SPECI FICATION Title of the Invention: Method for the Production of
Wat er - Reactive Al Filmand Constituent Menber for Film Form ng
Chanber Technical Field [0001] The present invention relates to
a nmethod for the production of a water-reactive Al film and a
constituent nenber for a filmform ng chanber and in particular to a
met hod for the production of a vwdmfrFmeaciiose Al filmaccording to
the flame spraying technique; and a constituent nenber for a
filmform ng chanber, which is covered with this Al film Background
Art [0002% In a filmform ng apparatus for formng a thin film
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materi al , o, snbBgvi tably adhered to a constituent nenber fora
filmformng chanber, which is positioned within the filmformng
apparatus during the filmform ng process. As such constituent
menbers fora filmform ng chanber, there can be |isted, for instance,
an adhesi achrégaht Féelgl ate for inhibiting the adhesion of any film
on the ingghggﬁrtions of a vacuum chanber other than a substrate, a
shutter, used for formng such a filmonly on the desired area

on the substragpgeand-&dfay; hoLnEoBYEW NG LI $UPSL T akench THM the

havi ng the same
production of a water-reactive Al film; and a constituent

member for a film-forming chamber and in particular to a method
for the production of a water-reactive Al film according to
the flame spraying technigue; and a constituent member for a

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

Background Art
[0002]

In a film-forming apparatus for forming a thin film
according to, for instance, the sputtering technique, the
vacuum deposition technigue, 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
a vacuum chamber other than a substrate, a shutter, a mask used
for forming such a filmonly on the desired area on the substrate

and a tray for conveying the substrate. A film having the same



conposition as that of the intended thin film(a thin filmto be
formed on a substrate) is also deposited on or adhered to these
menbers during the filmformng process. In this respect, it is the
usual practice that these nmenbers are repeatedly used after the
renoval of the film adhered thereto. [0003] The filminevitably
adher ed t oolpesetdionsis titestt afemher sntendadftithin ffarm ng chanbeilnm so
thi ckened in proportion to the Iength of the working tine of the
filmfornbagiproedsen dSahshraddherddaflispnippopétkédonfdy adhadwd ftor m
of particles, from.the c8nstituent ers fora filmformng_chanber
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reason, it 1s the conmmon practice that the constituent nenbers for a

filmfornmlAgo8hanber are subjected to the follow ng cycle, at regular

intervals; the renoval or disnmantlenent thereof fromthe filmformng
appar atus at al8€abelTA-RHiidFlrecdbrEreda thesesCaRst fetepedeaspesis |
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such as Al, , Co, W Pd, , In, Ti, Re, Ta, Au, ,_ Se andAg, as a
fil mformngadberedl filinersepkasdebdeefif detn rdd: ffornt b€ Estabd 1 sdmeftonof
a processing technique for the recovery of netals which do not take
part in t RESfoPRRELbRCRE NRLS S Aorheritbin oo rmng pheathe roflug to the
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menbers rgusdRli€atk@009h the f£ilm through the repeated thermal
hysteresis, and adhered to the substrate and this would
accordingly result in the formation of a f£ilm having various
defects. For this reason, it is the common practice that the
constituent members for a film-forming chamber are subjected
to the following cycle, at regular intervals; the removal or
dismantiement thereof from the film-forming apparatus at a
stage in which the adhered film is not yet peeled off, the
washing thereof to remove the film adhered thereto, the
subjection thereof to a surface-finishing treatment and the
subsequent reuse thereof.
[0004]

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

Nd, In, Ti, Re, Ta, Au, Pt, Se and Ag, as a film-forming material,
there has been desired for the establishment of a processing
technique for the recovery of metals which do not take part
in the formation of the film thereof on the surface of a

substrate and are adhered to the constituent members other than



For instance, in the case of the adhesion-preventive plate used for

i nhi biting the adhesion of any filmformng material onto, for
instance, the inner wall of the filmform ng apparatus and the
surface of a variety of such constituent nenbers fora filmformng
chanber, other than the surface of a substrate, the deposit forned
during thehéidupdafaiagnarmmessei deve Todlente ¥ifSs it heli bt Ae&S ng
peel ed off fromthe foregoing nenbers and/or the inner wall, for the
reuse t hetkhefme@herenreéysabéd-as such a nethod for the peeling of f of
this depoiit include, for instance, the sandbl asting technique, the
wet et chi A§°PeEnhni que which makes use of an acid or an alkali and the
peeling techni I es .th d en ittlenment by the action
of , for instang§? ﬁgﬁﬁgﬁgﬁ'pé%biﬁg% %%Q e@gg%%ﬁeaﬁ@e%%%§%éﬁﬁ¥%¥% Hich
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i npl enenting the treatnment for peeling off of the depdsit, the
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not only be eoshif@reddighiagentynieh sakks Hs@hor b aaki 800t hen GOa1i
required for the post-treatnent of the used liquid containing such an
agent is Ahgh &g f wehking hetecbuiavace wificiny esws r ohhent dlydrogen
pol | ution sgould be prevented. For this reasaon, there has been
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the adheskoBcpreventkvenplabe . Wounhdihescenvert @henntigAhentied the
chem cal substances and therefore, the cost required for the recovery
of only theetihantorfinmgreat eng alofffr omf t hbepebdmab deposhe \wolllegsion -

further be piled up. Accordingly, the materials to_be recovered are
only the PFENFPEIFNGLABEet? ddiagfss e umi £rpridadi $1gatdnte i lihe

recovery &ngtlkgeg%c?@h%trlei}gr%l,ri?l’ilgsc{[cﬁl%%elson- Or%Qr%]ntive plate would
be limited in the number of reusable times. For this reason,
there has been desired for the development of a film-peeling
technique which can reduce the occurrence of any damage of the
adhesion-preventive plate as low as possible.
[0006]
In this respect, however, 1f the concentration of the
peeled deposit present in the blasting waste generated during
the foregoing sandblasting technique and in the waste liquor

generated in the treatment with an agent such as an acid



In addition to the nethod for peeling off of the deposit, as has been
di scussed above, there has been known a technique for recovering

val uabl e nmetals which conprises the steps of inplenenting a
filmform ng process in an apparatus provided with constituent
menbers covered with an Al filmconsisting of a water-reactive Al

conposi t ecpahehkat MawnnglByTh whaiaedel st 16wproReebesrddairdd an
undergo a reaction in a noisture-containing atnosphere and can thus

be convertkd reéempoesubst dicevadokhbikemeradst i v ecomramgta@rdigeet iong tef
and separating the filmadhered to the Al film during the film
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film and_then coyering. the val uapl al s included .in.the
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(see, foryhBsbanggaePataBt pPAsHARNEAg$RecHEl ed below). In this
wat er-reactive Al conposite material, the surface of a small or fine
| unp conpgsed7df Al crystalline grains is covered with a filmof In
and/or Si. Prior Art Literature Patent Docunent [0009] Patent
Docurment 1: JPIA-pbe5fo58983n¢ O aeatlenDi Willpsan eagdnty hardthasnty dine

cost for the agent per se is high, but also the cost required
for the post-treatment of the used liquid containing such an
agent is high and further the occurrence of any environmental
pollution should be prevented. For this reason, there has been
desired for the reduction of the amount of the foregoing agent
to be used as low as possible. In addition, when carrying out
the foregoing treatment with an agent, the film-forming
material peeled off from the adhesion-preventive plate would
be converted into other new chemical substances and therefore,
the cost required for the recovery of only the film-forming
material from the peeled deposit would further be piled up.
Accordingly, the materials to be recovered are only the
film-forming materials whose unit price is balanced with the
recovery cost, in the existing circumstances.

[00068]

In addition to the method for peeling off of the deposit,
as has been discussed above, there has been known a technique
for recovering valuable metals which comprises the steps of
implementing a film-forming process in an apparatus provided
with constituent members covered with an Al film consisting
of a water-reactive Al composite material having such
characteristic properties that it can undergo a reaction in

& moisture-containing atmosphere and can thus be converted



Probl ens That the Invention is to Solve [0010] Accordingly, it
is an object, in a broad sense, of the present invention to solve the
foregoi ng probl ens associated with the conventional techniques and
nore specifically to provide a nethod for the production of an Al
film which can be nade sol uble through the reaction with water in a

Moi St ur e- £HG ak b $iga 8¢ P SPHRESLe atd 2ccBRstit uetede ifr oFf and
filmformng chanber, which is covered with this A film Means for
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Prior Art Litexature
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 invention to solve the foregoing problems associated
with the conventional technigques and more specifically to
provide a method for the production of an Al f£ilm, which can
be made goluble through the reaction with water in a
moisture-containing atmosphere; and a constituent member for

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

Means for the Solution of the Problems
[0011]
The method for the production of a water-reactive Al £ilm

according to the present invention is characterized in that



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 atnosphere.

[0013] it cdifieridwes mald ¥tepsayetndl tihhn thise ProdugadH Sonpridel a
condition that In crystalline grains are highly uniformy dispersed
in Al cry4¥al |l oneéNxhias aandlt hewehoreritheandl ddded can igasinl pmount
undergo a reaction with water in a noisture-containing atnosphere and
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steps of gRELing) apaBbREEaInMRLER ; CQHQE’E_%@iyA%%agﬁnél\l%iﬂ_ea§e%%l@in@aw
material, and added In in an anmount ranging from2 to 5% by mass and

added Si , mohctundhagethel Sin ashansunpure tyf of dawe Aateaialbecioalding a
total amount ranging from0.04 to 0.6% by mass and preferably 0.04
to 0.2% byones, § FRTBYSNY 6RChRé diess2Bfl hel N Ly ng e spala vied
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ying the sprayed | ten" material throu guenching to thus
forman Afobrtmin which Inis uniformy dispersed in Al crystalline
grains. [0015]

If the amount of the added In is less than 2% by mass,
the reactivity of the resulting A1 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 atmosphere.

[0013]

The thermally sprayed Al film thus produced ig in such
a condition that In crystalline grains are highly uniformly
dispersed in Al crystalline graing and therefore, the Al film
can easily undergo a reaction with water in a moisture-
containing atmosphere and can be dissolved in water while
generating hydrogen gas.

[0014]

The method for the production of a water-reactive Al £film
according to the present invention is characterized in that
it comprises the steps of melting a material which comprises
4NALl or 5NAl as an Al raw material, and added In in an amount

ranging from 2 to 5% by mass and added 8i, including the Si

as an impurity of the Al raw material in a total amount ranging



In this connection, if the amount of In is less than 2% by mass or if
It exceeds 5% by mass, the problens described above would arise. On
the other hand, if the total anmount of Si is |less than 0.04% by nass,
the effect of controlling the reactivity, with water, of the
resulting Al filmis inpaired, while if the total anount of Si

exceeds Of2dmhy. (B$S ol Be ¥eagldevbhy PfetdLaresW 1dNgofh . 34 1H) Wkl
wat er begins to reduce and if the anmount thereof exceeds 0.6% by

mass, theomedot babtiy, ofitile waserqf ohethke vAlw hatarpet isesiishredacedr
[ 0016] The constituent_ nmenber for a filmform ng chanber of a
fil mforntAYt dppairasus taegoral g6 tHel pk dgent Uhivien eampesition;
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present invention is further characterized 1n that the const
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of the Invention [0018]
quenching to thus form an Al film in which In is uniformly
dispersed in Al crystalline grains.
[0015]

In this connection, if the amount of In is less than 2%
by mass or if it exceeds 5% by mass, the problems described
above would arise. On the other hand, if the total amount of
Si is less than 0.04% by mass, the effect of controlling the
reactivity, with water, of the resulting A1 film is impaired,
while if the total amount of Si exceeds 0.2% by mass, the
reactivity of the resulting Al film with water begins to reduce
and if the amount thereof exceeds 0.6% by mass, the reactivity,
with water, of the Al film per se is reduced.

[0018]

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

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

a shutter or a mask.

Effects of the Invention



The thermally sprayed Al filmproduced by the flame spraying

techni que according to the present invention can easily be produced
by a sinple process while |lowering the cost of production. Moreover,
the Al filmhas such characteristic properties that it can be

di ssolved in water through the reaction with water in a

noi st ur e- contal ni ng at nosphere, even after the fil mexperiences a
thermal hysteresis phenonenon as a result of the filmformng process
carried out atThet éineematilne smmyed) AtomidboprBiddad BH0Che| Gl
This thermally sprayed Al filmcan undergo a reaction with water in
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provided wi th constituent nmenbers for a filmform ng chanber (for

i nst ance, panpadhésktontbprteviant cae pkatd ssalstad tar anter mASk)igh Whech
are covered with the water-reactive Al filmof the present invention,
t he i nevi FaBrylagHertdy vRitlew edrsMeLishigressentranipioitnperhere, even

filn}forniEg na%erggl and adhered to the s rLaCﬁ of , .for. instance, an
adhesi on- BF EVEntiv d PracEPar PFRGEENE 9T o PHPHE T FPOE SRLCRAPPIY as

| ed of d A, ; f t i t
Penber for SHiTh { ofe Bl LT Adihiaty | Bepolbel Talfid BHEMa: o

di ssol uti pampkrhhi:geArahih AyanrdohhenkatuabberBetabsci ncl uded in the
filmformng material can be easily recovered fromthe adhered film

peel ed of 0P8I t he surface of the constituent nenbers and the
consti tuent nenbers can thus be re égpfover an i ncreased nunber of

Uimes. Brief BBSEriFCIGH of SBFANPAY. [OOBOIAN UnICTEp G r9apian gighh
« | « . . C
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and the reaction curren ensi _ ich'1s o _ _
t her mal | yaspeayeddAln &bt 8y RERNA 6néha ExagphrRirbgen gas. Flpgzco%di%ga_gc,)

graph showi ng the rel ati on between the heat-treatnent tenperature

and the rehetfohlewine st fdatsi cyn(mecievedihi dihe &lobsepyedt¢ diilithe

thernallyo%pE %e%réEeLE|QE%%%@?E%§ E% %§2n¥£%ngforming 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 member for a film-forming
chamber through the reaction and/or dissclution of thig 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.



Fig. 3 is a graph showing the effects of the gas flowrate, the wire
feed rate and the heat-treatnent tenperature on the solubility of the
thermally sprayed Al film which is observed for the thermally
sprayed Al filmprepared in Exanple 2 and nore specifically, Fig. 3
(a) shows the relation between the wire feed rate (cm sec) and the
reaction current density (mAcn2) of the Al film Fig. 3 (b) shows
the relation between the heat-treatnent tenperature CC) C) and the
reacti on BuieEnPegensptyorndf cReawbhgshe Al film and Fig. 3 (c¢)
shows the _relation between the gas (air) flowrate (L/mn) and the
reaction €UP£8ht density (m¥cnR) of the Al film Fig. 4is a

photograph shopi po the adhered 11 g (depostyed f11m, peeled of{ Lrom

the base materiaf provide h on W t y spraye

prepar ed h@aEXaPPhendnt temperEitthred {SCR GhaPhrEhonegc{hs ohalknen
bet ween the heat -treat nent tperrperature CC) and the reaction current
density (devisi®y (mAyhineh) ,i shobhet v edbdearvechéot-hehamHarnsirlay egprAlyed
filmprepared in Exanple 4. Fig. 6_is a graph showi ng the relation
bet ween thé fhéatPreearadnint BEp@PACute (C) and the reaction current

density (mA/ c ich is observed for the thermally sprayed Al film
prepared in Rgﬁege\rqge Bafpl &Pt S Ownﬁgghﬁ i%erﬁgatg]r%hégﬁ‘ﬁﬁfﬂgt}“ﬁe
rel ation hetyeepel bgeheated AR { eMPEr ahlr & HL) ra0d: 188 18a5knHRN
current density (mdcnR) , as a function of the tenperature of water
in which deesiber @/ on’ypr ayedhAls fddgerved forr sk, twhinedl 118 sphagevded

for the Al filmprepared in Reference Exanple 1. Fig. 8is a
graph shodd nf§iiherrebarednibeEwewnlend. heat -treatment tenperature (O
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the wire feed rate and the heat-treatment temperature on the
solubility of the thermally sprayed Al film, which is observed
for the thermally sprayed Al film prepared in Example 2 and
more specifically, Fig. 3(a) shows the relation between the
wire feed rate (cm/sec) and the reaction current density
(mA/cm®) of the Al film; Fig. 3(b) shows the relation between
the heat-treatment temperature (°C) and the reaction current
density (mA/cm?®) of the Al film; and Fig. 3 (¢) shows the relation
between the gas (air) flowrate {(L/min) and the reaction current
density (mA/cm®) of the Al film.

