; kl e3eW T(6T, ; A METHOD FOR FORM NG PLATI NUM CATALYST LAYER I N REACTI ON
FURNACE FOR GENERATI NG WATER GAS Field of the Invention 5 The present
invention is primarily. concerned with inprovenents in the method of
manuf acturi ng a noi sture-generating reactor used in sem conductor

manuf acturing facilities and chem cal manufacturing facilities. Mre
particularly, the present invention is concerned with the process of

formng a barrier Mémcym@ih p@nwnnetﬁ@mnum @Ammwmtmaw | ayer forned
on the inner wall surface o ace inside the reactor.

Background of the IRE&QH@H WNQQErﬁQ%GENﬁ FINGWAJER GABi con oxide film
by nmeans of a water oxidation nmethod in sem conductor manufacturing,
continuous supply of ultra-high purity 15 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 boepidoef the |Bventoh Whi ch are pl aced opposite to each other so that a
reactor body Zo having a reaction space P inside is for rred The reactor

body 15 provi d?ﬂe"brb@glgs IeRtioR! is Y5Him ﬁlbe ?»fc‘é& Or rﬂé‘tihet @25, an

inlet side reflector an outlet Si e re has a

boay part S2sPef el & ek 8 daloraiy F%%‘@éagéﬁﬁf?ﬁgﬁé o2

speci fical | af or e- ment i tinu atin taI 8,1s
Formed on MHRUIAGMIEIEEHeF snAeTemiEa eaPACh IS [BrUtPearPBre BEAFUEMM 23
made of SUﬁSlGL on the side of the npoisture gas outlet 25. After, a_Ji N-nmade
barrier fiiN@ PESeRkinveRbANisrGRageried Mith fieeprasess Lfcfosminga harier if body
part 23, a Shgl atinumfilm28b is fornmed thereon. The thickness of the

af or e- mentWhisbcanstitutes afplatinure gatalystdayergouned ainl thednnerawall surface ofra | n
the figure, the TiN barrier film28a with a thickness of about 5 a mis

f or medlOw tteaation spapd asideytheerelactbr. Furt hernore, a thi ckness of the
afore-nentioned platinumfilm28b is 1o preferably 0.1 ~c mto 3 a m and
inthe figure, the platinumfilm28b of about 3 a mthick is forned by the
vacuum vapor deposition nmethod. As nethods to formthe barrier film28a, in

addi tion tBaéKﬁoGﬁ@b?tH@ﬁhbﬁﬁ%g ion plating nmethod, it is possible to
enpl oy an Ton spu I , a PVD

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).
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 outiet
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.



met-hod such a vacuum vapor deposition nethod and the |ike, a chem cal vapor
++15 deposition nmethod (CVD nethod), a hot press nethod, a flane spray nethod
and the like. As nmethods to formthe platinumfilm28b, in addition to the
af ore-nmenti oned vacuum vapor deposition nethod, it is possible to enploy an
ion plating nethod, an ion sputtering nethod, a chem cal vapor deposition
nmet hod, a hot press nethod and the like. In addition, if the barrier film
28a is 20 made of an electrically conductive material such as TiN and the
li ke, a platiMpregpbeicamny the afre!reystibricaplafiemaloatiag watdlysinagers Is er
film28a is forned to prevent the lowering of the reaction rate of the
plati num forh@25btrReGblel dieatrithe ififorRtRU% the rbdBor DBAT bt 25 midw
tenperature of a stainless steel base material rises due 10 2 t he
reaction t j ' i , i . kEf rom
the netal %ts"ggﬁrg{‘Ié‘rﬁith*a%?doeo{’fh@%ﬂﬁé?@éewtgfeg?gti nmﬂ%??ﬁ'rﬁ%%?ggé b%?ﬁ%'{\d Fe
as diffusgd e oxidized on the platinumtilm28b in an qxidati

