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I nvention The present invention relates to i nprovenents in an imﬂZto
.apparatus for 5 generating noisture for use nmainly in sem conductor )
nmanufacturing units. More specifically, the invention relates to a reactor
for generating noisture that can mnimze the quantity of unreacted gases
in the generated noisture gas by forcibly m xi ng hydrogen and oxygen, thus
i ncreasing the reaction efficiency, and that can be used in a process in
which a relatively small quantitng;ctgpfﬁ%gﬁ&aﬁﬁ hfefwreed. 10 Background
of the invention The manufacture of sem co uctor% typically requires a

w de range of flow rates of high purity noisture, fromtens of sccmto

t housands of sccm .Tgiﬁ fl ow ratte of nmoisture required differs according to
t he actual steps i]ﬁle § PR B huf act uri ng process. The unit "scent as
used herein neans Thedredent invéntion sdlatextaisipoierhents ihand helatingvte apmaratuscionduct ed
I ntense research into the devel opnent. of a reactor for S genergating

moi sture of a REMSFRUPESYSTHE g"ft‘%ﬁ’?‘“& Wﬁ@}cﬂﬁ‘gﬁg’r F@é‘gp‘?‘fﬂgﬂg T‘%O@togeccm and
di scl osed the gRamally, HedMentibn fldtes t6 airéhcton RtpehétathghapisAsRatRan mitimize the
application, published under No, 2000-169110, and the reactor shqwn in
FIG 7 in unexaninibof ungssted sescpinthy gensptndiraoistis gas bﬁ%‘?‘glﬁéﬂ‘x%}g&?ﬁﬁ‘ and
2000-297907. 2Q, Lol thids ihére@siﬁéeﬁl% taBtion FEGENCH R tifdt Bdh B usdd bl & SrocéR¥ #TWphigh Of

a high flow rate%type reactor or generating noisture. In Fl 6, the
nuneral 91 i ndiacelateshesmallrquantity of mostpeisaequired an inlet side; 91a, an

I nner wall,of the gtructur on the inlet side; 91b, a materi al
gas feed L%rt; 92,§3£krg53% %#ft@??ﬂ&gpﬁéﬁal conponent on.an outl et side; 92a,
an inner wall of tThe mamgadtare of semicéndoectorstypipadlyeeduirsna wide renged of flowi rates 002D,

a noi sture gas _take-out port; 93, a 25 reagctor shell: n interiqr, _space
on the inlet sihégg‘;l’“gy, misturs, F’QE’ttS‘PWféW, t“t%ﬁ%“sﬂ%‘éi"gﬁ%aﬁ?e ﬁl%raterogflﬁl%%{u r
96, a nicro- gaﬁe:{u%dfﬂﬂfeﬂ%mgtt&&e%@tﬁbl%%ﬂnﬁﬁ givedl rhdhafacgiag procedsr Thé wiial
conponent 92 on the outlet side. A barrier coat Cis formed on the. inner

wal | 9la of thésem’ geuipddrEreiumess emt/mim in pstandasd gatesi de, and a pl ati num
coated cajal yst | ayfL ifvehtsrs'cOAdRELd Mtedsd PesbatRAEntd Bl deitépnint & ereactor for

generating moisture of a high flow rate type; producing no less than 1,000 sccm, and

disclosed the reactor shown in FIG. 6 in unexamined J. apanesé patent application,
published under No. 2000-169110, and the reactor shown in FIG. 7 in unexamined
Japanese patent application, published under No. 2000-297907.

20 FIG. 6 is a vertical, sectional view of a first example of a high flow rate type reactor
for generating moisture. In FIG. 6, the numeral 91 indicates a structural component on an
inlet side; 91a, an inner wall of the structural component on the inlet side; 91b, a material
gas feed port; 92, a reactor structural component on an outlet side; 92a, an inner wall of the
reactor structural component on the outlet side; 92b, a moisture gés take-out port; 93, a

25 reactor shell; 94, an interior space on the inlet side; 95, a reflector; 95a, the periphery of the
reflector; 96, a micro-gap formed between the reflector 95 and the reactor structural
component 92 on the outlet side.

A barrier coat C is formed on the inner wall 91a of the structural component on the
inlet side, and a platinum coated catalyst layer D is formed on the inner wall 92a of the

30 reactor structural component on the outlet side. Said platinum coated catalyst layer D is
made by laminating a platinum coating film on a barrier film of TiN or the like, and the
platinum coating film is exposed in the space 96.

Next, the opération of a high flow rate type reactor for generating moisture of the

large flow rate type will be explained. Hydrogen gas and oXygen gas, provided ata



30 reactor structural conponent on the outlet side. Said platinum coated
catalyst layer Dis nmade by lamnating a platinumcoating filmon a barrier
-filmof TiNor the like, and the platinumcoating filmis exposed in the
space 96. Next, the operation of a high flow rate type reactor for
generating noisture of the large flowrate type will be expl ai ned.
Hydrogen gas and oxygen gas, provided at a 2 specific ratio, are fed in
the direction of the arrow G and these starting material gases proceed
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in the narrow Qr, a space vol une m xture | of the
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proéess thr OUg oy ehdIRhSigh tien Pomt Ioadfé'dlﬁb'%aﬁi?%pomgahhmﬁ 'c@nbt?stlbﬁ atabightical,
sectional view of a second prl or art exanple of a reactor for generating

noi st ure of théelmqgﬁuﬂelowratetype In this figure, the nunerals 91 to 96,
G C 20 D are X a f
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noi st ur e of the hi as a construction suclh
reactor of fig v?olem mlwremsn,andelid mmtslure @ﬁeratmgﬂeectnonlpmceechlraindlanmtm rrhrerer

100. Refl egtor n the in =I S|de|sfo d of .ca 99a flector 99b
on the mﬁgt sﬁ% gﬁﬁafqﬁ“f% 5'5& Aﬁﬁ‘%i?fﬁ‘ﬁ oﬁg & EPLfn dggestegmhl ch
are jetted ont Cstarlﬁtxigsmﬂeruﬂ%asesiﬂfed aghe nadt ptdéessm&bhgcﬂhemo%be @i takwout pbrt

si de and’ dlfoS% proceedi ng through 25 through-hole 99c and spread
t hroughout the%ht erior space 94 on the inlet side. The filter 100 is nade

in the formof a stEpGN BaSveficBSechiSial MW adbdoRWpribt att Skatipldd¥eeactor for
generating moisture of the high flow rate type. In this figure, the numerals 91 to 96, G, C,

20 D, I are the same as in FIG. 6. Said reactor for generating moisture of the high floe rate
type has a construction such that the reactor of fig.7 comprises a reflector 99 on the inlet
side and a filter 100. Reflector 99 on the inlet side is formed of casing 99a, reflector 99b
on the inlet side and through-hole 99c. The starting material gases, which are jetted onto
casing 99a, hit against the reflector 99b on the inlet side and diffuse, proceeding through

25 through-hole 99¢ and spread throughout the interior space 94 on the inlet side.

The filter 100 is made in the form of a stainless steel net which allows fluid to pass
through, and is effective in homogenizing the starting material gases diffusing in the
interior space 94 on the inlet side and in stabilizing the gases at the same time. The starting
material gases, homogenized and stabilized after passing through filter 100 (in the

30 direction of the lower arrow), therefore proceed into the narrow gap 96 fonned behind the
reflector 95 and produce moisture gas through the radicalising reaction.