Fig. 4 is a photograph showing the adhered film (deposited
film) peeled off from the base material provided thereon with
the thermally sprayed Al film prepared in Example 3.

Fig. 5 is a graph sghowing the relation between the
heat-treatment temperature (°C) and the reaction current
density (mA/cm®), which is observed for the thermally sprayed
Al film prepared in Example 4.

Fig. 6 is a graph showing the relation between the



Fig. 9 is a graph showing the relation between the heat-treatnent
tenperature (C) and the reaction current density (mdcnR), which is
observed for the thermally sprayed Al filmprepared in Reference
Exanpl e 4. Fig. 10 is a graph showing the rel ation between the
heat-treatnment tenperature (C) and the reaction current density

(MA cn?) , hadt chréstpdser vedpkeatihe t harymabhy spayesh M 1éhm ! Burrent
prepared in Reference Exanple 5. Mdde for Carrying out the Invention
[ 0021] dens e n(ngy/oie i, nghack hi s obisemvied fof| tine ftdrenimzd lapparayest
according to a variety of filmform ng techniques such as the

sput t eri ngyl t BEHR BE@P2¥ee PhtBeTorenset Rea®pPien or i ng chanber is

subjected to the intluence of repeated.the | _hysteresis. For this
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filmformng chanber and which are coated with the Al film of the
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adhered film i aniegi t tagbﬁygrg%t §§%‘§%@tﬁg‘?@%§ dg%ng%wh%%?(i)ir{ Rﬁ%ﬁ‘?%@f#g%
process sheat dt hayemsneh tanpetdhivret y( (Or aatli WHey) rédet i dhe offrreinkm
can easily be peeled off fromthe base material along with the
adhered fé¢mehnd fuAtdeD  swbitd be ohisshived Eventhe trdvenned 1AM spirhiyelis

i nfluenced. by.the thermal hysteresis experienced in the filmformng
process. g]n ¥hiemc%§%p%¥e@hégmﬁ?ﬁ?¥?’é%t FRMRALEF 2+ m produced accor di ng

acti vi 1y voul o SG1frci ni Ty BeLarTAITER FhBog it Phebidel che
heat-treatment temperature (°C) and the reaction current
density (mA/cm?), which is observed for the thermally sprayed

Al film prepared in Reference Example 4.
Fig. 10 is a graph showing the relation between the
heat-treatment temperature (°C) and the reaction current

density {(mA/cm?®) , which is observed for the thermally sprayed

Al film prepared in Reference Example 5.

Mode for Carrying out the Invention
[0021]

When producing a thin £ilm in a film-forming apparatus
according to a variety of film-forming techniques such as the
sputtering technique, the interior of the film-forming chamber
is subjected to the influence of repeated thermal hysteresis.
For this reason, the surface of the constituent members such
as an adhesion-preventive plate, which are positiocned within

the fiim-forming chamber and which are coated with the Al film
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The upper Iimt of the thermal hysteresis tenperature within the
foregoing filmformng chanber is on the order of about 300 to 350C
when the filmis formed according to, for instance, the sputtering

t echni que, the vacuum deposition technique, the ion-plating technique
or the CVD technique. Therefore, it would in general be sufficient,
fromthe ¢f agld gale Bandpeientichhat sthesAl shhdsetds deeathl YhEYyuahtb
wat er even after it is subjected to the influence of the thermal

hyst er esi &f upepeabetierperatir dyeft e3GGC sand Adconolilmy e nior ewsuldabke
that the Al filmpreferably has reactivity with water even after the

Al fil m SGerFeReedRate ttisef il 1 Hystadr E8estipetodf Fhcedpérataraasfon
350C. In case, pf e_water-reactive Al filmaccording to_the .
pr esent i%@g%%gonFﬂgu%EngagiF %@HPHQT%F%Wﬁg%ﬁﬁikﬁ ?ﬁ% g%%lglmm -8

certainl ys\ej 8@t &8l £ bneaS iWakbnbe 8¥PLak Nt Bel WIS ddy detial hot

[ 0023] The foregoing solubility or activity of the Al conposite
filmof tdwelpresssie) nventdlcn ensgvabuhbadlaen the dtiasisanef tihe, the
current density (in the present invention, also referred to as

"react i ontRe¥Pehly s ¥sA (infdrm) pyodsdget rer aed With medesiasy f41m
b terial . dwith the Al fil i, i nt ai d at

D e ol ERNELh s e d B BT JB0RT L) et aten
to 1000 and,iHen setaid il _g LR 1G¥5T €8t mﬁsamv pfeidie dyaMaSisqAy

liquid. This determnation nmethod i s one I ch conprises the steps of

det er m ni &gn tdwes 1198 Hel Pebeghif DESONVEHe sttt e3a BN £166f oFicakte
after the imersion thereof in the treating liquid and then
converti ngdieheedebln dmt F uthdiegusheonflddbasttgblal uevenmid B gmakiheg AL

into consideration,_for instance, the surface area of the sanple and
the i rrrrert?ﬁ‘ﬂ 17 M oFue e e t'ﬁ“ﬁe tRE TRt 95T S¥PETEERBFE 43 d

hat the & _fi ' irhh Adh ldnd ey i
that the f%e fiﬂ%gﬁgﬁ%g%¥ﬁ%9§{  wiebheadher ed §4 lopd g%é%&gggﬁctlve

attached ereto mform ng process has

sol ubi I'i ty1 (@h1aChirdidiked klcdi@my dd | PhE€apreashtyihocpeebad @hileh
fromthe base material along wth the adhered filmeven after the Al
filmis subjrectredend fdwe thef fobtnoel diytdeeralvhyyteresd sudfperiesrtded
inthe filmformng process, so long as the reaction current density
as det er fPRed®at86+8Png to this method is not |ess than 50 mA/ cne.

[ 0024] [ Ozgﬂe present invention will hereunder be described with

ref erence ?o the foll owi ng enbodi nents. [0025]

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

Al film according to the present invention, such requirement

11



In the thermally sprayed Al film produced according to the nethod
for the production of the present invention, In is highly uniformy
di spersed or distributed within the Al matrix and accordingly, the Al
filmcan easily react with water within a noi sture-containing

at nosphere such as water, water vapor or an aqueous solution and as a

resul t, itofaphd hus1be: mde @Al bl &0 ALl 1R idatwallleq Usabha 1hnpkhe
present invention as Al raw materials are, for instance, those having
purities efpdN(S9.1992)wanor&ENi 99e©992) . Each of them can be
obtained by further treating an Al raw material having a | ow purity
and prepaf‘{%@% the electrolytic process such as 2N (99% Al or 3N

(99.9% Al accgrdi to the three_layer electralytic_process or a
tethod accor d Mot ke i ebarBEan B or et L b B A BRBosdte
segregati i i ARKES; 0, ggﬂ r P Lf e
bet ween tﬁglrggfﬁ“ghg;’%}?%‘%fmfg phasesd%ggné}riggé% I di ??%t}ﬁ%%.iéfﬁ%‘ﬁﬂ%
princi pal chitpenit tdess PFeSeit dHe thie AL ianekbNAhL | aclswdeFferaad Sb
and these Al raw materials further include, for instance, Cu, N and
C as i mpuast i"esagthen thurrarie flensybingmdyiond) fal senedet¢poRedd by
In the Al-In system_ the el ectrochem cal potential. djifference between
Al and | n*TgSY l%%ﬁb?%?e&@F@éﬂﬁﬁgﬁ?v%ﬁ?dﬁgt%hEh%Sﬁnghﬁédﬁgw%%P&@tﬁFlm
of Al is i.oni i f i t
Stvanced BEEEFFingR 408 SHEABCEIECE N anddlis il AGEERNG £l & 09

broken origenovefdapde AbrdbleCcbbyt60m8s LN ehaseheantiagkWihAnyncnkhe
i oni zation of Al can be pronoted very rapidly due to the potenti al

di ff er enceubeenmeaterdicmy oAt thei smeeageen| hiqeidi n THhis detesmsnatisn
t hereof, highly dispersed throughout the Al crystalline grains
wit hout cBESRAG En9ReEHITarceRanges the Aasra Porekertingngote Loss

(157C) an ”%%%hftor s@%?ec?ot‘fiagbf?%lc tisoar.]r&‘pV\jA% hg’%%bFeApa{:noc{ d‘i"ﬁ‘g%h&%ﬁer

desired Al fil'm’can be ©btai né mel tTn n in suc

that the canpesibhomdheseof, Reeoreaaunhfor Mwhil ehd alidiy ke efirdghe
density difference between them and then thermally spraying the

resul ti ngtihel tesunat ental tlon dlnerantr fderes idfy arddase wiatler italk iaegc dmndiong

to the flame spraying technique to thus give an Al film_as a result
of the sofPafifehsfoflof fPhel MehRTe ed il T WR ARR el Gthitdggpample

?gggglh' ”gaﬁ‘é %el lim?nsértsr:}.%ncgin}aéegf it\ﬁee Sefa.rggclin %fhet @%eggllhgl ]fic%?ltc!lonlt
can be said that the A1 film provided thereon with adhered £ilm
inevitably attached thereto during the film-forming process
has such a solubility (or activity) that the Al film can easily
be peeled off from the base material along with the adhered
film even after the Al film is subjected to the influence of
thermal hysteresis experienced in the film-forming process,
so long as the reaction current density as determined according
to this method is not less than 50 mA/cm®.

[0024]
The present invention will hereunder be described with
reference to the following embodiments.

[0025]

In the thermally sprayed Al film produced according to

12



The added In is highly dispersed throughout the Al crystalline grains
due to the action of the flanme spraying process and it i s nmaintai ned
in the state in which it conmes in direct contact with Al. The added
In never fornms a stable phase along with Al and therefore, the Al/In
interface is maintained in its high energy state and can undergo a

Vi gor ous {eaGhdtbdVifldyr Wakeprdatdt Do IDitHUHe=§8AE Al &8 BEADSRhe e
at the contact surface with water. In addition, In as an added

el enent ikighla unigidynldi dpepsededandilt somidntdetihel tiRimgasehibbbesix
generated during the reaction undergo expansion to thus generate a
nechani caPfRAAGGFAITENef 6he Al hélncat rofipy oA WhalTt @B Mitidinng
Al OOH are_fi nel ul verized.on the surface ue to the nechani cal
Bction. vFUHELT PR R ARTLRT) TR eore A ST 1 TS eREEY
and the rgacti O Qothes g $SobNAQD JLactian, GONtinyQUsly ANde made
expl osively proceeds at the successively renewed reaction boundary.

[ 0028] solublbechigiteirvd hey partisly ofisaplél i avmargirerdenlt, ihkeniaoe
conspi cuous the behavior of the Al-l1n system descri bed above and, in
ot her words, Al i@awharderdeliss apert Feul dnsyarons pileerr Sa i Purasd esf

4NA1 and 5 C red with 2NAL and 3NAl [ 002 Accor.di ng
to the pr%gﬁﬁf%ﬁﬁvgggSoﬁ?dﬁﬂ%Q?ﬁeﬁﬁ&ﬁpy sﬁ?ﬁ?éﬁgﬁﬁk?\Fﬁ?ﬁ?aﬁﬁﬁﬁﬁ@gé
by formn i : . at.erd 0 j%ﬁﬁ i N
a predete?%f%%i#%%ﬁgg%%gﬁgggégggﬁ?ﬁap?§e%ﬁég?ﬁgﬁéﬁ%%%a§Pﬁd&%ec %&Se
whi | e usi pgepaceappsi tiee Nl &t t8bl $ONS| StbAGs Ofsiadh Als |2 syssissmaIMese
specifically, 4NA1L as an Al raw nmaterial and In are prepared, In in
an anount 38f( 92 195 )584 e araskingnt ¢ édebbls se dfaviehree hassrol vt he pAloceasw
material is incorporated into the Al raw material to thus uniformy

di sperse 8F AMELHOFAFROFAIAT, £ hder BRGFLRAS D HHE § L F e @ Simiss

rod-1ike i S e ri [V

const t uent P hetir Pl ! £ R AP and) MBI R oS B 1Y e Bhdpp cure

appar at usqs#ebratcan RARRSION: P& €NtV ea it al @ qlis aC PRt Wihdnt ReA
conposite material by thermally spraying the nolten article as a

t hermal sprayinfimatéchal Eoeerdinegped fheuflaies gpregamy inechaidgag,

while using Ar_or N2 gas as a sprayin as, and then solidifying the
sprayed, #BftePhrinciEls feoagh %ﬁéf&gitgﬁsteoAﬂ-hﬁ%wg’i‘%%léb]&%éfur her

material proylded thereon wif .desir el et el - gact| ve L harml Ly,

sprayed y’ spriayed Ti roduced 1S one

which I n gp¥sktakbbBengr riscipavi Bdea particle size of not greater
than 10 nm are highly uniformy dispersed in Al crystalline grains.

[ 0030] [0026ln this case, the flame spraying process is preferably
carried out at _a wire feed rate ranging from1.5 to 3.5 cnisec and a
flow rate of tHRB sptayPhglfassyenr NPegas}eebhgrhgnicdm 50098 B0

TUANIERLIENL = SRR STt Steivt CHER AN L TR N
the spontaneous oxide film of Al is present on the surface
thereof, the ionization of Al is not advanced at all. However,
when the spontaneous oxide film is once broken or removed and
Al directly comes in close contact with In, the ionization of
Al can be promoted very rapidly due to the potential difference
between them. At this stage, Inis, in the as-is status thereof,
highly dispersed throughout the Al crystalline grains without
causing any chemical change. In has a low melting point

(157°C) and never forms any solid-solution with Al.
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conposite material formed are small and are correspondingly quite
susceptible to oxidation, while if the wire feed rate is high (a rate
of higher than 3.5 cnisec) , the resulting droplets are |large and are
correspondi ngly | ess susceptible to oxidation, and the conplete

di ssolution of the resulting thermally sprayed fil m becones quite

di fficul tacddréhegappuntadfi At AAPFAYmNgafiabe | SotsdBhdd (BN riTRUMg afl
| ess than 500 L/mn) , the speed of the thermally sprayed particles

i s reduceandanth dire stumls aquiahreesusibapt it ecdmpasd dain dhernslni deicbmeke
flow rate thereof is Iarg}él (an amount of higher than 1120 L/mn) ,
the hi ghetniheriefpbtattdlelng dawe (Herhs dﬁV§Féﬁb§P§fﬁéeWﬁﬁcHEFW§en

thermal ly ra filmis .exposed | ower -t he solubilit

vt er of CORB M riep goiefyle1 19 B8R kb The ey Epfay et bt
consi 5ti NGn €8 §8NthAl Az Of ot h£ £95899iaR2 AMAL - HAMMRPI L& FRECENBhe
which is formed through the flanme spraying process, can be handl ed

W th greaspdafinguddghninyidhecashius ¢iad ershliceiim, & hatrasyl shoivghe
high activity and the solubility thereof in water within a

moi st ur e- 2oht &i Ai ARt aeRoPhefbei Aendailiad modtRngHmatrewevkr thirpugh
desired amount. of Si _is ad?gd to thi S material, .the r

t her mal | ySSEPEHERI Al 2Fi | WEFS r 88ucklSi nCPRDTSSETVPt y© Sc%hggﬁanﬁpﬁng

of the film bgepoes-ea3y. Contrary to this, the thermally sprayed A
fllnlafterg}t 'S su%?ected to the influence of the thernal hyst eresi s

is inmprovedogmlits activity and the filmcan thus show a high ability
of dissolution (activity) in an atnosphere in which noisture is
present . For Thes atd@@sbnlnt he Alidhlyn dappsoeeti s chayhsorivethedAl

into powder at ordinar enperature in the atnosphere endi ng an
t he conpo%FY?BﬁiilPﬁtg agps| ﬁuﬁnHOSFthaFﬁéoplpéltPﬁ & @%—cé@éaylpﬁé

