; tue3eWT46Th; C.  METHOD FOR FORM NG PLATI NUM CATALYST LAYER | N REACTI ON
FURNACE FOR GENERATI.NG WATER GAS 5 |0 Field of the Inven ent
invention is primarily concerned with inprovenents in th% \Bﬂ Im
manuf acturi ng a noi sture-generating reactor used in sem
manuf acturing facilities and chem cal manufacturing faciliti é‘é?‘”l\/bre
particularly, the present invention is concerned with the process of

forming a barrier fMETHo MRG@F&WI\IGJPEM WLDM@AmquaLWMﬂNl ayer formned
on the inner wall %é&ée of reaction space inside reactor.

Background of the | 16?“!%5%%@80 HFRéfTW%VH@T‘éRsﬁN con oxide film
by means of a water oxidation 15 nmethod in sem conductor manufacturing,
continuous supply of ultra-high purity water is required. Consequently, the
inventors of the present invention have devel oped a noi sture-generating
reactor as shown in Figure 3 and disclosed it (see TOKU- KAl No. 2000-169109
and others). The noisture-generating reactor is made by wel di ng t oget her
react or bogye|dQ®fpas treedBdn23 Which are placed opposite to each other so
that a reactor body having a reaction space P inside is forned. The reactor

o 8B TS S bt B AR W,
110 SRR 3B 5GP A e B

-speci ficall t he afore-nentioned platinumcoating catalyst |ayer 28 is
formed on pﬁ@woﬁaﬁuanarfaallmﬁs amd chaimégal sipraeeugngtadlitiesactereoparjicparly, 23
mmade of SUS31 GL on the side of ihie noisture gas outlet 25. After a

Ti N- made b&he insesént] imvestiormés cbreernedrwithl tbe frbees s oé fosningaa ebaofiet Filen
reaction body part 23, a 5 platinumfilm28b is forned thereon. The

t hi ckness th|¢Hneoa$tuu¥esrmptatmuadc@talyrst Bryet fbmnetBanithe msdr walps@radd of . 1 . u
mto 5 ~~m In the figure, the TiN barrier film28a with a thickness of

about %0 reaction space inside the reactor.

Backaground of the Invention

For example, for affixing a silicon oxide film by means of a water oxidation
method in semiconductor manufacturing, continuous supply of ultra-high purity
15 water is required. Consequently, the inventors of the present invention have
developed a moisture-generating reactor as shown in Figure 3 and disclosed it
(see TOKU-KAI No. 2000-169109 and others). i
The moisture-generating reactor is made by welding together reactor body
parts 22, 23 which are placed opposite to each other so that a reactor body
20 having a reaction space P inside is formed. The reactor body is provided with a
material gas inlet 24, a moisture gas outlet 25, an inlet side reflector 26, an outlet
side reflector 27 and others, and has a platinum coating catalyst layer 28 on the
inner wall surface of the reactor body part 23 on the side opposite to the material

gas inlet 24.
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"¢ mis formed with an ion pl ati ng nethod. Furthernore, a thickness of the
afore-nentioned platinumfilm28b is to preferably 0.1 a mto 3 ~c m and
inthe figure, the platinumfilm 28b of about 3 a mthick is fornmed by the
vacuum vapor deposition nmethod. As nmethods to formthe barrier film28a, in
addition to the afore-nmentioned ion plating nmethod, it is possible to
enpl oy an ion sputtering nmethod, a PVD nethod such a vacuum vapor
deposition nmethod and the like, a chem cal vapor 15 deposition nethod (CvD
met hod), a hot MRr€EBe . - § |,i ke, As t hods
to formthe plati nur§n %fﬁ%gb@a{dﬁéﬁﬂﬁﬁ% i{%ﬁ[ﬂﬁg Ca%gpé[&%é%(%ﬁﬂéﬁ %;geuum
vapor depagsidti il i Loy an .o | ati ng net hod, an
on sput { et et s ele draa bl B8 T b ER ¥ 1BprBall Foriof practs
met hod and, hhée. LN %g{ii tfi En, if the barrier film 28a is 20 nmade of an
el ect ri cal?'y® ¢BRABICPNVRE fteerli B ragistira2piaytighdSt héfter Rel iNamprathiandemet hod
may be enployed too. The afore-nentioned barrier film28a is forned to
prevent t Ham Seiaspas taimaduen itoe innaresisfacehef ileatdastionfliddy @&t 28¢aur ri ng
with the passage of tine. Nanely, as the tenperature or a stainless steel
base mét erplalinumdids dibeistforn@ed thdrbenr eacti on Feat at the time of generating
noi sture, NI and Fe diffuse fromthe nmetal base material to the inside of
the platinum fThentRiBknedd ofitiit Beorasmehfidnisedanices Mo 9829 rﬁ@st%kk%fﬁaagi num
film28b in an oxidation atnosphere, thus making tire platinumfilm 28b

1ose its Gulalniid 6 ARl inihoiguPe RPTRMEioFfinR08k Mitf 4 B Alddasd g, frisom the
I'm , the

netal base material into the platinum af ore-nenti one l?arri er
fi-lm28a i rf@ﬁﬂ '{hh%* stainl ess steel (base material).
For the afl?)rnxe&msn anreve'd arﬁ)ﬁgélgﬁﬁgﬁﬁﬁt}}gg; material s not containing the
el ements such as Ni and Fe, .agd not produg)i ng@oxi_des in the platinum
coating 10 filiAPRMRSE: 8 thiEkhess of |hengioredeentiasas Platiwm iladd@8bi tsn t o
the afore-nentioned TiN, not only Ti AIN, TiC, Ti CN and Al 20s but al so oxides
and nitfri dusfesably hd nop bady: rai ad instha figidet the nlatmumdimiRs8usiabdud3 4 e
barrier film
thick is formed by the vacuum vapor deposition method.
As methods to form the barrier film 28a, in addition to the afore-mentioned
ion plating method, it is possible to employ an ion sputtering method, a PVD
method such a vacuum vapor deposition method and the like, a chemical vapor
15 deposition method (CVD method), a hot press method, a flame spray method
and the like. As methods to form the platinum film 28b, in addition to the
afore-mentioned vacuum vapor deposition method, it is"possible to employ an
ion plating method, an ion sputtering method, a chemical vapor deposition
rniethod, a hot press method and the like. In addition, if the barrier film 28a is
20 made of an electrically conductive material such as TiN and the like, a plating
method may be employed too.
The afore-mentioned barrier film 28a is formed to prevent the lowering of

the reaction rate of the platinum film 28b occurring with the passage of time.

