, €3eNT: &6TNeno8 April 2002 APPARATUS AND REACTOR FOR GENERATI NG AND FEEDI NG
H GH PURI TY MO STURE FI ELD OF THE | NVENTI ON The present invention relates
to an apparatus for generating and feeding water 5 v8pgiril 2002ei nafter
referred to as noisture, and a npisture-generating catalytic reactor for
use in the apparatus enployed in the production of sem -conductors. Mre
specifically, the present invention relates to a reduced pressure apparatus
for generating and feeding noisture in which noisture gas is supplied under
reduced presHARPARATUSANDMIREACTOR FIORk GHNERATINGCAND REEDENGEHIGHI ni ng an
el evated internal pressure int rei he reactor for generating
noi sture. The configuration the%ﬂ&ggwgﬁggghﬁjrogen from spont aneousl y
igniting in the reactor. The invention includes a heat dissipation-type
reactor for generating noisture in which heat generated in the noisture
generating reaction is forcedFIELAIGISTHHE ENYENGUON fi ns, increasing the

tity of noi ted withi fe t L . ~5
BACKGROUND OF THEFIRRRITRERE SRR 030 spBaef fospran oo St e

oxi dati on, f.0pr, BXRHAKEr refedfrd e FmBRASe, lhaRA ﬂoiQQf@-g%ﬁ&ﬂiﬁ% catMPii Creactor
centinmeters/mnute of high-purity water in a standard state in

sem conductfor useen tiecappanatusgmpieyed ihthe ppedugtieresf semi-cordngtorsr Moear | i er

devel oped and .di scl gsed reactor.s fqr, generati hi gh purity.nmoisture as
ahown 1 Fgeeibedl e rgeseg s idn e o Al Presu e e ol geling
formed by nRifedis heR&EOM Whitk Gloita@t gaPRRAFRRE udd@Reduled prtk&ire & e havi ng
a material gas supply joint 9 and a reactor structural conponent 3 on the

out | et si dedavensirean siderof Bieueastagadhileakantouring agi ehevated intemal prgssueistthe shel |

1, a reflector 8 the iplet side is so a by. screw bolts 5 as to
e 1B i gfale ot (Praiudall mosite 10F SRR iR TR PR et i e
to face a nﬁaid%géﬁeroqa@oaén@dﬁslgagnimsme réddtor TR ihnmtiog intdldes auedtace of the
react or structural comnponent on the outlet side is provided with a

pl at i num codisspitionttypeyrsactdrdpregeneBting meisturs iinwhigh|heatpgndraied infhetmeistuegact or

structural co nent 2 on.the,inlet side a t he outside surfaces of the
of Lector SSromntnaedort Rorog it ipadtHugn it R iube aPERG® b
reflector IlghoRfurd fieridd WithifiadefeaéBpdth@id @k Wi th a barrier coat 13a forned
of a nitride such as Ti N which will be described |ater. The platinum coated

catalyst layer 13 is fornmed on the barrier coat 13a of a nitride like Ti N

provided on the inside wal t conponent 3 on the 5
outl & side by fixing the %}@f‘ﬁ%@”@@ﬁ@ 1 Ebl;E/V"{f/éa&;‘;(f)ﬁb]?ieposi tion technique,
ion plating techsiiidioade fildefdrimkGon bymblyeuré 6Ridhtdn, Sdiekimplestdeed hokd 9. 6,

there is provided a relatively thick reflector 22, and the inside surface
of the reacthdar 1909 sremuprAubicoiepbmetsts/mingis afieghopuritatvater ipa plandard §ir@dy with a

| ati f '
Bl at i num coatoesfBld Mituraifite, P Bl SRR, RARUEs €8k I eBoBR D ot 2
on the inl edisdosde reachrs foe gondraingehigiupdrag enoisiure @f blewinoin F22 Saard Rig.cori ded with

barrier coat 13a_but w thout the plati numcoat 13b_ described in Fig. 5.
Thus,20t he sur f acEh¢ teacterniiell & shown iskigye isdpamedyrpeingd reactorstiusiirgln et si de
and refl ect r - aat i t W i = d H~ from
reacting on&{r?f%égﬁszﬁorr?@%é@aasﬁdﬁag& ianlggttE ﬁ% g[ag%éﬁg%h]? ga %85%0?16.? Ref erring
agai n to Figructuralkyahpogein 3 andhoxype side havang a trioésturaigey tald-ogiems 1 2.alrethe ed

into the reactor shell through a paterial gas supply passage 7_.and are
di ffused i nfepfer shatidy e ﬁfﬂestﬁaéénéhwﬁ?ﬁée FseIaRRSA B SHRL IS TSR P e and
the reflectgnek 17 lqdGefderdd FORBSuL 7S Bt A Wdidtuke
pl ati num coatgtgé;lc%tgg‘?@ B#Eéfggr 13. ﬁpoﬁ@gongﬁlngglﬁ%ﬂézegﬁgont acta vm'ltlrl] {hﬁ%
pl at izsum coaitkedpasadgel lY)st | ayer 13, oxygen and hydrogen are increased

The inside wall surface of the reactor structural component 3 on the outlet side

is provided with a platinum coated catalyst layer 13. The inside wall surface of the

reactor structural component 2 on the inlet side and the outside surfaces of the reflector
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inreactivity by the catalytic action of platinumand are turned into the
so-called radicalized state. As radicalized, the hydrogen and oxygen

i nstantaneously react into noisture at a tenperat ure 8 Apwl200an t he
ignition point of the m xed gas w thout hightenperature conbustion. The

hi gh purity noisture is then supplied to the downstream 25 side through the
noi sture gas outlet passage 10. Simlarly, in the reactor shell 1 shown in
Fig. 6, the material gases conprising hydrogen and oxygen are fed into the
react or sheg bn thetifiendidgdharidhie rafleetot &1 ogédr cutlppdide ﬂ&%&ﬁl@lﬁdhl&ﬂﬂbﬁi’lér @gai nst
the reflector 22, diffusing in the interior space 6. The diffused materi al
gases of hytﬁa(fg@i*te daf@ roviflg svcheasnidNi whiely wilhbe deseribediipter.pl at i num coat ed 30
catalyst | ayer I e descri bed
sbove 2 b anr I BRRBE s ARRLMACILE O 8 AR B Rt s