A filmi raply [
vacuun1at§n ﬁ%ge n%ylf ﬁ%&ﬁ%% e useg§§|n ordEc 89%J%¥%ﬂfq_ e
occurr encgnqilﬁdsk.et reatidan wiker Rof Wid ddedinsheteri fothe a stable
at nosphere. [0032] Now, the present invention will be

descri bedehist pébogemdicht @l endrattlezxe Bamcs j vehel ALY Im donsirSeicrg is
essentially of a 4NAl-In-Si, by way of exanple. The method for the
pr oduct i oﬁab’Ft%{l‘éiﬂ IRedds ]Oég}AleQQWrﬁ Sﬁaﬂ:ﬁea*qié’r?él YBray PR VaAIRTiTe

cocor 095 IcLIEPL SRR NI, SO AR B L e
filmconsistdigcehtdMlshirate Mi@®3¥dter. In addition, In as an added
element ig ina highly dispersed condition and the H; gas bubbles
generated during the reaction undergce expansion to thus
generate a mechanical action. Therefore, the reaction
products mainly comprising A100H are finely pulverized on the
surface, due to the mechanical action, without formingany fiim
thereon and dispersed in the ligquid and the reaction or the
dissolution reaction continuously and explosively proceeds at
the successively renewed reaction boundary.
[6028]
The higher the purity of an Al raw material, the more
conspicuous the behavior of the Al-In system described above

and, in other woxrds, the behavior is particularly conspicuous
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The foregoing thermally sprayed Al filmis, for instance, produced
according to the nethod detail ed bel ow More specifically, the
nmet hod for the preparation of the thermally sprayed Al filmconprises
the steps of preparing 4NA1 In and Si; conbining the Al raw nateri al
with In, in an amount ranging from2 to 5% by mass, and Si (i nclusive
of the Siipregsentadd dhandNALhd BNalt 8 aboRp@ued +angingl Hem @4 .t o
0. 6% by mass and preferably 0.04 to 0.2% by mass, while taking into
consi der at?@a3t he anbunt of Si present in the 4NA1 as a contani nant
to thus uniformy dissolve and di sperse the both In and Si_into Al;
forming the reRaFeF A EHF BRAPHRESEGEeI T RIS 1O o tiEct RAr PRHHL G SP& 2XRFe
to thus gj terial, for fl spray; -then covering_the surface of
2 base. matbrh A rop: Burnce TR A fbht S be oraroge SF'E 288
Filmfornfagegharhey pafeeddddmhor P'kEEe%EBﬁ&ﬁEHSaﬁh@ébﬁér@according
adhesi on-preventive plate used in the chanber by spraying the
materi al to ithe nbldmn spabeian tdecksurdecewbiléheidiase smtempakite
according to the_flame spraying technique, while using Ar gas or N2

gas as a GpEayinag garssiahangubs exjucht1in qrigHedil ng Mo Seecditiigipdg vt he
d ial to th i terial ' th i th

dosi 1 od VAVEF Fa00H L E TREFREF LG Lo Ay taAF HTHHA He Fhenrdl Fpount

sprayed fikm LBUS HOrERk bﬁ.g{rﬁelyaaei%ffehg%a s BEeSED i Aaflnaterial

crystalline grains in 1ts hi u ormy dispersed state, as has

been desci&befdcabpyeatf034fo the AlsrBasmbeeridesen headsaboMEorinl v
the case of the thermally sprayed Al film produced using a conposite

mat eri al bspened by didtEngia Iy ddehér nthedrasmlint nefblSind ¢ sarf oAimeldn
system the activitxn i.e. the solubility, in water, of the thernmally
sprayed AFFPITT AT BES Gt ol e 8RR T HOR C% 0 2 OEFRgNE R 1 L SEReS
any post-treat .ﬁfg] i s di Y. p n t

sprayed f%% m%f i%%st’ e d‘ﬁft%‘{sofﬂgﬁﬁg% tf%ryouagl;h%fq?%g‘l %@ggpﬁgnt@m{%@%%ed =
i st ure piegeRbrininghepph FRERNEE GG tAH 50 JPkaS iR RN 1iRe:
of the filmeasier. Mdrreover, if the upper limt of the tenperature
duri ng t hestdeerandd wyshdatesh s qoinposiarona takial bpt toermit hy sotdeeing
filmform ng chanmber is, on the order of about 300C, an Al film

showi ng pFaEtTRAFFY AELEptame adhsimyl oI Maheiirlnacsrrdindbe
wing prd ._ Tty o _ "
P roor nor af St i aristhe SHRAMMS dRLSL e MR SIRGES RS Bkl drsrass

and prefegabloyal-i0% das 0 an®%chynass, i Wi)igd feidesypRokdl i Mdieh
the tenperature during the thermal hysteresis phenonenon is high on
t he orderanfiabeuth38GQ0 qaethkingldoytkps ayiect Albafdd masdoidhgprovided
practically acceptable activity or solubility in water _can be

pr oduced Eéfﬂﬁ@oanWAic6nﬁ6§ﬁrédnﬁﬁéﬁ¢areﬂﬁ¢éwecwﬁrﬁw@éslyswprayed Al

| ncor ot af it NSFEL Rndhoa1, AU 8 319410 (L P d £ L RXATIRSS
In crystalline grains (having a particle size of not greater
than 10 nm) are highly uniformly dispersed in Al crystalline
grains.
[0030]
In this case, the flame spraying process is preferably
carried out at a wire feed rate ranging from 1.5 to 3.5 cm/sec
and a flow rate of the spraying gas (Ar or N, gas) ranging from

500 to 1120 L/min. In this respect, if the wire feed rate is

low (a rate of less than 1.5 cm/sec), the droplets of the molten
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[ 0035] In addition, when Bi is added instead of In in the
foregoi ng 4NAl-In system the thermally sprayed Al filmconsisting of
such a 4NAl-Bi conposite material has a quite high activity in the
state immedi ately after the formation thereof through the thernal
sprayi ng process and the solubility thereof in a noisture-containing
at nospher €ohgos De hhghe t Da Basdiyedant enlhe s ardbeeevespohgngly
reactivity (solubility) of the filmafter the |atter experiences

t her mal hysieeesiscentonly &b ighidatiagwerdd.ld fifa Preedate®r Memed rate
anount of Si_is added to the 4NAl-Bi conposite naterial, however, the
activity bF Bhehrdaufdithy Athdieey iatayedd AFNY £8R i sthediesdlanag

the handl ;n eof p i.ngly, becones gasy _and the thernma
sprayed 1119 F Farere “HAE TR B4 Karret i iR Lo, el Bbtint
signi ficapslyxpgdt Ven anchShavs & S Q1 Widi s A YinkY kekl18ing
noi st ur e- cont ai ni ng at nosphere. [0036] The af orenenti oned

met hod f othétrea bl e paratyieehi bimbawainers gaactidieg Alcdflid . m by e afdoaume
spraying technique in an Ar or N2 gas atnosphere, according to the
present |®béme SRTREANY JeE § el apphidePuy- Phel 3 phpatOh Ldmia)
thermal ly_sprayed Al _filmconsisting of such a 4NAl-Bi-Si system The
ther mal 1 3E BT YR 7T AU B e PR e BT St i 65 (FS Mg
uni form y, db $pRISEE: £8 M ptShild EBOIRN%n a3nhas A teadnhieedce
di scussed above. [0037] For 1 nstance, 4NAl as an Al raw

materi al , tBérant S BaegPr eparachubt EMhiShdd rHading oc antdmi)nathe
Si) are incorporated into the Al raw material in an anount ranging
from of igharttdie teudleyarage afdche thepoed! hasbenesiang nghifclomhe
0.25to0 0.7%Db ss, respectively, on the basis of the mass_of .the
AT aw met BT LR B b AT b REPEP SEh et A e Tof NS O UBLdAE Vi n
the A r j.al .as ! rity, to thus uniformy disperse or

di ssol veaﬁ%%gé%i ?ﬁ tttﬁg Jﬂrﬂlrdélw material, the resulting blend is
formed infecairod-like or wire-like article, and the surface of a
base material serving as a constituent nenber for a filmformng
chanber of a fThenfhermaylysrareatas Adu€hluscamns hathiesd asgavientivet
plate is covered with the A _conposite materi al bf/ thermal Iy spraying

the ol t eh@r £PEFEOAET e iy DRAYE MR ierT iR T actBioRndSt &orRed
¥ ; . s ( |
ame 5pr@M#%g?%'iﬁ‘é@%%@%gaﬂﬁgﬁﬂsg J& %%S]ﬁgﬁdf‘cﬁﬁW&%{ I??Qe%‘?’:s

and then so . . en a’rt!c e through quenching to
thus gi veqarbaselapt ehi ahe PAOVi dlegk d hereiotan #h @ Hesidied shows high
water-reactive thermally sprayed Al film The thermally sprayed film
t hus prodacetvisyorsd ntlgi choBubi$ihyghthensnf oriml ywdtspersethim Al

crystalline, grains. L , , , ,
moisture-containing atmosphere is likewise too high. However,

if a desired amount of 8i is added to this material, the
resulting thermally sprayed A1 film is reduced in its activity
and the handling of the £ilm becomes eagsy. Contrary to this,
the thermally sprayed Al film after it is subjected to the
influence of the thermal hysteresis is improved in its activity
and the film can thus show a high ability of dissolution
(activity) in an atmosphere in which moigture is present. For
this reason, the Al film may sometimes be converted into powder
at ordinary temperature in the atmosphere depending on the

compositional ratio of In and Si in the film. In such case,
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[ 0038] As has been di scussed above, in the case of a thermally
sprayed Al filmconsisting of an Al conposite material obtained by

i ncorporating a desired anount of Si into an Al -Bi system the
solubility of the thermally sprayed filmcan be controlled while the
filmis in the condition just after the formation thereof by the
thermal sprayAnGitigchai gg@faﬂgbagc:@wf@@lm ahhgtﬁ{b§§ﬁlak‘é' BreOfot hey
thermal Iy sprayed filmthrough the reaction thereof with the nnlsture
present imofbheuatnbds preereit atdoesreeeenbgd] wkelieerbaiudgd)anch theler
handl i ng of the film becones easy. Mreover, if this thernal

sprayed AFCf ﬁwmlélx;i&ﬁ e@fé‘é‘éW%W’ranhﬂiﬂeer@%thfhet%%ﬁwt yl}ﬁlﬁd the
SO|UbI|It§ reof Eéeasg ﬂg with the increase in the anount of
added Si 4H° Pﬁ% ?ﬂc Hs8 WHSP r?enperature due to thermnal

hysteresi ggohpyparticular, when the filmexperiences therma

hyst eresi s of not | ess than 25000, the filmis converted into powder
sinmply by all owong itthd opstareiti nihthenalonspharie ber edOrBod@URESLtH N
this respect, however, if Si is added in an anount of not |ess than
0. 8% by nusigreneertestheiviag el - Hedahivesks fitle sonabitiny cssendtiedly

0039 Mb th t t t he Al
ot al GE an TR R stmobgr S ks %e@pﬁi“sg‘r{‘%.m?@o%f PpFe the
thermal | ygs{gygxfegoﬁl of ng\cg}t @gaIFES%VE' i sLig %h%ﬁaﬁnféa'sptraylng

hyst er esi re specifica con igh o

exceeds 4ee@amqhaeabh@faah§yt&ptﬁéegrélsehtl Eh@feh%&owp%@ aReitNGned
thermal hysteresis of a high tenperature has an i nsufficient

sol ubi | i t gbomewat@r napaddeddingthe ndtehdd Ifimrcahebprpédet etonfdf the
with great difficulty, fraoma base material even when the tenperature
of the watBRrUEedYf SPTEKE Mrnfﬁaé@l FRysteeaneRt A¥ALndRadded. In
addi ti on, h %2e Cu content ranges from30 to 40 ppm it is necessary
to raise J e nperature of the water used in the treatnent for

peeling off of Taeyf&wﬁﬂgedh&h:{n&mwl% Oe(r){,Sé@meflmqst epperiddi-Rice,

shoul d be increased to not |ess than if the Cu content is not
hi gher thpno@OcpgnacthedAhgftbnthanmeahodfdetanﬂbﬁ beldiwvssol ved in
water maintained at a | ow tenperature (such as a tenperature of | ower

than 80C) and ¥eesrwpergtiicitlvarhease 909ef%éﬁ@jp6ﬁparﬁaﬁpﬁe@%#@

f the Cu th 10 th
fi1m obt arisarar gt EledaliSnat BPREr nBP S Eres i Bredenrgf AL
tenperaturg 490 dihe condeniak ’@H@Lﬁl 39Q &91;%%99 ﬁm‘ﬁﬁf U&hhﬂi amount
excel | ent solublllty in wateéer. [0040] he foregoi ng met hod of

the presentngivgntremn2fter 5&Hey maeducandnﬂlo(flrﬁt]mm:ere véadid 8é pAlesfardtm
according to the flane spr glng techni que can |ikew se be applied to
t he produéfll BﬁeoﬁNMaérhﬁl Ry @Why@aowtfmmlwn@r@mmg%ftwa 6% by

(and/ or

d/o h K
O AL ORI RaDF RECEARLYoR BBt and nih b it e AT
material . .Thesgel-Her PR/ |%épérﬁd€a4t%ff'§1”5pfé£‘e1@@ RROdYceds i1 HQr a

i nstance, the nethod descri bed bel ow.
contaminant to thus uniformly dissolve and disperse the both

In and Si into Al; forming the resulting uniform mixture into
a form of a rod or a wire to thus give a material for flame
spray; then covering the surface of a base material, for
instance, a constituent member for a film-forming chamber of
a film-forming apparatus such as an adhesion-preventive plate
used in the chamber by spraying the material in its molten state

on the surface of the base material according to the flame
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[ 0041] In other words, an intended Al filmcan be produced by
incorporating, into 4NA1L or SNAl, as an Al raw material, containing
Cu present in the raw material as an inpurity in an anmount of not

hi gher than 40 ppm preferably not higher than 30 ppm and nore
preferably not higher than 10 ppm at |east one netal selected from
I'n and Bi sphapiByrischrangiad whiae dsing3% s gmeesnagds e d eptadinby
mass, respectively, on the basis of the mass of the Al raw material ;
mel ting téesrezud tduwopdiwnt in uariclaimmmret adidditthe neshiet Epgayed
nolten material has a uniformconposition; formng the material into
a rod- i kB2bPriRt ebPi K1 291 & PSR e T et le AV 1966 TG SORe MR

Sprayi ng;  couering e SULIAcE Qf o pass, FRLeLiaL ServINg: 282 e
consti tuent "menber for a filmform Ag cha r a i I'rm form hg

appar at Ust giiefla 88y afp radhes  0ln RIRMERGI-¥EA RlsAb 8 I¥ ThEENBH Vs $RER%NRY
the nolten material "as "a thermal spraying material according to the

flame sprayiay ¢eedira uee wird isnusimg tAr arghi?y gasiideralypoagorg sgds,;
and then solidifying the sprayed, nmolten material through quenching
to thus gfbvRt@bad®e RatcPral Peevrdedd:nbP¥en with a desired
mater-rea?éé%g thermally sprayed Al film The thermally sprayed film
t hus produ }s one in which In (and/or Bi) is highly uniformy

di spersed in AhgalysStakhi 88 OF HES a1RRd125nPESD ctys%_cafscgﬂe 2PQYGa 1hY
this case, it Is also possible to use, as the material for therna
sprayi ng, sphagedabl aiined piydadedicngs@ntdat @ofl &9t by wass-iefl Sbtikd nilde
Al -In systens, or 0.25 to 0.7% by mass of Si to the Al -Bi systens. In
t hi s respe¥tadding anpuateor8inegd angies oddSinte emndlolntdustan althe
amount thereof ,includin he caontami,nant Si present in the A raw
mmteri al . SPEOHRTY, L€ iht 1R B v el dURtE Aot 5181 e TEadY
one net al ed- f I I - r - i