Namely, as the temperature of a stainless steel base material rises due to



"28a’ Referring to Figure 3, hydrogen and oxygen supplied through the
material 15 gas inlet 24 into the reactor body are diffused by a diffusing
menber conprising an inlet side reflector 26 and an outlet side reflector
27, and brought into contact with the platinumcoating catalyst |ayer 28.
When hydrogen and oxygen are brought into contact with the platinum coating
catal yst layer 28, reactivity of hydrogen and oxygen is raised due to the
catal ytic action of the platinumsuch 20 that hydrogen and oxygen are
brought i 590G i-cal.l e The radicalized drogen and
oxygen inQPEH??§ﬁ?iQ§?tQ?QFH@hFéﬁggﬁﬁﬁﬁﬁ“ PEW%HF“i@éﬁKfFQGg%Saq QE}&F%an

t he conbust, ure of .a.hyd e i xtyre gas such that noisture is
pr oduced vS&}‘ F ﬁp(l)g%]gEﬁgét%f'élhtottﬁ%%sr‘%% Bf @‘%c@ﬂ%%'f 136@_ g@enéﬁ“éﬂé’f@rﬁﬁﬁ'fﬂts@d

(noi sture gas) .i,s gqui ded outside through the noisture 3 gas outlet 25
and suppl i88 %dgegéﬁigﬁhB@BFBV‘Wﬁh@@%d@@Vﬁ%ﬁdéWHhﬁﬁﬁoaﬁuﬂehéukikmkﬁmpt
illustrated). Description of the Prior Art A npisture-generating reactor
havi ng a dbfgyatieum dim28bilpse ds catadytid aclivity. af or e- menti oned Figure 3 is
permtted to make Oz and H2 react safely with a reaction rate of al nost

100% ahd wi t hotiv pnegint tFesmped MNidram aiiifideisg ifem e thaanbastalsbYallhRAtee a
requi red anmount of noisture gas of ultra-high purity) thus achieving

excel | ent,plati@ehi it 288, ftRE Sorcl MeHEYRVEbaritdialis &R ﬂagrrﬁBH&rrg{hgfétﬁ%cet 0

solve in the above nentioned noi sture-generating react

‘pr obl ens i"?‘ﬁ%%{"’ég’g S&%Q%%&en{aqéri‘ ?i on of the barrier film28a which

constitutes a par ore-nenti'oned platinum coating catal yst |ayer
28. That is) w ?e conveg‘ﬁ.i onal, moi stuyre-.generati.ng reactor, the barrier
b thd % il S et

film15 28a wi Rswicgtioged soarger, AndeRtsyalte ARk contaimingothe

plating method, an ion sputtering nmethod, a vacuum deposition nmethod and

the |ike. H&MENis spch @il and £er anfldiahRrAadueiagraxides in thexslatioamuenatingm

t hi ckness such that the barrier film 28a tends to have patches of a

di f f erlént filmi ckgesBOst rpratediad. on,it t has ebrag feund that in addition to the
afore-mentioned TiN, not only TiAIN,TiC, TiCN and Al203 but also oxides and

nitrides such as Cr203, SiO2, SrN and the like may be used for the barrier film
28a.
Referring to Figure 3, hydrogen and oxygen supplied through the material
15 gas inlet 24 into the reactor body are diffused by a diffusing member comprising
an inlet side reflector 26 and an outlet side reflector 27, and brought into contact
with the platinum coating catalyst layer 28. When h)'/;i.rogen and oxygen are
brought into contact with the platinum coating catalyst layer 28, reactivity of
hydrogen and oxygen is raised due to the catalytic action of the platinum such
20  that hydrogen and oxygen are brought in a so-called radicalized state. The
radicalized hydrogen and oxygen instantly react at the temperature (about 300°C
~400°C) lower than the combustion temperature of a hydrogen mixture gas
such that moisture is produced without the high temperature combustion.

Generated moisture (moisture gas) is guided outside through the moisture



"anot her probl em such as pin holes forned on the barrier film28a. 20 It

wi |l becone nore difficult to forma barrier film=28a with a uniform

t hi ckness on the inner wall surface of the reactor body part 23 especially
when an outlet side reflector 27 provided on the inner wall surface of the
reactor body part 23 is conplicated in form Furthernore, it is quite
costly to formthe barrier film 28a, thereby nmaking it difficult to
reduce the nmanufacturing cost of the water-generating reactor, In addition,
si nce adhejenegldienesn stibglidald h&enkil i Lt 23
tends to EL sonmewhat poor?ﬁﬁﬁefebg%{ﬂFﬁ“@%@@gﬁ?ﬂﬁ&?ﬁgﬁﬁiﬁég@#R@g%GQﬁe
separatiommeqﬁogm§tgggaier film28a when a Feat cycle is applied. 5 Qbject
of the Invention Tf~e present invention is ainmed to solve the

af ore-nmenti oned probl ens of the conventional npisture generating reactor-
that is (1) it is difficult to formthe barrier filmwth a uniform