pr oduce hi ghtrmanikewlmtpr@mwdeaMt imside veabindfulsd feactobtnRtufdl@ompe st Banuke. The
reactor shell 1 of the construction as shown in Fig. 5 and Fig. 6 has
attraéted n‘l}EW Ht'e BniixioR heplaasedst domBuYaRsF derpsiioadealiniang e elitiag ogi cal
field 5 becgusEqletorM it S @ substantial size reduction of the apparatus
used for generactl ng an feedl ng high purity noisture and can produce nore

t han 1, 000 cc/mInmherehcnonashstlarstlawdusFlgté,tm:rbhs prohidgdh e relateatyt thickt y and
responsivene éﬂ r fea%yre of%gpe reactor shell 1 of Fig, 5 and 6 is
that hydrog& Reciof s:,cS@ﬁ ingide SHAEA Ydhefeagiof $rsbiakqemponent g on Hpoeletar i ch
NO spont anegquss p%%&éd%tﬁ ﬂFl%ﬁmHh%&ﬁed M?éliéﬂ'%ﬁrh? &@QH’HFGQT@%&?E Al C
reaction alone, "and thus purity noi e can secured and supplied
saf ellg. Furpladiumocery 13the i nventors have devel oped a number of techniques to

raise the catalytic reaction Fffi Ci enCéui n noi sturer{go eneration according to
the aforesaid catlPHfesyrisepl BA reastor pEuUGrabsRRONERtye0n thy dpleovids angyie

I mproved thg, g4t étﬁPaU{)Sfx%heét&evi zﬁ@ﬁtoﬁrqdeﬁ%l'}{ &&&%ﬁ@w&%htﬁ%t%@g hydrogen
in the noisture gas increasi ng the reaction between rogen and oxygen.
Al so, the |p1xmmmoccsat msah/eesdﬂlmi iaféd S5a Ittms hthe spréacéosf thmmaetasstﬂgutrkie reaction

bet ween hyd en a oxygen b |ncrea5| e flowrate of

hydr ogen: PRRBR ﬁét'ﬁﬁd‘%'fa%pa&tﬁ 2L RE ?%&E‘f“;’gﬁ tB HENCRSVH @2 Sen and

oxygen by sgrarpt,le?antaen apthts turm&ra%g%t A tﬁertetn ErafPREYPT Oxygen while
5 i

cutting off the supply drogen ear r than oxygen. ‘As a result of
t hose techni quesReft:dmegragactt@Flgsﬁtdtykirogeasncth:qxgannrc Hhﬁnatﬁrtalrghsﬁl, Eie fé&d can

produce and su hi urity. noi sture al nost free_of  resj.dual dr ogen.
Foovever , t et Bhiohee el ekl P A Ges TUPRD ARSES7 Baf 6 iHedim
treat n‘ent piﬁfé?t%?%@e b 'BE\MB r@hed?&’ SEHHL ihist Jl@éjarfdrtggfeﬂ'é@tgf"?ﬁgn ReQRBEN §de fOr

exanpl e, several Ton. 25 In those processes, hydrogen and oxygen under
reduced pr eblsandecoges irf etmtacntvvahtthrﬁ'eplateamt gmateimltalyﬂlafymtﬁ tpomesnsng &l gas

ot oot b prof s ARTATA 1o Do pOR e aPb R 10 HEGGEHT wi I |
spont aneousinyedc@iity By iHe chtaﬁ/neea%rp@f pldtinem ahd ave AitndddRiottAOsd-Ldlked! i M t curve
for a2 : 1 (by volume) mxture of Hz - Oz in 30 a spherical container wth
a radius ofra lcallz@mstatmeaemdm@!ezedf the hgdrogenvandi @ygmlnsthntanleoediytm@mm a

chem cal handboo f nda b n ..8 Anril
3002 publ i SHPRG ARG RS CHEhEP e AnE B PRk PHEE e e AP EouH o1 o
pressure ofte eramraaﬂnmaomhth@mgn9ﬁ@tyQﬂm§me i3 Breqi s pptied 6l teadoRvnkiéanh gNi ti on
t enperature. sum ng from Fi that when the tenperature inside the
react®r is seéq thiqughopgneisairg @Etsalutlptrm%%%f t he ni xed gas of hydrogen and

d h
7ol several - Tor roph TG eedter 5 b i Pl e bftsl e T ™

i gni tion pohytrogRRA @h@aeygeﬁ atdRd @b tHeabReSrahbll € thraligh MY @GR Fé‘aadihpb hite
spontaneously in _the reactor. If the set tenperature is sti

DTt fon w FASSEd At aBAE thereTIecthE 2 i thaimiigr srace Bhdhr gifeEn
poi nt of hy 0 total pressu ed gas of
hydr ogen an E%ﬁ% a§Q§f%&%o &18mé%§ﬁ&p$) %”“mnac%VaEﬁwéﬁ%g&gl se? t hat

hydr agen wi tdtalydlayegls el asbesnviehied ingd atadwaﬁsawtael 3s de@hibed &bovan happen

t hat hydrogen will suddenly ignite if the total pressure drops. If hydrogen
ignites in the reactor, its flane flows back toward the upstream side
through the material gas supply passage 7a and there is danger that
conmbustion wll take place in the area where ~ 5 hydrogen and oxygen are

m xed, nelting and breaking the piping @d causing a fire to spread outside
the reactor. Another problemwth the reactor of Fig. 5 and 6 for
generating noisture is that since the noisture-generating reaction is an
exotherm c reaction, the generated reaction heat will overheat the whol e of
the reactor sheII 1 and the generated vapor steant For 20 exanple mhen
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1 o reduced pressure, thereby keeping the internal pressure of the reactor
for generating noisture at a high level. It is another object of the
present invention to provide a heat-dissipation type8Agailt2002f or generating
noi sture that is so designed to pronote heat dissipation fromthe outside
wal | of the reactor so as to conpletely elimnate the danger of the gas
igniting 15 when the noisture generation increases as nentioned above. It
is a further object of the present invention to provide a heat-dissipation
type react dwdfogen grchexyaen igtapshenuglyaeach i produesrfagh purily siokssurg evithonh pr oduce
noi sture in_a,large ant | Reduced Pressure-type Reactor for Cenerating
Moi st ure Ascoglgflgtforatt%%%lo[?/&el?erfl%ée'appar atus for generating and feeding