These two types of reactors for generating moisture are both of a high flow-rate type.
A disk-like reflector 95 is provided in the interior space, and the starting material gases

flow into a narrow gap 96 from the periphery 95a of the reflector. With the radius of



through, and is effective in honogenizing the starting materi al gases
diffusing in the interior space 94 on the inlet side and in stabilizing
-the gases at the sanme tinme. The starting material gases, honogeni zed and
stabilized after passing through filter 100 (in the 30 direction of the

| ower arrow), therefore proceed into the narrow gap 96 fornmed behind the
reflector 95 and produce noi sture gas through the radicalising reaction.
These two types of reactors for generating noisture are both of a high

flowrate type.renddidtioshs I ikSstdrBhd RafeRlnl gﬁéesla& oWl €°6htérnd ﬁtﬁrolvsﬂé 96 @om
space, and the starting material gases _flowinto a narrow fromthe

peri phery 95a dhe ertige eigfuinderense, rewemtwmmbemmeryaéao gmﬂqur dser
the starting mate

t t
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refl ector. The raslbﬂrsbdﬂgltnatmé hRishgra gasat @ hipht flowsrakecis Caluntech stubsetlimltvpmbesa

high rate into the harrow 96, j cal i sed and.then the | e gas at
a high floal rate .s‘\sr%awvm 6@3%5@3’ ﬁ'ie sprtedaateri gﬁssgfﬁmr?%ﬁ 6 and
FIG 7, the st %&dé?&elg‘%ﬁﬁéd  the 3%&Q&%oh Bf th arréw HEAMRIAd ﬂﬁ@seﬁﬂlﬁfygﬂa@f‘mecur ved
in the direction of the arrow H outside the periphery 95a of the

reflector, and feflectas; andithegjanting Eetesial gasesdherelons rpesed syhstrmtially miiormefa) | y
in the form of Wbt e ﬁ)\;\lwg he
flowrate is | o%nl&aﬂgb??étgfrtﬂact | oﬂ' ggggt@v\gﬂ%&éas no %lo‘ggaﬁggﬂrog g‘?.’%%f}‘a"
weak, Reynol d' shetwernegas mumlessxs relativel shweakl Mncddfsisumlm redycese andthe Aewitendm of
Iamnar fI Ifbthe stfartltg ﬁélal gases are in a state of |am nar

1l ow, ther‘} the tBr S%Bﬁ ?%0 v&gen and oxygen gas nol ecul e col liding

i s decreased, and iIftheStaitipugdtéridl lgades tedn a peatelad bintindriflosd, thienitlsd proleability of

eneration WI| be |ower than in the casge,.of. turbul nt fl.o neans
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the product 15 it% ﬁﬁm@fﬁﬁﬁm? batefatios will bé Blwek thah in the Edsa GTRBRend YISO TR gas
remains in relativel concentration, the gas wi|l explode.in the
subsequent pr oc@§§13ﬂ¥lﬁé hlgh;fﬁmmgraw of Wresadted sfartigy Mmatesial gasesremaia in heprodyet v
noni t or ed,jsand, CPNEER ! axﬂﬁ'ihrf’ﬂﬁh

predeterm ned I%l\b%f‘ﬁbgasnergengt?r%é%}ig{s xsgc E&Sg penﬁﬁm&gﬁgghilghof
the starting neaneertationdegas will explededn the@bseguent hiosess sBhoquantithiof unreastador s
have taken vari t.h t t
eactor: For exeit BERTite Eonntlny BRORE) anE 4E B ShlrSRrloBo Rttt et
catal yst | ayer apﬁadéterhﬂlﬁed mwmgmeﬁmmm;ﬁcbummdmu of Supply dftthiestaytingt
t he whole reactor d ad%rg?zﬁ(ed the rati o between hydrogen gas and oxygen
gas in the starf® WE%"& en. :

20 For this reason, the inventors have taken various measures to improve the reaction

rate in the prior art reactor. For example, the inventors have improved the platinum coated
cataiyst layer, made the interior temperature even and uniform throughout the whole
reactor and adjusted the ratio between hydrogen gas and oxygen gas in the starting material
gases. However, such measures had only a limited effect in improving the reaction ratio.

25 Furthermore, the prior art reactors are reactors for generating moisture at a high flow
rate, and the whole volume of the reactor is large. It is some time before moisture gas can
be generated and hence the reactor cannot respond promptly when moisture is needed
immediately. Another problem is that when moisture gas is no longer needed, it is difficult
to replace quickly the moisture gas with inert gas.

30 The inventors have come up with a quite different idea to improve the efficiency of
the moisture generation reaction. The idea is to stir forcibly the starting material gases into
a turbulent state in the reactor. Stirring the starting material gases into a turbulent state
would sharply increase the collision probability of hydrogen gas and oxygen gas, and, as a

result, moisture generation will be more efficient. If the forced turbulence method were to



gases. However, such neasures had only a |limted effect in inproving the
reaction ratio. 25 Furthernore, the prior art reactors are reactors for
Qenerating noi sture at a high flow rate, and the whol e volune of the
reactor is large. It is sone tine before noisture gas can be generated and
hence the reactor cannot respond pronptly when noisture is needed

| medi ately. Another problemis that when @oi sture gas is no | onger needed,
it is difficult to replace quickly the noisture gas with inert gas. 30 The

i nventors haveyeGasited i aVehdiorForiktinbatifl MbRILOSS d 18R FIdwPrated WpOMer thliis to
efficiency of the noisture %eneratl_on reaction. The idea is to stir
cn

forcibly the sareduce tminariflow, Hen theaaistupe gsneration rati, phoyld espegially; imPFGYE-
reactor. Stirring dulfnalydifthd ivemica’ i @l gases into a turbulent state would
sharply increase the col'l ision probability of hydrogen gas and oxygen gas,
and, as a resul t Accoidingly, & isamehjent pbHilre pres¢nt inventioneto pravids agacton fpr ¢ he

forced turbul e t r 4 . .00 ' . ating
noi sture (rgf a #L %%aﬁf%@vgg%#% e%f%@u)f Flué?ﬁ]tegﬁroa? Bﬁglo%a%dégg&{ea%lr{ﬁg{sn? ow, then
the noi sture gwhiel fir¢esthe stdriing mbierihlgases misic tbilyntiflopr in e reactormsoaliag abight he
I nvention Accordingly,..it is an object of .the.present inyention t royi,de
a reactor for @g@@?@f%ﬁf}}eﬁ@aﬁiw 2‘%"&3 gratggﬁlé(gftgqepgac&ﬁ@é‘@pg eoqumétﬂ?' SWF‘% d
rate, by devel giiréifaifing id M6istikELgasWniimised.ces the starting material gases
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reaction for generB¥imnfien aclpmed i cham ]e‘c?éd?acg’ﬁ@rtﬂﬁﬁer_ﬂfmﬂif‘?‘ﬁt}“eo‘fh‘ _
gas remaigl Ng ¢dndikst MaQordRBctufal B IR an INEL SidbAGHIER QibpRSs stdrihgdRbtetid]
claiml is a reactor for generati n_g. Isture which 10 conprises a reactor
structural congasestatan inerior space on said indetsidedromy 4 gpiting material gasifecdnerien regptor
gases to an ingerj Lo J & S | I al gas
feed port, a rée‘glgtug{rl c§1§ rnucfﬁ%ﬂa&uggdn%%eﬁg%gﬂ g%sge%@g}ﬁ? %%‘ﬂé]lbge ?/\giﬁtéﬁg
transf ers genemaistte gasitakderoueparafroma moistorei gas foed pasaage;, akeflectot tightiytcldmpedh a

noi sture gas fee as e, .areflecto ightly cl e ir-tight |s

bet ween the re¥EH ‘%%?%EWE% cagly é‘ﬁ"{l c‘%ﬂp‘f‘%@t 9‘\1@{’9@8@@ ag%h@lrﬁg{q eact or
15 structisr al sRidRedoip&itnt HEthe Bhiled bide bitPwhiah hidu sltiralifSofdidwitg Adled ot Of