2t rospher M 28 LERRREE forfibd, o8 e dnet Fiasissof e, e BBa oot 22 vi oy
5 To prevenk, Fe and Ni fromdiffusing fromthe netal base material into the
pl ati fum PIRHRAYDIAM 28Risfpgped teeféPBned barrier film28a is formed on the
surface of the stainless steel (base material). For the afore-nentioned
barrier film 2Ba,thigkpess &f she@foreomentianed) barierdilandie ds snest prefeEbind Fe,
and not producing oxides in the platinumcoating 1o film are nost

pr ef er r ed0. 1t mHa S bmein fheufigurehtite TiN ardiet filom 28e withea dfiokresseoftandd Ti N,
not only TiAIN, TiC, TiCN and Al 203 but al so oxides and nitrides such as
CrzGs, Si g isSiolneddvithan liorkplatiny rhethoded for the barrier film 28a.
Referring to Figure 3, hydrogen and oxygen supplied through the material 15

gas inlet 24 FpfRefrhi6re] @2dhRknEosYofathe afdrblfgntiohed® pltirusg | Mg TBBLRY
conprising an inlet side reflector 26 and an outlet side reflector 27, and

brougfyf | ;S'Fe%r% G4t With 3 Oﬁgﬁﬁb ) i%ﬁ?gﬁéﬁaﬁﬁﬁrﬁ'mﬁt%é@&%b&ﬁs YHen

hydr ogen and oxygen are b i nt h™the platinum coati ng
cat al yst e L Vi f [ : en is raised due to the
catal yti c{h%'%‘(gﬁ%g?é Eﬁgﬁ%wé%%{ﬁr%agégHggsg{'ﬁﬁ?"%bégogen and oxygen are
brought in a go-called.radicalized state _ The radicalized, hydrogen and
oxyoon i ot anbPyIEbREs 0T ie Bager Hh2sa Mhetdtet St Histbrmeaianed han
t he conbustion tenperature of a_hydrogen m xture gas such that noisture is
produced RNt Plating tethrdgl isipfsitie dpmpivyuan ieh sPettadngreethedi 3t VP
(nmoi sture gas) is guided outside through the noisture 3 gas outlet 25 and
suppl i ed methodssustcavaguuny vapordeposilionnmetitoahard thentike, lrecherrisal Mapor
illustrated).

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
method, a hot press method and the like. In addition, if the barrier film 28a is
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




Description of the Prior Art 5 A noisture-generating reactor having a
ssconstruction as illustrated in the afore-nentioned Figure 3 is permtted to
make Oz and H2 react safely with a reaction rate of al nost 100% and wi t hout
hi gh tenperature conmbustion, and continuously produce a required anount of
noi sture gas of ultra-high purity, thus achieving excellent, practical
effects. 1o However, there remain sone problens to solve in the above

menti oned noi sture-generating reactor. One of the problens is concerned

with the therrsattion heht bhthelivnkl sirgdrerafinPmoitufd) NicdiHd FbWifPseafroaT theof the
af ore-nmenti oned plati numcoating catalyst layer 28. That is, with the

conventi ' o N ; . | engifd It D

t hi cknes%#aiﬁk-é?q%@%gﬁéq\h %ﬁ%ﬂgegsﬂ?e@%gn%@qgﬁa%%n pwlaétr!drgé%gt od, an ion
sputterin, . C | L, t | ke. t, b s

di fficul tgﬂegg#'gg%dtcﬁ‘e aﬁ%ﬁ@ﬁﬁfﬁﬁ#ggi‘% %ﬁﬁ?ma[fﬂ%%%&ﬂgﬁcwakm t he
barrier fjilm28a tend have tches of a different thickness. In

addi ti on,tmr@?@%ﬁrﬂ?%ﬁ%ﬁgﬁ c%f%lﬁtl'céﬂ?tyﬂféfh as pin holes fornmed on the
barrier film28a. 20 It will becone nore difficult to forma barrier film
28a widt h a uni'® erevamifsaed Nidrem iffusing fropa the siptalkase materal iplecthey body
part 23 especially when an outlet side reflector 27 provided on the inner
wal | sur fpletingn filme28ta dbe @forsemmgnpaned barries fiwrgia goed ors hensurface
Furthernore, it is quite costly to formthe barrier film 28a, thereby