t hi ckness and with ?o(g'n hol es on the inner wall to surface in the
reaction égﬁ%@?ﬂ@Q¥LﬁL—k§95ﬁiﬁicuIt to reduce the cost for forming the
barrier film and (3) adherence of the barrier filmto the base material is
somewh@t poor .ATheishiregeneratingeredador bavingdesoastrettiard asoilltistrated ipl tati num
coating catalyst layer in the noisture-generating reactor wherein a

st ai nl ess aomeincaliboyd dogurei Biisgofittes teatake eat &ed Y raadprsasay iigdat | me
and at the 15 prescribed tenperature in an inert gas with the prescribed

ratio of hydsmgeratengr wRhest {GERLHRAY witHesn Eﬂ?%h fféhiﬁag fute RO RBAL %Tn

! d
manuf acture, using a so-called selective oxidatio aracteristic t he

2 prinoi pacTy Ul PRI Sl BB &t RS R G BT, ™

a principally Al conpose ayer aye 1y

Al 203) on rface pf it tainless steel alloy 20 containing Al
at an ext @é’ﬂgﬁ?@ﬁ §5vce§t§gi._prgp@%qlgzl§p ‘of the Invention The present invention
as clained in ’gl?ai m 1 has a basic construction in which a

moi st 4P e- generlAPYVRYEY dRRFEoreMRIN; $RINA RsPhleMfutR selvei Wgtheashoye mentipeedon 5

moisture-generating reactor. One of the problems is concerned with the
formation of the barrier film 28a which constitutes a part of the afore-mentioned
platinum coating catalyst layer 28.

That is, with the conventional moisture-generating reactor, the barrier film

15  28a with thickness of 1~5  mis formed by means of an ion plating method, an
ion sputtering method, a vacuum deposition method and the like. But, it is
difficult to form the barrier film 28a of uniform thickness'é'uch that the barrier film
28a tends to have patches of a differcnt thickness. In addition, there may be
another problem such as pin holes formed on the barrier film 28a.

20 It will become more difficult to form a barrier film 28a with a uniform
thickness on the inner wall surface of the reactor body part 23 especially when
an outlet side reflector 27 provided on the inner wall surface of the reactor body
part 23 is complicated in form.

Furthermore, it is quite costly to form the barrier film 28a, thereby making it



"the inner wall surface in tile reaction space is forned, hydrogen and
oxygen supplied into the reaction space are brought into contact with the
pl ati num coati ng catal yst | ayer and radicalized thereby, and the

radi cal i zed hydrogen and oxygen are reacted to generate noisture w thout
the high tenperature 5 conmbusti on wherein the noisture-generating reactor
is made of an alloy containing alum num a principally alum num oxide
(A1203) - conposed barrier filmis fornmed by applying an al um ni um sel ective
oxi dati on d;ff; e t he lsture- enerating
reactor, grllftrzfl@?&er ea L{E:%rthﬂ%‘]ﬁ[[}ﬁ%w‘&ﬁ, aCC%lrtjE)lf e W%@gé}?n@ﬁ xed to the
barrier films Iatl m coat,i at al |sforrred Caim
2 relates to alo]pé&ﬁé%% ik bﬂﬁ?'f?@cg tb‘fqg’te dﬁ?ébﬁ??h@'”&é@él%‘c ”1%5%’}0“?5[5
clainmed i ]awher ein stainl ess steel alloy containing alumnumis
enpl oyed f yaﬂa%\ %W@@n@a Ri sRinayhal Roat e pr@ureesatalied %oatixpg doess of
formng a platinumcatal yst |layer as clained 15 in Caim1 wherein the

al uni num s€pecationy abXhelhairien filmeanehen iashexftfogcledd appliethe al | oy cont ai ni ng
al um num by heating for a prescribed tinme under the conditions where the
hydr ogen-to-water (H2/H20) ratio in a treatnent atnosphere is 104 / 1 ~-109
/1 and the heating tenperature is 300C*-1500C. Caim4 relates to a process
of form n@picpt 8t theURvERAH Ng catal yst layer as 20 clained in Jaiml
wherein the platinum coating catal yst layer is forned on the inner wall

surface of only,a r@?&ﬂ%vé’rﬂ% |Ba§|ﬁ"§%ntot vg‘?ﬂe% g&% rﬁ%ﬁgéﬁ%ﬁ %ﬁhﬁﬁgc’fg the,

noi sture gener atl react or alm relates

plati num cl ai me arrier
film whi CER%‘ ﬁgeﬁfiérfa ﬁO'F [9?5?[%5\9\ r@aC%éoatthCL§ @]éﬂtdﬁypéfi'c‘l”é%fo ri ses
an al nost ,10Q0% um ox; de (A1203) | ayer on the inner wall surface of
the base r&ERS QW & ppiforan é’é‘PM}e%ﬂ Qﬁﬂn‘ﬂ%d)@ a8 halezogn-tbeniposeavallayer
on the outside thereof ClaimGrelates to a process of formng a platinum
coat i A§ caﬁ%@@tmltagéea@t@rssmcaa {Byitiis ddficulinc2radueedha cast farsoeming theal | oy
cont ai ni ng al um num havi ng chem cal conponents of C 17.7wm% N 25. 5wt %

Mo 0. 01wt %arier rith; revide (3 haih@réHcema¥ thAl b3t ffim GonBle Hake HhAsrs. B1 Wt %
S not nore than 0.01 wt% P not nore than 0.01wt % and Fe the remai nder is

enpl oyed feméRBaBhdSY qm%t@ﬂe@bﬂglr@'eHﬂbﬁ‘??bw&@sg et dd 'ic?lf@ra‘? énl%gﬁurﬁ’ir 0CESS

of formng a platinumcoating catalyst er as c ainmed in wherein

t he heati i ffegte o) urs in
the treat %rﬁt lhg'?& n%gphterl%egf fnaﬁ{eaﬂch%tuw Snlé%?ﬂro@&%%ﬁ é %t Qhehs