noi st ure accor diThg réRtdr ShdlhEofthe seibtrut tiotedtshown @bigt Mandbiges hhyves to
achieve, that is, (1) to supply high-purity gas under reduced pressure to

t he downst raiEaeies raech ajtarfiqmoin thesepdeqndbeter mgpifestanngstinolegicahfigidogen at a

hi gh | evel {,Sd t I I or for.generating
moUstire. 1T pE el LS oAb El B -SAGISH AN} bl EBE R aeh BhyERT: N

i gnition pdgeafingliigh plety ntifereahd cen petudeanorhat 0G) @BARLAS inQstdndaddhe
reactor for generating noisture. ?~ After intensive research in trying to
sol ve t hosé&t3s whhamigher rractivity SR 635BoRFIS$E6Yer ed a means to si nul t aneously
achi eve the two j i i v o r reducing
pressure, such a%‘mé)ﬁ]%ﬁel\éﬁ?%%hg%gﬁgg \E/}Ze?lola&éﬁghi@q les’éﬂaéﬁy%gag%r{vi‘zstream

si de of thexygacdrohandldd dta mssathlee g 4089C; hatvRichBb Spetiténegasiguitidar a hi gh
pressure in the reactor for generating noisture and to supply the generated
gas Uhder dakesglasg, Moispygss pradured fy srtakyda reachon algnk asd H‘g‘sgkghrlé’é'ﬁlfi cting the
noi sture gas.; r ing pressure. The tenperature of

t he react o?ﬁ?%thl&ggﬁés%&ﬁﬁ%?géiﬁ{%s?fsggget at 3~0C, for exanple. If the
total pressure @Hurthérghond, xigdingasorehavydbvelpped andmbardesthhijuediousicethet 0 5 100
- 1,000 Torr and fed into the reactor for generating noisture, the ignition
poi nt is 540talyticgerctiae eificnpyinmoisiues geperatina agrordiag Kribe afostspideataliic
ignition pqgLnt: an [ I - LS, no

possi bili t?b%ﬁ“)ﬁyg?%gg%&% #h%iqg‘%“f" :’%gﬂek@é’ﬁ%& t}%eﬁ%%{g élr?réqurtg ﬁe{agto%jlﬁ)f ference
w de 1pr eventduchyl egemidy iodrdggnid the gncisidrergak 8 irickeapiag ek setion betwaeh y

noi sture gas safely. to The invention of claim 1 conprises a reduced
pressur e- t YIyarogepandnyges- onlsghe HyenQE have dewdened g wRone & IBYRMHISI ng a

reactor for ty I ytic
reaction antgggeaﬁ%%nﬂg Sﬁ?@?ﬁ%‘?ﬁ‘g%&ggﬁ g.qgiri%@pgcerga%%qg %gxgg\%ﬁgf ream si de
of the readtydrogerland anothé¢numehgrhsf asingabeimackiombepwesnsydegby atdexygembg f or
reduci ng pressur‘g\ and suppl i ed tﬁ tFe do stltream s'bige whi | et, at the sanme 15
time, the iSATEMHEP SYRRLEALAYEIrQEsn BHEF (e SHAPLY Of QYRR WP FHEUNSe T hesughly| evel .
The havent i@l &hiRrdhdnio:@esfduced pressure-type apparatus for
generating and féedi ng nol stu%e as defined in claim1, wherein the neans
for reduci ng pressaurcsuli ofthestaschoiquEs, cleesreactal shel 1 asapown arFl6s Sand FlG.téer s.

The invention of, claim3 is.a reduced pressure-type ratus for
gener at i ng GRETCSYCT SkFuRgY hishsr iiRe melstlrs plmesy fen O bies IR Ay droeet ai m 2,
wherei n the reagiQfetRthedRREEARLAG: AR TFAM e LIS as §¢§g@nﬁrﬁ9&‘to@ﬁre§thfém

formed by mating a reactor structural conponent on the inlet side having a
mat eri al gagosugEpliy whish moisineg isfedemderoedued poassure. focexappie sevenal Tokre out | et

si de_havin noi sture gas take-out joint refl ector on.the inlet side so
o ovitied | AngiBe pRstees EeReh S Bedimetreutad i 2R igh peredtafe
reflector Ofefi NeroAPiheWidi&lal éésds%p?l? passayd dedohfRqhidivly! Maetioh psiidliliyas to face
the side of a npisture gas outl et "passage, and a plyatl num coat ed cat al yst

| ayer provithess reducedpresyvss procesadsl thauwith the ighitioh onedwopping shydoegen mall
conponent on the oult l.et.. si ﬂ‘e. The invention of claim4 is a reduced

pressur e- t yP8MABPAP S B INYEH&Yat i ng and feeding noisture as defined in
claim1l or claing, 7Ymri?hi&bﬁlh?lihﬁ?&1r&3foiﬁl2 :0EBE K fuhRY mPQuFER fFH,UIG, in
conprises a reactor shell forned by mati n% a reactor structural conponent
on tRe inl e sphicden! pervaing withradiusall 7gfegm s ippsaurecnfnhe eprve & thedhedor
structural coenponent on 8 JAnri 002 the,0 et, S| havi a noisture
gas 1 ake. out g e e Atal pababBie. hrameuhtTH Hhe BhoiRbR BT PR ™ he
reactor shell, and a platinum coated catal yst |ayer provided on the inside
wal | surface of the reactor structural gorrponent on the outlet side. Heat
Di ssi pati on Type Reactor for Generating Misture The inventors have
conducted intensive research in seeking to prevent excessive self heating
of the reactor for generating noisture and di scovered a neans for keeping
the tenperature fromrising excessively by providing a | arge nunber of heat
di ssipation fins on the outside wall of the reactor used for generating
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BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a schematic diagram of an
enbodi nent of a reduced pressure-type apparatus for generating and feeding
moi sture according to the present invention. FIG 2 igsAprih2@2h show ng the
dependence of the pressure of the reactor for generating noisture on NZ gas
flowrate. FIG 3 is a graph show ng the dependence of the pressure of the
reactor for generating noisture on the flow rate of the m xed gas of H- -
O-. FIG 4 is a graph showi ng the concentration of unreacted HZ gas while
the flow r auklishing@engasy.c hlanyesbeason the Brdinatd indida@ the-tatal paess@e of tiral vi ew of