Cover || e ELe e Re cEa T AT e L TR s iR e A
Wi th wat efilwhid eudy dhe -afeistinddteneal £ BX§egdSo LATHG TR IHRSRAH RGe
upper limt, the resulting Al filmshows extrenmely high reactivity

w th wat ethandalilymsprsorest | fesnuddenyother eddcscdmbiicnh piorstghe the
present in the atnosphere. In addition, if the amount of Si is_less

than the FBREFIPRATILE AdiSeBPISEHECHFFReR b SREr BFTPRGNERE and this

o b lE A 0 LT malged 7

W th wat eﬁpﬁ@i» 1hei Alof idHe pempeeatsrkeducetly {0943 ermal hydMhaRsis
i mrersi ng the base material covered with the thermally sprayed Al

filmin wahenwaerenoralspraypilegevat ehivapor fodn-ferdse mhasbieal {s an
has been di scussed above, for instance, when i mersing the same in
war m wat eEhgheseerefferaipeite P80sél @n aAhr édéreshPnadgl @vaictiged 1y

reaction SlkbehiLTR L. uat g boolthiieledd WAL ael el oo

_ I'S acconpani e the ge
the wateryksnBl agkened ascdisodpact i gRcburser yurepeedsmpeqadse of;,

the presence of, for instance, deposited In, finally the thermally
incorporated therein, in an amount ranging from 0.04 to 0.6%
by mass and preferably 0.05 to 0.5% by mass, while if the upper
limit of the temperature during the thermal hysteresis
phenomenon is high on the order of about 350°C, a thermally
sprayed Al film showing practically acceptable activity or
solubility in water can be produced using an Al composite

material which comprises Si, incorporated therein, in an

amount ranging from 0.04 to 0.2% by mass and preferably 0.05
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sprayed filmis conpletely dissolved and precipitates consisting of,
for instance, Al and In remain in the warmwater. This reaction

vi gorously proceeds with the increase in the tenperature of the

wat er. [0044] If using a base material, whose surface is
covered with the foregoing water-reactive Al film as a constituent
menber fofcagfidmpfonraieg chanber such as an adhesion-preventive
plate or a shutter which is positioned within the filmformng
chanmber of0@3%] |1 mform ng apparatus, as has been di scussed above, the
fil mconposed of the filmformng material_inevitably adhered to the

constituent neRbefdfdEignti RSorid ndscidind éanteadi pf P& pbel &8s
off fromthe constit t nber._ after . the conpletion of the .
fiIn}forn#%ﬁe%?%%%s§$®gfﬁggdﬁ%% Q%Vth§ ﬁ?@ﬁ%ﬁ%ﬁ%¥n5@rﬁg er®of ftitfes
or cycl escand; ac£s db AUk Yen ther il Uabl &nRialis m&qaﬁeﬁﬁ\ge%e@;[ufi&%m
the peeled Al filnmprovided thereon withthe deposited filmof the
filmformbghmateivaty whtbheaseatfOdhidiatelyl Bfthirs chas€prtaedoas

a liquid for peeling off of the Al conposite filmis not any cheni cal
reagent, bueresfwatlryosgieh Hre purhexialer SREREINMY aRIOI®s san 2ague e
sol ution. cordi ngl it is possi.ble to prevent, the occurrence of
iy dangR IO hEE e MR o BrA S RFAGSBHaRBers So6n
as an adngssAneB' RUANLY HRlALL due Lanlhe fhosghut] 0pngl AR ialiies
inthe liqu and thesé constituent nenbers can bé feuséd over a
subst ant i akbyubNTieapesk nuebei 1 afaftid®esheasacoapargtbMiditdd@hermal
observed for the case in which a chem cal reagent is used as such a
liquid fohypeeréngs idberdyerligmlwchewereall. rEhgertedat emgtinsdduionnthe
present invention and therefore, this would result in_the

consi der aBf & ddRTTSM t6t LPRINASTET SHURIASE troRaE AE 1 Rds thae Gt e e
and in th vad | ; (g r 2,

P s e e e
filmfornag hamber1swent BErad s adhesd LRI BYEN R cRleal 8255 18Y@he
di ssolved in water and accordingly, the present invention has such an
advant agethhana dlyetrervald €ahm g teecd epperiiendes floemmal hysselredis
havi ng a conposition and a shape substantially identical to_thagse
observed P8FOTRE FLEORLISH NG MRS S . 2R &EEWS oh, hige prdsdrd ity

i nvention . h.an _ . nLy the recovery cost can
be dranatﬁ%ggﬁil?gﬁu%gd?aﬂéiggﬁgg %E§E%$§%3§sa¥goﬁghﬁggd for the
recovery ¢apzbe sinplified and accordingly, wde variety of materials
can be recovered according to the present invention. For instance, if
the fil mform MgenatfemealentaroneX peashvé nMetral shsughreasprtdcroust a
metals and rare netals, the use of a constituent nenber for a |

fil mfornA§SERARBEELEECH! a5l dh 2Y0KES ShapeevRRRYVRY pl et 1giRe ¢ Bg

provi ded, ,on t surface thereof, with a thermally sprayed.film, .
Bonsi st M oPF T2 et of CPESRETRR AL OB e ML= (R Pitdsaht
!nVeUt'OncaHDQHQeRQEQ‘%et@%ﬁf%é&“ﬂo(¥h@§§£é59rgﬁioﬂfokh%_@Hé?mally
i nevitably adhered to the constituent nenber during the filmformng

oper at i onspaagedonsi 81imgwois tdteirfg lof boxii Ag4NAL eRi afi Syapdy. byrhe

i mrersing the nmenber in water _or spraying water vapor on the sane.

This in toharpethyt SPER¥eleéovlr (hyf preppses met ane did Wwhacd Fdt alss
Thus, the recover

Cost can BLOTLH EOREaRRLY e PrREFar T b MEersa Lo $1PetA s & boa
recoveredam@gggytB@gnaagsghgggdingpg[r hi gh quality conditions.
o0acl [0037]
For instance, 4NAl as an Al raw material, Bi and 8i are
prepared, Bi and B8i (including contaminant 8i) are

incorporated into the Al rawmaterial in an amount ranging from
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The present invention will now be described in nore detail below
with reference to the follow ng Exanples. Exanple 1 [0047] The
followng Al -In conpositions were prepared and then inspected for the
rel ation between the Al purity, the In concentrations and the
solubility or activity of the resulting thermally sprayed filns and

the resulés d.fuscobt atned naeyLahavestd gaired amdusioMpai@thaM ArtbnO0e25
anot her, while using 3NA1, 4NA1 and 5NAl1 as the Al raw materials. In

t hi s conneetld -6 bivheaaddetk spmtintvefy | wn shexmessed thetmaas off thhat
relative to the nmass (weight) of the Al raw material used. [0048]
3NAL - 2%%yrﬁ’ﬁs§‘aFWf@’&lof w[q;r;le taking account of the amount of Si

present in the Al rawmaterial as an impurity, to thus uniformly
disperse or dissolve Bi and Si in the Al raw material, the
resulting blend is formed into a rod-1like or wire-like article,
and the surface of a base material gerving as a constituent
member for a film-forming chamber of a film-forming apparatus
such as an adhesion-preventive plate is covered with the AL
compesite material by thermally gpraying the molten article
as a thermal spraying material according to the flame spraying
technique, while using Ar or N, gas as a spraying gas, and then
solidifying the sprayed, molten article through quenching to
thus give a base material provided thereon with a desired
water-reactive thermally sprayed Al £ilm. The thermally
sprayed film thus produced is one in which Bi is highly
uniformly dispersed in Al crystalline grains.

[0038]

Ag has been discussed above, in the case of a thermally
sprayed Al £film consisting of an Al composite material obtained
by incorporating a desired amount of Si into an A1-Bi system,
the sclubility of the thermally sprayed £ilm can be controlled
while the film is in the condition just after the formation
thereof by the thermal spraying technique and accordingly, the
dissolution of the thermally sprayed £ilm through the reaction
thereof with the moisture present in the atmosphere can be
prevented with certainty and the handling of the film becomes
easy. Moreover, if this thermally sprayed Al film experiences
thermal hysteresis, the activity and sgolubility thereof

increase along with the increase in the amount of added Si and
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3NAL - 3% by mass of In; 3NAL - 4%by mass of In; 4NAl - 2% by nass
of In; 4NAl - 3%by mass of In; 4NAl - 4%by mass of In; 5NA1l
5NA1 5NA1 [ 0049]

the increase in the temperature due to thermal hysteresis. In
particular, when the film experiences thermal hysteresis of
not less than 250 C, the film is converted into powder simply
by allowing it to stand in the atmosphere for 2 to 3 hours.
In this respect, however, if Si is added in an amount of not
less than 0.8% by mass, the resulting 2l film loses its
solubility in water.

[0039]

Moreover, the amount of Cu present in the Al raw material
as an impurity may greatly affect the solubility of the
thermally sprayed Al film after the film experiences thermal
hysteresis. More specifically, if the Cu content is high or
it exceeds 40 ppm, the thermally sprayed Al film after
experiencing thermal hysteresis of a high temperature has an
insufficient solubility in water and accordingly, the film can
be peeled off, with great difficulty, from a base material even
when the temperature of the water used for the film-peeling
treatment is increased. 1In addition, if the Cu content ranges
from 30 to 40 ppm, it is necessary to raise the temperature
of the water used in the treatment for peeling off of any
deposited film {for instance, the temperature should be
increased to not less than 100°C), if the Cu content is not
higher than 30 ppm, the Al £ilm can satisfactorily be dissolved
in water maintained at a low temperature (such as a temperature
of lower than 80°C) and accordingly, it can easily be peeled
off. Furthermore, if the Cu content is not higher than 10 ppm,
the thermally sprayed Al f£ilm obtained after it experiences
thermal hysteresis of a high temperature (on the order of about
300 to 350°C) shows further excellent sclubility in water.
[0040]
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There were conbined Al and In with each other at the rates specified
above to thus nmake In uniformy disperse or dissolve in Al, each of
the resulting blends was fornmed into a rod-like article serving as a
material for thermal spraying, and then the material for thernal
spraying was nolten and thermally sprayed on the surface of a base
mat eri al nmade @ﬁeat@ﬂé@@ﬂhcgcla@tﬁbagotothaepﬁ_»@@ehbcaaﬁvéat%hngor the
techni que (heat source : H2- 02 gas; tenperature: about 3,000C wre
f eed rat epr@duchisea)f aateruseagtAveghs fdslmaspeagiing gas-Hd [fowme
rate of spraying gas: 800 L/mn) to thus give the corresponding |

t her mal | ySBpPEyRd ZEChRi@ee Bdth iFewife PRefRBL LG SH? dyed Priodws tiiens

duced bj d : . at. '
P om 0t 0" B0 (G Y (HERAIGE o oot I [ LHS e RbSBrat E0f o BT
and subsegyepbhy £0@! £0. Wt Ak Aok WEPACE) dybilace afi SHRAE LA e

sanme to the influence of thermal hysteresis possibly encountered
during theNAll oxfeNmi Ngapiwg es givdrereaitatindie dasonwia iaal an Al
provided thereon with the thermally sprayed filmprior to the

heat - t r ea¥ @ matEO@pr land Thheedamrbalsley frravedlAlusedmalserebapgoduced

obt ai ned after the heat-treatnent each . were,j sed in 300 nL of

pure wate yna%ﬂ?a?ﬁﬁﬁaﬁ?880€§ef%?F%ﬁgddﬁﬁcfﬁkggggﬁiﬁWhation of the

current d@@gh&r of each imersion liquid to estimate the solubility
I

of each thermally sprayed filmand the subsequent investigation of

the results thos ebhetnedrddear ebmtéisdédus] obian neth afe glgehied o
Fig. 1. In Fig. 1, the heat-treatnent tenperature (C) is plotted as

absci ssa andorherabangi odndor riéftl denspBiipl( miiscred) A% oadi metterial,
[ 0050] As will be clear fromthe data plotted on Fig. 1, when
usi ng t heCBNCRARTHEL EFi BFSSHAVI HY Pif i TRt e 71¢ fpuirity in

resul ting i I (o) LA i i
t hat obs e?@leaéa (#dor?a; £ %28 %‘[ %ﬁ%ﬁﬁﬁptlf%%éﬁe%bg@i’ r%f %%{%T? & %gr%%lﬁ%v%ta%
material apdphtr ARG mdRET Bré Be LRSEY RSk SHCdha&y- tiandenay Jdaat dth@east
hi gher the In concentration (not less than 2't by mass) , the higher
t he sol ubbhetpedélt beleesedlt fnom Alnfamdn B oin eachupuy itangimg Hecold 2
raw material. For this reason, in the case of the Al - In systens

obt ai ned bSi Ag Y Pa%F i@t al st@attt Wl M pUraIRE BT ifdY | €85 Hifan
i ooyt g0 e, L Conpents o Lon o e e Hion i s

resul ting spraye m shows excel S

wat er. Howe¥gH, i MRS REnBMAlthat Red eshllicha ot RET ABhL Ia SPF BYEthas
filmhas an extrenely high activity and therefore the handling

ability thensdfors catpesitown; afdhoingh the wotamidl tinidder eafd-ldke

good. Exanple 2 _ . . _
or wire-like article to give a material used for thermal
spraying; covering the surface of a base material serving as
a constituent member for a film-forming chamber of a film-
forming apparatus such as an adhesion-preventive plate by
thermally spraying the molten material as a thermzal spraying
material according to the flame spraying technique, while
using Ar or N; gas as a spraying gas; and then solidifying the
sprayed, molten material through quenching to thus give a base
material provided thereon with a desired water-reactive

thermally sprayed A1 film. The thermally sgsprayved film thus

produced is one in which In (and/or Bi) is highly uniformly
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[ 0051] The followi ng Al -In conpositions were prepared and then
I nspected for the relation between the kind of spraying gas used in
the flame spraying process and the solubility, in water, of the
resulting thermally sprayed film In this connection, the added
anount of In is expressed in terns of that relative to the nass

(wei ght) eispbesél irawl makeitaall ivgedrai 0952k h3dNAken 3o bys @S SRkl .N
(spraying gas: Ar gas) ; 3NAl - 3%by mass of In (spraying gas: N2
gas ) ; BnNAlhis 3%dw, Mmisssoflsn HogwEyiad gase,ass)the mi&lri-al3%olyy
mass of In %sgraylng gas: N2 gas) ; ., 4NA1l - 3% by nmass of IQ
(sprayi ng 3 aélsrp)raylng, thoSe obtained by adding 0.04 to 0.6% by mass
of 8i to the Al-In systems, or 0.25 to 0.7% by mass of 8i to
the Al-Bi systems. In this respect, the amount of §i is
expressed in terms of the total amount thereof including the
contaminant Si present in the Al raw material.
[0042]

If the respective added amounts of at least one metal
selected from In and Bi are less than the corresponding lower
limits, the resulting Al film is impaired in its reactivity
with water, while 1f the amount thereof exceeds each
corresponding upper limit, the resulting Al £film shows
extremely high reactivity with water and it may sometimes
undergo a reaction with moisture present in the atmosphere.
In addition, if the amount of 8i is less than the lower limit
thereof, the effect of controlling the reactivity, with water,
of the resulting 21 film is impaired, and if the amount thereof
exceeds the upper limit thereof, the reactivity, with water,
of the Al film per se is reduced.