bl owi ng holes at . predeterm ned | ocati.ons fqr conmuni catinewith sajd

i nterior spaceP@Sfeterrungd-peahions fgpcommunieating ith Said FHERORPRoRRR the 4Pt SR row
gap provi ded DghubfthamBer foffhédSwitPh n@fif kddSroRadd tween ihe fehEdaY and QREYGARSH ON

the outlet side, a nozzle hole formed inthe reactor structural conponent
on the outlet #futiralgomnenenten te outin sidere nozelaibele fommadin theaeastorairidurehe 20

moi sture gas T eath RA%HAMe ditiel H8e o R rSlolitifindhiber SHRAMERLs With e out! et

side and a
20 moisture gas feed passage in the reactor structural component on the outlet side and a

coating catalyst layer formed on a wall surface of the reaction chamber facing the reflector,
wherein when hydrogen and oxygen fed from the starting material gas feed port flow info
the reaction chamber through the blowing holes in the reflector, hydrogen and oxygen react
and generate moisture gas through-a non-combustive pathway by the catalytic effect of

25 said coating catalyst layer.

The invention as claimed in claim 2 is the reactor for generating moisture as claimed
in claim 1 wherein a flange on an inlet side is formed on the end face of the reactor
structural component on the inlet side, and a flange on the outlet side is formed on an end
face of the reactor structural component on the outlet side, with the periphery of the

30 reflector tightly clamped betWem the flange on the inlet side and the flange on the outlet
side. _ |

The invention as claimed in claim 3 is the reactor for generating moisture according
to claim 1, wherein the reactor structural component on the inlet side and the reactor

structural component on the outlet side are made of a reactor structural tube on the inlet



coeating catalyst layer formed on a wall surface of the reaction chanber
facing the reflector, wherein when hydrogen and oxygen fed fromthe
.starting material gas feed port flowinto the reaction chanmber through the
bfowi ng holes in the reflector, hydrogen and oxygen react and generate

noi sture gas througha non-conbustive pathway by the catalytic effect of 25
said coating catalyst layer. The invention s clainmed in claim2 is the
reactor for generating noisture as clained in claiml wherein a flange on

an inlet side i.g forned on. the f the r : ‘e
conponent on tﬂge m%rtea%‘?rcfg,“c grﬁg&ge P ll?gl(r%é)gh%tr?“ﬁh %gﬁ% ﬂ%gf' Ctélltlégﬁlh és’Bf%ﬁePr%c Bn -
an end face oplathe reactor structural conponent on the outlet side, with
the periphery of the 30 reflector .tightly.c]anped between the.flange .on.the
inlet side and the el*&ﬁ%j’él%ﬁs‘Eiﬂ@ewa%‘f“%l?ida%‘g?%?ifég’f%%WPP%H%L“’EF%&%‘?i n
claim3 is theif QA6 PwhérSih tL0AR éafdysiRiy&t it FRmes 60k Shrfige of theedfitictor facing
wherein the reactor structural conponent on the in]Jet side and the reactor

struct uralS confhsieastionehamber and(ardhe syrfage ofthe nogalg hele o reactor “structural
tube on the inlet e iﬁ{/%@og clﬁin{e?"i’t%lgﬁn §isrtH«TclteH£t@1] fol PhRraBifg bR b Qhingide,

and the reflector is nma areflection plate. The invention as clai ned
in claim4 is ihdaimchwherinftoy cogtingeatalyst dpyaiompuises aspaingfilmplaminatedand fixed

wherein the coati rﬁ%ﬂ%gh%lhyst | ayer is formed on .a surface of the reflector
facing 5 the PRACTTSh ' ®anber and/or the surface of the nozzle holé. The
i nvention as cl ai n®he invertioaiasclainied i blaini 6 ésthereaétor fog gererating mypistwi 9 ¢laimeds

laimed [n claiml in th ' t t | DLi SES ]
Fi T am W oo ¥ e e Fop B oot Y R G 10 F R4
claim6 is the ahpakd SFTIROTICYEICN,AAIN A0S, CHO38i06) @idGa. 10 in claim 5

wherein said coating filmis nmade of platinum and said barrier filmis.
formed of any oneTbé inventionBs ClainfedGhiclaifn Al readto0fer gDeriBg noisre apglaimed

The invention as.clained iL,n,claim7 is a reactar for.. e ' ' re as
clainmed in cl ﬁfam'g °5EFaWéiWhe§¢%\ﬁ]8P8rl“ﬂ1 ‘gq@eeﬁﬁﬂfﬁ%%rr@ugﬁ&‘ﬂ%}'éeg% {eagéter(?)?}éi s
tightly cl anpediahgd se@eidléttide thdhgdlange drthe outlee sids byle sarew engugirfglaamger on t he

outlet side by a screw engaging a nut or 15 couypli rovi ded, on an outer
ci.r cunf er &t i alcouRlnEPEQYIdsa onigp opter eirqumiterentipl syrface °€%&B§9ﬁ@ﬁ F““cwqtcﬂ@p??ﬂngt

side, with a CQRhd et Qe With AL fprotiBeddt BE offef SitviTEremal Alrfaiseibf e e
of the reactor structural conponent on the outlet side.
' reactor structural component on the outlet side.
- The invention as élaimed in claim 8 is a reactor for generating moisture as claimed in
claim 7, with a bearing placed between the nut and a back-side of the flange on which the
20 nut is provided to facilitate tuning of the coupling and the screwed nut.
Brief descﬁptibn of ﬁe drawings
FIG. 1 is a sectional view of a low flow rate type reactor for generating moisture of
an embodiment according to the present invention.
FIG. 2 is a perspective view of a reflector used in the embodiment according to the
25 present invention.
FIG. 3 is a sectional view of an essential part of the embodiment according to the
present invention.
FIG. 4 is a sectional view of a diaphragm type gas concentration detector connected
to a low flow rate type reactor for generating moisture.
30 FIG. 5 is a sectional view of a diaphragm detector.
FIG. 6 is a vertical, sectional view of a first prior art example of an high flow rate
type reactor for generating moisture.
FIG. 7 is a vertical, section view of a second prior art example of an high flow rate

type reactor generating moisture.



The invention as clained in claim8 is a reactor for generating noisture as
claimed in claim7, with a bearing placed between the nut and a back-side
-of the flange on which the 20 nut is provided to facilitate turning of the
coupling and the screwed nut. Brief description of the drawings FIG 1 is a
sectional view of a low flow rate type reactor for generating noisture of
an enbodi nent according to the present invegtion. FIG 2 is a perspective
view of a reflector used in the enbodi ment according to the 25 present

i nvention. FIG 3 ect sential part of the

enbodi nment accordll!r)lgc{'g ?'hg ﬁlpcgeﬁénnge&fbgﬁ{[]m% FIG 4 is a sectional view
of a di aphragm t ypeow,am enthiodiitint 6fd low fibet @i t9pe Radnoefot gﬁerdtmgmoisnmef | ow

rate type reactor,,.for generat.in S 0 .FI ) ectional view
o 5 df aphr agni<deidineth i T 1gvehuoR WLt fissmbedsuith v reate B BRABPIES | 1 o1
prior art exanpl e @Gsan Niddls sho@ reathst fortgéﬂ&aﬁ@g'ﬂh%ﬁfuré &codfipab el phekent

noi sture. FIG 7 is a vertjcal,. section view of second prior art exanple

of an hi g fl otvention. FlGleis pseationsl virsnefthe W’}@foﬁf?rgﬁmlng@lm%&ﬂ%@lléﬁ of
the preferred émgﬁ t

reactor for gegerat|‘E\%ﬂér%Pis\?glfeéf&eggwgrlg@tl%Q%%eoﬁgéﬁn%%%ﬁu%%ﬁw Il be
descri bed wi t hexpldiving theopemtiome drawi ngs. FIGS. 1, 2 and 3 show a reactor
for generating noi i.n t.h resen i nv.e is a
oct Tont Vi oo oF TGS, RECEUAhehS 2100 e Tl BYSMA Ml i
perspective vi seactof sttuotaral ebipaient onvdni inket 4656, Bsthﬂmgnmial ga‘s&bed\pxpa;vmfa t he

essenti al, part | ai ni th ati.on numer

Pl ot ool B & taTiB rtgal Shs (G ARR & Ao erion Pacp andheinlet S 101 & Dapdpem ey
conponent on agnldt&ides 125 b eeflectr:; 1eza,5ehaﬁérleﬂwfa|aabﬁhbeéﬂee@s 12864h didRRnd fBe of 10
starting material gas feed port; an interior space on the inlet si de;