an exanple af the reactor for generati.n isture. FIG 6 is a sectional
vi ew of a.ndﬁlﬁ?e‘i .gaék’HHGItéOSSP“&FFea%F‘é‘%IBCa‘C?qBF&dg?fé‘f)%fqnwﬁrai‘gemi sture. FIG 7
'S an 1 gni t abi | 'AIsYudqinQ‘fForrPFig?‘? fhat Whé%e‘(é?h;&’é?ﬁhreﬂhéﬁ&é’fh@ r&ctdifs set & FIG 8
is a vertical, sectional view of the reactor shell of the reactor for

gener at i ng 4A81Gtheretabpressnrdiof ghet roixedh gagefdydrigen andotyigemis rEdu@ed L seyerml t op

vi ew of the. he di ssi pat i unit accordi ng t.o.the. present .20 ipvention.

Fl G 50 i o 187e a0t ORI BRiien SR f e ors oy G R0t a0 7,

si de vi ew @fndeh@id @aikieh, tfl@fgnﬁﬂ)ﬂ%foﬁ{tlaf?ﬂoﬁ@ieﬂﬂérs@t inpbratude aheayddpasi pati on
unit clanped on the reactor structural conponent on the inlet side. FIG 12
is an end eharignit spdneanceusty iortherepcter. Uf die sbiepwartire srititlhéghsotigritioni de. 25
Li st of Reference L tteﬁras1 and Nunerals for the Drais~ings BA baking area C
process chaM&FE WHCPEP M nass anal yzer 30 MFC 1 - 3 nass flow control | ers
M-C 8 8 Auril A2QfdicRedin g 201¥dg@tolpeinPsf hyki®Rh Uhpldek@hita ik total
Rrecor der Rvpr essur e reduci ng neansRPvacuum punpSl, S2hydr ogen

sensr sSVs pmsburagf theimised/gas of hydrogencdndeny@redastegsest Gveryidites wmpagturei st ur e

lreactor shell2reactor strugctural. copponent on the.iplet.

si dezar ecedb s ExRELPegE vl el B BBHEME al RipasUis s Migh it can happen that

si de3arec e%?éﬂ@g&d@ﬂ%@%xh?i%nﬁh THtRE toRd] pBdAaEe ARdHsef IBAdrdges igitePinthe
passage8reflector on the 1nlet side9material gas supﬁl y joi nt 10noi sture gas
out | et pasgeagtorditeflarecflews back tdweard the upstredng sitlg thypeghthe mgtesial gassupply

j oi nt 13pl ati num coat catal yst. | ayer 13abarri er coat.13bpl atinum coat 14heat
5o pat i ot HE Temibef Tedtfupt BYELLRE B SR R ALV R St

di ssipati thyﬂlio:@% $hd ox%‘gé}«mria ImiRQ0 Aelfhotdnd GuGRiddAhEpibig dhbRapsnigy firGonot ch 21
fixing bolt hole 22 reflector 5 Pi - P3 thernocouples for measurenent of

t enper at ur 6P¥RS putsigathegradror her nocoupl e for tenperature regul ation

DESCRI PT1 ON OF - et SRR YRR MG SR R 808P LIRS floilii ipligeen!

invention wll be pbed  as ows WIh tefer

wherei n | i kihcp@tictifioigiute-ginéiking Feacticf i6 af BREtheruile Feak Son, thefprhodicdeedctionf the
Reduced Pressure Apparatus for Generati n% and Feeding High Purity Moisture.
Fig. 1 is deaioMdmyerheadhayhalgmobthedpaciansheli hand thefeencrpied yer sisaBs digF e- t ype

apparat us f n i i i a&)c"?o L 0g, L ent
[ nve?n?i on. egfrar(r)\ﬁ]l%t ﬁb%é\kil?rn‘?@ {){s?’gégjsug%% m&l@a‘r%g’ lén ({@m ch, g]r?telag?e%trrgr&e gases
are chosen dfyamse aagoreéackesl400~3502C bevdliser of\éél fawatingIf the trivgstinle@endratien

controlled by nmass flow controllers M-CL, M-CZ2 and/qr NFC3, fed into the
react or W@ fustheg@aisased the temnegatyre O Mates yaperwill gaeeed 4>V \bsandapperacitie The

valves V2, i¥3igifoiforHyBraadi oy kel ¥E560°¢ it Pddotit £lerh AGndefdistsBite.

To avoid such a possibility, the upper limit of the moisture generation in the
25 reactor for generating moisture of the prior art construction has to be 1,000 cc/minute in
terms of the standard state. One way to increase the moisture generation is to enlarge
the reactor shell 1. But the size increase raises the costs and enlarges the size of the
apparatus for generating and feeding moisture.
The present invention solves those problems with the prior art reactor for
30 generating moisture, including (1) the danger that ignition can occur when the total

pressure of hydrogen and oxygen drops; and (2) moisture generation per unit volume is



W/G for generating noisture is omtted in the draw ng because it is shown
in Fig b, 6 or Fig. 8 that wll be described |ater. The pressure of

noi sture gas generated in the 2o reactor WG for generg#lnZnozoi sture is
nmeasured by a pressure detector Pl and recorded by a recorder R The

noi sture gas i s squeezed and reduced in pressure by pressure reducing neans
RM(in Fig. |, an orifice), and has its residual gas neasured by hydrogen
sensors S 1, S2 and is then sent to a process chanber Cvia a filter F. The
quantity of lith@asd Btatisehiéifeapertirs ofihs Geac e d6rpRderating @oihde itsd¥ wadid Fise gas is
heated to 140C in the shaded area BA to prevent the gas fromadsorbing to
the inside % qoulskcapsragpitign if tpprogustion pf enigurede Hicrempsm filter F i s sanpl ed
by a sanpling valve SV and the conposition anal yzed by a mass anal yzer M
The process chanber Cis a, for instance, a sem conductor manufacturing
apparatus. The gas i s dr awn SOMMARE QRNTHEINRENTION 8 April 2002 a
valve V 10 and its internal pressure is neasured by a pressure gauge P2.
Unnecessary gas i%Iisan<oiest ofehic presa gy eatiomiopsoxyda 3 safepraugediprgssuie-ype t he