[0043]

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

blackened as the reaction further proceeds because of the

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

23



[ 0053] There were conbined Al and In with each other at the
rates specified above to thus make In uniformy disperse or dissolve
in Al, the resulting blend was forned into a rod-like article serving
as a material for thermal spraying, and then the material for thermnal
spraying was nolten and thermally sprayed on the surface of a base
materi al spdeyefi afubinuix aceotsiagelp tdiesddidrdd arSPrAWdI®itates
techni que (heat source: C2H2-02 gas; tenperature : about 3,000C, wre
feed rat econﬁlstmgsvfs éﬁtsielﬁ)tanfvmi hé argl Ay weneam &b ythef wgas esitefd .ow
rate of sra gg S: to 1120 L/mn) as the spraying gases to

t hus gi ve coft E%BBnHFHSrPHé#HaPWC%?&yé’&t}i&l e AEICTERER 1 (he
thermal |y I S uced was subjected to a

heat - treagﬁeﬁgééggu% g éggt ufg{ezgrgangl ng fromO to 350C (the filmwas
treated inpobhe)at rmsphere for one hour and subsequently cooled wthin
a furnace) in pI ace of subjecting the sane to the influence of

t hermal hysteré&fissposs fas e megentierledwtoskengut hecéi i sndoraread with
process. Thereafter, the base nmaterial provided thereon with the

t her mal | yE8Br EQ/eRE S 1 gnwg ties J%E@Cttﬁé’%éétfﬂréataﬁeﬁtm?@@)l%\wtt W@@ms

base materl%l use a ve and C}g i ned after the t - t.r eat ment et
were i metrSeddn gﬁb Du ter SHaitnfai ﬁléld SOCHPBIE -1ve

fol l onwed Byathe,degt %ﬂ@éﬂ*'u@ﬁc‘?{ 1Er};l?o§f'l£{c§r§€d dersiityr RE ﬁq(fr{" formin
imrersion liquid to evaluate the solubility of each thermally sprayed

filmand thembabsequantiilnvéstingay appafrathe,r asuhias tHhws ciisinedd
The results thus obtained are plotted on Fig. 2. In Fig. 2, the
heat - t r eaPREHE - t epRer dike (EOmpicsesl orfedthe albslo sEermaing t material

reaction curre ensi cn?). is plotted as ordinate, [ 0054

As will b&" EVég?‘bgVor%d%E%gﬁ/ & ?:B'Ft éﬁ’n&ﬁl%iu&. At o ISR cbibafi rd e
thermal |y i ANA

usi ng Smfég&éﬁ%ﬁ%%%%%q at%Bt% ?LQ} é m prjeopf\gr Eefgoﬁg?gﬁeg ﬁ%acrq%gvl\}st a
sol ubi | i t yelbgherafdwan that c@@ref@daﬁ Obft hehd | EMLipr epahelgUprge3NAL
for all of the spraying gases tested. Wien using Ar and N2 as the
sprayi ng gasededidiet caen &innedd tdinined howbsgmostt inws saneycles and

solubility and \z\/ne usi -treatnment tenperature ra ing from
300" to. S5BECOAERE LI g YL SRR f MeliuSs SRR Eiege T tfé"ro“hlté’r?e

t han t hat V. i
sprayi ng ggi@& ﬁ%%‘? m bggvg@%%aékggt]g %glr gﬁ%/eré g|wé'§Lvt2és ng tthhe
ef fects ofilherbemnegei ngraasafll owikat @astehe wire feed rate and the
tenperature for heat-treating t he thermally sprayed Al filmon the
sol ubi lity06#5¢ihe resulting thermally sprayed Al film The results
thus obtained are plotted on Fi (b) and (c) In Fi

3
, the wire feed®rgpes (‘@ﬁ%eé’)seicgaﬁl Bt{%@ma@ %H’séie?é'én@nﬂf?h‘égr@é%'gpia%n
current depsbbys (A £1TR): d %8% QhteonaR: oL 1 N find M efik91 530 P o dIF

heat -t reat ne enperatu
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
that observed for the case in which a chemical reagent is used
as such a liguid for peeling. Moreover, any chemical reagent

is not used in the present invention and therefore, this would
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C) is plotted as abscissa and the reaction current density (md cnR)
is plotted as ordinate; and in Fig. 3 (c) , the gas (air) flowrate
(L/mn) is plotted as abscissa and the reaction current density
(mVcnR) is plotted as ordinate. [0056] It was found that when
imersing, in warmwater maintained at 80 C, the base materi al

cover ed wréduat tihermel &ynspiayedl bitadctdN o B3%nbycd®is sfuiltid for
spraying gas : N2) having a good solubility in water and obtai ned

af ter t hetlh®magdi-g sedaentr sadnignt hetdwe seaotti iom of ‘atkk@eﬁ'r\rttnrpwnent
water is initiated inmedi ate é after the inmersion,

acconpani S by TReTS i Fassust iféfLT“oﬁOB?‘lPr?d‘F%Fag]a%adpﬁge@att%lthﬁs
bl ackened, sE?@uérgéc%ﬂge%Hrtf%%r aor ?Ji ﬁﬁﬁgﬁ’sﬁﬁbéxhesﬁé ?,f%n

of , for i RSt ARCE €posi f|n y spraye

cannot n%@ﬁééﬂoﬁ%réb@ﬁ@ﬁélcﬁlbﬂét 1'st ﬂéféﬂ rad ysedhey ednt Qathe la@@e
material due to the reaction with water, and the filmis to be peel ed

off from ad:neo:bésaghm e:rheapst'elmtdmssehtlionmas% suchea o asbraoftage that

imersing, in warmwater nmaintained at 60 C,_the base materi al
cover ed m’ﬁltfﬁa?%l%%e?%l]?%/ ESHONREPQ 11 118 £ouemE 6ne@ Likovey inge

solubilit fllmlnwatrvvas le 3]0

B at | num FPE5OFEERPPoPCh: ORBFRE, SHEAREPS S ddda: Bt 0l By EPese
using a sgytLeribag famo%%t Us; 108 -Onved 1diich g &&@ﬂ@ﬁhesmnaaa%%hl V%he
pl ate whose surface been covered with a thermally sprayed fil
(filmthipkassst J'Zﬂ@elhtﬂ()mOSﬁhcb\hQ 4N an Jdednytams iaft Inptpreear e;ohei
Exanple 1 (spraying gas: N2) and then the adhesi on-preventive plate

to which rﬁéowrqu%m@@ln@@e@rmhb;@@llMsfedh@@sﬂse%t éd sfor ole precess

d h d 80QC.
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Pt is peeled o esi on-preventive p ate, as s
4. Thus, Pregentheifivémtid®r m ngomat ensdineoyl di pasidey l:falﬁre@@\t&rm@

At this stage, it was found that In and AIOOH is precipitated in the

war m wat ematg;(aﬁ@s@ma expensive metals such as precious metals and rare
metals, the use of a constituent member for a film-forming
chamber such as an adhesion-preventive plate, which is
provided, on the surface thereof, witha thermally sprayved 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 pexmits the recovery
of precious metals and rare metals without being accompanied
by any contamination. Thus, the recovery cost can be reduced
and the film-forming material can likewise be recovered while
they are still in their high quality conditions.

[0046]

The present invention will now be described in more detail
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[ 0058] An exanple will be given in this Exanple, in which Si is
added for the control of the activity (solubility) of the resulting
thermally sprayed Al film [0059] Al -1 n-Si Conpositions were
prepared using 4NAlL as the Al raw material and incorporating In and
Si (including the contam nant Si present in the Al raw material) into
the A ra%ﬂa&emeh réf‘@réﬁéé' EbnathEBm&mgsEse@&lﬁlgéed for
preparing thermally sprayed ' ms and atter was inspected for
t he rel at Epampeéween t he purlty of the Al raw material used in the
conposi tion, the added amount of Si and the solubility, in water, of
t he resulﬁﬂﬁg7ihernally sprayed film In this connection, the added
anounts of In hé are, expressed in ternms of those calculated on

the basis of the® RELGFiRh a1 SATRRS QNS FEE60peRNID and then
(Contan]n?ﬂgpé%te&ogogpqhua §é§§y1ggsﬁe9&egﬂ 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.

[0048]

*3NAl1l - 2% by mass (wt%) of In;
*3NAL - 3% by massg of In;

* 3NAl - 4% by mass of In;

*4NA1 - 2% by mass of In;

* 4NA1l - 3% by mass of In;

* 4NA1 - 4% by mass of In;
*5NAlL - 1.5% by mass of In;

*+ 5NAI - 2.5% by mass of In;

* 5NAl1 - 3.5% by mass of In.
[0049]

There were combined Al and In with each other at the rates
specified above to thus make In uniformly disperse or digsoclve
in Al, each of the resulting blends was formed into a rod-like
article serving as a material for thermal spraying, and then
the material for thermal spraying was molten and thermally
sprayed on the surface of a base material made of aluminum
according to the rod flame gspraying technigue (heat source:

C;H;-0, gas; temperature: about 2,000°C; wire feed rate: 2
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ANAL - 3% by mass of In - 0.05%by mass of Si (including the
contaminant Si of 90 ppnm); 4NAl - 3%by nmass of In - 0.1% by nass
of Si (including the contam nant Si of 100 ppm; ANAl - 3% by nmass
of In - 0.2%by mass of Si (including the contam nant Si of 100 ppm;
ANAL - 2.6% by mass of In - 0.5% by mass of Si (including the

cont am nagf, / 9k f %ﬁ?l@pﬁlin%ozg@ as as a %%i‘g’g% e@b(frl%% Al pud Bg

i
In and Si at each corresponding rate speci to make I'n an
Siunifor gbyagdisgerse orsep ssghia)i it thtibe giesul thagcbrerdpwasing
formed into a rod-like article for use as a thermal spraying
mat eri al , theadmahéy sheavhdr Aal fipmayi ngaoht efi shewasenpbiey spdayed
thermal |y _sprayed on the surface of a base material nmade of al um num
accordingffgmﬁhEhPﬁdpFPgﬁﬁeng§§iﬁﬁbﬂ§€Hﬁﬁq58 ehégrtsburgsmepsptos
gas; tenperature; about 3,000C wre f rate: 2 sec whi | e using
A gas acCRTREFATPRS MRS AT o i Bt S50 byt Fhe cEbr SO oA ah 10
thus gi vetﬁéc&@@é;?@ép@nmﬁ%ﬁéﬁ%ml biaspisyegdubnt ¥ &sCTedfwiltin a
thermally sprayed filns thus produced was subjected to a
heat -t r eafuentical @ tEhper atfusebjaagiing thenms8meotd e (idfd ddrlaa wets

treated in the atnosphere for one hour and subseguentl‘y cooled within
a furnacefleAMpl ady SR EMie iyl he sagpunserre iHiykhcehef film-

t hermal hysteresi s_possibly encountered ri the filmform.ng.
brocess. TIHOHEST REPRRHR baDRSTRETIS Gy L HRFRON b ArerHge
thermal l'ycsaraygd it RO 2 AP8 1Reakplhoalimerl 140G f0d the sane
base materi al used above and obtai ned af Per the heat-treatnent (after
experi enchagttheectbeenal (Yot anestiss seachbwee and ttawisledsied OOy alaref

pure water maintained at 80C, followed by the determ nation of the
current dehspipedfadhen Fhodistortreaurent ceasialvfiie merssdubin 3P

022 B TBLL Y Spr e L1 L and he, subseayent | pugstl g3l on of

21 5o BBl S el s kgl Oy plal st
to estimate the solubility of each thermally sprayed £ilm and
the subsequent investigation of the results thus obtained.
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 (maA/cm?) as ordinate.
[0050]

As will be clear from the data plotted on Fig. 1, when
using the Al raw materials having purities of 4N and 5N, the
resulting Al £films show high solubilities in water as compared
with that observed for the Al film prepared using 3NALl ag the
Al raw material and further there is observed such a tendency
that the higher the In concentration (not less than 2% by mass),
the higher the solubility of the resulting Al film, for each
purity of the Al raw material. For this reason, in the case

of the Al-In systems obtained using Al rawmaterials each having

a purity of not lesgss than 4N and having an In concentration
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[ 0062] The data plotted on Fig. 5 clearly indicate that the
addition of a predeterm ned amount of Si permts the control of the
activity and, in other words, the solubility of the thermally sprayed
filmprior to the heat-treatnent while the filmis in the condition
just after the formation thereof by the thermal spraying technique.

Accor di ngby ndthe &l 5 30 b@NLYTmibe, e reddu SIIAYSE rdal 1t BReugRa

the reaction thereof with the noisture present in the atnosphere can
be preventkdfiMmhstews aexntylldr eoviuhiifty hien uppssr | | Moweofert, herhen

tenperature_ of the thermal hysteresis within the filmform ng chanber
i s on theudi@er S¥Rlabothte 3g66UlLingas et ihafPEaYRer rfwllﬂyg}%‘m ayed

Al filmcan_be oduced usjng.an Al .c osi.te erial .having.an.
Sdded S CBRPERELY alGRHGSEFoTBY 0An ot BEBBEBE=nELs BAACS EPorkaty CY
0.05 to O-pY-byr W?a@l@é’rtl%‘%z,rﬁt’ﬁc%@? tﬁﬂe So1 Myt d have F s good .
practically acceptable activity or solubility in water. On the~ ot her
hand, if themppper |limt of the tenperature of the thermal hysteresis

is high on the order of about 350C, it was found that a thermally
sprayed ALC®FLI having a practically acceptable activity or

solubility can_be produced using an Al conposite material havi an
added Si cont eqﬁﬁer N (O] @ﬁl.-dgrb&qng%z%low H&ass %E%P%]F%gérl’égl%@en
0.05 to 0,19 S [ : f t hat i i.ng,
- ver m vt o ous TR Eor RS Near ion Berdlh LTS A MR Jal0
t her mal | yusgaayeeh &t 1binkna fANAIng p2¥%eBYsmasstRE 9d1ubi0.ik% byn Mage rof
Si) having a good solubility in water and obtai ned after the

f or egoi ngohedte resatliremyg, thhemadagtsmrecfd tthdnf.i | Imvwikis wataedtson,

initiated imediately after_ the imersion, which is accaonpani ed by
t he vi gorEﬁ% ?g‘%‘?’r%ﬁlét‘qCBHltonh§Hréﬁéﬁ%ﬁsqc%é%?émsu‘ﬁﬁé?%éfdatwe

of - for i PetaheaeaEpsuPlntynoerknll RECFRR RREBKER MhallS LU

cannot naipbgbn the state such that it is firmy adhered to the base
material due to the reaction with water, and the filmis peeled off
fromthe baxeImnt e3% daby whdds dbSSnh utderay i@ e: Saf 0o ;

* 3NAl - 3% by mass of In (spraying gas: N; gas);
* 3NAl - 3% by mass of In (spraying gas: air);

* 4NA1l - 3% by mass of In (spraying gas: Nz gas) ;
* 4NA1l - 3% by mass of In (spraying gas: air).
[0053]

There were combined Al and In with each other at the rates
specified above o thus make In uniformly disperse or dissolve
in Al, the resulting blend was formed into a rod-like article
serving as a material for thermal spraying, and then the
material for thermal spraying was molten and thermally sprayed
on the surface of a base material made of aluminum accoxrding
to the rod flame spraying technique {heat source: C;H;-0; gas;
temperature: about 3,000”(:‘; wire feed rate: 1.5 +0 3.5 cm/=gec),
while using a variety of gases (flow rate of spraying gas: 500

to 1120 L/min) as the spraying gases to thus give the
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Al -1n-Si Conpositions were prepared using 4NAL and 5NAl as the Al raw
materials and incorporating In and Si (including the contam nant Si
present in the Al raw materials) into the Al raw material, the
conpositions were then used for the preparation of thermally sprayed
Al films and the resulting Al filnms each were inspected for the

rel ation bstyegpohdenpurddarwfl khegplalaw mat erkahsusedehBht Ree the
conposition, the added anount of Si and the solubility, in water, of

t he resul thegnéhey mablkpyedr ayiddhsf | thus | proiiisedomaect s ed thed atided
anounts of In and Si are expressed in terns of those calcul ated on
t he basi sh%ﬂlttﬁ@e%@§n6fa‘% Wetmpreawtmeeraagmgoﬁsgm 0 NRBO CQ%ZB?

f - 0.05%b S di h t t
Se O it Ve oY d8 35 e StubRBent il O PR Snd afiRRL AT 03"
f th / f ”
PP ([ nEoSSPRam BRI, & durnadliiin diedy JRSPlediis Ll TReS

mass of |the Qn#3Uehyenass QheﬁmamIﬁ?dﬂhﬂﬁbiﬁxbﬁﬁﬁibiytb&countered

contam nant Si);
during the film-forming process. Thereafter, the base
material provided thereon with the thermally sprayed £ilm
prior to the heat-treatment (0°C) and the same base material
used above and obtained after the heat-treatment each were
immersed in 300 mL of pure water maintained at 60 C or 80 C,
foliowed by the determination of the current density of each
immersion ligquid to evaluate the solubility of each thermally
sprayed film and the subsequent investigation of the results
thus obtained. The results thus obtained are plotted on Fig.
2. In Fig. 2, the heat-treatment temperature (°C}) is plotted
as abscissa and the reaction current density (mA/cm®) is
plotted as ordinate.
[0054]

As will be clear from the data plotted on Fig. 2, when
comparing the thermally sprayed Al film prepared using 4NAl
with that prepared using 3NAl, it was found that the Al film
prepared using 4NAl shows a solubility higher than that
observed for the film prepared using 3NAl for all of the
spraying gases tested. When using Ar and N, as the spraying
gasesg, the resulting Al films show almost the same solubility
and when using a heat-treatment temperature ranging from 300
to 350°C, the resulting Al films show solubilities in water
higher than that cbserved for the Al film prepared using the

alr as the spraying gas.
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5NA1 - 2.6% by mass of In - 0.1%by mass of Si (including 100 ppm of

the contam nant Si); 5NAL - 3.5%by mass of In - 0.5% by mass of S
(i ncluding 100 ppm of the contam nant Si). [0066] There were
conbined Al, In and Si with each other at the rates specified above

and the sane procedures used in Exanple 4 were repeated to thus form
each correspending thernmally sprayed film (spraying gas used: Ar
gas). Each of the thermally sprayed filnms thus produced was subjected
to a heat-treafeapatrabetyr dilngre owvehe Sarmsprocedinds wddts Bfanplee
4 (the filmwas treated in the atnosphere for one hour and it was
subsequenfPyegesre®as thPK e hhesiire Trefasgteand: Hee heiweratereal

i ded th ith the theymall d filmapri th
heat -t r eatent OO At T Ehfte Hea atior PEF24EB0 Ahove Lingn the

obt ai ned @&1%&5_1@?/“8@ théeélegﬁmkiﬁﬁhéh@&g%ggt Eg&:@_&;eﬁhmh film. The
experienced thermal hysteresis) each were | rsed in 300 nL of pure

wat er nmai néaubed @iuSBtdiclddued pyotbeddai erirjsnati(an, ofb} et urnent
density of each imrersion liquid to estimate the solubility of each
t her mal | yIBgtigyed (£ | ralEndiraEgai/est e fam/cecof 1s pdatdsd 2 abisgs ssa
obt ai ned. 0 a result, there, was ,observed the sane

t endency %égtgé#*oﬁgﬁ?éiﬁniﬁq§ﬁ%ﬁﬂea%Ps}?ymdgﬁfﬁﬂb)fdﬁhdpfﬂEFe?h@S
addi tion gfsa. predeigrij ne u . S ] t
activity an%, ?n bt%er r segfhghggﬁﬁﬁﬁ{ﬁgg%%ﬁ?ﬁgqf%gr%%ﬁ#?giarg@ed
filmprioist @lidiedieaist beatiesh, amu | enthe-dddunomscipréhe cemdiitkhon
just after the formation thereof by the thermal spraying technique.
Mor eover, (nk/ehe dpperotied esofrdimmtenpedatuiégof3 (he, hbat gas datiment
is on the_order of 3bout 00 C, it was found that a thermally sprayed

Al film cEhOBerBESdULEBitEi A A AMEDrAdsFPECHETRr PBA k&G AGastion
dded | | % d . d Si t ent
g SROEERY BLnBEby RRR/LNST FHODICTRSR DGR A B Tom e

woul d havepgaspractically acceptable activity or solubility in water.