10, a flange ofhetrpiiecion s aﬁ?ré@eryiéﬁ abloging belep}8, argastionchamber; 28arepstere of
the reflector; g al%Bm&BHﬁéﬁE ot (8 oliAGRidef 20al E&g%{d GlHEG the rtdctorttB@hiaPNer Y:

16, a bl owi ng hole; 18, reaction chanber: a reactor structural
conponent on t PmpanEntam tbq: olslet side; 21 ancaating eatalyst dayen 218, lcbarnisa diloy 218% a uct ur al
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the outlet side; 24, a nozzle hole; 26, a diffusion section; 28, a moisture gas feed passage;
30, a moisture gas take-out pipe; 30a, a moisture gas take-out port; 32, a coupling; 34, a
nut; and 36, a bearing. _
There will now be explairied in detail the inter-relation of the above mentioned parts.
20 A large diameter reactor structural component 4 on an inlet side, having an inlet sxde flange
10 at one end, is connected to a small diameter starting material gas feed pipe 6, and a
mixture of hydrogen gas and oxygen gas at a predetermined ratio is fed from starting
material gas feed port 6a.
A flange 22 on an outlet side is formed on the periphery of an end surface 202 of a
25 large diameter reactor structural component 20 on the outlet side. A nozzle hole 24 is
formed in the centre of the end surface 20a of the reactor structural component 20 on the
outlet side. Said nozzle hole 24 is connected to moisture gas feed passage 28 via a
diffusion section 26 of frustoconical shape which flares outwardly towards the passage 28.
Furthermore, said moisture gas feed passage 28 is connectéd to a moisture gas take-out
30 port 30a of a moisture gas take-out pipe 30, so that the generated moisture gas can be
supplied to a process downstream.
A reflector 12 is provided between the flange 10 on the inlet side and the flange 22
on the outlet side, and its periphery 14 is held and clamped between the two flanges 10, 22.
Clamping the reflector 12 between flanges 10, 22 seals the circumferential region of the



15 coating film 22, a flange on the outlet side; 22a, a flange inner
circunferential surface on the outlet side; 24, a nozzle hole; 26, a

- diffusion section; 28, a noisture gas feed passage; 30, a noisture gas
t'ake-out pipe; 30a, a noisture gas take-out port; 32, a coupling; 34, a
nut; and 36, a bearing. There will now be explained in detail the '
inter-relation of the above nentioned partsi 20 A large dianeter reactor
structural conponent 4 on an inlet side, having an inlet side flange 10 at

one end, iS CORMB&SED dn@ keeps Tk kegibinddiftight. Theeflbdigr 178k @isk-8hapgdaind @ pllrglitpe
6, and a mxture of hydrogen 6gas and oxygen gas at a predeferm nﬁd ratio

is fed from st2smafiploving bolen}6 yabored e tsonner side ofthe parRheryA HAPeHicout | et
side is formediapdd\GrcRRERiGNY. Phe ﬁl@wﬁxg‘ixo&H’ifs RGRmaRRate tif thelintetiof §Rce 8

di ameter reactor structural conponent 20 on the outlet side. A nozzle hole
24 is formed omtheindetsidet re of the end surface 20a of the reactor
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Furthernore, said noistutre s f.eed passage 28 .is cqnnected .to | sture
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reflector 12 is provided between the flange 10 on the inlet side and the

flange 22 on InsEeagng thedenginef thepagsage betwern the loyinghqles Yoand therpzgle hlsd
between tfge t WorrlchipElg Birehes tﬁ@cﬁan% e '?%cﬁi%%&glfﬂn%%%is LRbbEeRe thefef@Boes

10, 22 seals the circunterential region O reflector 12 and keeps
t hat region ai thetblayring halpel6 are provided atipositionsi¢lese-to therargumeemence. plural ity of
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specific intervals CITcC eren OW Nng e conmuni cat e
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effectively increases the chances of the reaction occurri nfg. In this
enbodi ment, t hagaetop faz moistyre gpnesaiong dafthedew fowatate typawhisle s famly,esserobledhas 2

close to the cis{ngg%ﬁ_r ence. - _
20 As described earlier, the reflector 12 and said, two flanges 10, 22 are firmly united

by mating said nut 34 and said coupling 32, thus guaranteeing the durability of the reactor
for moisture generatibn 2 of the present invention. Furthermore, if the reactor structural
component 4 on the inlet side and the reactor structural component 20 6n thé outlet side are
made of pipe, then the reactor structural pipe on the inlet side and the reactor structural

25 pipe on the outlet side can be assembled to form the reactor for moisture generation 2 by
merely turning and tightening said nut 34 and said coupling 32.

In FIG. 1, the nut 34 is provided on the outer circumferential surface of the reactor
structural component 4 on the inlet side, and coupling 32 is disposed around the outer
circumferential surface of the reactor structural component 20 on the outlet side. Nut 34

30 and coupling 32 may be interchanged, with the coupling 32 béing provided on the outer
circumferential surface of the reactor structural component 4 on the inlet side and the nut
34 being disposed on the outer circumferential surface of the reactor structural component

20 on the outlet side.



A.coupling 32 is fitted around an outer circunferential surface of the
reactor structure conponent 20, on the outlet side, such that said

-coupling 32 cones into contact wth the flange 22 on the outlet side.

FUrthernore, a bearing 26 is fitted to the outer 15 circunferential surface
of the reactor structural conponent 4 on the inlet side, such that the
bearing 36 conmes into contact with said fldhge 10 on the inlet side. Said
outer surface also carries a nut 34. Said nut 34 and said coupling 32 are
screwed to each otNut, wifl beleRpluicied the eﬁsféﬁtﬁlﬁfthé@lrmdmbséauﬁ@@mnbmal& QReféring

the low fl te type which [s fi mhl ed
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of pipe, t e reac plpe on e and . the reactor
struct ural 25 mepniemﬂetdfehmntehet spacmBavm&he pherality of bimlumug hadesf 16¢ andagentraact or
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circunferenti araﬁag’em(tﬁoﬁﬁhﬂlbﬁoizm@24 structural conponent 4 on the inlet
side, and coupling 32 is disposged ar t he_oyter eren . surface
of the reactor stridhepEsenteRprRsiE 'g °@h9§ﬁf'@é’[‘&¢g’£)|\ij‘fseé4%6 and

coupling g2 MayefReiot 1 RprdadMd&Hth éﬁ%ﬂt*&u&ﬁﬁfeﬁ‘eﬁﬁﬂiy éaﬁls?&e@swmngmw medhen the

