature on the order of
1000 to 1500C and that the raw materials to be used are naturally-occurring
ones or fossil fuels which would be in danger of depletion in the not very
distant future. In addition, the foregoing electrolysis nethod |Iikew se
suffers froma variety of drawbacks such that the 5 nethod requires a high
producti on cost because of the consunption of a great quantity of electric
power and that even when enpl oying the solar energy for the reduction of the
production cost, the efficiency of the production thereof is ver Iom1and it
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smal - Tu @ trac(e% much attention because of its low potential and high stability. However, there

15  has not yet been developed any satisfactory Al-In alloy and accordingly, there has been

desired for the development of a matcrial which permits the occurrence of a stablc and
long-lasting reaction which may take place at a lower potential.

Patent Article 1: Japanese Un-Examined Patent Publication 2002-161325 (Claims)

20 Disclosure of the Invention
It is an object of the present invention to solve the foregoing problems
associated with the conventional techniques and more specifically to provide an Al
composite material which is collapsible in a moisture-containing atmosphere, an Al film
consisting of this Al composite matertal, Al powder consisting of the same and methods
25 for the preparation of these materials or substances as well as a component member for
constituting the film-forming chamber of a film-forming apparatus and a method for
recovering film-forming materials using the component member.
According to a first aspect of thc present invention, there is provided a

water-collapsible Al composite material wherein the external surface of small lumps (or



4 pieces) of powder constructed froma single or a plurality of grains of A
or an A] alloy is covered with a filmof a low nelting point netal or alloy
selected fromthe group consisting of indium (hereunder referred to as
"In"), tin (hereunder referred to as "Sn"), any conbination of In and Sri,
and alloys thereof. If an Al conposite material has such 5 a conposition and
such a structure specified above, the conposite material is easily

di sintegrated or coll apsed whil e generating hydrogen gas, within a

noi st ure-contai ning atnosphere. The water-col | apsible A conposite materi al
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the nat urdMOopbeEntial, but also results in a sinple increase of the
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segregation (layer)" wll be described in detail later. According to a
second agpettnasf oftthe cpnpsseintmaitenant Ifdhg catiet ef iths fakgoinylowidddngapo2s net hod
for the preparation of the foregoing water-collapsible Al conposite material
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and all Oy@hik}?%}eﬂfvc}sg s@é}egz%wﬁyerr%%ﬂgrmed is in turn increased and the resulting
15 composite material is not easily and efficiently disintcgrated in a moisture-containing
atmospherc.  Morcover, the use of these elements or alloys in an amount exceeding the
upper limit specified above not only leads to an increase of the natural potential, but
also results in a simple increase of the thickness of the inverse segregation layer.
Furthermore, the use thereof in such a high content never improves the water-
20 collapsibility of the resulting composite material and leads to an increase in the
production cost. Accordingly, the upper limit of the content thereof is preferably on
the order of about 20% by mass. In this connection, the term “inverse segregation
(layer)” will be described in dctail later.

According to a second aspect of the present invention, there is also provided a
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method for the preparation of the foregoing watcr-collapsible Al composite material
according to the first aspect of the present invention, which comprises the steps of
adding, to Al or an Al alloy, a low melting point metal or alloy selected from the group
consisting of In, Sn, combinations of In and Sn, and alloys thercof in an amount ranging

from 0.1 to 20% by mass to thus give a raw material; fusing or melting the raw material



fromO. 1 to 20% by mass to thus give a raw material; fusing or nelting the
raw material in such a manner that the material has a uniform conposition,;
and then quenching the nolten raw material in a non-oxidizing atnosphere to
t hus induce or cause the inverse segregation of the foregoing |ow nelting
point nmetal or alloy on the external surface of small pieces or powder
constructed froma single or a plurality of crystalline grains of 5 Al or an
Al alloy to thus cover the external surface of the snmall pieces or powder
with the Iow mel ting point nmetal or alloy selected fromthe group
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uni form conposition; thermally spraying the resulting material on the
surface of a swtmbfdatgtolmthadn@pbc@nf dicziragnainvesphetierc Brtketierprguidachi ng t he
thermally sprayed raw material to solidify the sanme and to thus give a
desired fa wacraolarsdilngAt dilm fhiaht komspect b fonegopr@senter-dolupnibleonl there
is also provided water-col] apsible Al powder which consjsts of the
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15 The method for the preparation of such a water-collapsible Al film according to
the third aspcct of the present invention comprises the steps of adding, to Al or an Al
alloy, a low melting point metal or alloy selected from the group consisting of In, Sn.
combinations of In and Sn, and alloys thereof in an amount ranging from 0.1 to 20% by
mass to thus give a raw maicrial; fusing or melting the raw material in such a manner

20 that the material has a uniform composition; thermally spraying thc resulting material
on the surface of a substrate in a non-oxidizing atmosphcre; and then quenching the
thermally sprayed raw material to solidify the same and to thus give a desired film.

According to a fourth aspect of the present invention, there is also provided

water-collapsible Al powder which consists of the foregoing water-collapsible Al

ot

composite material according to the first aspect of the present invention.

According to a fifth aspect of the present invention, there is also provided a
method for the preparation of the water-collapsible Al powder according to the fourth
aspect of the present invention, which comprises the steps of adding, to Al or an Al alloy,

a low melting point metal or alloy selected from the group consisting of In, Sn,



aspect of the present invention, which conprises the steps of adding, to A

or an Al alloy, a lownelting point netal or alloy selected fromthe group

consisting of In, Sri, 6 conbinations of In and Sri and alloys thereof in an

anount ranging fromO0.1 to 20% by nmass to thus give a raw material; fusing

or nelting the raw material in such a manner that the material has a

uni form conposition; and then quenching and solidifying the resulting

mat eri al by spraying the same within a non-oxidizing atnosphere to thus form

5 a desired powdery product. In this case, the added anoun{ of the |ow
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i nvention. According to a seventh aspect of the present invention, there is
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characterized by the use of a conponent nmenber for a filmformng chanber
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t hereof, as tgg.nenber for éhe filmformng chanmber of a filmformng
appar at usSFAniRetse 490V E19ihr med on a subject to be treated, and which
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filmformng processes over a long 20 tine period; and then exposing the
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at nosphere contai ning water, water vapor and/or an aqueous solution to

i nduce t heolldpshintégitmtcondiot to He thiad especlo|thppicking iAlenfiol.m and to thus peel
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component member for a film-forming chamber provided with the foregoing water-
15 collapsible Al film on the surface thercot, as the member for the film-forming chamber
of a film-forming apparatus in which a film is formed on a subject to be treated, and
which compriscs the steps of detaching the component member for the film-forming
chamber provided thereon with the film-forming materials deposited on the surface
thereof in a substantial thickness after the practice of film-forming processcs over a long
20 time pcriod; and then exposing the componcnt member to a moisturc-containing
atmosphere, for instance, an atmosphere containing water, water vapor and/or an
aqucous solution to induce the disintegration of the water-collapsible Al film and to thus
pecel off and recover only the film deposited on the component member and consisting
of the film-forming materials from the surface of the component member for the