mat eri.al j ' : : - o Salids; G The
T ow rat ea Sraryugth BehpBRRTEUAEERILR nblsrd i Lormnidil Rt O
state), H- posSibdity oflthSIghd igaitig Gher tlik thtal presstrdvbf thbenixtatessfrigtrogeeasiur e of
the process chanher Cis adjusted to 1 Torr by tgﬁ vacuum punp RP. The
orifice usefryEsn Arops ayment gt abays HeiaARCtRAN QbicchOBIRRISSENtANEREPRIC, and t he

t enper at ur e, 05§ 1 g 0] I Soi 350C.
Fro 215 Py Sal e e Bt e B e e oSl B o7 for
1 o gener at iondlyrpévehishgdogedogapodthmausiptignitiny hyhfet dieg wrtuurmgpsiumieRP
stopped and the valve V 11 opened, the process CE%rr_ber Cis set at the
at nosifher i cregpesdngssure therehy seepingrthe infereal PERFYROAEI TFACKITEOT BENFRNAG ged wi t h
NZ gas al ong..; rate of NZ gas is increased in the range of

| ,000 to 5, @Bgy{ilggtn%mg%teévgl\r{\lessure of the reactor will rise linearly in the
range of about 9DR®s dnother 88j6ct Db tie. préseniSnmarioanc provideccheasdissigdtinltgsk as

pressure reducing neans, RM N~ gas wl| stay to increase the pressure of
the react or 'ea&lor 05 genegating pQistyte TRt 1gspsdssigRe %@gmoma@w%@nfﬁw o the

downstream sidRe il 'of He! &S sBYs i @nHidily CBmiBRE @%sngehl%fmeeg%§tgnﬁ-r1gs o
increased with Nz gas, it 1I's expected that %e ot her M xed dgas WII risein
pressiire. FiMeen Geinpigtugrgapdratidnoncnegses hemdeyerd ebeoe. df isaHerthrebparadthd t he
reactor for zo generatin% moi, sture on the ow ratgo of the m xed qgs of H-
|Proyt ’ lalgat gt

he fl
- Qz. Ref er PIERGT{YeRYQE 10 DL SHPRIY Y PhHEAPP DS S5 TH BB ST
1 Ton by OpRIs&ialNg s4aGaETh BB Roisiid i 4 Bgeldudiviyat e of Hz gas fixed at
|, 000 sccm the flowrirate of OZ 1s increased up to 600 - |,500 sccm

Theor et i cal Rygqucedh Erdshertypmt Reacbr (0F (paeratiog Méagtireni t h 1, 000 sccm of HZ gas
is 500 z5 sccm and the flow rate of nerated moistyre gas, is 1,000 sccm
' practice, howdt et OTEERYFIIE CRRBEDET Brrsing 204 et ing TARUIARY RS ¢ e
theory. H- GAge pRIB MveHEEREHRE objRcives MRhdhicldaihhi itsy(,l)ﬁl)fﬁﬂlpbﬂ?%%ﬂ-%t?ate of
moi sture gas is slightly smaller than 1,000 sccm To increase the total
pressure of gaundegeduded gressusonta the dowhist@Em sihe, eird (Faso kegpdbl/gngiongbindef, is

i d. As | ' f Fi.g. 3, jf the fl te.of Oz i
| nor eased | Borhgend a GEndF e by e b gereinel e i PRk b Erofbendu B act or
rises |ineapoystird. I%?aidnay Rvaite EBPWIdeddg thediffeRnlPbdtlvedDBe ighdfonlgyifit. It 1S

clear fromFIG 7 that within this pressure range, the ignition point of

hydr ogen i namdide tesmperasureiset fabmaisiBe@meratioatin the reagter for POBLRE givesturehan t he
set tenperature Qf. 350C .in the reactor. Therefare. .therge i possibility
That Thyarogen vi e B FieRb FRELRE 5, sONE g Fop B e afiBshow ng. t he
concentrat i @Rc®ferddt Redns &slsitaliaRDuIl iatifedenBe fWOYbje@lves. Oft wWag difesveedtanges as
in Fig. 3. Even if oxygen is supplied excessively in the noisture

gener ati on Hehdf 2 meansfosteduring presuc, s&h asiaa ogifignand yalvt atgnipgaldedean the i s at
most sone Odov%ng%gr%esri] e'of'fllljerllegcqrr 1 riepostsirl])?et &R ite Iigu;[e fas LERGS I"g can be

mai nt ai ned af" a hlgh evel™ by the 'tPY pressure Feducl ng neans o he
present inverkieain thetBictot Re geftadrgQioip@iddndrtb Sesply Weigeherdel ighd tirleya keeps
hydrogen fromigniting and ensures that noisture can be produced safely. In
Fig. 1, an orifice is used as pressure reducing neans RM As an alternative
to that, a valve nay be used. In case a valve is used, the flow rate ican
be adjusted 15 because the opening of the valve is variable. Thus, the
pressure within the reactor for generating noisture can be freely adjusted.
Al so, any neans that has a squeezing nechani smand permts adjustnent of
pressure or produces pressure |oss can be used as pressure reduci ng neans
RM for exanple, nozzles, Venturi tubes, capillaries, and filters. 30 The
present invention is not limted to the enbodi ments just described. It is

o o, g, -, =



explained briefly. In Fig. 8 the sane reference nunbers are used to refer
to the sane parts as in Fig. 5. The reactor shell 1 conprises a reactor
structural conponent 2 on the inlet side, a recess 2& April 2002 or structural
conponent 3 on the outlet side, a recess 3a, welds 30 4, screw bolts 5, an
interior space 6, a material gas supply passage 7, a reflector 8 on the
inlet side, a material gas supply joint 9, a noisture gas outl et passage
10, a reflector 11 8 Auril 2002 on the outlet side, a noisture gas

t ake- out j afdiced pressurpbniquesding o atticieng he ywistyrgges flag by shemeansder coat 13a,
a platinumcoat 13b, heat dissipation units 14, a heater 15 and a heater
pressi ng plr?i %:mfé).re%gpr& 9 is atop view of the heat dissipation unit 14,
while Fig. 10 i3 t&Rsdrai@nadf the h@bt foak@er@ing mdiQule is sdt al 50°CIf0r9. The heat
di ssipation unit 14 which rel eases heat has a | arge nunber of heat