outer circunferential Surface of The reactor Structural onent 4 on the

i nl et side andreflestonl shogen in FIG.R(B) isgoether expmpledn wmcbrfmmcrrewgneﬂix al
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Next, wll be e essenti a e structure reaction chanber .
Referring to FbéSsel&tedan i nner end face 12a of the reflector 12 and the end

surface 20a of thegreagtor. tructur t. t he
reactor structural SESHFSREMR ‘iﬁ'\ont‘??éh ﬁ?g?reﬁéfg%d Zggg’é%%% tﬂ%gﬁ ow
gap d, angs Oppmﬁg@ﬂelsm’lﬂﬁbﬁlﬂu supply ke Warting Matefisl Pabedin ifgeduantities. 1$he diigt i s,
t he perlphery of the inlet side of the rea i on chanbe{) <§ ica%\’?‘
with the inieticedingds g thellowingdples 16,35d the seflﬁuan?wé?mb G vﬁtﬁtf{}gm YorleEEiNf g
hol es 16, and %uﬁﬁ&tcff%llomﬁgﬂélgﬂ@Jndttﬁ\?hdw&lhﬁ&e?"ﬁ% stlalleOR6 hivAPerofBbhag 18 -
comuni cates with the noisture assage 28 throu&?1 t he nozzI e hoI e

24. 1n the predeles 16tholsseethe fo quéﬂﬂ‘)é@? arting metesiakgases, fngredpcipg\theiflo
used. Thi S rate. The larger the number of blowing holes 16, the greater the feeding quantity of

20 starting material gases, thereby increasing the flow rate.

The diametér of the blowing hole 16 and the nozzle hole 24 can be freely adjusted.
To achieve precise control over the low flow rate of the moisture gas, the diameter should
be 0.1 mm to 3 mm, preferably 0.5 mm to 2 mm. If the diameter is set within this range, it
is easy to mix the starting material gases uniformly. '

25 The reactor for moisture generation 2 according to the present embodiment is made
of stainless steel, which has excellent durability, corrosion resistance and heat resistance.
Specifically, the reactor structural component 4 on the inlet side, the reactor structural
component 20 on the outlet side, the reflector 12, the coupling 32 and the nut 34 are made
of stainless steel JIS designation SUS316L. _

30 A coating catalyst layer 21 is formed on a face of the end surface 20a of the reactor
structural component 20 on the outlet side. Also, an inner circumferential surface 22a of
the flange 22 on the outlet side is coated with a coating catalyst layer 21. Furthermofe, the
inner end face 12a of the reflector 12 and the surface of the nozzle hole 24 may be coated

with a coating catalyst layer 21 depending on the circumstances. However, the coating



10 reflector 12 is provided with eight circunferentially equi spaced bl ow ng
hol es 16. The reflector 12 shown in FIG 2(B) is another exanple in which
“four circunferentially equispaced blowing holes 16 are forned. As
illustrated, the actual nunber of holes 16 can be selected. Since the

peri pheral region of the reflector 12 is held air-tightly between the two
15 flanges, it is difficult to supply the syarting material gases in |arge
guantities. The only feed ports are the bl ow ng holes 16 and the feed
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The di amet er othaniber bB8.owi ng hol e 16 and t he nozzle hole 24 can be freely
adj usted. . To achi £eci s ntrao the low flow rate of_the
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Specifically, the reactor s ructura

react or struct fewing gevansiateps diffigioprof tltee)xuhzmgagentsdmd resists thefpleeintgmftlileZ t he
coupling @2 angoartlp a5y 4 are made of stainless steel JI'S designation
SUS316L. 30 A coa ng €at'al yst layer 21 is formed on a face of the end

surface 20a of theThes@anmgﬁlnszmmumahlyﬁommemén}%ﬁcxﬁglﬂfeb&cﬂblﬁ bfthe Sthitliag
Al so, an mnerqci:d ﬁme‘ erential surface 22 the flange 22 on the outl et
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end face 12a oheat-fsistf J:ﬂﬂ?ﬁlfmgtalsa%&lﬁ%éﬁp 'i)ia@iﬁ@rng t)wscﬁa éﬁeﬁpﬁé 24 may
be coated wth a coating catal yst |ayer 2 1 “depen on t Cl rcunst ances.
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As described, the coating catalyst [ayer- or e f the
reaction chanbeatalyst layer 2 his celiadet nlatmumwhn@mﬂytmlayey Hapevér] hesides plagnum,

o over gt or O grktombindbof 868060 Blaiiinel UGk b e bSedt Ser ~
coating film 21b i Ehefthickmmss ofthe beatilg filrh 21 b {si ﬂréfbﬁ&@-o.ﬁﬁindo 3 pm. In the present
~ embodiment, a coating film 21b with a thickness of about 1 um is used. The thickness of
20 barrier film 21a is preferably 0.1 pm to 5 um. In the present embodiment, a barrier film
21a of TiN with a thickness of about 2 pm is used.

In forming the barrier film 21a, specific surface areas such as the reactor structural
component 4 on the inlet side, reactor structural component 20 on the outlet side and
reflector 12 are surface treated to remove any oxide or passive state film naturally formed

25 of various metals on the stainless steel surface. Then, the 'barn'er film 21a of TiN is
formed. In the present embodiment, a TiN barrier film 21a about 2 pm is formed by an ion
plating process.

Besides TiN, many other materials such as other nitrides, carbides and oxides can be

used in forming the barrier film. The examples include TiC, TiCN, TiAIN, AlpO3, Cry03,
30 Si02, and CrN. These are non catalytic and are highly resistant to oxidation and reduction.

The thickness of the barrier film is preferably 0.1 pm to 5 um as mentioned above. If the
thickness is not greater than 0.1 pm, then the barrier is not sufficiently effective. If the

thickness exceeds 5 pum, then it takes a long time to form the barrier film. Furthermore,



coating film2lb is forned as the top layer in order to activate the
starting material gases. The barrier film2la protects the underlying

. stainless steel materials fromoxidation by the flow ng gas and stops

di ffusion of the oxidizing agents, and resists the peeling of the 10
coating film21lb. The coating film 21b has a catal ytic action in enhancing
the reaction of the starting material gase to generate noisture gas. The
noble nmetals (Ir, Ru, Rh, Pd, Ag, Pt, Au) are heat-resistant catalytic

metals. Anmong them nEl \‘I'IKB tﬂé’mrﬁgtﬁlﬁﬂ Ebeﬁle\’&l?én%?tﬁd FRinglto Qﬂﬁ'fer&%@ﬁl dx@iMsionn
ty and

heat resistance, sta efficiency atinumcoating filmis
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are non catal ytdvﬁn@ta;chaffefemeghbypahﬁeneéaﬁmeﬁtg oxi dation and reductlon The
t hi ckness of the barrier fi referab 0.1 mto 5 m tione
above. If the thi cilf&e¥ing hﬁ@tgﬁgb"aﬁ(féfm‘i rP”G°11PHm$W€W°S’W§H§§PPVé‘F°?’1 s not
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time to formthe barrier film Furtherrmﬁ here a risk that the

barrier film wiBressisgen additionhif thecharrisnifilig 2t1@5156f°quf<ﬁ B gleetric ﬁO@UShYﬁsm@ﬁ“al
Comt L 0,05 Bl ek 086 IR A Gk
vapour deposi t i platingohethodszhn beysed irrespective of the electrical conductivity of the barrier film
21a.
20 Next, there will be explained the mechanism of generating moisture with reference to
FIG. 3. The starting raaterial gases or a mixture of hydro'gen gas and oxygen gasat a
predetermined ratio is fed from the starting material gas feed port 6a. The starting material
gases flow (in the direction of the arrow a) into the interior space 8 on the inlet side and
impinge on an outer end face 12b of the reflector 12. Upon hitting said outer end face, the
25 starting material gases diffuse and flow in the direction of the afrow b into the reaction
chamber 18 through the blowing holes 16. Flowing into the reaction chamber 18, the
starting material gases violently collide against the.end surface 20a and are stirred forcibly
into a turbulent state in reaction chamber 18. As a result of mﬁltiple reflections within the
reaction chamber 18, the turbulent motion is further enhanced, whereby the. starting |
30 material gases are well mixed.
Since the wall surfaces (end surface 20a, inner circumferential surface 22a) of
reaction chamber 18 comprise the coating catalyst layers 21, the mixed gases in a turbulent
state violently contact the coating catalyst layer 21 several times. As aresult, hydrogen

and oxygen molecules are rapidly radicalised into an activated state. Further, the