25  film-forming chamber.
In the water-collapsible Al composite material according to the present
invention, the external surface of small lumps (or pieces) or powder constructed from a
single or a plurality of crystalline grains of Al or an Al alloy is covered with a film of a

low melting point metal or alloy selected from the group consisting of In, Sn,
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invention, the external surface of small |unps (or pieces) or powder
constructed froma single or a plurality of crystalline grains of Al or an
Al alloy is covered with a filmof a lownelting point netal or alloy
selected fromthe group consisting of In, Sri, conbinations of In and Sri,
and alloys thereof and therefore, this Al conposite material possesses such
properties that it can efficiently be disintegrated or collapsed in a

noi st ur e-contai ni ng at nosphere. For this reason, a filmor the like
consisting of this Al conposite material may undergo efficient

|

di si nt egr@mteintiphs pelngaeraand glloysdhegehas! hagion, thieAbsaapasie meferighi st ur e
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nmetals included in the filmformng 10 materials can efficient

recover eduak iomid presdhep os intoddurci dnth debardingeeliedhe aflin islappliadidi & comporidne

wat er-col | apsi ble Al conposite material as well as the Al film thermally
sprayed Anemfibdrnfoora Ailmgommag wembis{iul of a théflc pposiat Blmeesistalg olin easi |y
he prepared by sinple processes at |ow production cost. 15 Brief

Descri pt i [JA-Brmingempyespls ey ipply. depositedpns épfeiptipnce. gvdigr Brfls HbUe Ayritse
conposi tion and structure of an Al-In_conposi terial accordj to the
bresent i1y dRE BAng igbcss an P opdilad St Rovehd EBrueimed ERuphdler istics
of an Al -J.n.sp - il (er - ' q | .espect to
vator . oy ARy SRS coplebid oy A Al AEARSHLEGG ) b klRe

sol ubiigl i tifatehaE aah edtfisteh®p bef readvedd lidn{ 100 dSpisayd anat ehsf pdemdastrard unction
of the tenperature of warmwater, while Fig. 2(b) is a bar graph show ng the

sol ubi | i taddgtar getveatestdliapsible Ancodhpdsite (B%Wriad ps ayellceatedd ffillmtlesmall§ unct i on
of the tenperature of warmwater. Fig. 3 is an SEM m crograph of the A -In
spr ay- cogtveded i Afibpepraie domler zenistmgpple the, couppesitgpaesicfiplc gan yasilFi e 3( a)

shows such an SEM.m Er\;g%a?h\ Olfb%n -Ln gl% spray-coated filmand Fig.
3(b) shovi¥CRAEhSHIBENITRESPOG! dPhPOUSHPIAGON- 0" (59 ~“spray-coated film

15 Brief Description of the Drawings
Fig. 1 is a schematic diagram showing the composition and structure of an
Al-1n composite material according to the present invention.
Fig. 2 is a graph showing the solubility characteristics of an Al-In spray-coated
film {(or an Al-In deposited film) with respect to water. More specifically, Fig. 2(a) is a
20  bar graph showing the solubility characteristics of an Al-ln (1%) spray-coated film as a
function of the temperaturc of warm water, while Fig. 2(b) is a bar graph showing the
solubility characteristics of an Al-In (5%) spray-coated film as a function of the
temperature of warm water.
Fig. 3 is an SEM micrograph of the Al-In spray-coated film prcpared in
25 Example 1. More specifically, Fig. 3(a) shows such an SEM micrograph of an Al-In
(1%) spray-coated film and Fig. 3(b) shows such an SEM micrograph of an Al-In (5%)
spray-coated film.
Fig. 4 is a photograph showing EPMA imagcs observed on the rupture surface

of the Al-In spray-coated films prepared in Example 1, wherein Fig. 4(a) relates to an



Fig. 4 is a photograph show ng EPVA i nages observed on the rupture surface
of the Al-In spray-coated filns prepared in Exanple 1, wherein Fig. 4(a)
relates to an 8 Al-In (1% spray-coated filmand Fig. 4(b) relates to an

Al -In (5% spray-coated film Fig. 5 shows photographs each illustrating
the processes, in which the deposited filmis peeled off froma substrate,
observed using a substrate covered with an Al-In (1 % alloy spray-coated
filmforned according to procedures simlar to those used 5 in Exanple 1.
Best Mbde for Carrying Qut _the Invention According to the water-collapsible

Al compostkid (ﬂreﬁt)éialidwc%tﬁd filie apd Esitb) telates i aonl-1n (8o )sprarepatedSilie ace of
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I n, I'na n and and a oys t ereo accor ngly, the

wat er - col AlpRsi &) @16y spreRePAS] fifn MRhRUI8bor8AR (¢ BRIctJurbEsifiial Mlaaked or
col | apsed in a noi sture-containing atnosphére such as those containing, for

i nst apce,inwWau@ple Mat er vapor or an aqueous 15 solution. A wused in the
present invention nmay be one containing inpurities, but preferably used
herein is pure Al. The present invention will hereunder be described in
detail with reference to preferred enbodi nents of the present invention
whi | e t akpgiMoge fpr, §§]'§‘t‘%9“&ﬁ'&3 BH?PB%I ly taking Al-1n and/or Sri systens
by way of typical exa n _co 05|te

el ectrochem caIA658Iidér}$t F@ﬁﬁ‘a"f*’?%fr %ﬂldé’E’l%Eewaecé%nW Snje Hgfg? th g%rﬁscpgl quite
hi gh, buti,any hot'ﬂb %gtltehgi‘rd}hcé'of@%ﬁ lﬁlﬁh g;lf r Pk dr%ogﬁl@ﬁftﬂ{sﬁ" QP§ Eroff 2 @

natural | y oxi dized t he nat I'y oxidiz mls once

dest royedimnéoA plusally bEEHkMIIZeERAiner W biharl Al altdieis ReV@BY wadh Liilhf 8 £nce
woul d strongly accelerate the ionization of Al. At this stage, Inis

present iinwt heltflg- pboins ysttelmoni divgutcl@Bedurdinber gt ngowgnycostigmgcal lohamge. Thus,
it would be necessary to cover the surface of A with a filmof In while

prevent i rfgmbhEtipgy ﬁfa T fb’h‘ ot apdhgllowttherae! o acodingly. (ths watepcollaprivle bt al 1n
has a | ngorg%otsftengna ena lgjé?ls?]l%) beaglq;mqgggtl;:d fo?rc apsc}i ”S]OE{ Illl%lsstl?rlcl'lc%lzitcgipnlr\{\é th
atmosphere such as those containing, for instance, water, water vapor or an agueous

15 solution. Al used in the present invention may be onc containing impurities, but
preferably used herein is pure Al.  The present invention will hereunder be described in
detail with reference to preferred embodiments of the present invention while taking
Al-In systems and optionally taking Al-In and/or Sn systems by way of typical
examples.