maki ng i tof4he sthihfeisestdelt(base thateridine nmanuf acturing cost of the
wat er-generating reactor. In addition, since adherence between the barrier

film28a and Fbe theagfbs-niemdivnear bardiér timdg8ao d@&eﬁaﬁenbtatcoﬂmmingtw e
occurs so-called floating (i.e. separation) of the barrier film28a when a
heat cyclgetierdPBLEESs Ri and Fe, and not producing oxides in the platinum coating
10 film are most preferred. It has been found that in addition to the
afore-mentioned TiN, not only TIAIN,TiC, TiCN and Al203 but also oxides and
nitrides such as Cr203, SiOz, 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 hydrogen 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



Object of the Invention The present invention is ained to solve the

af ore-nenti oned problens of the conventional noisture generating
reactor-that is (1) it is difficult to formthe barrier filmwth a uniform
t hi ckness and with no pin holes on the inner wall 1o surtace in the
reaction space; (2) it is difficult to reduce the cost for formng the
barrier film and (3) adherence of the barrier filmto the base nmaterial is
somewhat poor. The present invention provides a nmethod to forma platinum
coating cgasibMiiét 25uAH SuppliB t0R SéHicondaBeF MaMFat@ARh Thamerednd the
stainless steel alloy containing Al is heat-treated for a prescribed tine
and at thgd foRfiRSfatdd tenperature in an inert gas with the prescribed
rati o of hydrogen an ter (H21H20), thereby making it possible to

manuf acture, using a so-called selective oxidation characteristic of the
stainless alloy, the barrier filmconprising an al nost 100% Al 2G3 | ayer and

a princi pﬁl | éiAjl 203ft§0£oszd | ayer (i.e. a layer conposed of principally

Al 233) o n f the stainless steel alloy 20 containing Al

at an extrenely | ow cost. Djisclosure of the Invention The present jnvention
as ol @ med | nAGMRISKIE-RAeTAlIRG SPACoR having: & GASIMCHRN @ WuStrated in the

moi st ure-generating reactor having a platinumcoating catalyst |ayer on 5

t he i nneraigEgmentiongdeFigHre Beisrrermiites te prake G2 aod r’fgﬁrewmétﬁ@&‘rwlﬁh@ oxygen
supplied into the reaction space are brought into contact with the platinum
coati ng creaatigntratenpéralmodt 0% ahdzeithoutehighytempetatune canbustionz eshd

hydr ogen and oxygen are reacted to generate noisture w thout the high

t enper at ucentmuoaslyysrbioce vhregeired Bhwumbbbinsistugegsy et ultrg-Higiapliaty, tiusmade of
an alloy containing alum num a principally alum num oxi de (A1203) - conposed

barrier fadHelifgfetamshtbyratphbafigtean al um num sel ective oxidation
treatnent on thé inner wall surface of the noisture-generating reactor, and

theregffer a HbWeivBPWhE?é’géTEﬁw §§@§k§r%b éff&.s%i\;d W%ﬂég@g%@ﬁﬁd g film

so that a platinumcdoatin o catalyst lTayer is forned. relates to

a process f or m | atipum i atal yst | ayer _as cl ai pn Clam
1 wherei nmgiség%-#rgeg’gﬁgﬁe%ac&q 03(‘/(9 @%n?nfgiﬂ'r'cﬁ r%ﬁf"ﬂ?ﬁ H%rﬁ?@ceéﬁrﬁﬁo%g ﬁh r an

al | oy containj.n | .unm num im3 relates. . to a process of fornin

D1 ¢ Y nam CENGIGE T K38 AR FOnASRANIcE ConsinitPad:bih of e Store Tapuiaed
selective oxidation treatnment is effected on the alloy containing alum num
by heat i njjatigdmLaoating catadyst layer28inder t he conditi ons where t he

hydr ogen-to-water (H21H20) ratio in a treatnent atnosphere is 104 | 1 ~-109
11 and the hedbahig, withpgbeatanventisnadooastursapmeraling reattorthe barrer fdmpr ocess
of formng a platinumcoating catalyst layer as 20 claimed in Claim1l