5.deposition (CVD nmethod), hot pressing, and flanme coating. Wen formation
of the barrier film?2la is conplete, the coating film21lb is forned
-thereon. In the present enbodi nent, a coating film 21b about 1 gmthick is
formed by an ion plating nethod. The coating thickness is preferably 0.1
gmto 3 um If the thickness is not greater than 0.1 m then the catalytic
activity of the filmmy not last very longil If the 10 thickness is
greater than 3 gm then the cost of the coating filmw |l be too great.
Furthernore, arididahi c%fen SHiEGHygen faRAls Sepeftedt) Litdgatdt @adh dthdrén dfrbudérence
In catalytic activity and retention period. Furthernore, there is a risk -
of the film pestateapdaprepiateappn golligion toformp wategmojesiléhice i n expansi on
coefficients. The aqatl.nGe {shédibPhl pFedtht A eh @l B irtfdrdiffnR s@ktingGndi&ianod,
and al so by such 15 nethods as i1on spattering, vacuum vapour deposition,
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the barrier film 21 a. 20,Next, there w.l expl.ai.ned th ni_sm.of
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or a mxture Ofmxhy(i‘heﬁiﬁithﬁﬂﬂaeFﬁWd@%H@%tﬂ@@aﬁﬁtyaafnﬂﬁstﬂefr@fumed ratio is
fed fromthe startin%Frra_teri,a gas feed port, 6a. The starting mater.i al
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gases flow (in t heAfideeibpd Af the mofsirg g fiop ste it e reagticn shamberliiacraasg n
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gases are1gel | ﬂﬂséﬁﬁﬁtytﬁh’tﬂﬁ@s)tfpﬁ?dﬂ@iahin@ﬂﬁitﬁmgaé@ﬁ&d%rsﬁs%@@deaﬁa, i nner

0

circunferential surface 22a) reaction chanber 18 conprise the coating
catal yst |ayers 21,Cengatedimaisiurs gagand an extrentely smali quandipyelamysagted sartipec ont act

the coating .cat@h$d ghed¥ Alffudd arkPHSH B the URBRion 6Bthe afr6®'¢ throu Bty 8 B1PRISIOn s&En
oxygen nol ecules are rapidly radicalised into an activated state. Further,

the 11 radi cal36sékheigpeiisdhpnrsentiol a sybsoquent pracessivia theapeistuenigas taketoubping A&t
each other in at ur’ﬁl‘élcgﬁﬁg catalyst layer 21 may be formed on the inner end face 12a of the

20 reflector 12 to enhance the radicalising and moisture generation reactions in the reaction

chamber 18. Also, the inner surface of the nozzle hole 24, where the gas flow path is
narrowed may be provided with a coaﬁng catalyst layer 21.
FIG. 4 is a sectional view of a gas concentration detector 40 of the diaphragm type
which is connected to a reactor for generatihg moisture of the low flow rate tipé. Ideally
25 100% of the starting material gases are reacted to generate moisture gas, with no remaining
unreacted gases. However, in reality, unreacted gases are always contained in the gases
that are discharged. Especially if hydrogen gas remains, there is danger of the gas
exploding in a subsequent process. For this reason, the gas concentration detector 40 is
~ used to detect hydrogen gas. Said gas concentration detector 40 is designed so that if it is
30 found that the concentration of residual hydrogen gas reaches a specific level, emergency
measures such as suspension of the supply of starting material gases will be taken.
Said gas concentration detector 40 comprises a moisture gas inlet pipe 42, a sensor

body 44 comprising a measurement space 46, a supporter 45 and a tightening flange body



state and associ ate upon collision to formwater nol ecules. A principle
aspect of the present invention consists in forcing the starting materi al

- gases into a turbulent state in the reaction chanber 18, thereby increasing
the efficiency 5 and speed of the radical reaction between hydrogen and
oxygen and the generation of noisture. To enhance this turbulent state, the
reaction chanber 18 is provided wwth a narnpow gap d. Said narrow gap d has
awdth of 0.1 mmto 5 nm preferably 0.5 mMmmto 3 mm The width of the gap
depends on t hesgibaidng . %rm RS HAgen H&%rrs%da uéfi‘terﬂﬁéﬁélt b@ﬂmammgm gmeiaur e
gas formation rate 1 n the reaction chanber Frncrease 10 then,
concentration pipedBarting material gases remal ning unreacted in the
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arrow c thr 0U9B1a6hrgg&1f50§ kﬁﬁuﬁ&&fﬁmlaﬂﬁa%ﬁ bRe 80 1s'p'io¢1ﬁléﬁrhn8 84l dIthﬁgm base
subsequent process Via the noisture ake-out pipe 30. The coatl ng

catal yst | ayer 50ais diggd toca ﬂlmeupémsmn@ﬂqrﬂﬁqbr théﬁ@ntfeeaféhexmacqwletsnepomr a

' the reldht ofroTREG ke b BbB NI Adys0r GRPRER bfind 5087
where the gas fid mwmnﬂtlhms&tedn Saidoheath bady 39 isfioed italthe thdrbcaplecappartgr B by

catal yst layer 21. OEJ a’Y? sectional view of a gas concentration
detector 40 of"fﬁ‘és aafBH?rzi’Q which is connected to a reactor for

gener ating noi st urn?h@meﬁﬁwoﬁmavsﬁel 16Maﬂ&bﬁtv¢oms of @RathbdoupR el 09, aD. tAsong
starti ng mat eri al gases are reacte enerate nol sture gag, W th no,

remai ni ng unr e§eehdpetyls archromshalpgel, cpvper sonstanian, wwm?e@ng%sgowépwmfys

contai ned§ n t BG4 GRIBScoupldMetalE for W15 AP Q6L anEIPRGIAdddYontd thB YR8 8ide Bfthe
remains, there is danger of the gas  exploding In a subsequent process. For

this reason, t Id@pbragmc%h@@dtan@thﬁmn@e&mt@rramd 58 as 9geensurs theapermtemprItegen
gas. Said gas t it is 30
found that t he(ilgoﬁg‘g% rat or%&g‘f&ﬁé)gﬁséﬂglf s %?g%gﬁagéé&&e%&%es a specific

| evel , enmergency Aeagiingmtayticapes 1ssfuml@rmtbﬂswface bfthe diaphrygrof50k that ¢cantagts
mat eri al gases will. be tak ncentration detect s 40 .conprd, ses
ol stur e gas Wameiet 858 heh Falis B0 RS et e o oo R
space 46, 2@ suppe aﬁcmn di@os;ea dodting f{500) Mndiktargas bnsiiges on the coating catalytic

layer, then small 'quahtitieé of hydmgen gas and oxygen gas in the moisture gas are

radicalised causing a moisture generating reaction. If moisture is generated, then the

diaphragm 500 is heated by heat generated by the reaction and temperature rises. This

temperature rise is detected by the thermocouple 50e as a measure of the concentration of
25 unreacted gases in moisture gas.