20 In the Al-In composite material, the clectrochemical potential difference
between Al and In is in gencral quite high, but any ionization of Al does not procced in
the presence of a naturally oxidized Al film. If the naturally oxidized Al film is once
destroyed and Al is directly combined with In, the potential difference would strongly
accelerate the ionization of Al. At this stage, In is present in the Al-In system without

25  undergoing any chemical change. Thus, it would be necessary to cover the surface of
Al with a film of In while preventing the formation of any natural oxidized film of Al
The metal In has a low melting point (157°C) and never forms any solid solution with

Al and accordingly, it is liable to cause an inverse segregation phenomenon upon the

solidification of the Al-In system. When applying a material in which In is uniformly



Al and accordingly, it is liable to cause an inverse segregati on phenonenon
upon the solidification of the Al-In system Wen applying a material in
which Inis uniformy 9 dispersed to the thermal spraying technique, while
payi ng special attention to the difference in density between Al and In, an
i nverse segregati on phenonenon takes place due to the quenching and
solidification as well as the conpressive effect thereof and accordingly,
the external surface of the thernally sprayed particles or grains can be 5
covered wi.th the inverse segregation |ayer of In, For this reason, according

to a pref@incead drbthgi henpalofPrafees SeReKnE. MVEnRaYaHg speginl Attcalipmyo dbat ed il m

is, for ipstance, for.ned. on t rface of a substrate to he rocessed in a
&e b t

non- oxi didjﬁﬁrﬁn%ctlﬂlﬁi%ﬂ@‘rabee“ﬁ%e@o ﬁ‘ﬁé“t?‘&ﬁ%‘"&ﬁ%&ﬁ Hep r’r%rfon%cﬂp ﬁya"(%E)P ol ten
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d?ggZLsLgﬂ%6gﬁﬁpphguﬁr&igﬁg?ﬁaﬂﬁgﬁégﬁgﬁiﬁfﬁzyﬁﬁﬂghﬁﬁﬁh?ﬁ#Q?%?k%%ggh%ce,

attached Jb@dinkly, tthe ck@siil tsiffgbe & thie Nth S0y~ %fi@}tcﬂdpzfriiélﬂg 6PREdisd sadhc an Al -1In
conposite material conprising at |east one | -In grain (in Fig. 1, only
four Al -lcoverystith the hecgre acgsgaioe lavcr usim at ed) each of which consists of an
Al crystalline grain 1 and In crystalline grains 2 dispersed within the A
crystal | i ne gr dionthis assdomnceqivagse agugicagarcmbadingnepf Bedhpent BooRia. t he
external surface 15 of the Al crystalline grajn 1. In this respect, it

woul d be aeoﬁLisaféhﬁaatﬁﬁaﬂlms&cﬁoramé PEFcttJBF’éeq n ik ﬁ%réa%yoft XUl F’hF"f)r esent
in the A tal l] [ 0 r .of th i in due to
t he quendﬂﬁ%éﬁgnﬁ%gﬁ?g%?#%géfghgﬁwgéc%%§ﬁ¥ﬁ%g)fﬁ%%bﬁgﬁﬁ%%nggfgé?ﬁgrstgp as
vel | as th&enV@pHFRbA) &clﬁmdeglg@fgg,empmﬁrh@yﬁmg{@mfbhtla iexHds P dipegent in the

Al crystalline grainto the 20 éxternal surface of the grain and to thus
formian iinvier Semsegr egatschymdtRyRY slareh inafe ondineg) atactidieliAl 1, cigygtalihg ne
aggregate woul d be covered with such an inverse segregation layer of In.
Thus any Alxindgtayerpatdd filhecansistsageinohl-inneniiosde yeitealal corepuging at lezsdnnbe
suppressed and an_Al_ conposite material can thus he producedh whi ch has such
a  structdrl® gmi (in Fig d. pplyulgnt Aldde sratalloeg rapndae t1upregdagach g ovhigh ngl y,
the inverse .25 segregati | ayer .of .In present in the A conposite terial
accor di ng P 16 e S S8l # o M GRIGI e e Latared BB he
ioni zati qpy@fi1ifl glafh § AR RA §RRAE&e R gation layer 3 which covers the external surface
15 of the Al crystalline grain 1.
In this respect, it would be considered that such a structure is formed by
exuding In present in the Al crystalline grain to the surface of the crystalline grain due
to the quenching and solidification effect during the thcrmal spraying step as well as the
volumetric shrinkage of the Al grain to exude In present in the Al crystalline grain to the
20  cxternal surface of the grain and to thus form an inverse segregation layer and
accordingly, the Al crystalline aggregate would be covered with such an inverse
scgregation layer of In.  Thus any oxidation of the surface of the Al crystalline grain
can be suppressed and an Al compositc material can thus be produced, which has such a
structure that In is brought into direct contact with Al. Accordingly, thc inverse
25  segregation Jayer of In present in the Al composite material according to the present
invention may undergo the acceleration of thc ionization of Al in the presence of
moisture, while the layer per se undergoes shrinkage to thus form and hold the novel

direct Al-In linkages and the tonization of Al can thus be sustained. The ionized Al has

a low solubility in water, immediately forms AIOOH and is then precipitated and
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noi sture, while the | ayer per se undergoes shrinkage to thus formand hol d
the novel direct Al-In |linkages and the ionization of Al can thus be

sustai ned. The ionized Al has a low solubility in water, imedi ately forns
AlOOH and is then precipitated and 10 accordingly, it never causes any ionic
saturation in water and this may be helpful to rmaintain the reaction. In

ot her words, when exposing the substrate on which an Al spray-coated film
has been fornmed according to the foregoing procedures to a

noi st ur e- cont ai ni ng at nosphere such as an atnosphere containin ter, water
vapor or 3SCHAINgHydoT%E SRYEEE dRY 19HE Spluratiopsiantatphandy thig wﬁ%&g@ﬁ i1 m
conmes in cl.ose ﬁpntaqt mﬁﬁh t he i sture and inﬁtiq}rs its ﬁ%ﬁintg?ration
the anourdP@BF T HE FRGHAY s MY PHELAAT> MR REOS R "G APSERICH PREPI 3 & sappear s
fromthe rf of:1.4 he, S r eqoi r.ay-.coaf. il mcan
typicallfﬁggcgggga%gh g?cggﬁfggﬁf%i}Egnaﬁglﬁgﬁ?%éﬁgzg%%dﬁ?%%ﬂ”%it§s£adnixed