:10ppm wat 15, Brief .Descriptio Dravmn ure 1l is adla ram
(the Elli ﬁsgﬁ%l %HP%Q(?OM' \ﬂqn'g? ﬁﬁ@ F@?%{q b l?e%\f\% etf’éﬁn?&dat%r €and

at m)spher éHZ/ H2 ? at the oxidation of mag{)r elenents in the stainless

al | oy l2ontPAPRSTRPAIGMRSTatHre i giriaed gas vath eobfiesefiped rativnaf hydipgentandhe
‘A1203 filmformed by applying 20 the Al selective oxidation treatnent on

t he surfadealer (Hﬁé*&hltgel@)y FaEElg dlgasgiteto ahanufgchirerusing 4§ FRBA3IedFi gur e
3 1s a sectional schematic illustration of the conventional noisture

gener at i ngealedvemxidatokleiehhctboisRO00thE6Aa®ss alloy, the barrier film comprising

an almost 100% AI203 layer and a principally Al203 composed layer (i.e. a layer
composed of principally Al203) on the outer surface of the stainless steel alloy

20  containing Al at an extremely low cost.

Disclosure of the Invention

The present invention as claimed in Claim 1 has a basic construction in

which a moisture-generating reactor having a platinum coating catalyst layer on



"7 ' List of Reference Characters and Nunerals P designates a reaction
space, 22 a reactor body part, 23 a reactor body part, 24 a material gas
inlet, 25 a noisture gas outlet, 26 an inlet side reflector, 27 an outl et
side reflector, 28 a platinumcoating catalyst |ayer, 28a a barrier film
28b a 5 platinumfilmand 29 a filter. Mdde of Carrying Qut the Invention
Figure 1 is the Ellingham di agram showi ng the rel ati on between H2/H20 and
the tenperature in the oxidation of each of the elenents (N, Fe, C and

Al) 1lo cogéal ned in,the stain]ess steel all Oé @gnt aining Al to be enpl oyed
in the prel@dt eyl sBiceAnc iy e aklion sasicen sk ihyATQeNRNd Bxygen

oxi dati on Ofﬁr C the oxidation of G and D the oxidation of Al. As
apparent o) de%“ie ERCliQ 56968 T ProugdIt dpta wentacbxvith 2be oplbinush out
of the elements Ni, Fe) O and Al by setting the value of H2/H20 (Vol
rati o) incoRéngZabxyeilayergand rasigdized thacktyhend ehpeaditalized mydrbgepnoger
ranges. For exanple, only alum num can be selectively oxidized in the

t enper at uxygangeref r&o0el 160Q@ndhete trheisti?é HaGthoat | thel ol h rﬁfm;@érahﬁre104
/110911. For exanple, when only Al out of Ni, Fe, C and is to be

sel ect pvelgpnixidtione hheyeipetrd ﬁﬁoﬁshﬁejgf%/n'é’?&ir{sgatréﬁcl\’ﬁ"l |'§en%% to Zz{f% c '+”

t he proper ranges, 20 the oxidation expressed as be

educed ad BN R aR A orinkPalf iy Bt S5t ids) S o o

-~ 3H2 3H20, Th esent ention relates to the fornoing of the
barri er ?lf%% s fc%WSrdl EY@S’ r”i@)(ﬁ%ﬂ V'@“F:h;?@l'ecéﬂ M8 QX"H)W%N&&WS?“%{QQ%QG

conposed I%¥er op e inner surface
inner wall su ace of the moisture-generating reactor, and thereafter a platinum

layer is stacked on and affixed to the barrier film so that a platinum coating
10 catalyst layer is formed.

Claim 2 relates to a process of forming a platinum coating catalyst layer as
claimed in Claim 1 wherein a stainless steel alloy containing aluminum is
employed for an alloy containing aluminum.

Claim 3 relates to a process of forming a platinum catalyst layer as claimed

15 in Claim 1 wherein the aluminum selective oxidation treatment is effected on the
alloy containing aluminum by heating for a prescribed time under the conditions
where the hydrogen-to-water (H2/H20) ratio in a treatméﬁt atmosphere is
10* /1~10° /1 and the heating temperature is 300°C ~1500°C.

Claim 4 relates to a process of forming a platinum coating catalyst layer as

20  claimed in Claim 1 wherein the platinum coating catalyst layer is formed on the
inner wall surface of only a reactor body part on the moisture gas outlet side of
the moisture generating reactor.

Claim 5 relates to a process of forming a platinum coating catalyst layer as

claimed in Claim 1 wherein the barrier film which forms part of the platinum



"of the reactor body parts 22, 23 where the Al selective oxidation
characteristic is 5 utilized to oxidize Al alone on the inner surface of
the reactor body parts 22, 23 nade of a stainless alloy containing Al.
Enbodi ment A stainless steel alloy containing Al (HR31 ) having a chem cal
conposition 10 (W% |isted at the upper section in Table 1 given bel ow was
used to produce the reactor body parts 22, 23 with an outside dianeter of
110mmin a shape as shown in Figures 2 and 3. The | ower section in Table 1

is for th ; j " il eel 6L). .15 Tabl e Chemi cal
Composi 1 o ug e g8yl BB TR h e ads P e Bt reer R dbr a9 lavars, 5
0.01 <0.01 374 <0 0L ﬁo. OI’,L <0@OJF 21()) | -1 R31 Austenitic remainder 17.2 15.1
2. 76 <0. 0L 0T eH V! LhTase doihgbasesmgharil antha pensipele slumsinuns piides uch
as cl eaning was applied on the inner surface of the reactor body pUt 23
made of tﬁg"?ép@r%mﬁ’é%qcb‘@é{éf gndhadtsidatheseofal | oy containing nl. After tire
inner surface was cl eaned, the reactor body part 23 was placed in the heat
treatment fur n@émdntelateatto tr pracess ohftemindie plattermeobtiogedt-candhydrars. 5
Conditions of Al Selective Oxidation Ar gas containing 10% of H2 Ghid 10ppm
of H205i s didiawet i rClaint 'e wisereirt reaRIBRNITUBNGE & ohtdIRingBRIMMAKH YRl about
1litre) at the flowrate of 1 litre/mn, and the heat "treatnent was