wher eisn t28a pithtthivknesoaf i neb g ai isl fgahed dyaneans b andon platingemiethivet, anal |
surface of only a reactor body part on the noisture gas outlet side of the

nDi st ur e ipANgIAtaring ARAS®" a VAcBUM depBbiibRSmbthad BhACRES)KRY. BNt a
pl ati num coating catalyst layer as clained in Caim1 wherein the barrier

filmwhi Cdlﬁfcgftfiﬁlfé’i‘?fﬁ thePbafras fikh ?f'?(%’fgﬂrﬁformqm@khaﬂse Qﬁ‘éﬁiﬁ’a‘itthiﬁ @éﬁ‘ier‘fﬁrﬁp” SEs

an al nost 100% al um num oxi de ( ayer on t Inner wall surface of

the base 5@ Gl t0?RSVE pBIdHAE' 3 litiredLHIHIKReRE! df 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



(A1203) - conposed | ayer on the outside thereof. Cdaim6 relates to a process
“of formng a platinumcoating catalyst layer as 5 clainmed in Claim?2
wherein an austenitic alloy containing alum num having chem cal conponents
of O 17.7wt% N 25.5wt% M 0.0Iw % M not nore than 0.0Iw % Al 3-4w %
C not nore than 0.01wt% S not nore than 0.01wt % P not nore than 0.01wt %
and Fe the renmainder is enployed for the alloy containing alumnum 10
Claim7 relates to a process of formng a platinumcoating catal yst |ayer

as cl ai nediffioultGbabduce tremainnfdodriripeddtig the eateregdndratied readted at the
tenperature of 800C for 3 hours in the treatment atnosphere of an argon gas

contai ni ng 10MPaeEYA! SI9RB MErdMRP BN thelBader fim @%Céhd)lﬁé)Peé&ort he

Drawi ngs Figure 1 is a diagram (the El'li ngham di agram) showi ng the relation

bet vieen By BARCSS1ds 39 e SOMBUNES Dot UhERO bhoBled B840 gk el O

el ements I'n ai nles con a| ni g a an atom

cormos! 1 oS8 B o et ST B P 0B 2l | oy cont ai ni ng

alum num (FR31 ). Figure 3 is a sectional schematic illustration of the
convertti onal noisture generating reactor (TOKU KAl No.2000-169109). 7
Li st of Reference Characters and Nunerals P designates a reaction space, 22
a react or Obiesg opthe Invention r eact or body part, 24 a nmaterial gas inlet, 25 a
noi sture gas outlet, 26 an inlet side reflector, 27 an outlet side
reflector, 28Thepmrasémiimventinn isgaiteedity solvedheraforsmentibaed ipsoblemsef 28b a
5 platinumfilmand 29 a filter. Mdde of Carrying Qut the Invention
the conventional moisture generating reactor — that is (1) it is difficult to form the
barrier film with a uniform thickness and with no pin holes on the inner wall
10  surface in the reaction space; (2) it is difficult to reduce the cost for forming the
barrier film; and (3) adherence of the barrier film to the base material is
somewhat poor. The present invention provides a method to form a platinum
coating catalyst layer in the moisture-generating reactor wherein a stainless
steel alloy containing Al is heat-treated for a prescribed time and at the
15  prescribed temperature in an inert gas with the prescribed ratio of hydrogen and
water (H2/H20), thereby making it possible to manufacture, using a so-called
selective oxidation characteristic of the stainless alloy, the barrier film comprising
an almost 100% Al203 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 cataiyst layer on




Figure 1 is the Ellingham di agram showi ng the relation between H21H20 and

“the tenperature in the oxidation of each of the elenments (N,

Fe, Cr and

Al) 1o contained in the stainless steel alloy containing Al to be enpl oyed

in the present invention. A curve A shows the oxidation of N,

B t he

oxi dation of Fe, C the oxidation of Cr and D the oxidation of Al. As

apparent fromFigure 1, it is possible to selectively oxidize only Al
of the elenents Ni, Fe, O and Al by setting the value of H2/H20 ( Vol

ratio) intHehmnk? wali duAhed iRithBTRESHGh @EQcé he fEPRRET RfdtbSeh id8xRIeP

ranges.