Wi th I n anetkmre-&mtain@E aBRodpRerdRudl hOdh dtfodpHEkXbdi@ainh@ Waadd QalcAfgiongr from 0.1
to 20% by nass, these substances are nolten together to uniformy disperse

the | B and/aquedn,soltioh e WhpHre@lihoye dpnay-bentddl filmatores intdiae costatttvinlg
uniformnolten mxture is forned into a rod or a wire to thus forma thernal
spray ndhemogture and iniHatas ithdissuedraiem. dfc am@owpd Henfilmismseduafip redaced
filmform ng chamber such as a b%ffle plate for a filmform ng apparatus is
cover ed Wwﬁﬁh%ﬂhmﬁnébﬂﬁ8§WP@“ppphﬁBﬁuﬁ%x§§ﬁ%&$§@“¥ﬁe nol ten mixture on the

surface within on-oxi di.zi n t,mpsphere . accprding to the fla rayi ng
P athar et ol e TR0 R SpEL NS RUTROARE LS BRARE O Bkoh R BB RET YLD

conponent, iBher of il m M Ghanher n IRISPAS%n MREGhe 1 S
providediajth ‘ﬁgggPeﬁo%?gﬁéﬁﬁﬁgmgﬂﬁrngF@§”§%?§5§8 Afﬁ??fﬁ1gﬁlthengsurface

t her aof . rdso haseimd rfaady0. beaen2@i sepssad ROy subdthres prayndeat edethtd m t hus 20
prepared consists of an Al-In conposite material conprising a single or a

pl ural i t ynabrmaly dispeyst thk Il redgr ainnser thedngim illyeinstbe sEgneigat thenrebdiieg  whi ch
is afilmof In and/or Sri, or an 1n-Sn alloy and which covers the external
surface ofmifeHB Bk BIYfKS JPamgsining RAST BewHC dadbyy Bew hPsraal ey Al

gt Lt PSR R N A T
water vapQr, @fs HF&% ?orsauflﬂﬂf(ﬁ;n?ng g}gﬂardtf&s{s%g@md %ﬁ‘paJ e CélHB&btl'trCafhﬁ‘l by
15  spraying the molten mixture on the surface within a non-oxidizing atmosphere
according to the flame spraving technique to thus quench and solidify the molten
mixture. Thus, an intcnded component member for a film-forming chamber can be
prepared, which is provided with a water-collapsible thermally spraved Al film on the
surface thereof. As has already been discussed above, the spray-coated film thus
20 prepared consists of an Al-In composite material comprising a single or a plurality of Al
crystalline grains and an inverse scgregation layer which is a film of In and/or Sn, or an
In-Sn alloy and which covers the external surface of the crystalline grains.
As has been described above, the Al spray-coated film can be disintegrated or
collapsed by dipping a substrate covered with such an Al spray-coated film in a warm
25  water or by spraying water vapor on such a substrate.  For instance, when the substrate
is immersed in warm water, the hydrogen gas-generating (or film-disintegration)
reaction is initiated immediatcly after the immersion, while vigorously gencrating
hydrogen gas, the warm water is gradually blackened due to the In and/or Sn or the

Al-In alloy separated out of the spray-coated film on the substrate as the reaction further
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is imersed in warmwater, the hydrogen gas-generating (or
filmdisintegration) reaction is initiated imediately after the imersion,
whil e vigorously generating hydrogen gas, the warmwater is gradually

bl ackened due to the In and/or Sri or the Al-In alloy separated out of the
spray-coated filmon the substrate as the reaction further 11 proceeds and,
finally, the spray-coated filmis conpletely disintegrated and AIOOH, In
and/or Sri or the Al-in alloy remain in the warmwater in the form of
precipitations. The higher the tenperature of the water, the nore vigorous

| over t oBRrRLIE T BF SpbreriRons (e SRl U ar 1O B8RP eqat i on
Laver or ghgseof. b @/ alo, g0l A ki Ah| Qe TSRS fA6H Frchhluib, appar ent

fromthe data plotte show t he sol ubi

char act erfigt higherOfhc e@mpeRANP| & the Neatkd MR (WBrd)vigRaw iiRdfifididiltegaasm! et e
di ssolution o each sanple) at each predeterm ned tenperature observed when

i mrer si ngeatioAl Wl midit{oh, Mis spreyr poataeld af bllowdatempgraaurt in propesnad tiO0, 200
or 300umin warm water having 10 a tenﬁeratpre of 50C, 60C, 80C or 100C, and
Fi g. 2(b)quaniitg et sheonyerbescgotaabpn faygr ochascadtlaandor 638 oofAldaghosanidices (t he
time (mn) required for the complete dissolution of = each sanple) at each

pr edet er %a‘ﬂﬁelwp@%paqu drogh e (¥ N s?:(%g wHchshew “?% 5%,%1my
spray-coated fi.l m havi a thickness of .100, 0 gr 300m.i n.warm wat er

navi g 2rearisEre T £ 0F sBme G U R R 0 Bl Qb
spray-coabed Jfhhiy LS cﬁhe@@a&&nﬁﬁﬁp fRGhR SHERED ARnSRE A% ing AL ANGH
technique using a’ rod-like or wre-like material, but it may |1 kew se be
prepar ed (189 6piadicogted GilhhRvinganmikpeR)of 0at 2000t BORR GUeartSivigr Bapedery raw

material or further the filmmay he prepared according to the arc

spr ayl¥coat icmpctaeoh of GUEC.ar0°Ch80TT as i) Cs pndyig 4b) whichesbhwitiueolubititt he
present invention, a spray-coated filmis prepared by 20 nelting the

f or egoi nghpagichtierat gacty pmplp dhicd prafning reqvarcddpt ts Goawldadssolalional t he
surface of a substrate to quench and solidify the sanme using any,one of the
f or egoi ng /L praEL sbetchP e HAT B L TG R AT B SUBEE e G b ns
Therefor g5 f‘prtag—'cﬁat\é@tfﬁllffh%girgrllég%tmclﬂkS“ss'%lf 1Pb,' oL PRk £y 0 t@at%Pﬁ%ﬁr‘éLgf ace of,
for instance, conponent er Tor a rilmformng chanber suc a

baffl e plat@psatde of 50°C, 60°C, 80°C or 100°C.