If the concentration of hydrogen gas remaining in moisture gas is found to be higher
than a predetermined level, an alarm is sounded, and the supply of starting material gases
is suspended. If a correction is made to bring down the concentration of unreacted gas to
below the predetermined level, then the moisture generation reaction is re-started and

30 generated gas is supplied to the subsequent process.

The present invention can exhibit the aforesaid effects well if it is applied to reactor

for generating moisture of the low flow rate type. However, if the number of blowing

holes 16 is increased, then the reactor for generating moisture can be of a high flow rate



12 52 to clanp tightly the di aphragm detector 50, a tightening bolt 54 and
a noisture gas lead pipe 48. Cenerated noisture gas flows fromthe

- nmoi sturegas inlet pipe 42 into .the neasurenent space 46 in the direction
of arrow e. After the residual hydrogen 5 concentration has been detected
by the di aphragm detector 50, the gas is supplied to the a subsequent
process in the direction of arrow f; throu the noi sture gas | ead pi pe 48.
FIG 5 is a 'sectional view of the diaphragm detector 50. A thin

B sai d i aphV P beocot (HERAPEefs e i ERRSRMPE Sumeloht o RIRY, (°F,

centre of thermml&mﬁegmatﬁncmwmﬁwmgh hole is made In this
t hrough hol e, a sheat h_body 50f i.n which cou | e 50e, is mul ted is
inserted. Said she¥CArdiRgd) thsgnvention psclpime “t?q ?}F‘éal%sﬁfiﬁ‘iet B by

means of a coljngy 2 Mlyga Qéhctlaih&laHB&r ?g@ pﬁﬁ’%ﬁlt& §f BIBHR F%Ble% \I@Fiﬁvfﬂé& apf

t her nocoupl e net al such netals are chronel-al une
copper - coAst a mraciﬁtenmrwﬁlwh@tsmraﬂecmié andriheeforafhe sarting matesiakgases are in a

t her mocoupl e nﬁI‘ \eht ét&& 8.@& eveﬁél thiked, Yiich ROeraR HieHointfidn Bﬂaﬁlctaﬂ Gt ﬂh@‘é@a{tﬁg

side of the d|a phragm anot’her contact point arranged so as
measure the rowtalystiayer2itandenhances themeistirngenemtipe ractionet thesame How: | lAsnl is

made for roomte er at. at cat ery i s fo

surface. of the'g! 5?’1?‘55%8%“1 ﬁé‘f‘i%ag ?é%h?ﬁ%ta wgto %te énﬁ&vﬁgl ch coatl ng
cat al yzt I a%/er genfeﬁreﬁlvﬁﬂﬁa lﬁglba&iexenfy, wlaatﬂaby Fegidagl dmaﬁabmg?s‘ﬁs ba:n beﬁl@dxﬁ:@(ttofmfl ?n
exposed coatin il'm i stu S .0 e coating catalytic
| ayer, thén s Fqlmﬁﬂaﬁ.?‘FF?"é%reﬁ‘f {’%%18 ﬁg‘gﬁéﬂ’gw s in the noisture
gas are radicalli S&&oﬁﬁﬁgstbﬁﬁblﬁvéﬁﬁbﬁwél&n%ﬁ@&laﬁﬁﬂ é Batfpht rbftﬂd‘reﬂwt&tllﬁﬁ is
generated, then the di a%hragm 50b i s heated h’ggt gengl?at ed by

reaction and t iciamped betweer the flapge Q@ﬂ‘}éﬂ’é@tﬁ’fdé aﬁﬁ*ﬁ@ﬂ@%@i@@bﬁ‘é&“‘!ﬁ sidpe
thermocoupl e S{g tﬂ?ei?: A sErultur atlpﬁnnﬁdh?mdﬁﬁ& i si?ife and the $EcRR SirE@urgR s es

in noisture gas. concentrati o rogen gas renmining In noisture
gas is found t coﬂmonmtg!@@m the ¢rdlst admaad:etasaenbleéciedueche hnd aintightly; and ussthanded,
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reactor reflector 12 and assembly of the reactor can be achieved by engaging and tightening the
coupling 32 and the nut 34 alone.

20 According to the invention as claimed in claim 4, the coating catalyst layer 21 is
formed on an inner end faée 12a of the reflector 12, facing the reaction chamber, and/or the
surface of nozzle hole 24, and the radicalising reaction and moisture generation reaction
can therefore be carried out with high efficiency, and the concentrations of residual
unreacted gases can be reduced to a minimum.

25 According td the invention as claimed in claim 5, coating catalyst layer 21 is formed
by laminating and fixing a coating film 21b onto a barrier film 21a, and there is therefore
no possibility of the coating film 21b peeling off . The barrier film 21a also protects the
underlying metal from oxidation and there is no diffusion of the base metal into the
platinum. Thus, a durable reactor for generating moisture is provided.

30 According to the invention as claimed in claim 6, the barrier film 21a comprises any
one of TiN, TiC, TiCN, TiAIN, AlpO3, Cry03, SiO7, CtN. These materials improve
durability of coating film 21b, and prevent the base metal oxidizing and diffusing. Hence, a

reactor for generating moisture with a long-life can be provided.



for generating noisture of the low flow rate type. However, if the nunber
of blowing holes 16 is increased, then the reactor for generating noisture
‘can be of a high flowrate 13 type. In that case, too, the gas turbul ence
and m xing are effected sufficiently, and the efficiency of noisture
generation can be inproved. According to the invention as clainmed in claim
1, starting material gases are blowmn intgqsa small gap reaction chanber 18
through a plurality of blowi ng holes 16 provided at 5 predeterm ned

| ocations on refl AREaL AR he s ' : [ s are in
a turbulent stat é£c gzr’l@lng\j/témey m &%ﬁ,ag\fc/\ﬁi&g%&gc‘géﬂ a dqua 11%%&0@%??%‘; of :
radi cal s at tgeserating moigturecseh bk pssembirgd by s@iwmgohuevhanioesplitg32rabonst whigh

. . mbisgey ambsesplitg3 st
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with a high efficiency, whereby residual unreacted gases can be reduced to
a 10 mninum The sane results can be obtained with the high flow rate.
According to the invention as clainmed in claim2, the periphery of the
reflector 12 is tightly clanped between the flange 10 on the inlet side
and the flange 22 on the outlet side, and therefore reactor structural
conponent 4 on the inlet side and the reactor structural conponent 20 on
the outlet side can be assenbl ed securely and air-tightly, and thus the 15
durability of the whole reactor can be inproved. According to the invention
of claim3; the reactorconprises a reactor structural tube on the inlet
side and a reactor structural tube on the outlet side such that clanping of
the reflector 12 and assenbly of the reactor can be achi eved by engagi ng
and tightening the coupling 32 and the nut 34 alone. 20 According to the.
invention as clainmed in claim4, the coating catalyst layer 21 is forned
on an inner end face 12a of the reflector 12, facing the reaction chanber,
and/or the surface of nozzle hole 24, and the radicalising reaction and
noi sture generation reaction can therefore be carried out with high
efficiency, and the concentrations of residual unreacted gases can be
reduced to a mninmum 25 According to the invention as clainmed in claimb5,
coating catalyst layer 21 is forned by lkamnating and fixing a coating
film21lb onto a barrier film21 a, and there is therefore no possibility
of the coating film21 b peeling off . The barrier film21 a also protects
the wunderlying nmetal from oxidation and there is no diffusion of the base
nmetal into the platinum Thus, a durable reactor for generating noisture
i's provided.