di ssi pat i orfxmpls. 18thdtappsesquied! grmaixeéBasor hyfwepmand piyaeris adjusteddo cent er
there_is prQwi thr h.hol,e 19 f point. A cut.20.15S de that
ext entls frol(rwt'ﬂgﬂ){) ﬁgoguagrﬁ%ﬁ%fnéc’%r %For? élreéejggria{ﬁ?é ?‘%ls%lﬁee’qﬁ%@élﬁmgip&grﬁ &% fine
base pl at e 540.- 580°C A& ofdiy todIGNRr Thediffefencé batwbaste Pdnitdich goint dndxhe gt bol t

hol es 21 are defined that reach reactor | o structural conponents 2, 3. The
fin base pltemperatpresisd 9%edd0§ alithere isorw paspbilingoblivdragsp sl igmirmhl y centr al
symetri cal i .19 t [ QI S i enter. In
2o o, 1 ne Pt et Beishlee HARiohR, Sidkr P RrdeBh e Boiln a0 T o
because t heosdible 20suipplyf mbi¥Rge pad safelyt. 14. Because of this roughly central
symmetry, the ~ 5 heat dissipation of the heat dissipation unit 14 exhibits
a cem®ral symmetlhy inventoyaf ¢laims] sempriss g meducedpressupelyaeidarpasfiut F s central
symmetry, t . } ]y di t fromthe
center and 43 g%rgﬁ%ﬁgd?\é%@gla%é&%l\?%ﬂ@%ﬁ?%gﬂ%ﬁgpg)? ?%%%ﬁ’%rb léﬂge;itr@g If the
heat di ssi gattogen aibsagteby 8dthlptic fhctidhand@andms fatrediring pbssaerpovidasd s 2, 3
are made central symretric) then the_tenperature distribution in the 30
interior spadae dowhstieay splenfdbs reagiom Ehermaisture g iareduseaiatnressureNpyitas ur e
generation i i : trhcalhy, us the

t enper at ur elﬁ(?aﬁgg(hg&%%g%['g%sgﬁéﬁ {i S@glgﬁ?cgéggbg\ﬁ}e{%d; l#er\giﬁ%l%{iats?ﬁgarbgcal ly. In
ot hens wor dsimé, lheSinfereal eressurd jnckhe grattog Bmaifidined wgehighdsef.r om | ocal | y
igniting, thus pronoting the safety of the reactor for generating nojsture
and prol ongi ng tHe nYenaopet ¢lpien ¢ ssaiedced prespyrgrtyPERPPaFals $raencElg 31d t he

reactor for | j i . t. di Ssl 'g&IH it..clanped on
t he react orfe%tﬁlﬁ%@tg &?@?aﬁn@%ﬁ%l%h’t %?ellﬁ?%tmés%ngﬁrqg#d& P%Stlg section
t aken on | iindudds orificks, ivalves, gapilldries bo fittrsach t he heat di ssipation unit 14

(Fig. 10) on the_ reactar structural Son*gonent 2 on the ir}l et side, the
material gas su%eynmf*ﬂ'eo clpim § isasredpord PrESEHETREAREH RS [P HEE e RERR M hol e
19 fg5 the fe&difg mofOfe b& ik iPARIE PbALSINLY, Witer&h ARekyctd! f%FEQ]ePcﬁ'in he 13 8
Anril 2002 outside wall of the reactor structural conponent 2 on The inlet
si de. Then,maistutescofumiseshmactpr shel femmedwydnatmgamdadtorgiruetned coppodendogh t he
fixing bolt,k hol es.@rijh. Jo attach the heat. di sdrsserpati on unit 14 on the reactor
structural BoMidskdthaginga majera) gpy Wppliigint and AreAHPLTTFRIY £0MPARSIt 8Bt | oi nt
12 is firstpi pgkt bd hE\hB?H%iitﬂ%_g'&?%k@-%ut]jéint,sa eNEc e BE iMEGRRI B9 _Pl ate 16
and the through hole 19 Tor the joint. Then, the fin base plate 17 is

pl aced cl ogebyiderhinttherdaciat ghellps és Hican g malainbgadbGuprin gadsade, s reflestgondhwed i n
and t,)'éghtene u$ throug.g %(he fixi ng b@lt h?I e 21. The inventors conducted

i nt erdi ve rUELYIHSG ROEEKITEE FGePEFEE 3 o B I SHeU IR &P PFEflency of
the heat digasiapatdn@a piiinumlébatedRbrafyatiaghriphiiddd the tisideiveatl RfabOsr tBe Can be
i nproved by giving an alumte treatnent to the surfaces of the heat

di ssi pat i orreddtersstrugturahcompernent prethewetiet stdgner al |y neans formation of a thin
oxide filmon al.fé_lrri.num.or ?I lurri num al |l oy.. Col ored al un]&tsg treat ggnt { S now
possi bl e. Al umi t &% PERHRR AT CIRUN § S RTEERIS) PRSI ST PRALE S8 "ERET 3% st ance
to corrosi oRedRdmdRRlre ad dfired I £1BME NoPEIGInt QUNKEréiRake RhitBT fof gédepaingENt | S
effective in inproving heat dissipation. The larger the area of alumte
treatdfrent, mpistuge exmprrses hecaheashedi fornqsayi roaingfa reaciorsaictugdl sompardndAnuni t 14

is. Therefote, ,it.] referabl.e to give an aljumte treatnpent n ly to
the surt acebe bueusidsthaingeplrng ey letTaP o AFbSe L ERLTS B SR ¥ et
base plate 17. 20 To conpare the alumte treated heat dissipation fins and
the untreated fins in heat dissipation, the inventors tested three kinds of
reactors for generating noi sture one wi h alunite treated heat di ssi pation
fins, another having fins with no alumte treatnent, and still another

wi t hout heat dissipation fins. Fig. 12 is an end view of the reactor
structural conponent 3 on the outlet side. 25 The reactor structural
component 3 on the outlet side was holed at five points. The five holes

o, o o Y o, 4= o o .