15 The forcgoing spray-coated film is prepared according to the flame spray-
coating technique using a rod-like or wire-like matcrial, but it may likewisc be prepared
according to the flame spray-coating technique using a powdery raw material or further
the film may be prepared according to the arc spray-coating technique or the plasma
spray-coating technique. In the present invention, a spray-coated film is preparcd by

20 melting the foregoing raw material and then spraying the molten raw material on the
surfacc of a substrate to quench and solidify the same using any one of the forcgoing
spray-coating techniques under the known process conditions.

Therefore, if this water-collapsible Al film is applied onto the surface of, for
instance, a component member for a film-forming chamber such as a baffle plate or a

25  shutter arranged within the film-forming chamber of a film-forming apparatus, the film
formed by the inevitable deposition of the film-forming material on the surface of such
a component member can easily be peeled off from the component member and these

valuable metals can thus easily be recovered.

In this case, the peeling agent (or solution, liquid) used herein is not a chemical
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25 shutter arranged within the filmform ng chanber of a filmform ng
apparatus, the filmforned by the inevitable deposition of the filmformng
material on the surface of such a conponent nenber can easily be peel ed off
fromthe conmponent nenber and these valuable netals can thus easily be
recovered. In this case, the peeling agent (or solution, liquid) used herein
is not a chemcal 12 agent, but is sinply water such as pure water, water
vapor or an aqueous solution and therefore, such a conponent nenber for
filmform ng chanbers such as a baffle plate can be protected from

suf f eri ng 8y DulaiegBPly AteiosUCh @S BRESHRTGE i VoHER: FPPEBF af Aduqess seldliphgnd agent

d d dingly, th nb f. t t f . th ld 5
consi aor AB1 51086 “PrLHSaEEan Y TRamsar el TeE R CRalE i chO GRS S ar o

used as ' [ ] [ okl v &hem LS in the
recovery B B0 ARG CRORIAR g il Bl Ao AAIENRTLG Merpdt iR Ble HERH:

subst ant i@kntr ﬁ@@dchh&!hcéﬁrdil\r}g& RROGRSSINDICHST repadied LRE @V RHedanke vafui@ny
envi ronnment al pol | ution. reover, the presenp invention has such a nerit

t hat @oStcoafidémbly Hoomtrcag: dnat @miplral pagsthblcysedi@pebich etiemicals compedant 10
menber for filmformng chanbers such as a baffle plate are insoluble in

wat er andutthpcelimgtagental sincaiditisas phy chiyenicd dovelr edd as theubervanc esvaeatilng t he
same conpositions as those of the filmformng materials initially used and
in the fdraisranddhisgoukdin ign tealtdadpe swiskpaal rededwpdidhe PRERE B ent

i nventi on, qﬁt onilyé thef ,rnecolyeroé co,1"l can. mar Iﬁ\ﬁ?rl é" bg} reducrqlﬁ gHt al so the
process ﬁ@g ﬁéVPg &e ydéhﬁ\ﬁ? gFFé B8 gWHbli &GV And t &Lt &reMYE wi de
vari ety qls GRUEL heliPnGeRoRRr TRANARAG R ENE pIRINCG. pdEREd b5 LAAGGenl N
filmformng material 1s an expensiv su%staﬁce sucﬂ)as a precious netal,

such 1@ phasbaUs: MRL-8 AR clR@sichysRe ak QaRYRS Fdichite aRPIUBIeNE Watér dnintBONSI st i ng
of the Al alloy of the present invention onto the surface of a conponent

menber f onatéiidlsrefiocasilndge redvamtedras ssbgimeas havibaild anpl @angrosiMoneaspwesd f i cal |y,
the application of such an Al alloy 20 filmto the conponent nenber woul d
pernit tHY basymriemppgmaeridesiiahyust amdenfth Hrmcehgilids ihaygingfthe 5ame f or ni ng
et ]S gL, doRaEl e on e Merer ik g, e L o ng
vapor on l;cr}gdL[E%H,btgft ’alsyf'lli'esprbbe%s ROSRE FEtco'lféW%Qﬁ Q;I%Qtlf) B& g'iin]f'pﬁifltcg?mﬁ BRPMELY of the
15 wide variety of materials can be rccovered by the method. For instance, the
film-forming material is an expensive substancc such as a precious metal, such a
precious metal can easily be recovered by applying a film consisting of the Al alloy of
the present invention onto the surface of a component member for film-forming
chambers such as a baftle plate. More specifically, the application of such an Al alloy
20 film to the component member would permit the easy removal or recovery of the film
consisting of film-forming matcrials inevitably deposited on the member during the
film-forming operations by simply immersing the member in water or by spraying water
vapor on the member. Thus the present invention permits the recovery of the
film-forming materials without being accompanied by any contamination of the
25 materials. This rccovery mcthod permits the reduction of the recovery cost and the
rccovery of the film-forming materials in their high quality conditions.
Furthermore, the water-collapsible Al powder according to the present

invention can be prepared by preparing a molten metal in which In and/or Sn or an

In-Sn alloy is uniformly dispersed in an Al matrix in an amount ranging from 0.1 to
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filmformng materials w thout being acconpanied by any contam nation of the
25 materials. This recovery nethod permts the reduction of the recovery
cost and the recovery of the filmformng materials in their high quality
conditions. Furthernore, the water -collapsible Al powder according to the
present invention can be prepared by preparing a nolten nmetal in which In
and/or Sn or an In-Sn alloy is uniformy dispersed in an Al matrix in an
anount ranging fromO0.1 to 13 20% by mass, while nmaking use of the turbul ent
effect encountered wi.thin an induction furpace and then spraying the

resul ti ngOfobY arstrerhile mrking nseofribn aRylantAfisgt eicapelprrdrethings srdicHen t o t he

known ataqm zin chnique to th gquench a sol.idify the.spraye nol t en
roc a5 R EnbOERRarie O sr oA PolEnnGES Ik ¢ peandi B ER R on i
her eunder, . j ' ' c 0t | I i ng

al 1 oy marSearEaht Bt itk e eI CRIKED O o/ iRRS O SRSl

wat er - col,alpsiétgl. Al conposite material according to the present invention
permts a large quantity of hydrogen gas even when using water and 10 water
vapor 5i n addi t iNow, ttlee pgneadioaaid s ydeigul iganandliic inAllicqoopoasirt eilhadreridal can
react wth water or water vapor. In other words, this Al conposite materi al
i s separ drealgsdritied in gesehni te (AIOOH) and el enental In, which undergo
precipitation, while the Al in the conposite material reacts with water to
deconpose the JdfecCatentosak RYloganginstabing gy ogalsriglakcautreie the) eivet 41 1 n can

be recovered mﬁt@qut @ﬁytﬁddlﬁion | IﬁeQ$pent aqd lq can be({eu eqh Thi s
reaction aﬁﬁ@m\?asroy” bof/]’t e 'Cont’ e(.lj'lcoo?psfth% n“CORTERt PR h &R e ?rpocsi te
mat eri al i . it i 9.t Fiie refore,
The' " quartonl Bfcllanghand e Al o fHokel flud PTG bl A0 bAELE ) *he

cont rol | eghte@ipor trhadlifi@R&0M a‘fulasus%ol@tﬂiﬁpoqihﬁsewrﬁpéﬁb BRI ARR O@ict at el y be
desi gned depending on particular purposes. For instance, it may be desi gned