30 According to the invention as clainmed in c.Iaim6 thebarripr f|Im21 a

conprises any one of TiN, TiC, TiCN, TiAIN, A1203, C 23 .
materials inprove durability of coating film 21b, and preﬁ , IH ”"l
nmetal oxidizing and diffusing. Hence, a reactor for .gener

with a long-life can be provided. 14 According to the invent iwns as ,
clainmed in claim7 and claim8, the reactorl$or generating noisture can be
assenbl ed by screwi ng nut 34 and coupling 32 alone, which nmakes it

possi bl e to redlsimst he costs of manufacturing the reactor for generating

moi sture. " L L0 FEL Ll tr L i~ 11l Ms 15 dains 1. A
reactor (2) for- g&fEFRE (2 orRsnerpiine Mg Gouprginga first inlet-side reactor

structural conponeny fitd in1@QHeFeR B ARELtRYE doRipotiéd @4)raﬁaﬁfs9cfond dhtleisiderédtor
conponent (20), which first and second structural "‘conponents £4, 20) are

adapted 5 to Eucasksempenent W ovhickefirshandaeeqndstruetpral compenents £4,20) greadapted al
gas feed rt (5gd ské?nlﬁ@dgcfehﬁé&}ﬂéxﬁf Eé" conponent, which gas feed port

is adapted to supp y starting erial "gases to an inlet side (8) of said
interior space, a mstagingmetgin gdscfeal pas(6a)je sid fiyst stuawraliospooent, whichugasur al

conponent, adapted t.Q nopve nerated.qgas t | st,u as t ke out
port (30a); a ?eeﬁlpggt’%?dlf’tfgo %quh%gaaméﬁ [Patf:?é ?(b"érl ﬁeéﬁd? hﬁ ? Fq’%

second react or spdcepct ur al corrponents (4, 20), Whl ch reflector defi nes a
plurality of blow n hol es predeterm ned | ocations in

1
comuni cation with §f°&F“F ést feed EPéSigszﬁ i 3419 $rcond strugtural cormpenests adapiediie

(18) COWDI(DSIn@eﬁoﬂ%eﬁ&&!e&@&tb@tn%iﬁﬁéfﬁﬁﬁké-@htcbohe(ﬁbz@‘?tOr (12) 15 and said
second reactor structural conponent a nozzle hole (24) formed in the

second reactor struéﬁﬂe&!or@@rﬁ@mﬁal('ﬂ thychedweaniihe firstandsepand seacton seushitler

communi cates w ond
react or struct S&apé%g%g?gfﬁw&r atoféggﬁegg?’gggﬁy @’Y}h{% lib%ﬂ@%forned on a
wal | surface ofpresigietninedilocatioms dheomipeunicafion mmaug mlbtesxdaa(B) mbdrior spaskrer ei n

when hyd d d fromthe starti t feed fl
'nto the reactton chinger pintst O baBrmuid wonPl ookl rid Bl D 1 "

15 and said second reactor structural component (20),

a nozzle hole (24) formed in the secénd reactor structural component (20) such that
said reaction chamber communicates with said moisture gas feed passage (28) in the
second reactor structural component; _

and a coating catalyst layer (21) formed on a wall surface of said reaction chamber

20 facing the reflector, wherein when hydrogen and oxygen fed from the starting matenal gas
feed port flow into the reaction chamber through the blowing holes in the reactor,
hydrogen and oxygen react and generate moisture gas in a non-combustion state through
catalytic effect of the coating catalyst layér. '

2. A reactor for generating moisture as claimed in claim 1, wherein a first inlet-side

25 flange (10) is formed on an end of the first structural component (4), and a second outlet-
side flange (22) is formed on an end the second structural component (20), and the
periphery of the reflector (12) is tightly clamped between the first and second ﬂanges
(10,22).

3. A reactor for generating moisture as claimed in claim lor claim 2, wherein the first

30 structural component (4) and the second structural component (20) each comprise a
structural tube, and said reflector (12) comprises a reflection plate.

4. A reactor for generating moisture as claimed in claim 1, claim 2 or claim 3, wherein a
coating catalyst layer (21) is formed on a surface of the reflector (12) facing said reaction

chamber (18) and/or an interior surface of the nozzle hole (24).



hydrogen and oxygen react and generate noi sture gas in a _non-conbustion

state through catalytic effect of the coating catalyst layer. 2. A reactor
"for generating noisture as clainmed in claim1l1, wherein a f| jﬂmummllﬁuﬂtﬂ,m
25 flange (10) is fornmed on an end of the first structural

and a second outlet- side flange (22) is formed on an end the secénd" '
structural conponent (20), and the periphefg of the reflector (12) is
tightly clanped between the first and second flanges (10, 22). 3. A react or
for generating I{Eqﬂ e e first
30 structural CSJDAE%\%FIO? f&})eﬁgﬁﬁ (gkt{s]reecqgglc?m‘%dr uét ﬁpl%lcmlérp%yﬁlé%v?l deach
conprise a st rceetmgrcatal}tsubmer (@Dcomarists nebitigtfiim (2 15)laminaged andfixed aneu‘d ection
plate. 4. A req,%_g;ﬁrg gneratl ng noi sture as claimed in claim1, claim?2
or claim3, wherein a ting catalyst layer (21) is forned on a surface
of the reflectdx AI&h)ctofr&ngegengdmslanfetasahlmedm@tﬁh 5 WBeremnaidoatiy itk eri or
surface of t he ?ﬂézle hol ela% ‘é‘é 3 16]&? A reactor for generati nig

moi sture ad cl 4f HRR&OPRASES plafip ’eﬂﬁ‘fiﬁ@ bpiepl F)a?qmpé‘éFscPfaEbaP‘??fér‘N Kl yst

| ayer (21) connﬁCNﬂlpaNcA@t)3ngrj‘0§ BIGZZ@PN | am nat ed and fixed onto a
barrier film (21 a). 6. A reactor for generating noisture as clainmed in
claimb5, wherei’n Aacadtomﬁa'tgengaﬁnglmm&u(ezh&b)almcﬂmrclma drlchirh Bpwherdindhes ai d

Gace. s o, oPRpverts SRBE B 03P SBREy demped bebvecs she Srscendsgrond dspdrsc ol m
2 or claim3, \HE2Biby rhdass ofescianhisaded ndthﬁbnﬂﬁf gﬁyg&m&aaﬁ tHeSouter ght Iy
cl anped bié‘ween the fi econd fl anges by nmeans of a

d
screw t hr eaded cﬁwmmd@ﬁ“{afn t of gpeof the Hrshand %?@ltshftrwtu@bcqmp@am ¢-¥endp
surface of one cofrespbilifdly SéroMkeRRA BASHIAL hidhiver {32&?1‘3%9&‘8 IR oty 20) and a

correspondi ngly screwthreaded coupling provi on the outer
circunferenti aICITS‘HFfeE@Ba @Wfﬂ‘w@f &mﬁrgﬂmmoaipoumﬂﬂ;@nwhﬂm sdijl nutinembérn
sai d nut nmenmbelg a4, te& gk g coupling menber. 8. A reactor
for generating nol tur S |rre aim7, wherein a bearing (36) is 15
i nt er posed bet eef r@atocjfmmbnemmgem(lﬁm)e aantﬁmedm‘cmima themcafbehﬂ‘iﬁg (BB)Ehlge

10, 22) ong Whi i r,oVvi reby to.fac ate tur of
E he ¢ oLpI Ii] ng ( g%:rp 8%Fﬁveeﬂfﬁl Flg e er(‘34) anPd ateverse snIe otJ the ttlange (10,22 on whxch
said nut is provided, thereby to facilitate tummg of the coupling (32) and the nut (34).