5 produced in the oxygen rich state. That is because the oxygen rich state
i ncreases the noisture generation efficiency and reduces unreacted nateri al
gases. The nmeasurenent results are shown in Table 1. $Memsl2002ent s of

t hermocoupl e P~ are not given in the table. (See Table 1). As shown in
Table 1, the tenperatures on the downstream side al nost agree 1 o with the
set tenperatures, which indicate that the heater 15 works according to the

regul ated and set tenperature. The tenperature is regulated and set to send
gener at ed Weet@rtlelsgohaving & meisgup seakmeutieist, rireflestor pihédaddmles iateive i s set

at 300C as_an_exanple. 1t.i,s_also, point ut. that the t erature on the
upst r eam sf%aé:eio)éﬁﬁeésﬁacfortshgﬁ aP%atplangu?régth\ﬁﬂglty%}g rgfodéq%gpﬂ?# ®IMi§fcat es
that noi st wal sQERRITkhRadiar dhiturakempbhede bn the dubie sl&. i nterior space 6 on
the inlet side. In the interior space 6 on the outlet side, noisture

gener at i on HeabtRissiparionsTipaleaeronfpriCremersitiag iMaistuneat al yst, and therefore, the

tenperatures are,distributed, hj around the edge to lowin the center. O
t he ?her nocoupl ghﬁf Ve mlggfhatvﬁg?%lgges Ttgnsﬁejfse\?\f"lcl%dﬁS%k%tgﬁéve?tr%(ﬁﬁswg
center, shesshtdigghif gleasicidreopgindiating moistureRad gistd\@tedh&dndIfer igepiggat i on 20
or heat is |iable to concentrate at that position. That is because the

hi gher t he thedP@perprgaomrstnegrcessivelyy nrayigiag atlgrge senperpd deatssipgtiont j s
under st ood 0] L f | St g rati is SLM or
T er s m mufi et el B ynk 8 B Y el Bloli e O PR 0 P, oy

t enper at ur énada itrpeadibleto faide BGiBRFAEINBAL B frEinUr, 00 cc/mihuteR8 Q00 cc/igute
(SLM Tenperature P(C) on upstream sideTenperature P(C) on Downstream

si delet Tenpéputveh inarasiegiibesie of iereyctaifogepeiating PGisgEm FrshAr@ewmnst r eam
center Tenp?l{eq‘geg@ssg% rﬁoﬁteffﬁip %:);Mgélfldp%e%ﬁ@d&{l%{eﬁﬂ%‘t’l‘”&?&l{&? &‘i‘#%ﬂ%ﬁ[&g TRer ature

(C at a poin rom do reamce enperature pe0| nt Pz

2cm from dalmsitertesarsde ek e huis &8 FeRstibA co B M AREMOEdbfeased up to 2,500
finsl-1z01315376-380384377371Hz01. 5390471-4784844744GW t h heat di ssipation
fins Nz 1 ¢c¢/minute.

The invention of claim 5 is a heat dissipation type reactor for generating
t5 moisture comprising a reactor shell with an interior space formed by mating a reactor
structural component on the inlet side and a reactor structural component on the outlet
side, a material gas supply passage provided on the reactor structural component on the
inlet side to supply the material gases into the interior space, a material gas supply joint
connected to the material gas supply passage, a moisture gas outlet passage provided on
20 the reactor structural component on the outlet side to lead out moisture gas from the
interior space. a moisture gas take-out joint connected to the moisture gas outlet
passage. fin base plates attached firmly on the outside wall of the reactor structural
components and a large number of fins set up on the fin base plates.
The invention of claim 6 is a heat dissipation type reactor for generating
25 moisture as defined in claim 5, wherein the fin base plate is attached firmly on the
outside wall of the reactor structural components with a heater and a heater press plate
placed between.
The invention of claim 7 is a heat dissipation type reactor for generating
moisture wherein the aforesaid heat dissipation fins are disposed centrally-
30 symmetrically or axially-symmetrically with the material gas supply joint or the

moisture gas take-out joint serving as a center.



198 302 300 274 282 290 295di sposed in parallel (without alumte treatnent)
HBO 2 287 406 - 427 436 418 403120 2.5327467- 491 502481 464Wth heat Nz
12103513S0314326336343di ssi pation finsN, 118430230023%&?221&)295& sposed in
paral | el H O 223435G 379389369353(with hard alumtel-1, . 541

1- 43544842G40720 pm t hi ck) H, O 3295466- 493S094824G 1 OIN ON 16 8 Auril
2002 I f the upper Iimt tenperature for safe operation of the reactor for
generating noisture is 450C, for exanple, the quantity of noisture

gener ati on wher €lltehiryamionoftleinP8 is mbkat dissgpatnttgppreaadufoegderaing450C can be
regarded as the quantity within the f.e operation range..5 Therefore, the
upper |im t@oﬁ?“r%ﬁﬁgflﬁrtge ﬁ?ﬁgﬁsﬁf’?%ﬂﬁ‘ %ﬁ?‘e?‘ﬁés P’é%rﬁé@tt?wg}“g’é’@ta&ragu“é‘#e: t he
reactor W thouhedid\the Sukacek b th Meat'@@Hafbn Hhi h untreated fins = 2 SLM and
the reactor with hard alumte-treated fins = 2.5 SLM In other words,

provi sion of fins can increase noisture generation tw ce, and provision of

Sbove- ment  oned al uni ¢ 6 BRIEE WESGREM N IB A HE PRAINGSect s were al so
condusted w th qqbol @t ahembiiedibfhRdflan2thbBinidAt 6fa RBGAFrEs@kitfid €S 5 - S0

pm They nade little difference. That is, readings of thernocouple P~ - P;
wer e vari edappaiagus\ipr generating andafeeding modsture ecotdibg to the presenpenventiores ar e

nmeasured in the actor far .generating noistuyre ~ 5 with different

t hi cknesses of a‘{lgin?fsea %rﬁgh 8% &‘r‘itdea‘?r“r‘iiﬁgce(ﬂLnll thy RrRsSpLs %%%re?%gr ’ﬁf)i sture
gener ati on @eriing PbMurt S8, faPH6wedte. TO summari ze, heat dissipation fins
are effective in dissipating heat and narrow ng the tenperature