S0 as t o widt wsfey ot Wwetef eijoawi lgptRO waduithiedrebsipohijedmeigenl igagpastiediingo be
generated in a | arge anount; and hydrogen gas should be generated over a
very | ondopbmitp AKFOH) red clemeadiin.ivohch andsfeppgindttion, wiHe thaydrisdeh
gas-gener at ! Nl Skl Tedcs BB Whief 18 M obilose it SanteSaltf ¥ G OfeerASd 1 nto 2
hydrogen gas. The elemental In can be recovered without any additional treatment and
15  can be reused. This reaction may vary by the control of the In content in the Al
composite material and the dispersed condition thercof in the material and therefore, the
quantity of hydrogen gas generated through the reaction can widely be controlled. For
this reason, the Al composite material can appropriatcly be designed depending on
particular purposes. For instance, it may be designed so as to satisfy the following
20 requirements: hydrogen gas should be generated in a large amount; and hydrogen gas
should be generated over a very long period of time.  In addition, a by-product of the
hydrogen gas-generating rcaction is boehmite and the latter is never converted into a
colloidal state and therefore, the reaction solution can easily be handled. The resulting
boehmite can be used as, for instance, a raw matcrial for preparing zeolite.
25 The Al compositc matcrial of the present invention also shows extremely low
electrode potential characteristics in water as compared with that of the conventional
Al-In alloy material and therefore, the reaction thercof with water is accelerated and

activated and the reaction can stably be continued or sustained over a long period of

time. Accordingly, the Al composite material of the present invention has a highly
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colloidal state and therefore, the reaction solution can easily be handl ed.
The resulting boehmte can he used as, for instance, a raw material for
preparing zeolite. 25 The Al conposite material of the present invention

al so shows extrenely low electrode potential characteristics in water as
conpared with that of the conventional Al-In alloy material and therefore,
the reaction thereof with water is accelerated and activated and the
reaction can stably be continued or sustained over a long period of tine.

A di 1 hi ghl
ARSI T g s R gl e R Ve L B Y
mat eri al ox: TN (Qﬁ&y @&bgﬁgggggﬁgBGQg&Frposes of anodic protection. The

present invention owin detail with reference to the

foll owi ng non- hm@&ﬁ&khNﬁw@Hﬂ%ﬂﬂglE%@@Q%@@db@%k hﬁ&uﬂ[%ﬁﬁﬂ%ﬁ#&%ﬁﬂbhﬁ@ i's not
restricted 5 to these specific Exanples at al Exanple | Metals Al and In

wer e admfsielving g@hnanitdtive averk ignigx angileso bof thgq)rbsc(lvm%:nmn isQt Desfridtdd ; t he
resulting mxture was nelted to thus uniformy disperse In within an Al
matri ®; tthéhesebpecizEfaomiesditiaht o a rod-1i ke shaped product serving as a
material for the 10 spray coating nethod; and then a spray-coated fil mwas
formed ofXA®lslirface of a baffle plate used in a filn}forning appar at us

i th d- i ti d to th
ol Cen rod Cypdiitant Gb By Sesating s sien S TR S F LR TR ) ane
spray- coa}Sijgvtb/@cm B lx?l?r'éudg%é?%l;] t&"}}h@'uﬂlfé‘rnglgrérn%}sg'lﬁ LWi@in A APSpher e.

An SEM m cro eaclt spray-coate m t hus iIs shown in 15 the

att ached rritgx; fBe nldh Wi BrEENRRS h ir@RlikEbigped pR)dustRWan S HER nAler@EMiTher ogr aph
of a spray- coat ed filmconsisting of Al-In (1% and Fig. 3(b) shows such an
SEM 1 crspgiyaphatiog nactisph ayd dbart edspfdyhmduednislmtwangooﬁec%n Ithe §&%9ce Asawi | | be
clear fromthe data shown in Figs. a) and 3(b), both of these two kinds
of spray-tedk Blgtefysedn arfém amne %ﬂﬂﬂ{a sli%tmgethm m@ﬁ*ééﬁb’dsﬁ%@“&rﬁtﬂécﬂahl s each
havi ng a struc as W be cl ear

From the RS rarge ey moye himcrafineuieHies Tbbser veq
on the r L{HfSL}Es?pcétl,J'EﬁceaﬁﬁnQgpr]ﬁ9—%oﬁkngstggwq&0@5§gnhhlj W8t within a non-oxidizing
atmosphere.  An SEM micrograph of each spray-coated film thus formed is shown in
15 the attached Fig. 3. In this connection, Fig. 3(a) shows such an SEM micrograph of a
spray-coated film consisting of Al-In (1%) and Fig. 3(b) shows such an SEM
micrograph of a spray-coated film consisting of Al-In (5%). As will be clear from the
data shown in Figs. 3(a) and 3(b), both of these two kinds of spray-coated films are
watcr-collapsible Al-In composite materials each having a structure as shown in Fig. 1.
20 Further, as will likewise be clear from the data shown in Figs. 4(a) to 4(b),
which show EPMA images obscrved on the rupture surface of the Al spray-coated films
preparcd above, the inverse segregation layer of In covers the external surface of a
single and/or a plurality of Al crystalline grains. In this respect, Fig. 4(a) shows the
reflection electron diffraction image obscrved for the Al-In (1%) film and the
25  characteristic X-ray imagc of In, while Fig. 4(b) shows the reflection electron
diffraction image observed for the Al-In (5%) film and the characteristic X-ray image of
In.
In addition, the same procedures used above were repeated except for using Sn

in place of In to thus prepare Al-Sn (2%) spray-coated film. This spray-coated film