appl i ed i reridhicheambbRaMaeat cf UrnAge, [ R[ 283aY, b0 BIYAS, Wik [t mose -

mai ntai ni ng the tenperature of the heat treatnen urnace’at about

‘Figure 2 i @gd@{i“, pxof.l t f | t t depth directijon | ysis)
using the tE% . hég/o’f}igdg%rdevstg 'od\;\g]ott ﬁi&&tgﬁéﬁt@ﬁ%‘r@o‘éi@?mPfPAb?Béf@ﬁfé‘Xm 203
film P not more than 0.01wt% and Fe the remainder is employed for the alloy

containing aluminum.

10 Claim 7 relates to a process of forming a platinum coating catalyst layer as
claimed in Claim 3 wherein the heating treatment is effected at the temperature
of 800°C for 3 hours in the treatment atmosphere of an argon gas containing

10VOL% hydrogen and 10ppm water.

15  Brief Description of the Drawings

Figure 1 is a diagram (the Ellingham diagram) showing the relation
between the temperature and atmosphere (H2/H20) a.\.t..the oxidation of major
elements in the stainless alloy containing aluminum.

Figure 2 is an atom composition graph of the Al203 film formed by applying

20  the Al selective oxidation treatment on the surface of the stainless steel alloy
containing aluminum (FR31).

Figure 3 is a sectional schematic illustration of the conventional moisture

generating reactor (TOKU-KAI No0.2000-169109).



fornmed on the inner surface of the reactor body part 23 by means of the 15
af ore-nentioned Al selective oxidation treatnent. Referring to Figure 2,
the curve E shows the atom nunber ratio (% of Oxygen O F the atom nunber
(%9 of Al, Gthe atomnunber (%9 of Fe, Hthe atomnunber (% of N, and |
t he -atom nunber (% of C. As apparent fromFigure 2, the so-called Al-rich
|l ayer is forned in the range L within about 180nm (0.18 ~c m fromthe

i nner side surface 20 (adjacent the base material) of the AI203 film and

entirely ALZ20 nmposed-l ayer is farned in the range L' w thin about 50nm
(0.05 ~. c@%@fﬁﬁ%ﬁ%@ﬁ@é%%cor ding to enbodi nents of the
present i qnt.i on, the reactor bogé/ parts 22, 23 are made of A stainless
steel al | §ydegAPalas fpastionhacas of araseor badd PO, 23 alregslasdoidyepank i2dat i on
treatnment is applied on the inner wall surfaces of the reactor body parts
to form tRenbieralegad inleh Rowhinodisiuge gaspostital, 86 r inel pidklngflddd0327 Haen, a
platinumfilm28b is stacked on and affixed to the afore-nentioned barrier
filmL onauletsieaeflaetolr, 28ua batieuat cofting estatyar 1dyed 2 aead hakic?3ian28he

noi sture gas outlet side such that the npisture generating reactor 1Is

f or meds by md@aRirAgimbsdad®agiteent i oned reactor body part 23 and the reactor
body part 22 on the material gas inlet 24 side opposite to each other, and
wel di ng together their opposing outer peripheral surfaces where they
contact. According to the noisture generating test conducted using the 10
‘noi st ure-qgener ati g rea&t [ forrre{j in accordance with this enbodi nent, it
has been g@?@?—?@ﬂ%—#ﬁ—n@e@m ! the change of reactivity wth the
passage of ti r’rF adHe_si veness (nechani cal strena{fg) of the platinum coating
catal yst | ayer" 88" Adstthe bliingamidiagrasm shawingBirerelation betweent20deor di ng
to the present enbodinent is never inferior to the conventional noisture
gener at i n@ndethet tempeBatiae imtheaoldatiomof each foff tine 2Bandrds il Fiy, Chand AON

pl ati ng method. According to the afore-nentioned enbodi nent, the reactor

body part coP2sin@d irthe staitdesy stetbalidyesentainte] Apld I8y e PEdIMBeMresent
(austenite HR 31 ). However, it will be understood that ‘any ki nd of

terial | e b | Loy i 0i |
material GaverRIUSed cafel ANt trli)eogﬁld%ﬂoﬁ df%,f@@?é&&ld&%ﬁ of Eg the

Furthernore, according to this e I ment, abou ~C mt ayer L

conposed Qfy; tgorhz(iffgg%éryd Ht%gibxiéf‘%ﬂso?{]olj | Pr ovided with a 0.05 ~c mthick

100% (entirely I"ayer , orned on the outer surface of the
stainless stee| _allo nt a.ni ng Al .(t he pbase terial S), to serve as the
barrier film L. S%R@ééﬁ,ro{rhg'gcuﬁgékﬁéégoﬁ'g@nt@ é@?ﬂ'vﬁfﬁ%dl@ﬂ}'y paaut ehe

pri nci pal lﬁ Al 203 conposed | ayer 11 L can be appropriately chosen by
changi ng tthe aements Yhd eCriaad fkbyatativng thesalwernf HarH2e: (MI! retipkist thee
oxidation. In addition, according to this enbodinment, the barrier filmL is
f or medbon axiiEingHEMaspbes abddlye pempsratare B3heHivapeerangdse (Farrdxamie) m L
“can be fornmed 5 on the inner wall surface of only the reactor body part 23

on the sidmlpflumnumicanuse sghstiodly exidzed ikfthectetnpdratute raRyensfi 900°C
“According to enbodi nents of the present invention, reactor body parts of to

the noi st W1GSEENeWREH M9e HOASIOrafld f containing Al, and a
principally A1203-conposed bar rr?er%\%i I%ﬁ?)gfsf@r r/rg%jm(%/% he inner wall surface