For exanple, only alum num can

e selectively oxidized inthe

| emper & aysRagns niRoendiO0 s SR 18O, (oA WY uablgthul
select vel o S \ep shi Ao ey BB A0F GBI

3H2 E-

2A1 + 3H20 Al i . Fe, and C oxides (N O . Fe203 203) .are
 iced AR BacteR to LGRpSIHG SRS Witk therRih Jeppatat

3H2 -> 2Cr + 3H20 The present invention relates to the form ng of the
barri & fFOmPUSiVhereHy the 10gwtuecgenaralieg reagtas jsr MRS AT gn Al ey

conposed | ayer on the inner surface of the reactor body parts 22, 23

t he Al

10

15

20

sef@aining @luroiuimna cprincikeallyr alemisumsoxide (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 so that a platinum coating
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
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 treatment 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
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

out
er
to be

ein
3+

Ur€y 203 +

wher e



5 utilized to oxidize Al alone on the inner surface of the reactor body
“parts 22, 23 made of a stainless alloy containing Al. Enbodi nent A
stainless steel alloy containing Al (HR31 ) having a chem cal conposition
10 (Wt9% |isted at the upper section in Table 1 given bel ow was used to
produce the reactor body parts 22, 23 with an outside dianmeter of 110mmin
a shape as shown in Figures 2 and 3. The |lower section in Table 1 is for

t he conventional stainless steel (SUS316L). 15 Table 1 Chem cal Conposition

(WM 9% Fe Evatig dbtalyat Flye cBnipridestanalmast MO0 Biehinkm éxide. RIZDHUayér 01 3-4
<0.01 <0.01 <0.01 20 HR31 Austenitic reminder 17.2 15.1 2. 76 <0.01 <0.01

<0. 01 <0. 84 tréirtHer- w5h§uﬁé& bf fi BB n%t&ﬂal%agﬁlr@(@@dh?ﬂmﬁn ¥Rl €d on

t he inner surface ) of the reactor body part 2

af ore- nen eanegbg%ﬁﬁyéto%ethewtﬁaeqﬁ)&%a ning Al. After the inner

surface e ‘reactor art 3 was placed in the heat
Ly eat ;ngtnsf g; 8PSl 4 paisd 8g?9r%m5%ep; 5T Akhg Rathisig i s °
5 claimed in Claim 2 wherein an austenitic alloy containing aluminum having
chemical components of Cr 17.7wt%, Ni 25.5wt%, Mo 0.01wt%, Mn not more
than 0.01wt%, Al 3~4wt%, C not more than 0.01wt%, S not more than 0.01wt%,
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/H2.0) at 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 No.2000-169109).




Ar gas containing 10% of H2 and 10ppm of H20 is flowed into the heat
“treatnment furnace (the inner volune of about 1 litre) at the flowrate of 1
litrelmn, and the heat treatnent was applied in the heat treatnent furnace
for about 3 1o hours while maintaining the tenperature of the heat
treatnment furnace at about 800C. Figure 2 is a depth profile (the result of
the depth direction analysis) using the ESCA. The figure shows the el enent
conposition inside the Al203 filmformed on the inner surface of the

react or bbidy opReferdfcd Chapacterénd Neindéralf or e- menti oned Al sel ective
oxidation treatnment. Referring to Figure 2, the curve E shows the atom

nunber 1 apidasigfates aPEAERsh §dade, bbey @a‘étﬁr%ﬁﬂ?ﬂfarﬁ 93 Pleddtor BodySarkizm
number (% of Fe, H the atom nunber (% of N, and | the atom number (%9 of

g PR (R85 moldtr e SUNSE 2 o e SRty donTegy 1 1

(adj acent t r cpnposed
layer is P4 %Eéif?ﬁef[%ioer %ﬁg@o@ﬂn ErAlindsaiy St 508 tagr MroatorE T nner
side surface. ordi n nbodi nents of the present invention, the