prepared above, the inverse segregation |ayer of In covers the external
surface of a single and/or a plurality of Al crystalline grains. In this
respect, Fig. 4(a) shows the reflection electron diffraction i mage observed
for the Al-In (1 % filmand the 25 characteristic X-ray image of In, while
Fig. 4(b) shows the reflection electron diffraction inage observed for the
Al -In (5% filmand the characteristic X-ray image of In. In addition, the
same procedures used above were repeated except for using Sri in place of
In to thus prepare Al -Sn (2% spray-coated film This spray-coated film1.5
was found¥SdoBRd 1 Bt drataueilansdiln -S4 cogpasBnpreiTie bpg A Sﬁﬂucwgﬁf}f’ga a
structure _and .a conposjtion sim.la o those, described ove, like. the

f or egoi ngcoﬂppflﬁog 6?%@@0{8;['1883 aﬁcflhfdr Eé%vr%ﬁ%cfh%%%egﬂggt%g& es%r(h)yfg?%‘éd with an
Al -1n (1% ,spray-coated filmidentical to that prepared in Exanple 1 was
di pped in warm water maintained at 60C. Thus, the followng results were

observed,E@&%@gm in the attached Figs. 5(a) to 5(c): (a) the reaction of
the filmwith water initiated i mediately after the di pping of the substrate

in the warm wat substnafei tevelyldwagem gddn W% ) gprngrataed filngodoushlyto (Ha) as t he
reaction 10 further proceeded, the water was bl ackened due to In separated
out frompreprdd irmEanapled] sysrdieped i tviemweatel wieipined g qUc§- £ iThes: I9¢ t he
alloy filmwas peeled off fromthe substrate and it lifted out of the
wat er . THETPWWE| el Wl | 3PSEET- ¢t L opHal? &hﬁéttagﬁgablg&gg@léao Plmiedee

col | apsed_jn. water, ..and. coul d. - It he. su > ..any nore
and poet e BPl Y RS S AR TpRREERY B OB APRBIDE TR o oy
15 film qfe mewt%ﬁ%hmmﬁ?%@m ¥ vohs WLt &kO L gBRSRE @b b Mhe RXRADI € 3
Platinum (Pt) filnms were torned on the Ssurface Of substrates using a

Sput tier i igrth@pRataties (B Wiappedhslidkefedoa@dd loeinpicpitedhas ersnitiicatien hagl been

covered with an Al-In (5% spray-coated film (filmthickness: 200, um
pr epar ed dgreoediinght ovarhevgencedUck$in2dy, sheviallay film wiropecluset fromBkanpl e 1,
the baffle plate provided thereon with a Pt film was o
substrate and it was lifted out of the water. The results clearly indicate that the
spray-coated film was collapsed in water, and could not be deposited on the substrate
any more and peeled off from the same. Thus it would be concluded that the Al alloy
15 film of the present invention is a water-collapsible film.
Example 3
Platinum (Pt) films were formed on the surface of substrates using a sputtering
apparatus equipped with a baffle plate whose surface had been covered with an Al-In
(5%) spray-coated film (film thickness: 200um) prepared according to the procedures
20  similar to those used in Example 1, the baffle plate provided thercon with a Pt film was
detached from the film-forming apparatus and treated with warm water maintained at a
temperature of 60°C. As a result, it was found that thc spray-coated film was
disintegrated within 10 minutes and the Pt film deposited on the baffle plate was peceled

off from the plate. Thus, the film-forming matcrial or Pt could casily be recovered.

25 At this stage, it was found that AIOOH was precipitated in the warm water.

Industrial applicability
If the water-collapsible Al composite material according to the present

invention is used for covering the surface of a component member for the film-forming
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detached fromthe filmform ng apparatus and treated with warm wat er

mai ntained at a tenperature of 60C. As a result, it was found that the
spray-coated filmwas disintegrated within 10 mnutes and the Pt film
deposited on the baffle plate was peeled off fromthe plate. Thus, the
filmformng material or Pt could easily be recovered. 25 At this stage, it
was found that AIOOH was precipitated in the warmwater. |ndustri al
applicability If the water-coll apsible Al conposite material according to
the present invention is used for covering t he surface of a conponent

nmenber fo vacu | m form ng appar at us,
which is h%egm"ﬁ}l$%?WPgﬁ QbFHFﬁE?PwaﬁB thhﬁh?ﬁﬁq% O RE A e npgﬁnd on a

sen cond%‘ét ror9f nﬁltﬁ%hgmﬁ@ oh el atGlo REf: e e chBics tr199t|c§ rﬁ&wem Dggto, for

i nst ance, e sputtering technique, the vacuum evaporation technique, the

i on-pl at Itdjtgs tRehaingue, aad ihdignceVihd ﬁ%hﬂ:lnﬂgetcc}irh@ef ithénviab@Mh t dapdrabokleposi t ed

on the surface of this conponent nenber for the filmform ng chanber during

the fil méanimuag tipr ocepkticanctdmipeehed tbé fCY Pomachmgueretheefilm ninavitablst ur e-

cont ai ni ng atmsphere and can thus be recovered. Accordingly, the present

i nvenfi orﬁiCP‘P%teéLﬂ"t heysfagr diothis prmpensal rynber 1 Ithe fidmrrgingathenbal s in the

fields which S of these flln}fo aratuses. .10 17 \Wat is

cl ai med aring PTG ) HEGSY sk ) PEUBR F0T it PR ek AL zed | n

Lhat 1 ne SRRl @UIGRaR By BTRbE IEERS, ONGPRIiEl, SROSHIHE RTLELE™ 2
arg {8 or T4

single or-a Crys ine “grarns o is covered
with a fiy th@if u 10w ﬂﬁl Irc!:(%r}p@f ﬂtmmhg ﬂ{atc'%lallsoi\ﬁ e $i%|d§%}ﬁ€|h fl{aQEnuLé"e group
consisting of In, Sri, conbinations of In and Sri, and alloys thereof. 2.
The wat erof ciaksé ﬁpmfbﬂnan@\lapmmpﬁm te material as set forth in claiml, wherein
the content of the foregoing In, Sri, a conbination of In and Sn or an

al | o0t hereof ranges fromO0.1 to 20% by nmass on the basis of the total nass
of the conposite materi al