Cher eon. Fur CHar CXmplc it BRRL X BRH 18l 50 CoahY TR a0 OB T e
Fiimto formided by detiy 235N AR Vatle hAY mperature in the proper ranges,
20  the oxidation of Al is expressed as below:
Al1203 + 3H2 <« 2Al + 3H20
Also, Ni, Fe, and Cr oxides (NiO, Fe203, Cr203) are reduced as below:
NiO + H2 — Ni + H20

Fe203 + 3H2 — 2Fe + 3H20



"15 As a result, in conparison with the case where the barrier filmis
formed by the conventional ion plating nethod or ion sputtering nmethod and
the like, the principally Al 203-conposed barrier filmwth uniform

t hi ckness can be forned at ease and at a | ow cost, thus nmaking it possible
to substantially reduce the manufacturing cost of the noisture-generating
reactor. 20 The principally Al 203-conposed barrier filmformed by the

af ore-nmentioned Al selective oxidation is provided with excellent

mechani cal str as, St adhesi veness to the base material, and,
at the sane tiﬁ@??s‘#@ﬁ ?Zé?{sfgg‘ggr bly to block the invasion of atons
constituting the base material into the platinumfilm thus ensuring a
remar kabl y | ongh%ef%%'weﬁ@oafrekaﬁ@s 0 thedpemingueh tbe dxairmey fda labysiprisiger .
Thus, enbodi nents of the present invention achieve excellent, practical

ef fects. 5 100%5A20318yer aidan MBntipally ptaizessmpbsédiajen@nahpliahémslrgeat i ng
catalyst layer in a 5 noisture-generating reactor where a

noi st ur e- ggniee atactgr bedg barts [Py PBgvigerpltae 01 Bl 0iab okt fRhAHAFhctkRYES jon t he
inner wall surface in the reaction space is forned and hydrogen and oxygen

suppl i ed iutliged e oxRitES INPBICHRAEE tid P S RE IR iré‘écgopgga)?ﬁ)tg{t@i%?g ahe

pl ati num coati ng catal yst |ayer and radicalized thereby

radicaliz rgacted to generate 1o noi sture w thout
hi gh tenpgﬁg?%rg)zg%gﬁgﬁés%lgiégl)réy\%g)@}égﬁﬁgtpﬁ'e noi sture-generating reactor is nmade
of an alloy containing alum num a principally alum num oxi de

(A1203) - conposed barrier filmis formed by applying an al um num sel ective
oxi dati on trgat_mant on the inner wall surface of the noisture generating
reactor, fter a platinumlayer is stacked on and affixed to the
barrier filmsuch 15 that a platinumcoating catalyst layer is fornmed. 2. A
process of forAvistRinlespistad! @liny contaimigg Adt(HRBY haaigra chemical composition

noi sture-generating reactor as clained in Caim1l wherein a stainless steel
al | oy 160nt(wit¥h) fisteall atrthe wppes seotidroveThbion divken BhloRywaeNisatind Zbgo@thééﬂh@um 3.
A process of formng a platinumcoating catalyst layer in a 20

oI St ur e- geRetoAtHdY P@ﬂ@@iﬁ %mha%Mt%iﬂthéHé‘tér B Ginh ey ahym H;égqct od

sel ective oxidation treatnent of t oy contalning alumnumis e

by heati ngf y i i . condi i, ons ere the ratio of
the hydr o%gr?%no@nfglpgfﬁ g%?ﬁ%g’g@{ﬂﬂﬁ rh%pﬁ\p a'pg@ﬂle ﬁt'ﬁﬁgﬁ){g@r%o'?\’?n lopal
1-r109 '1 and, the h i erature i s 300C*-1500C. 14. ~l-. h, process
of form ngSzil 'nlﬂsﬁtﬁt%%i&%fﬁpcat al yst layer in the noisture

15 Table 1

Chemical Composition (wt%) .

Fe Cr Ni Mo Mn Al C S P

Austenitic remainder17.7 255 0.01 <0.01 3~4 <0.01 <0.01 <0.01

20 FR31

Austenitic remainder 17.2 151 2.76 <0.01 <0.01 <0.01<0.01 <0.01.
SUS316L

The pre-treatment step such as cleaning was applied on the inner surface



‘generating roactor as claimed in daim31 wherein the platinum coating
catalyst layer is forned on the inner wall surface of only the reactor body
part on the 5 noisture gas outlet side of the npisture-generating reactor.
5. A process of formng a platinumcoating catalyst |ayer in the noisture
generating reactor as clainmed in Caim2l wherein the barrier filmwhich
forms part of the platinumcoating catalyst |ayer conprises an al nost 100%
al um num oxi de (A1203) | ayer on the base material of the inner wall surface
of the reactor 1o body part and a principally alum num oxi de

(A1203) - ¢ B%é@apté’{/éwdéfrp%'hédomaﬂﬁd@f heerlon-m@tionegr Seévssokidaratiopg a
platinum coating catalyst |ayer in the noisture-generating reactor as

cl ai med i goctaining2\whéveirihetisnat boffacentaai nicaged| g nematbs bady .paaugBeni tic
al I oy containing al um num havi ng chem cal 15 conposition of 17.7wt % of Cr,

25. 5wt % ofwdd , plc@dwitotht Meal npbate® tbamce Qudl WAt Uedbd dnber 4Hk% of
Al , not nore than 0.0Iwt % of C, not mare than 0.01wt % of S) not nore than