On the other hand, if the upper limt of the tenperature of the

heat - t r eat ment It svasd huod thed wheedmferatiog, 850G rm vawas madonich inleat

a thernallg gggayed Al _filmhaving a practically acceptable activit
t

or sol ubi #Ft§Owoul BBePABF "3 6" B br HANRERF Ut Ty ke ednposr@ye

oo BRGS0 £ O shESR Ll PR IR 0
solubility in water and obtained after the foregoing
heat-treatment, the reaction of the film with water is
initiated immediately after the immersion, which is
accompanied by the vigorous generation of hydrogen gas, the
water is blackened as the reaction further proceeds because
of the presence of, for instance, deposited 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 is to be peeled off from the base material
with dissoclution. 1In the case of immersing, in warm water
maintained at 60°C, the base wmaterial covered with the

thermally sprayed Al film as mentioned above, the solubility

of the film in water was not good.
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[ 0068] The sane filmform ng process disclosed in Exanple 3
were repeated except for using a sputtering apparatus provided with
an adhesi on-preventive plate whose surface had been covered with a
thermally sprayed film( filmthickness : 2001dm) of the 4NAl - 3% by
mass of In - 0.1%by mass of Si prepared in Exanple 4 and then the
same depogkiggdiéitm peeling test used in Exanple 3 were |ikew se
repeated except for using the foregoing adhesion-preventive plate. As
a result, [#e5Was found that the thermally sprayed filmis conpletely
di ssol ved and that the adhered filmof Pt is peeled off fromthe
adhesi on- pr eveﬁﬁ'%n‘ﬂpa(tpé" ﬁélﬁ“anﬁ@l@%@@lﬁatB%Wérg reprpsoRd over

(Ref erenc AI Sl 03|te materﬁgfs eac
havi ng th OfS %  TIHDoE] tsip FEACUEI K IRAEanE 9hatas
the A r%H@éfesﬁaﬁevéﬂele@i}ﬂatﬂmheggp@éﬁaeg a‘&%@ehhﬁé\ré&?&?w&‘%

the production of thermally sSprayed films accor Ing tot flame

spraying 4 agtuveaie pRgh iR d esuint { PO A cHid e £2CHWRE R) | S8 RaE agafor
the relation between the purity of the Al raw materi al used in the

conposi tiond% bliereynceht Fatprrafed imMkamels ol uddiaying roat éf)

of e resihting, he el sbrayed fLLmand the resul (s vere Somalec

3075 L8 0 g0 8
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 30 minutes and that the adhered
film of Pt is peeled off from the adhesion-preventive plate,
as shown in Fig. 4. Thus, Pt as the film-forming material could
easily be recovered. At this stage, it was found that In and
Al1OOH is precipitated in the warm water.
Example 4
[0058]

An example will be given in this Example, in which Si is
added for the control of the activity (solubility) of the
resulting thermally sprayed Al £ilm.

[0059]

Al-In-Si Compositions were prepared using 4NAl as the Al
raw material and incorporating In and Si (including the
contaminant Si present in the Al raw material) into the Al raw
material, the resulting compositions were used for preparing
thermally sprayed A1 films and the latter was inspected for
the relation between the purity of the Al raw material used
in the composition, the added amount of Si and the solubility,

in water, of the resulting thermally sprayed film. In this
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2NA1 - 0.5% by mass of Si; 2NAL - 1%by mass of Si; 4NAL - 0. 2% by
mass of Si; 4NAl - 0.5% by mass of Si; 4NAl - 1% by mass of Si.

[ 0071]

There were conbined Al and Si with each other at the

rates specified above to thus make Si uniformy disperse or dissolve

in Al,

each of the resulting blends was forned into a rod-Iike

connection, the added amounts of In and 8i are expressed in
terms of those calculated on the basis of the mass of the Al
raw material.

[0060]

* 4NAl (contaminant Si: 100 ppm) - 3% by mass of In;

*4NAl - 3% by mass of In - 0.05% by mass of 8i (including the

contaminant Si of 90 ppm);

* 4NAL - 3% by mass of In - 0.1% by mass of 3i {including the

contaminant Si of 100 ppm);

* 4NAl - 3% by mass of In - 0.2% by mass of Si (including the

contaminant Si of 100 ppm) ;

*4NAl - 2.6% by mass of In - 0.5% by mass of Si {(including
the contaminant Si of 100 ppm) .

[0061]

There was combined Al with In and Si at each corresponding
rate specified above to make In and Si uniformly disperse or
dissolve in Al, the resulting blend was formed into a rod-like
article for use as a thermal spraying material, and then the
thermal spraying material was molten and thermally sprayed on
the surface of a base material made of aluminum according to
the rod flame spraying technique (heat source: CH;-0, gas;
temperature: about 3,000°C; wire feed rate: 2cm/sec), while
using Ar gas as a spraying gas (floe rate of spraying gas:
800L/min) to thus give each corresponding thermally sprayed
film. Each of the thermally sprayed films thus produced was
subjected to a heat-treatment at a temperature ranging from
0 to 400°C (the film was treated in the atmosphere for one hour
and subsequently cooled within a furnace) in place of
subjecting the same to the influence of thermal hysteresgis

possibly encountered during the film-forming process.
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article serving as a material for thermal spraying, and then the
material for thermal spraying was nolten and thermally sprayed on the
surface of a base material made of al um num according to the rod
flame spraying techni que (heat source: C2H2-02 gas; tenperature:
about 3,000C, wire feed rate: 2 cmsec), while using Ar gas as a
sprayi ng gasrééfou | att@c0fhsps ayiarergag: SOy 1ddd Nk hkeebhusyBivethhe
corresponding thermally sprayed Al filns. Each of the thermally
sprayed fihasmahig groduedd Was psubjretbedhe s theated trresat et Cat aad
tenperature ranging fromO to 400C (the filmwas treated in _the

at nospher €2¢ oF28fe HHEE Sibs egEeft PYPoTBolceW PRI e f af hatefhe

Th ft the b teriLal ided th ith th h [ 1
sprayed TIFHpETOICEBIE ni FST FRERE KEHE LOC) Ent PEREACa R ohaLg="S)
materi al used abqveraadsebt ahnerh afl 6F Jhie hedbit heal FRNL 836N s

imrersed in 300 nL of pure water maintained at 80C, followed by the
det er m natoDhowéd tihe e KHenkerddnsittiynobfeslRd ¢umr®sst alerdd iyt dft each
estimate the solubility of each thermally sprayed filmand the
subsequentM@yaseR gatdwitl 6P ehelvatalily shdubdbiaiyned earie thesupidy

t hus obtai ned are otte n Fig. 6. In Fig. 6, the heat-treatne
tonper at RERES 0 LT i o s Shflse Rt b e REl sRbLeT O duts ERPULES
density ( j ot i - i L .

cl ear frotgrrrﬂle’éi%uerg%t)dta‘—:{tl:lﬂ pl ot :12% gﬁsg?g.é%&m%%%égeﬁga5ﬁﬁf%%¥%%grgﬁl?éw
materi al , 5t herd @sugl.t 5 noHd ezl -ltycsphyedt Shpkirhfugeal ce) i shovedeany
solubility in water, while when using 4NAl1 as the Al raw materi al,

t he resul 28 ngbshésmal |and prhayedeak tiiohmavascdrdundensibe Vedy chi phkg
soluble or active in water. In this respect, there was observed such
a tendenc?rgh%“ﬁt?he hi gher the concentration of Bi, the higher the
sol ubi I'i t){o%the resulting Al film for each purity of the Al raw
material used.” For this reason, the use of the Al raw material having
a purity of nO’t‘hée§§tthllo%|Neﬂ0'é|rﬂ ey Mg ¢heaprpdusli earef t8at the
thermally sprayed Al filmhaving an excellent solubility in water.
However, addwasoficuhd tthradensemigsicngmdhAt, ofhel guotiwity tdfe thatrol
resulting Al filmis too high and the thermally sprayed Al filmis
accor di ngPy EBRVRFEEULFHL 6“%0\/\&& okhern HPIrewi n§het sed Siaddvart the

ordi nary #@gp@%gi%%ﬁ?é & Al %%%eg ?F% ;1? Oéétf—r t Zed QDM Sre the

Accor di ng y spra experi ences

thermal hysigresis deuldnbe tSber 8dsina ahe At FBS PReMEa f 1§ tafe@BF by
noi sture (a vacuum at nosphere may |i kewi se be used) . For this

reason, ithegharfadctpnegesgaregchmi@ont r akecolreiagiliyyi tlye ddaswlultiity)
thereof to thus nmake the handli ng. ability thereof easy. [0073] .
Separ at el §F Hifet peERRh] Y FREFraAfell Ap Hhinomadohie Seasy ion tereof #géing
4ANAL - 1(V%$% Mass o; Bixé/\s/aes inzlp%%t edtf or %Q% sol uq{ifl i t%/e_\; nwatler., .
according 1o The 'S4 Broeaturds TSt aBEvEC T RATTR ThETHIRE AL drd o
the i mr@é@ﬁa%ﬁﬁff Wasr &hadged: £ a0 GpROC 1ang B (Hie dRpd Lt daus
obtained are plotted on Fig. 7. In Fig. "7, the heat-treatnent
t enper at uvg (K3 teemial ted taseaisciwdsaiantdhe hei reatdivhng Whawder is
density (mA/cnR) is plotted as ordinate. [0074
on the order of about 300°C, it was found that a thermally
sprayed Al film can be produced using an Al composite material
having an added Si content ranging from 0.04 to 0.6% by mass
and preferably 0.05 to 0.5% by mass and the resulting Al £ilm
would have a practically acceptable activity or golubility in
water. On the other hand, if the upper limit of the temperature

of the thermal hysteresis is high on the order of about 350°C,
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As will be seen fromthe data plotted on Fig. 7, it was found that
t he higher the heat-treatnment tenperature, the higher the solubility,
in water, of the Al filmand that the solubility of the Al filmis
scarcely reduced even after the filmis subjected to a heat-treatnent
at a tenperature of not |ess than 300C. [0075] (Reference Exanple 2)

In view of tt Rad esuhhs ebbal nedcharRah erengs-dxanphe ki lhhenhhygegt ars

of this invention herein prepared A -Bi-Si "conposite materials each

havi ng t hersohposily et cpEcidledchebawybyr addivig, 1 ithy édATbapradudled

raw material, Bi and Si (including Si_as an inpurity present in the

Al raw maReindl PR fhe CORRPISLtey RERIOA t dataied | atsadde Wér ecnseat
ayed Al _filns_a he_r

for the production of t emal!)ysr ndi | ting Al
(11 s vl ETHEBECHET (5o h RE PR &P e AA DA 6 ePRBER =Ry stla KU
of Bi, thg agdded amount of Si and the solubility of the resulting
thermally Sprayed filmin water. In this connection, the added
anmounts ofoBs3and Si are expressed in terns of those cal cul ated on
the basis of the mass of the Al raw material. [0076] 4NAl - 1% by
mass of Bi (thétamasuhound thed chanammeaming,: I9Wappryater MRANtain® Iy
mass of Bi - _0,25% bg mass of Si, incl udi ng 90 kam(ﬂ‘ t he cont am nant
Si): at 80°C, the base materi covered with a thermally sprayed
Al film (4NAl - 3% by mass of In - 0.1% by mass of 8i) having
a good solubility in water and obtained after the foregoing
heat-treatment, the reaction of the film with water is
initiated immediately after the I1mmersion, 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 £ilm cannot maintain the state such that
it is firmly adhered to the base material due to the reaction
with water, and the film is peeled off from the base material
with dissolution.
Example 5
[0064]

Al-In-S1i Compositions were prepared using 4NAl and 5NAL
as the Al raw materials and incorporating In and Si {(including
the contaminant Si present in the Al raw materialg) into the
Al raw material, the compositions were then used for the
preparation of thermally sprayed Al films and the resulting
Al films each were inspected for the relation between the purity
of the Al rawmaterial used in the composition, the added amount

of Si and the solubility, in water, of the resulting thermally

sprayed film. In this connection, the added amounts of In and
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4ANA1 - 1% by mass of Bi - 0.5%by mass of Si (including 100 ppm of

t he contam nant Si); 4NA1 - 1.4% by mass of Bi - 0.7% by mass of S
(i ncluding 100 ppm of the contam nant Si); ANA1 - 1% by nmass of B
- 0.85%by mass of Si (including 100 ppm of the contam nant Si).

[ 0077] Using a material for thermal spraying produced by

conbi ni ngsAl s rBiexgibsBed aget Behsabf aamdhd ake ctnegleli 8 ahoOMlsis of
uni formy dissolving or dispersing Bi and Si in Al and then formng

each of theerwsabtohgtbeehllsravitowaberodili ke article, a thermally

sprayed filmwas formed by nelting the material forned into the

rod-1i ke & PFie and then thernmally spraying the resulting nelt of

the article oq%the surface of an aluningnbbase material according t
0

0
the rod fl'aMEspr ayi AY PRERMPHUE (héa® >SobYcBasent 19t gingdading 90

tenper at Upgn 8BOPLe3-0R0miMbhe E¢pd rate: 2 cnisec), while using N2
as a spraying gas (flow rate of spraying gas: 800 L/mn). Each of the

thermal |y -spzmyed 3ki bsmbBySoproduced 14asySHBE8Cs 2051 O ithcluding 100
heat-treatment at a tenperature ranging fromO to 350C (the filmwas
treated i BPRhefathespaeieniBanbn8lhour and subsequently cool ed within

a furnace). Thereafter, the base material provided thereon with the
t her mal | y "sPVYy ed 4fi Pih BRESrOt ol e thést Pivr Baefedt F0O)ingdding 4Q%e

base ”ate$?ﬁ|ofsﬁﬂeaQBMEaﬁﬁﬂaﬂpt§kﬂed after the heat-treatnent (the
a

base mate | "after experiencing thérmal hysteresis) each were

i mersed i-n51300 Ma ofy R @At e FRI Dt el ped By B0G Joldiowad Avdikeg

determ nation of the current density of each immersion liquid to
estimate Lhe pphubfl thy obnbavhnaherfally sprayed filmand the

subsequent investigation of the results thus obtained. The results
t hus obt ai'ndrhare ik el WEFIQE 8 1 F -Fi%g by masve et t(Haslmeing

t t i t I dth ti t
density (npchy P8 b lat iR AR M oorgy ST " ST

*5NAl - 3.5% by mass of In - 0.5% by mass of Si (including

100 ppm of the contaminant Si).
[0066]