react ot bB nHB‘r E"%Qd Feé' made of A stainless steel alloy containing
Al . The afore-nentioned 10 Al selective oxidation treatnent is applied on
the inner wall surfaces of the reactor body parts to formthe barrier film
L which is conposed of pr| nci pal ly Al203. Then, a platinumfilm28b is

st acked oMogedf{fs thédnegndioa- ment i oned barrier filmL on the inner
wal | surface of the reactor body part 5 23 on the noisture gas outlet side
such that theFiguretuistigeBhinghamgdiagearhashawing dhewdlatipn beteieeg H2EI20

af ore-nmenti oned reactor body part 23 and the reactor body part 22 on the

material gag thatehperhtiedn thERNFdtONIST RRAILIGhEBIemants (] B&NCr hag@lher
their opposing outer peripheral surfaces where they contact. According to

the ngj st%ﬁag@aﬁh%ﬁé% hrRss sfém%%%%enté%.ﬁ N%Pb%rﬁﬂbgé&"r?ﬂﬁeﬁ@sght ng

reactor forne accor ance wth t errbo i men been confirned

that in rggapfoh 0 A%rﬁ?%gﬁoﬁ th?ao%@d%ﬂ] §. "8RS BieaRECoP & &2?1% ayer

adhesi veness rrechanl ren t| num coating ca

28 and t he I| u ner ng reactor according to the present
enbodi menP* F’? \% rla,qggfp?%gopg fﬂ%OEhLventi onal rmi sture generating
reactor 15 havin T|Nbarr|er f|Im28aforrred the jron in t hod.
According to ¥ ?'ét FRIAtHigwed! .dhisRassiie to selec @%PEW'%‘H@Y& 02, 23
are made of stainless steel alloy containing Al (austenite HR 31 ).

However, the elemertie Ninbier St apd Althit settingithe yabre atHai20 (Vakrabe) irsthe as

long as it is an alloy containing Al.
15 oxidizing atmosphere and the temperature in the proper ranges. For example,

only aluminum can be selectively oxidized in the temperature range of 300°C
~1500°C when the H2/H20 ratio (vol ratio) is 10* /1~10° /1.

For example, when only Al out of Ni, Fe, Cr and Al is to be selectively
oxidized by setting the H2/H20 ratio value and temperature in the proper ranges,

20 the oxidation of Al is expressed as below:
Al203 + 3H2 < 2A| + 3H20
Also, Ni, Fe, and Cr oxides {NiO, Fe203, Cr203) are reduced as below:
NiO + H2 — Ni + H20

Fe203 + 3H2 — 2Fe + 3H20



20 Furthernore, according to this enbodi ment, about 0.18 a mthick |ayer L
conposed of principally Al 203, which is provided with a 0.05,u mthick 100%
(entirely) AI203 layer L', is fornmed on the outer surface of the stainless
steel alloy containing Al (the base material S) to serve as the barrier
filmL. However, the thickness of the said Al 203 |ayer Land the principally
Al 203 conposed | ayer 11 L can be appropriately chosen by changi ng the
conditions of the oxidation treatnent in the Al selective oxidation. In

addi tion, accQrgDpg 31@2t-hizcentppMbiorent, the barrier filmL is forned on
both the reactor body parts 22, 23. However, the barrier filmL can be

formed 5 on thﬁéﬁ}@@ém\«ﬁ%mﬁﬂ#&&&@é;@g@0 o{ﬁg%aqriepﬂﬁn%mcp(gfsg]gon the

side of the noisture gas outlet 25. E I nvention Ac ng to

TR NS T RO SRIIRrf Sr3 s 2o

noi st ure-generating r an ainin

principal Ly, Al 203-c osed rHer filmis fornmed on the inner, wall .surface
of the. redbtireREiR) Boay e yhets B R seTBEPIAER HRIRGITRILIS men:
thereon. Further, a platinumfilmis stacked on,and affixed to t arrier
e 1 bilied ol cfeiBa i e Ah tha A uraRpart hadeacoE SoaY Pars 2y | Son
with the case where the barrier filmis formed by the conventional ion

pl ati ng newaEledi@ stablespallayeeontgining Aod and the 1ike, the principally

Al 203- conposed barrier filmw th uniformthickness can be forned at ease
and at a |l ow cost, thus nmaking it possible to substantially reduce the
manuf acturing cost of the noisture-generating reactor. The principally