0. Olvw%ofunlaeafngnf,&cedgmlpb,@ % of Fe is enployed for an al um num
containing alloy. 7. A process of formng a platinumcoating catal yst |ayer

in the,noisture 20 generating reactor as claimed in Caim3 wherein the
heating treatnent is effected at the tenperature of 800C for 3 hours in the

treat rrent Al ps her | an.argon %as contai ni ng 10V01_% hydrogen and 10ppm
wat er . —AMML—A@—QMG VeAgX! yL. A9. A AyL. A. A. A"9. A 02\ _Vv: %s2A

c{val gb] X] ca] ca] ca] ca] ca] calca ca] ca ca] ca] ca]'cTa] ca] ca] ca] cajcalca]ca]c
a] ca] ca] ca] caﬁc@%ﬁ satading) al]iggu hOppm of H20 is flowed into the heat
Pl OTUz?eWF3| } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] calieatventhinadedhe ajreajveijmalof aboal t#ire) at the flow rate of 1 litre/min,
and the heat treatment was applied in the heat treatment furnace for about 3
10 hours while maintaining the temperature of the heat treatment furnace at about
800°C.
Figure 2 is a depth profile (the result of the depth direction analysis) using
the ESCA. The figure shows the element composition inside the Al203 film
formed on the inner surface of the reactor body part 23 by means of the
16 afore-nientioned Al selective oxidation treatment. Referring to Figure 2, the
curve E shows the atom number ratio (%) of Oxygen O, F the atom number (%)
of Al, G the atom number (%) of Fe, H the atom number ]%) of Ni, and | the atom
number (%) of Cr. As apparent from Figure 2, the so-called Al-rich layer is
formed in the range L within about 180nm (0.18 1 m) from the inner side surface
20  (adjacent the base material) of the Al203 film, and entirely Al203 composed
layer is formed in the range L’ within about 50nm (0.05 1 m) from the inner side
surface.

According to embodiments of the present invention, the reactor body parts

22, 23 are made of A stainless steel alloy containing Al.  The afore-mentioned

10
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Evh\;lf%vlql gb] W c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] c”a] ca] c”a] ca] ca] ca] ca] ca]ca! fTO

Slul T v'#)1)yn))): **w+,¢,,,, 6-k--

.| wrlgb] X]]ca] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calca]ca]ca]ca]l
ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

& r....//0TO00H1s112c222033334(4B4G4c445V5555{vql gb] W c”a] ca] ca] ca] ca]ca]c

? Lg? 1;2?152%lggélggl}%g%@ﬁ%g%%@%ﬂg%%g;gl!e?cgo%a]hceallncl%]rcvavlal(lzl\s%]rf%%]ega<])fct/\h%] calca
4 | =p=== id Z ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*aU]
ca] ZST ca]p a&ﬁ@ﬂ&ﬁ&é’%ﬁ%}@%ﬁﬁ%&aﬁ%@raa; GHD dapdugic d8 esmpjostA! CHDGGIERFHW KKK
L

LLLLLL% 5NORRFRSSIANET, wantiativiusa] tla) c28l ajsc ajtecierh] @a] and calfixalic & cajecal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c’rﬂa] ca] ca] ca] ca] ca] ca] ca] ca] ca! TT! Up UUVWOVWVWKWNV
VWALL L L% 5NQRRvRESUEIDNEH wramtier fifhe B Joradheaheat wimﬂr@@b@]tﬁalr@a&t@)@b@aﬁ@}c a] ca]
ca] ca] ca] ca] cal] ca] ca] ca]( ca{;i}:b;%]g;] Ea%)%;; ((:)i] I(;rzl;l{]g)ca] .C?] C?QZ\GEV%QEC{&'O%&' (12)/:&
109&' (p-f° "th- : & (e -\ pE- 0 1 1009
"0 aa0va Oy T O e S U I Mol s it !

0 - & OB - o - , R . * R -

(e S R R g s R R v e
1 S > 0 ' - R - 1109 ' - I g -
3100 () EABoRAT 22, 500 (9 eripk e vilel i ot cpomsis dovepd) chen sovle () -3
109 () - 3f 100& %) - ﬁ#lq%&' g) -3 b PldEUV7F32109%&' ()- O#10%&' () -

3. 1109 ()Welding together their opposing outer peripheral surfaces where they contact,

According to the moisture generating test conducted using the
10 moisture-generating reactor formed in accordance with this embodiment, it has
. been confirmed that in regard to the change of reactivity with the passage of time,
adhesiveness (mechanical strength) of the platinum coating catalyst layer 28
and the likes, the moisture-generating reactor according to the present
embodiment is never inferior to the conventional moisture generating reactor

15 having a TiN barrier film 28a formed by the iron plating method.
According to the afore-mentioned embodiment, the reactor body parts 22,
23 are made of stainless steel alloy containing Al (austéﬁite HR 31). However,
it will be understood that any kind of material can be used as long as it is an alloy

containing Al

20 Furthermore, according to this embodiment, about 0.18 1 m thick layer L
composed of principally Al203, which is provided with a 0.05 . m thick 100%
(entirely) Al203 layer L', is formed on the outer surface of the stainless steel
alloy containing Al (the base material S) to serve as the barrier film L. However,

the thickness of the said Al203 layer L'and the principally Al203 composed layer

11
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F, 1 109 () -3! 0Y&*s' 109&' ()-3(! 10%& ()- 3| xnbCFl:10% ()-' 10 10
10=s10% ()-9410% ()- Fl 710%& ()-F, 5! 18(0% 8 4 W5aBmhCF#10%&. () -
1 10% m P@ #10%&' 0% 3F 1
3Ssl (1)05&(% C@B% é%mebomo gu)a bisgDeoging) thes cooeiion)- o3 1hd @R tion
I 109%& () - 33s! 10%& /q)b 4_dEmbCF35! 10%& ()- 33! 10%& () - 0#10% () - 3. S10%& () -
3, 1 10%& ()lceptaent ovike()-seleg@rdaRtiond% hé& () - 3S 10% h& ()-3 10 10
10=s10%& () -  9310%& () 3F710%& () -
In addition, according to this embodiment, the barrier film L is formed on

both the reactor body parts 22, 23.  However, the barrier film L can be formed

%2

on the inner wall surface of only the reactor body part 23 on the side of the

moisture gas outlet 25.