There were combined Al, In and Si with each other at the
rates specified above and the same procedures used in Example
4 were repeated to thus form each corresponding thermally
sprayed film (spraying gas used: Ar gas). Each of the
thermally sprayed films thus produced was subjected to a
heat-treatment according to the same procedures used in
Example 4 (the film was treated in the atmosphere for one hour
and it was subsequently cooled within a furnace). Thereafter,
the base material provided thereon with the thermally sprayed
film prior to the heat-treatment (0°C) and the same base
material used above and obtained after the heat-treatment (the
base material which experienced thermal hysteresis) each were
immersed in 300 mlL of pure water maintained at 80°C, followed

by the determination of the current density of each immersion
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The data plotted on Fig. 8 clearly indicate that the addition of a
predeterm ned anmount (0.25 to 0.7% by mass) of Si permts the control
of the activity and, in other words, the solubility of the thermally
sprayed filmprior to the heat-treatnent while the filmis in the
condition just after the formation thereof by the thermal spraying

t echni quel i qACGOF &l it Yma tdre- 10 SRl 10 Pfo &%&ﬁ%ﬁ%&h'all?péﬁfﬁ ed
f|In1throud% the reaction thereof with the noisture present in the
at nospher £itanahé pheventedtwgdbhicerofi hhy. rébukoverhus hebeaised.
observed such a tendency that the thermally sprayed Al film prepared
after thel®@a¥ltreatment shows an increase in the activity and is

inproved in the solubility jn water as the unt of the added Si _and
Lo heat -t r eat AEm TEalpEr SUVES A G206 VR, Lrha RdFERORIGY 3§ TR tan
amount ofoﬂséé%ayiﬂaﬁﬁarg%f@!é.s I LR WO O 1Ak Ahdl Llilicio
scarcely show ng any solubility in water. In this connection, in tﬁe
case of aofherprbbytepnayed Ahofiht mvEosheget-iomsatmat ebhal-oflobf the
thermal spraying to which Si is added in an anmount ranging fromO0.25
to 0. 7% bychugstyiandvasf obhartwerds hdhehepdubily 1spr af dtheAthisirinml 1y

obtained after supjecting it to a heat-treatnent of 250C.is cqnverted
into pomd%?r%%a g&%\ﬁﬁé’? £ 5P8t gﬁ‘até‘frﬁf"BWﬁBFy Yiehpe i e it vefe

at nospher e far ¢ 3 . romlly
prayed AP RAm iR s Ll g foama il EnERS8e By Ot METReY
was obserygHagusl ackendeney thadrddiesol ubi khky Wpdrhel Ahid i b ithe
not reduced, but it is increased even when the heat-treatnent

t enper at uremegraedse 360Che H@OBOC reatmenitt i sves flounddehatt abent 200°C,
imersing, in warmwater maintai ned at 80C the base material covered

with a thetitds Faprhyédtap ?h?Wi‘hMPEr%%%f*lnﬁé%mo‘FalBibe- D OS5
mass of §.).havi .Ql ubi_l i inNn .er d ined, after t
f oregoi n?ﬁ%ﬁ?-%?%fn%%&%sﬁ%g %eagg i)ig”r:%”_ 8}%#%3 ?ﬁ ?r@%@h 1’\l/vactoer%rt@‘inst ot}e
initiatednbfmesh atglan akt 8 hiles AP ABaeWh € NediSt &€ YRR R f%m
t he vi gorous generation of hydrogen gas, the

0.04 to 0.6% by mass and that the resulting Al film would have

a practically acceptable activity or gsolubility in water. On
the other hand, if the upper limit of the temperature of the
heat -treatment is high on the order of about 350°C, it was found
that a thermally sprayed Al film having a practically
acceptable activity or solubility would be able to be produced
using an Al composite material having an added In content of
not less than 2% by mass and an added Si content ranging from
0.04 to 0.2% by mass.

Example 6

[0068]

The same film-forming process disclosed in Example 3 were
repeated except for using a sputtering apparatus provided with
an adhesion-preventive plate whose surface had been covered
with a thermally sprayed film (f£ilm thickness: 200um) of the

4NAl - 3% by mass of In - 0.1% by mass of Si prepared in Example
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wat er under goes bl ackening as the reaction further proceeds because
of the presence of, for instance, deposited Bi, finally the thermally
sprayed fil mcannot maintain the state such that it is firmy adhered
to the base material due to the reaction with water, and the filmis
peel ed off fromthe base material with dissolution. [0081] (Reference
Exanpl e 3) and thenRif 5awE ddfds i ddnefi ohrRg 19R6M B4 4008 Wel 2 EhaRpaked
over 30 cycles using a sputtering apparatus provided with an

adhesi on- pr exert | Vekplbée whosetedr facedgtadfbeemstoner e WEbltegoing
thermal |y sgrayed film(filmthickness: 2001dn) of the 4NAl - 1% by
mass of BrAbeslgnspyeransive miakd epdfadl Hos Rt et bnee Exungltéat she

t hen t he hesi on-preventive. plate to ich the Pt filmhad been
hdher ed WBRSGTS ALK e HEE 1 S nes ST Sty dpinoders . e Lo
w th war i i ' I i (0] . tLhe
t her mal | %?%%%%ﬁﬁ %f:qggcgé I %tqédﬁgg?sggége%l%a%ﬁé%ﬁ'?& %Q%tﬁeggagﬁ?d
that the puheeedai im ehePtaks peekedmpié Bromthe

adhesi on-preventive plate. Thus, Pt as the filmformng materi al

coul d easilP96Be recovered. At this stage, it was found that AIOOH is
precipitated in the warmwater, in addition to Bi. [0082] (Reference
Exanpl e 4fReference Exampbfpdliti ons were prepared using 2NAL, 3NAL

d 4NA1 th I i al i i i .
ond 1L (MLl WL ELAS, abd RcaLPOLEL AR ULO 8%,

tin nposi ons were use

for the pé@rﬁ@b@it@@no&eié%ﬁ@ﬂﬁ&*ﬁ’eépﬁﬁyﬁg Anfidam and the dieswit kag

Al films were inspected for the relation between the purity of the Al

raw mat erinaterthesanpuntreafuldont@momgatsi@ions were then used for the
production of thermally sprayed films according to the flame
spraying technique and the resulting Al films each were
inspected for the relation between the purity of the Al raw
material used in the compositions, the concentration of Bi and
the solubility, in water, of the resulting thermally sprayed
film and the results were compared with each other. 1In this

connection, the added amount of Bi is expressed in terms of

that calculated on the basgis of the mass of the Al raw material.

[0070]

*2NAl - 0.2% by mass of Bi;
*2NAl - 0.5% by mass of Bi;
* 2NA1 - 1% by mass of Bi;
*4NAl - 0.2% by mass of Bi;
*4NAl - 0.5% by mass of Bi;

*4NAl - 1% by mass of Bi.
[0071]

There were combined Al and Bi with each other at the rates
specified above to thus make Bi uniformly disperse or dissolve

in Al, each of the resulting biends was formed into a rod-like
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present therein and the solubility, in water, of the resulting
thermally sprayed film In this connection, the added amount of In is
expressed in terns of that calculated on the basis of the nass of the
Al raw material. [0083] 2NA1 (content of contam nant Cu: <400 ppm
- 3% by mass of In; 3NAl (content of contam nant Cu: 70 ppm - 3% by

mass of | it icBNAdeLEON QY aofnaQQBEﬁm E@Bttl%‘rmitﬁss":pfatﬁrhé h&nd then
detection limt) - 3%by mass of In; 1 (content of contam nant

Cu: |less thanmaherﬂelefbroahétmhl)spra?&hg wassmofitkn. ah@084krmally
Using a material for thernmal spraying produced by combining Al and In
t oget her @pra¥ed entehspevrfaed abovebagri Mecpikyadi wedevidgaduminum

LA b R e
mel ting tRg; mat eﬁael ft% m&%t & Jd-4 idegy ar L 1&6@%&“9&

thermal |y sprayl g the r tlng melt” of the artic e on & surfacé

of an al ughpest basenhaé Qﬁéﬁﬂlg‘ ICE QF L NGs 0 dherFioth Id-me FaRkAYaRe of
techni que (heat source: C2H2-02 gas; tenperature: about 3,000C wre

f eed rat espRaygimgegpswhi 3 @usingAngasasthuspdyiengtiyas cofrirewppatie ngf
spraying gas: 800 L/mn). Each of the thernallg sprayed filnms thus
produced %r@%%}EC?EHaYﬁdaAﬁegﬂlFFeatﬁ%ﬁP at h?eﬁﬁ@?&ﬁ&ﬂ§ ﬁ&ﬁ&ﬁﬁ&

om0 o5 2R bl bilmues LagabeliLh Lhe g gospher . Lac o0 Dour

and subsequently coo Aace erea
materi al peqyedgehutbereon M tfh:énh@) ﬁ:ta)eamal by(ﬁﬁéayfﬁnfwalgn&réa%& Qn

the heat-treatnent (0C) and the sane base material used above and

obt ai ned dh¢extmosphere for one hour and subseguently cooled within a
furnace). Thereafter, the basematerial provided thereonwith
the thermally sprayed film prior to the heat-treatment (0°C)
and the same base material used above and obtained after the
heat-treatment each were immersed in 300 wlL of pure water
maintained at 80°C, followed by the determination of the
current density of each immersion liquid to estimate the
solubility of each thermally sprayed film and the subsequent
investigation of the results thus obtained. The results thus
obtained are plotted on Fig. 6. In Fig. 6, the heat-treatment
temperature (°C) is plotted as abscisgsa and the reaction
current density (mA/cm®) is plotted as ordinate.
[0072]

As will be clear from the data plotted on Fig. 6, when
using 2NAl as the Al raw material, the resulting thermally
sprayed Al film scarcely showed any solubility in water, while
when using 4NAl as the Al raw material, the resulting thermally
sprayed Al film was found to be very highly soluble or active
in water. 1In this respect, there was observed such a tendency

that the higher the concentration of Bi, the higher the
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the heat-treatment (the base material obtained after the film
experienced thermal hysteresis) each were immersed in 300 nL of pure
wat er mai ntai ned at 80C, followed by the determ nation of the current
density of each imrersion liquid to evaluate the solubility of each
thermal |y sprayed filmand the subsequent investigation of the

results t@élﬂ@u@.blﬂtjﬂeéif tdhe Fesul ¢ tnd s obtwl ned- arewlRktied oF Ehg
9. In Fig. 9, the heat-treatnent tenperature (C) is plotted as

absci ssa Aahdrawhenateacislomsedr.r eRbr denss tnyed g crne usepbbdttles 2ds raw
ordi nate. [0085] - The data plotted on Fi gl 9 clearly indicate
that the BaFabieithaesing & pariker bl 19t sy &aaN 4N Vorsl prasparidd the

i 2NA1 to 4NAL t he, Al teri f al. ithin th
br Gt oal PyPRREEhURITS e PFER LLY R eR B L JrEHRayt SAC SR
prepar ed Hélﬂﬁil?@#f‘ﬁ‘ fhe &AW mRLeLIAL  ANAL WH0GE, £enlampant &Y ng

content is not higher than the etection 1imt has sol U Irty, in

wat er, hi ghel,tbas 4&osel oPpsef gtk frgsueid Al | fsimprieduerd nisihn@nd
2NA1 and 3NAl. In addition, it was found that the thermally sprayed
A films prepbhedmasingBnyedndl 4NAM gss tareoatdimgl insoaniedtediose
cont am nant &:U%C ntent. is |ess than the detection |imt are soluble

or acti vePPROGALEreRidH CEMAH OsPheBdt Rk 9 30h TERSERture, 1n

densities er t J.ess n,5 C a =k n
Fomper at uf Ao IBSRTERINe i S1ohnz Pl Thuft P REChEhi il eo th
the ther mahbymsprayeshAlydd | BB prepar ettt nge2 SRl ashelrii 1A
raw material s whose contam nant Cu content is not 1ess than 70 ppm

are insuf Rystenesaft ehoslld dst i sigotd@miho sa hdatodpteatarefiteat od any
tenperature, of 350C. In the latter case, the Al filnms could not be
di ssol vedm?hSWéF%r(aeVéﬁuméFfﬂch%?lﬁ%ﬁ%éﬁaéﬁ ttEevise e vEed i ngF ¥ Gl

was set a%ﬁéggg' ikQQﬁ?liﬁR%£&h?“§§g$%S£P eé@ controllghéhg%tiv&tgy

Ref er ence anpl e,” the fol'l owing cofrposi t10NS Vier € prepare

i ncor por ats8gubn1 i By # Mk @S RRCA hiiaWalRt €id alandiReqr £51] 14 PG Al
conpositions were used for the production of thermally sprayed Al

films andedbhg.resulting Al filnms each were inspected for the relation
bet ween the contami nant Cu content in the Al raw naterial and the

sol ubi 1ity9%7alwater, of the resulting thernally sprayed filns and
the results thg

connection, t hegggg%gégﬁguﬁé g?ﬂqnﬁ\ﬁar%tsiﬁ%%)%%ggeedAﬁﬁgaﬁerfgdlb%P%%‘ujgrlf‘gs of
relative tRet her885SnQf atiie Al g aw, e i miseths [1008Hctea £cNRLe
(the anmount of contamnant Cu: |ess than the detection limt) - 3% by
mass of laplubility in water, according to the same procedures used
above, while the temperature of the immersion water was changed
to 40°C, 60°Cand 80°C. The results thus obtained are plotted
on Fig. 7. In Fig. 7, the heat-treatment temperature (°C) is
plotted as abscissa and the reaction current density (mA/cm?)
is plotted as oxdinate.
[0074]
As will be seen from the data plotted on Fig. 7, it was
found that the higher the heat-treatment temperature, the
higher the solubility, in water, of the Al film and that the

solubility of the Al film is scarcely reduced even after the

film is subjected to a heat-treatment at a temperature of not
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ANAl (the amount of the contam nant Cu: <10 ppm) - 3% by mass of In;
4NA1 (the amount of the contam nant Cu: 40 ppm) - 2.5% by nmass of In
ANAl mass of

less than 300°C.
[0075]
(Reference Example 2)

In view of the results obtained in Reference Example 1,
the inventors of this invention herein prepared Al-Bi-Si
composite materials each having the composition specified
below by adding, to 4NAl as an Al raw material, Bi and Si
(including Si as an impurity present in the Al raw material),
the resulting composite materials each were used for the
production of thermally sprayed Al £ilms and the resulting Al
films were inspected for the interrelation between the added
amount of Bi, the added amount of Si and the solubility of the
resulting thermally sprayed film in water. 1In this connection,
the added amounts of Bi and Si are expressed in terms of those
calculated on the basis of the mass of the Al raw material.
[0076]

* 4NAl - 1% by mass of Bi (the amount of the contaminant Si:
90 ppm) ;
* ANAl - 1% by mass of Bi -~ 0.25% by mass of 8i (including 90

ppm of the contaminant S5i);

*4NA)l - 1% by mass of Bi - 0.5% by mass of Si (including 100

ppm of the contaminant Si);
*4NAl - 1.4% by mass of Bi - 0.7% by mass of Si (including
100 ppm of the contaminant Si);
* 4NAl - 1% by mass of Bi - 0.85% by mass of 8i (including 100
ppm of the contaminant Si).
[0077]

Using a material for thermal spraying produced by
combining Al, Bi and Si together at each rate specified above,

uniformly dissolving or digpersing Bi and Si in Al and then
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(the anmount of the contam nant Cu: In; 40 ppn) - 3% by ANALl mass
of (the amount of the contam nant Cu: In; 10 ppm

forming each of the resulting blends into a rod-like article,
a thermally sprayed film was formed by melting the material
formed into the rod-like article and then thermally spraying
the resulting melt of the article on the surface of an aluminum
base material according to the rod flame spraying technigue
(heat source: CyH;-0, gas; temperature: about 3,000°C; wire
feed rate: 2 cm/sec), while using N; as a spraying gas (flow
rate of spraying gas: 800 L/min). Each of the thermally
sprayed films thus produced was subjected to a heat-treatment
at a temperature ranging from 0 to 350°C (the film was treated
in the atmosphere for one hour and subsequently cooled within
a furnace). Thereafter, the base material provided thereon
with the thermally sprayed film prior to the heat-treatment
(0°C) and the same base material used above and obtained after
the heat-treatment (the base material after experiencing
thermal hysteresis) each were immersed in 300 mL of pure water
maintained at 80°C, followed by the determination of the
current density of each immersion liquid to estimate the
solubility of each thermally sprayed film and the subsequent
investigation of the results thus obtained. The results thus
obtained are plotted on Fig. 8. In Fig. 8, the heat-treatment
temperature (°C) is plotted as abscissa and the reaction
current density (mA/cm?) is plotted as ordinate.

fo078]

The data plotted on Fig. 8 clearly indicate that the
addition of a predetermined amount {0.25 to 0.7% by mass) of
Si permits the control of the activity and, in other words,
the solubility of the thermally spraved film prior to the
heat-treatment while the film is in the condition just after

the formation thereof by the thermal spraying technigque.
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- 3% by ANALl mass of (the anmount of the contami nant Cu: In; 20
ppm - 3% by ANAl (the amount of the contam nant Cu: 30 ppm) -
2.5% by mass of In.