Al 203- conBatirdirbent i er filmformed by the afore-nentioned Al sel ective
oxidation is provided with excellent nmechanical strength such as strong

adhesi veness nosthinfedaadt8el@ioy doMtainfidal BRI N a chBRicallcomprdiidins

superbly to block the invasidn of atons constituting the base material into

the pi@ati YAy iishdd at tHesu Pk SelcliEn fh TSI KGVEN DeRIW w2k 0detitol drbBuéd tHee 12

reactor body parts 22, 23 with an outside diameter of 110mm in a shape as
shown in Figures 2 and 3. The lower section in Table 1 is for the conventional
stainless steel (SUS316L).

15 Table 1

Chemical Composition {wt%)

Fe Cr Ni Mo Mn Al Cc S P

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

20 HR31

Austenitic remainder17.2 151 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



pl ati num coating catal yst |ayer. Thus, enbodi ments of the present invention
“‘achi eve excellent, practical effects. to 15 20 13 CLAIMS 1. A process of
formng a platinumcoating catalyst layer in a 5 noisture-generating
reactor where a noi sture-generating reactor having a platinum coating

catal yst layer on the inner wall surface in the reaction space is forned
and hydrogen and oxygen supplied into the reaction space are both brought
into contact with the platinumcoating catalyst |ayer and radicalized

thereby sof tHeateddier bady part 28 dnddsiohdiee aAne-eyidened Staihkast stdel allgener at e
1o noi sture without high tenperature conbustion wherein the

ol st ur e- geiainitd ™. ' ARet He irfheFsiffRE WBs Q!I%&Yed?f’cﬁbar!eﬁbﬁﬂ BddyTpaM a3 a
princi pally al um num oxi de (A1203)-conposed barrier filmis formed by

app! yi ng al @ aum, s Cf,J ' { O t t g WNNeY.

surface o?qgfe' hg‘grgoe{as%r g%eﬁée%tgttfgr%&r%bgc@é%g%ngﬁ?hgggtal?%%tﬁ Harbgﬁdg i {nHt?m | ayer
i s stacke .affixed.to the barrier filmsuch i5 that a platinum
coating Clg?cgélﬁé]nqu?grcqngltp&sned_ 2. A process of formng a platinum

coating catalyst layer in a noisture-generating reactor as clained in daim
1 wher®in a stainless steel alloy containing alumnumis enployed for the
all oy containing alumnum_ 3. A process of form ng a platinumcoating

catal yst Eapditions of ApSelagtive Exidafidter ati ng reactor as claimed in Claim1
wherein the al um num sel ective oxidation treatnment of the alloy containing
al umi num i s eAr gasecondginingt Dbig of b2 angri@ppm béd20 is flowedrintththecbaat t i ons
where the ratio of the hydrogen-to-noisture (H2/H20) in the treatnent

at nospher reatgndrft4utnate’ (Hinhér aoldnmieef dtmaltinire)anties fidwrate of Biw&Miin00C. i 4
4. A process of formng a platinumcoating catalyst |ayer in the

NDi St ur eggRE tiRG iNeGt TRt MasCaBIERdin theCheatMrdatiéntetufhddeerdp| adutan
coating catalyst layer is forned on the inner wall surface of only the

reacty bp&yrsPghile %iﬁtﬁ%i@ 'ff%é?édib@ra%% &’%ﬁ%‘ﬁeaﬁ itRkni flﬁ"nace at about

noi sture-generating reactor. 5. A process of tormng a platinumcoating
cat al yst ﬁ@d? in the noisturegenerating reactor as clainmed in Caim1l
wherein the barrier filmwhich fornms part of the platinumcoating catal yst

| ayer conprises an al nost 100%.al wm num oxi de ( A120 .ayer _pon. the. base
mat eri al of tﬁ@‘irﬁﬁ‘:‘ﬁ %ﬁf*‘i’t Rf '%cém%ireﬁ‘ﬂgo‘!r@&é{%’% ﬁpec{“’xa"ag’s's 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