Effects of the Invention

According to embodiments of the present invention, reactor body parts of

10 the moisture-generating reactor are made of an alloy containing Al, and a
principally Al203-composed barrier film is formed on the inner wall surface of the
reactor body parts by applying an Al selective oxidation treatment thereon.
Further, a platinum film is stacked on and affixed to the barrier film to form a
platinum coating catalyst layer.

15 As aresult, in comparison with the case where the barrier film is formed by
the conventional ion plating method or ion sputtering method and the like, the
principally Al203-composed barrier film with uniform thi;kness can be formed at
ease and at a low cost, thus making it possible to substantially reduce the
manufacturing cost of the moisture-generating reactor.

20 The principally Al203-composed barrier film formed by the
afore-mentioned Al selective oxidation is provided with excellent mechanical
strength such as strong adhesiveness to the base material, and, at the same
time, it functions superbly to block the invasion of atoms constituting the base

material into the platinum film, thus ensuring a remarkably long service life of the
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LLLLLAE] _@latinum coating catalyst layer on the inner wall surface in the reaction space is
formed and hydrogen and oxygen supplied into the reaction space are both
brought into contact with the platinum coating catalyst layer and radicalized
thereby so that the radicalized hydrogen and oxygen are reacted to generate

10 moisture without high temperature combustion wherein the moisture-generating
reactor is made of an alloy containing aluminum, a principally aluminum oxide
(Al203)-composed barrier film is formed by applying an aluminum selective
oxidation treatment on the inner wall surface of the moisture generating reactor,

and thereafter a platinum layer is stacked on and affixed to the barrier film such

15 thata platinum coating catalyst layer is formed.

2. A process of forming a platinum coating catalyst layer in a

moisture-generating reactor as claimed in Claim 1 whc;'ein a stainless steel alloy

containing aluminum is employed for the alloy containing aluminum.

3. A process of forming a platinum coating catalyst layer in a

20 moisture-generating reactor as claimed in Claim 1 wherein the aluminum
selective oxidation treatment of the alloy containing aluminum is effected by
heating for a prescribed time under the conditions where the ratio of the

hydrogen-to-moisture (H2/H20) in the treatment atmosphere is 104 /1~10° /1

and-the heating temperature is 300°C~1500°C.

14



'104| Y110%4| & () - &10%4| & () - 10%4| & () - @s10%4| & () - 310%4| & () -

109 & ()-4LLLLL9LMBN-\:a 10'9 &10%hYh& ()- S!
&10%hh& () - S! &10%h& ()-S :10% h& ()- 104| 104

104| >10%} & () - 5Nr OO PQRRRz[ <1: a 10 h=10% h& ()- &3l "10% h& ()-!k $10% h
h& ()-S'k $109Mh& () - S$10% s& () - S! a$109hhé& () - SRRRTRSISSSgH: a 10 h
1 1092& ()- ! ,z#10%[& ()-, z#109%&& ()-!, z#10%[& ()- !'109%& ()-4 10 h 10

hSITTTT! UpUdEH: @ 10 h Y"1 109%Z& ()-3 @!109Z& ()- s109%Z& ()-

#109Z& ()-F

1100®& ()- ! 109%& ()- pUWOWMAA?H a 10 h ,/1100@& ()- - &10%Z& ()-

*1 109728 ()-1y & 109%&' ()- & +& 109@ZZ& ()-& $! 109Z& () - A?H a 10 h
111098 ( 810928 ()0 >109& (). 5, 10928 ()- S3!1098& ()- YISL09ZE ()-
Nor mal " " adlfh@FqczﬁjS(S 0 Hﬁaﬂn@g—) 2BMoium Hemdinggealys!’ 1dydeaidi ne ARlisture-

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c"

"Headi ng 93]c"A

" Def aul t I?w:mgata@rd%wmsé@(cwéﬂﬁh ClBith ATX&efciRdh8ip|&tRfunh fcoalind \Wataiyd @BV

| UNB5S$! X" i .0c23c45>78w09;

<d>Bh EHK@%?%@WEE%#I UL WM GIAT MUKYE Loy AR F84GBH biMRRP ThTRE New

RorranArl al rier Root EntryWor

S ot R R RER G tabe maisturp apnPAliNa ARGy o

5. A process of forming a platinum coating catalyst layer in the moisture-

10

20

generating reactor as claimed in Claim 1 wherein the barrier film which forms
part of the platinum coating catalyst layer comprises an almost 100% aluminum
oxide (Al203) layer on the base material of the inner wall surface of the reactor
body part and a principally aluminum oxide (Al203)-composed layer on the
outside thereof,

6. A process of forming a platinum coating catalyst layer in the
moisture-generating reactor as claimed in Claim 2 wherein the alloy containing
aluminum is an . austenitic alloy containing aluminum having chemical
composition of 17.7wt% of Cr, 25.5wt% of Ni, 0.01wt% of Mo, not more than
0.01wt% of Mn, 3 to 4wt% of Al, not more than 0.01w’t_% of C, not more than
0.01wt% of S, not more than 0.01wt% of P and the;.remaining % of Fe is
employed for an aluminum containing alloy.

7. A process of forming a platinum coating catalyst layer in the moisture-
generating reactor as claimed in Claim 3 wherein the heating treatment is
effected at the temperature of 800°C for 3 hours in the treatment atmosphere of

an argon gas containing 10VOL% hydrogen and 10ppm water.