Accordingly, the dissolution of the thermally sprayed film
through the reaction thereof with the moisture pregent in the
atmosphere can be prevented with certainty. Moreover, there
is observed such a tendency that the thermally sprayed Al film
prepared after the heat-treatment shows an increase in the
activity and is improved in the solubility in water as the
amount of the added Si and the heat-treatment temperature
increase, but the addition of Si in an amount of 0.85% by mass
results in the formation of an Al film scarcely showing any
solubility in water. In this connection, in the case of a
thermally sprayed Al film formed from a material for thermal
spraying to which Si is added in an amount ranging from 0.25
to 0.7% by mass, it was found that the thermally sprayed Al
film obtained after subjecting it to a heat-treatment of 250°C
is converted into powder when allowing it to stand at ordinary
temperature in the atmosphere for 2 to 3 hours.

[0c79]

In the case of a thermally sprayed Al film consisting of
an Al-Bi-Si composite material, there was observed such a
tendency that the solubility of the Al film is not reduced,
but it is increased even when the heat-treatment temperature
exceeds 350°C.

[0080]

It was found that when immersing, in warm water maintained
at 80°C, the base material covered with a thermally spraved
Al film (4NAl - 1% by mass of Bi - 0.5% by mass of Si) having
a good solubility in water and obtained after the foregoing
heat-treatment, the reaction of the fiim with water is
initiated immediately after the immersion, which 1is

accompanied by the vigorous generation of hydrogen gas, the

42



[ 0088] There were conbined Al and In with each other at the
rates specified above to thus uniformy dissolve or disperse Inin
the Al raw material 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 forned by
nel ting epsPeofubderdOds | bikecpéhifd &asinthd het dtheddrahne e dWiRg dahe
resulting nelt of the article on the surface of a base material mde
of al um nberaveerdi nige tporeisea aeodf | Ifareisptaycag depoliitepdeB{ hefdtnally
source: C2H2-02 gas; tenperature: about 3,000C, wire feed rate: 2
cni sec), WARIt RISl AEPgayedst Bl e sieayiatgmgabtfingie atatef suph &fdrng
gas: 800 L/m n).. Each th hermally sprayed filns th roduced
was subj etted® tfolréﬂ%gt%g‘teffggt %}gn{h%tb%g@t Eﬁ%@rr&la&r gu?aﬁ@ilﬁbgﬁe&ﬁt@%
350C (theyti s tr I R:the: at re :
subsequen‘tﬂ%h%ol ed’ vaﬁﬁl?%ea@%gﬁnégég : erogéff ?gPﬁnﬁﬁ%qﬁ‘%sség%tegﬁaa
provi ded wheneanswbihttiba.thernally sprayed filmprior to the
heat-treatnment (0C) and the sanme base material used above and

obt ai ned &PP8Llthe heat-treatnent (one obtained after it had

experi encgd %her mal hysteresis) each were imrersed in 300 nL of pure
wat er mai AFSFREGRGE §é@,“??‘8| Pobwed by the determination of the current
density of each,Lp¥ i | i-qui d i il

thormal |y spragbit i 0o far soamiib ARt ERsta theatla B

i nvesti gaged.cybled essihg hhuspwbia ned agga_%@hbe%x%%i'ﬂegi #9tn! An
Fig. 10, the heat-treatnent tenperature ( is plotted as abscissa
and the radbesdancpreeantdeasplytd mivooeRuirfapédiddtlieas ordeénaderith

[ 0089] The data plotted on F£ 10 clearly indicate that the
sol ubi | i t ReSPEFMheY tTRrHE T \F it dfddmaFDEFKRESEr ep@Ped) RF i iR 1as
the Al raw material certainly fall_wthin the.range practical

accept abl e g?n]%é & (r%éfa% i on0 '(:%‘J'f rbé’rrltrnaﬁéq'ng%t slt%rer T e‘?sl%g?fefél%ieéjrﬁel y

high. |f Eﬂgmﬁher;a‘ﬁdﬁiﬁ:ﬁéhai:h@%&i}?esf&mﬁém_ﬂi@lp‘l@@eeﬂg WhidkShe

than 40 ppm the resulting thermally sprayed Al filns each were found
to be sol Bbl £11m heat beesi adeetaéywaah i sblve amrdetd ononurtie puderesd itryy
of not less than 50 mAd/ cnR2 for the heat-treatnent tenperature rangi ng

from 300 BBP35BEUS\BRGFFGAtah¥itheYaaln WA sy Apd@tALned afpf@par eds

using an Al _raw-material_havin cont am napt _ Cu.content  of. 4Q m
was Tound®t 5 BE s Tt FEom Ty Do it e TR KAPEPSAfTerprfyed 111RP s
heat - tr eat.pppt c€alN Ll @dsoUlvali 3P0&inWh | (R1dheeSalR) Alndd IdRORLAldRh
after the heat-treatnment carried out at 300C was found to be

suf ficientiymsof ubt eid pewdiceY ofifn€eothehs eadtid ivrcigrentdensidlyute .
thereof was found to _be not |ess than 50 m¥ cnR. Incidentally, when

t he t enpefBiar £orstthe £ient fagningwarsitis: sepudd cps0QY bhaadmaransd y

oBr et il LAY OB Alged SfLer L Igalet Ll p9L. 330,08 LU
warm water, in addition to Bi.
[0082]
(Reference Example 4)

Al-In Compositions were prepared using 2NAl, 3NAl and
4NAl as the Al raw materials and incorporating In into each
corresponding Al rawmaterial, the resulting compositions were
used for the preparation of thermally sprayed Al £ilms and the

resulting Al £ilms were inspected for the relation between the

purity of the Al raw material, the amount of contaminant Cu
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[ 0090] According to the present invention, the surface of
constituent nmenbers for a filmform ng chanber of a vacuum
filmformng apparatus, which is used in forming a thin filmof a
nmetal or a netal compound according to the sputtering technique, the
vacuum deposition technique, the ion-plating technique and the CVD

t echni queprésefovaisatk W bhd fige Watie-i18a6t, Y8 Alrdd | B A Hedhinglivg
the filminevitably adhered, during the filmformng process, to the
sur f ace othsuwhlaycssdyedehtlmemiethfier canfietm dor nihng achbeth emoan
be peeled off therefromin_a noisture-containing atnosphere_and can
easi | y beCf eEBvE? etPIRRF A oF 2, Caties rleddmt idnlentliadiet o Féeudadiion
the fields_ip which these fi formng a ratuses are enpl oyed, for
instance,OFnQFﬁem?EEhﬁ?cgpef#gTH?Wrgﬁg?ﬁgg?to sem conductor el enents
and el ectrppsgp-rel ated machinery and tools for the purpose of

i ncreasing the nunber of reuse tinmes of the constituent nmenbers for a
filmform.nenChapdarc et & icombanmang appracabyspeRfl of 3% aGPVRIING £
the filmformng materials which contains valuable netals. =~ Wat is
clained i$n; 1. A nethod for the production of a water-reactive A
filmconprising the steps of nelting a material which contains 4NAl

or 5NA1 as P (Gonkerdt ofi aPrbiitagided U n 7i0nPER) anttPYr BRGP rRff fom
2 to 5%b is of . th f the Al terial i,
such o moeE et oo Bhr AR TRE R oYt B Al B Re ShEs SRA SR

thermal | y1spiayi ngatheyr ekt bAgzARI ten material on the surface of a
base material according to the flane spraying technique; and
solidi fyi npithe spoayed: noft eantanhénaat Chroagbsquaaahi-hg de it on
forman Al filmin_which In is_uniformMy dispersed in Al crystalline
grains. 21MAthethdd P¥r™ERE Bfodbiction of a water-reactive Al film
conprisin%OiFg steps of nelting a material which contains 4NAl1 or
5NAl as a ;aM/nateriaI, and added In in an anmount ranging from 2

to 5% by mass gRengdded miiteriRg! UELAY dtemal) agpah iiﬂgugﬂgfé!d@ée&h%y‘\l
raw material, in a total amount ranging from 0.04 yo . 6% by mass, on
t he basi scofibtihéngadd ehdt he Abgeawematéer iealchi masec Ereaidieer adwate,

t he resultin% nolten material has_a uniformconposition; thermally
sprayi ng PRETPERLYt TAESADY1RA MatESRATIMY He dtrRhcndfthehdegming

raeral BRI Ag LI SLATS SO 0, heEhl A smL ALY T

in which tRekmainif apHayd sparsathd NENm&d Y8 ahbl REngr RS material
formed into the rod-like article and then thermally spraying
the resulting melt of the article on the surface of an aluminum
base material according to the rod flame spraying technigue
(heat source: C3H,-0, gas; temperature: about 3,000°C; wire
feed rate: 2 cm/sec), while using Ar gas as a spraying gas (flow
rate of spraying gas: 800 L/min). Each of the thermally
sprayed films thus produced was subjected to a heat-treatment
at a temperature ranging from 0 to 350°C (the film was treated
in the atmosphere for one hour and subsequently cooled within
a furnace). Thereafter, the base material provided thereon
with the thermally sprayed film prior to the heat-treatment

{(0°C) and the same base material used above and obtained after
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3. A constituent nmenber for a filmformng chanber of a filmformng
apparatus characterized in that it is provided, on a surface thereof,
wth a water-reactive Al filmprepared according to the nethod as set
forth in claiml or 2. 4. The constituent nmenber for a filmformng
chanber as set forth in claim3, wherein the constituent nmenber is an

adhesi on- prevenid e-d Bléht A rRULASE Wt iPSKkbtained after the film
experienced thermal hysteresis} each were immersed in 300 mL
of pure water maintained at 80°C, followed by the determination
of the current density of each immersion liquid to evaluate
the solubility of each thermally sprayed £ilm and the
subsequent investigation of the results thus obtained. The
results thus obtained are plotted on Fig. 9. In Fig. 9, the
heat-treatment temperature (°C) is plotted as abscissa and the
reaction current density (mA/cm?) is plotted as ordinate.
[0085]

The data plotted on Fig. 9 clearly indicate that the
solubilities of the thermally spraved Al films prepared using
2NAl to 4NAl as the Al raw materials fall within the range
practically acceptable ag preferred. The thermally sprayed
Al film prepared using, asg the Al raw material, 4NAl whose
contaminant Cu content is not higher than the detection limit
has solubility, in water, higher than those observed for the
Al films produced using 2NAl and 3NAl. In addition, it was
found that the thermally sprayed Al films prepared using 3NAL
and 4NAl as the Al raw materials whose contaminant Cu content
is less than the detection limit are soluble or active in water
with certainty since the reaction current densities thereof
are not less than 50 mA/cm® at a heat-treatment temperature
of 350°C. However, it was found that the solubilities of the
thermally sprayed Al films prepared using 2NAl and 3NAl as the
Al raw materials whose contaminant Cu content is not less than
70 ppm are insufficient after subjecting them to a heat-
treatment at a temperature of 350°C. In the latter case, the
Al films could not be dissolved in water even when the

temperature of the treating liquid was set at 100°C.
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[0086]
(Reference Example 5)

In this Reference Example, the following Al-In
compositions were prepared by incorporating In in 4NAl as an
Al raw material, the resulting Al-In compositions were used
for the production of thermally sprayed Al films and the
resulting Al films each were inspected for the relation between
the contaminant Cu content in the Al raw material and the
solubility, in water, of the resulting thermally sprayed films
and the results thus obtained were investigated and examined.
In this connection, the added amount of In is expressed in terms
of that relative to the mass o0f the Al raw material used.

foo87]

* 4NA]Ll {the amount of contaminant Cu: less than the detection

limit) - 3% by mass of In;

*» 4NA1 (the amount of the contaminant Cu: <10 ppm) - 3% by
mass of In;

* 4NA1 (the amount of the contaminant Cu: 40 ppm) - 2.5% by
mass of In;

* 4¥A1 (the amount of the contaminant Cu: 40 ppm) - 3% by
mass of In;

*+ 4NA1 (the amount of the contaminant Cu: 10 ppm) - 3% by
mass of In;

* 4NA1 {the amount of the contaminant Cu: 20 ppm) - 3% by
mass of In;

* 4NAl {the amount of the contaminant Cu: 30 ppm) - 2.5% by

mass of In.
[0088]
There were combined Al and In with each other at the rates

specified above to thus uniformly dissolve or disperse In in

46



the Al raw material 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 sprayed
film was formed by melting each of the rod-like article and
then thermally spraying the resulting melt of the article on
the surface of a base material made of aluminum according to
the rod flame spraying technique (heat source: C;H;-0, gas;
temperature: about 3,000°C; wire feed rate: 2 cm/sec), while
using Ar gas as a spraying gas (flow rate of spraying gas: 800
L/min) . Each of the thermally sprayed £ilms thus produced was
subjected to a heat-treatment at a temperature ranging from
0 to 350°C (the film was treated in the atmogphere for one hour
and subsequently cooled within a furnace). Thereafter, the
base material provided thereon with the thermally sprayed £ilm
prior to the heat-treatment (0°C) and the same base material
used above and obtained after the heat-treatment (one obtained
after it had experienced thermal hysteresis) each were
immersed in 300 mL of pure water maintained at 80°C, followed
by the determination of the current density of each immersion
liguid to estimate the solubility of each thermally sprayed
film and the results thus obtained were investigated. The
results thus obtained are plotited on Fig. 10. 1In Fig. 10, the
heat-treatment temperature ('C) is plotted as abscissa and the
reaction current density (mA/cm®) is plotted as ordinate.
[0089]

The data plotted on Fig. 10 clearly indicate that the
solubilities of the thermally sprayed Al f£ilms prepared using
4NA1l as the Al raw material certainly fall within the range
practically acceptable since the reaction current density

thereof is sufficientiy high. If the Al raw material has a
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contaminant Cu content of less than 40 ppm, the resulting
thermally sprayed Al films each were found to be soluble in
water since they show the reaction current density of not less
than 50 mA/cm® for the heat-treatment temperature ranging from
300 to 350°C. Moreover, the thermally sprayed Al filmprepared
using an Al raw material having a contaminant Cu content of
40 ppm was found to be insufficiently soluble in water after
the heat-treatment carried out at 350°C, while the same Al £film
obtained after the heat-treatment carried out at 300°C was
found to be sufficiently soluble in water since the reaction
current density thereof was found to be not less than 50 mA/cm?.
Incidentally, when the temperature of the treating liguid was
set at 100°C, the thermally spraved A1 film obtained after the

heat-treatment of 350°C was found to be soluble.

Industrial Applicability
[0090]

According to the present invention, the surface of
constituent members for a film-forming chamber of a vacuum
film-forming apparatus, which is used in forming a thin film
of a metal or a metal compound according to the sputtering
technique, the vacuum deposition technique, the ion-plating
technique and the CVD technique, 1is covered with the
water-reactive Al film. Accordingly, 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
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to semiconductor elements and electronics-related machinery
and tools for the purpose of increasing the number of reuse
times of the constituent members for a film-forming chamber
of a film-forming apparatus and of recovering the film-forming

materials which contains valuable metals.
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What is claimed is:

1. A method for the production of a water-reactive Al film
comprising the steps of melting a material which contains 4NA1
or 5NAl as an Al raw material and added In in an amount ranging
from 2 to 5% by mass on the basis of the mass of the Al raw
material in such a manner that the composition of the material
becomes uniform; thermally spraying the resulting molten
material on the surface of a base material according to the
flame spraying technique; and solidifying the sprayed molten
material through gquenching to thus form an Al film in which
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 which contains 4NAl
or 5NAl as an Al raw material, and added In in an amount ranging
from 2 to 5% by mass and added Si, including the Si as an impurity
of the Al raw material, in a total amount ranging from 0.04
to 0.6% by mass, on the basis of the mass of the A1 raw material
in such a manner that the resulting molten material has a
uniform composition; thermally spraying the resulting molten
material on the gurface of a base material according to the
flame spraying technique; and solidifying the sprayed molten
material through quenching to thus form an 21 film in which
In is uniformly dispersed in Al crystalline grains.

3. A constituent member for a film-forming chamber of a
film-forming apparatus characterized in that it is provided,
on a surface thereof, with a water-reactive Al film prepared
according to the method as set forth in claim 1 or 2.

4. The constituent member for a film-forming chamber as set
forth in claim 3, wherein the constituent member is an

adhesion-preventive plate, a shutter or a mask.
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