15 afore-mentioned 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 x 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




1o body part and a principally alum num oxi de (A1203)-conposed | ayer on the
“outside thereof. 6. A process of formng a platinumcoating catal yst |ayer
in the noisture-generating reactor as clained in Claim2 wherein the all oy
containing alumnumis an . austenitic alloy containing al um num havi ng
chem cal 15 conposition of 17. 7wt % of Cr, 25.5wm % of N, 0.01wt % of Mbd, not
nore than 0.01wt % of M, 3 to 4wt % of Al, not nore than 0.01wt % of C, not
nore than 0.01lwt % of S, not nore than 0.01wt % of P and the remai ning % of

Fe i s enpAbyelbctios aMidationtreatmennisiapplied dn e inherAwall csgfeesf of thei ng a
pl ati num coating catal yst layer in the noisture2o generating reactor as

cl ai med | ookt Bbdy WaRS oMo RCHHRCBAIRE TMCELMEN ié ToRIRBCE phintibSlly

tenperature of 800C for 3 hours in the treatnment atnosphere of an argon gas

TN i i AR v R R e TR Rie) reiPRIss R R R0t P A =
Lo PN o e
L}N(r:g? %g]‘%'a%a']"elﬁ? 3‘%'5 Lﬁ%]aﬁ aé sellcﬁ%ata & %? ge erallng ]rgg tga cajcalc

N ##) Fﬁ -0-- /1 0YO{vgkfa[ V] ca] c*a] ca] ca] c™a] ca]
ca] ca] ca] qr@g] e&] @cflﬁa]tbeaqfesq mﬂrttlapea] reATtas] Q%qkaﬁax?'%eqr@aﬂ&r%qt@h] calca
] c”a] ca! YOO1MLx112h2222833334, 4E4J4d445U5555* 6~66727=7X7p7{vql gb\ V] c~a] c”a]
ca] ca] ca] bedy Factape an dhpcm]atm]at@am]rﬁet] 241]&1d¢ dZﬁpD@]teai]Oca]acla]Qﬂa?baE]nﬂ‘ ajcajc
a] ca] ca] ca] ca] ca] cal p77777E8J888) 9D9F9k99: T: :

: =c===>UnBllpAPRIGEBRéMheldpiosing cutbr pbripheral cafacisosherd thaly cehtadtcal ca] cal

ca] caj] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca! EEFeFFFF/ 3 GGGEHHI<J

{KKKKKKKKLLN@@&@WWIMW@] ?éﬂm@r@llﬁ ] qabcatErRddl Cc'uls Cgiecal caj ¢

a)J ca] ca] ca] ca] ca] calca] ca] ca] ca] ca] caJc”™a] caJca]ca]ca]cal Xo#?-|Z3!\,

#giy?%f;&( m&s&@%ﬁr@i 83@@&%?@/@%%@ dg%@e(%é %th HiLEABYYI rﬁ‘eﬁt) it has

10=s10% {daRbotfilifod hakin re%JaQC{ % (e éha}\ge 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 (austenite 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 » m thick layer L
composed of principally Al203, which is provided with a 0.05u 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 flmL. However,

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

11
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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 a result, 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 thickness 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

12
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1. A process of forming a platinum coating catalyst layer in a
5 moisture-generating reactor where a moisture-generating reactor having a
platinum 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  that a 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 wherein a stainiess steel alloy
containing aluminum is employed for the alioy 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 410* /1~10° /1

and:the heating temperature is 300°C ~1500°C.
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layer is formed on the inner wall surface of only the reactor body part on the
5 moisture gas outlet side of the moisture-generating reactor.
5. A process of forming a platinum coating catalyst layer in the moisture-
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
10 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
15 compgsition 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 0.01wt% 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-
20 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.
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