10 3. A nmethod for the preparation of a water-coll apsible Al conposite
material conprising the steps of adding, to Al or an Al alloy, a | ow
melting point nmetal or alloy selected fromthe group consisting of In, Sri,
conmbi nations of In and Sri and alloys thereof in an anmount ranging fromO.1
to 20% by mass to thus give a. raw material; fusing or nelting the raw
material such that the raw naterial has a uniform 15 conposition; and then
guenching the nolten raw naterial in a non-oxidizing atnosphere to thus

i nduce or_cause the inverse segregation of the foregoing low nelting point
nmetal or Whitdyclgimgdie: ext ernal surface of small pieces or powder constructed

f i ngl | i f | ] ' f. |

thus covar thé BRI AL RamfiE Bl Rt Ton Vsl sk ne”) ow
I ti ' I ‘ ¥ : S f ,

Sti a conunial taoferd o MvaF, BNEar ol PRRPASy ¥ MO opsi bi o

Al il m comat 6t ANgr & AR aWB} 8 covetcdafis Blfitm A aGeRTAShe pol@hRkd &k aBSy Set
forth inclaiml or 2. 5. The water-coll apsible A fiTmas set forth in

cl ai m34, seketedifrort hiee fordum écgsisongred In.asgaroditrigutions tofi dn sypd &y, cadt:llogs
technique. 25 6. A nethod for the preparation of a water-collapsible Al film
conpri si bcredfe steps of adding, to Al or an Al alloy, a |ow nelting point
metal or alloy selected fromthe roup cansisting of In, Sri, conbinations
of I'n and-sn iﬁa\v&rqrﬁyﬂaﬁs@? é‘@%ﬁomgaﬁf_ ASURL S ShHgImg ‘i‘“r“HhﬁOWllcr?lBt 9% by
mass 10 (DS e Tal AN TANCEL Al co HRLAM SR FAVGITBE &1 LRy rRHER ARAL Lhe
mat eri al fas a unlforlghcgrrpomtlon, her nal y sprayi ng the resul 1 g 18

materi al i hne oIS RER QS orfihe BREE 6AHE tdtl BaROP 1RXIH ek R9mafepRspher e; and
then quenching the thermally sprayed raw material to solidify the same and

to thes g.ve & neelsid €6t fhicl prepdratién WAt €rwtaldotipgdiblk eARcop@uder neeiil sti ng of
a water-coll apsible Al conposite 5 material as set forth in claiml or 2.
8. A net hodprieingtthestppepbadling o 1 onan &d aboy, ladpwi belenAlpomowdér ocelpy i si ng
the steps of adding, to Al or an Al  alloy, a low nelting g{gi nt nmetal or
al | oy sel8leied framiDe KEOUPGFASISIIBS 181 PRgCURDIpHIoNS 4 Ingadoppianaraliens of | n
and Sri %nge(?# {no‘yns z-l%p)glgter%];lgihg feom P 50% by mass to thus give a raw material;

fusing or melting the raw material such that the raw material has a uniform
15  composition; and then quenching the molten raw material in a non-oxidizing

atmosphere to thus induce or causc the inverse segregation of the forcgoing low melting

point mctal or alloy on the external surface of small pieces or powder constructed from

a single or a plurality of crystalline grains of Al or an Al alloy to thus cover the external

surface of the small picces or powder with the low melting point metal or alloy selected
20 from the group consisting of In, Sn, a combination of In and Sn and alloys thereof.

4, A water-collapsible Al film consisting of a watcr-collapsible Al composite

matcrial as sct forth in claim 1 or 2.

5. The water-collapsible Al film as set forth in claim 4, wherein the film is formed

according to the spray-coating technique.

ot

6. A method for the preparation of a water-collapsible Al film comprising the steps
of adding, to Al or an Al alloy, a low mclting point metal or alloy selected from the
group consisting of In, Sn, combinations of In and Sn and alloys thereof in an amount
ranging from 0.1 to 20% by mass to thus give a raw material; fusing the raw material

such that the material has a uniform composition; thermally spraying the resulting
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ranging fromO0.1 to 20% by mass to thus give a raw material; fusing the raw
material 10 such that the material has a uniform conposition; and then
guenching and solidifying the resulting material by spraying the sane

Wi thin a non-oxidizing atnosphere to thus forma desired powdery product.

9. A conponent nenber for the filmform ng chanber of a filmformng
apparatus characterized in that it conprises, on the surface thereof, a

wat er-col l apsible Al filmas 15 set forth in claim4 or 5 or a

wat er-col | apsible Al filmprepared by the nmethod as set forth in claimb®é.
10. A metHdeid ofn dke svEHRSNGI 17 ISHPHE IR Meneryidirgs amespkerer ppbdhey the use

vt or - corRaRgi s Qe AT el rsp B ot Pl do SHED i ST bbb s 1 ai m o

as a me 'ﬁ“%Qﬂ the filmform ng 20 chanber of a filmform ng apparatus in
which a fi1mis formed on a subject to be treated, and characterized in

that it qonprias@setfflaptiBRSAPHoREAEIHsREANE M8 L AURAREIMp TG IcohPositd he
filmform ng chanber provided thereon with the filmformng naterials
deposit ednaterinl b ect Sortif mcdaittheoedf in a substantial thickness after
filmform ng processes over a long tinme period;, and then exposing the
conponents. nenBemethod domlics preperatiomtodi witage@Bpsiblrodpiperder tompiinisg dmce, an
at nosphere contaj ning water, water vapor. and/or an Sﬂueous solution to

i nduce t BEPEPSIdiRgIaM Bl glw Y BEttingpoiiendighasllenrslegad bra il m
oM e AR FETRES, 20 BB BRSO 05 92RO S e
menber Qﬁngtiﬁgefroﬁli 0. ap Wnﬁgéfg)ﬁrus gilv% a raw matcrial; fusing the raw material
10 such that the material has a uniform composition; and then quenching and solidifying
the resulting material by spraying the same within a non-oxidizing atmosphere to thus
torm a desired powdery product.
9. A component member for the film-forming chamber of a film-forming apparatus
characterized in that it compriscs, on the surface thereof, a watcr-collapsible Al film as
15 set forth in claim 4 or 5 or a water-collapsible Al film prepared by the method as sct
forth in claim 6.
10. A mcthod for recovering film-forming materials, characterized by the use of a
component member for a film-forming chamber provided with a water-collapsible Al
film on the surface thereof, as set forth in claim 9, as a member for the film-forming
20 chamber of a film-forming apparatus in which a film is formed on a subject to be treated,
and characterized in that it comprises the steps of detaching the component member for
the film-forming chamber provided thereon with the film-forming materials deposited
on the surface thereof in a substantial thickness after film-forming processes over a long
time period; and then exposing the component member to a moisture-containing
25  atmosphere, for instance, an atmosphere containing water, water vapor and/or an
aqueous solution to inducc the disintegration or peeling oft of the water-collapsible Al
film from thc component member and to thus recover only the deposited film consisting
of the film-forming materials from the surface of the component member for the

film-forming chamber.
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