di stribution. THdGndiisa graph gevangthiesiaperdandseofithrecpresssrc f altrongacter-fori ce. 20 It
is also noted that alumte trﬁat m?nt n heegﬁ di Eﬁl p@tion fins can inprove
heat 'Padi at $GR2HRG BOIsife prithe flgy, tafs of the puxedieas obH: B2 quered by sone ~0C in
conparison W th tie. 4 idtSghgy iHodvinoihelctdehfatdneftuiRAtted A Gad WRilée Flow €
generation can be increased sone 2.5 tinmes. The results shown in Table 1
are for heattedif$xigeathangesdsis Fii.sphosed central 25 symmetrically as shown in

the draw ng. The ne.resul.ts,can obtained wth heat dissipation fins
i sposed roughl'y FAg1 s S5 Fad hn RpRp  of e ol e ng P vt r
neans a concent riggGas iaN@ei®il vely dreabthef Sahipat dfARe fehétsr fok BededfingXi al
symmetrical arrangenent, the aforesaid tenperature distribution will also
be axbal symmstuwd.cal, which can enhance evenness in the interior space 6
for noisture 30 ecation.. . Table 2: leasurenent resul of, tenperature
in reactor for gﬁ{e}r gfsiaﬁldg%albélft ﬁ)l?l'((%ai\l'/g vevroa'tlmu%em'(‘( rel'glrrr%éfg)f'ure

(OC) Tenperat ure ( @QIGespeL Artif, se€tlohl CikWaT Sheardsttdei sRERLS e Poicitr fd?S Scmat a
point P4 4cmat a point P3 3crmat a point Pz 2cnof alumteGas (SLMfrom
downst r eant $CHATAHBMSTSIE R AFGOSHNS VNS Presetinvsation.

a um te10" 0 2 e b SEREFE bR Bl des el e g
al um20eS0O i imviior. 54354 48425406Col ored al um te20 ~nHzO0 2. 5433445424405 00
~s ... NOON 18

FIG. 10 is a sectional view taken on line [ - [ in FIG. 2.
FIG. 11 is a side view of the reactor for generating moisture with the heat
dissipation unit clamped on the reactor structural component on the inlet side.

FIG. 12 is an end view of the reactor structural component on the outlet side.

25 List of Reference Letters and Numerals for the Drawings
BA baking area
C process chamber
F filter
M mass analyzer

30 MFC 1-3 mass flow controllers MFC



8 Anril 2002 The present invention is not limted to the enbodi nrent and
exanpl es just described and it is to be understood that changes and
variations may be made without departing fromthe spigApripzog@cope of the
present invention. Effects of the Invention 5 The invention has the
foll ow ng advant ageous effects: Hydrogen gas can be reduced in pressure by
pressure reduci ng neans provided on the downstream side of the reactor for
generating noi sture before being supplied to the downstream side. Ignition
of hydrogenPbdl be pressegidegciars hout fail and, therefore, a safe and stable
1 o supply ﬁf noi sture _can be provi ded because the internal pressure in the

> Tecorde . .
reactor can be maintained at a high I evel. The pressure reduction and

ignition prrR¥eNti on éukeedicingGheds by such sinple pressure reduci ng neans
as an orifice. In case a valve is used as pressure reducing neans, it is
possi bl e toR¥ary andag@jmyemphe opening and al so the degree of ignition 15
prevention. r eact contained in noisture gas can be m nim zed,
mhich@furth%%%gnhangggmgﬁg&%gﬁgty along with the pressure reduci ng neans,
because t heSyl at i nunamghigdhleat al yst | ayer causes hydrogen and oxygen to
react into noisture with a high efficiency. 20 The tenperature in the
reactor sheVl -4 beal6wer ed by di ssipating noisture generation heat

t hrough hea kSSi pat.| i uantity of npisture generation can
be increased. Nbis?%?gﬂéék%%g?g@gg%nﬁﬁ?ntaining the tenperature in the
reactor shell at a proper level with a heater can be |ed out as stable

wat er vapor flow to the subsequent 25 facilities. The tenperature

di stributioh in the "e&idtsBell can be made centrally or axially symetrical,
preventing {he tenp r | Sl ocal d effecting safe and
srmotelﬁ noi s%ure gengégc{t#gﬁu%tgﬁmid@de%gtt%}t%gﬁrlel?’{tlSmbecause heat di ssipation
fins are di3posed raughly centrally or axially symetrical. 19 8 At~ri
2002 The tenperature in the reactor shell can be further |owered and
therefore the noi st UPEIYSHEFER eAMRPUKILI thapulsidencr eased, because t he
surfaces of ;heat diq_&ggtion fins are alumte-treated to i nprove heat

di ssi pation. 20 8 §p~ 2002 What is clainmed is: 1. A seduced
pressure-type apparatvalé for generating and feeding noisture) said apparatus
conprising a reactor for generating noisture of hydrogen and oxygen by
catal¥tic reaction éﬁ@“ﬁﬁghs for reducing pressure provided on the
downstream gi de of theLeagtdr) wherein noisture gas is reduced in pressure
by neans for reducing pressure and supplied to the downstream side while

t he internal pressurmatenelighesupphgiassages r nmai ntai ned at a high level. 2. A
reduced pregsure-type_apparatus for generating and feeding noisture as
defined in glain11 ARt ondhs misheidas for reducing pressure is one or nore
t o conponegts sel eqhadifiLMBERNEintN orifice) a valve) a capillary and a
filter. 3. A reduced pressure-type apparatus for generating and feeding

noi st9r e asl@efi ned moistotesganoltietgassegai m 2 wherein the reactor for

generati ng Egisture cgn?riseﬁ a - rﬁactor shell fornmed by mating a reactor
structural mponent™ B0l PePwlet Sidfe having a material gas supply passage
and a reacty Structysighur RRRAREN jR the outlet side | 5 having a noisture
gas take-out passage) a reflector on the inlet side so provided in the
reactor shel} as to flaigwmt ¢patedeaabisblaygzas supply passage, a reflector on
the outlet sjde so provided in the reactor shell as to face the noisture
gas outl et sage,qgﬂﬁxﬁoﬁlatinun1coated catal yst |ayer provided on the

i nsidg wal | srface giidubfcdagactor structural conponent on the outlet side.
20 4. A reduced pressure-type apparatus for generating and feedi ng noisture
as defined 14 cl ai mheaodissgpasiomuBitwher ei n the reactor for generating

noi sture conpri ses reactor shell formed by mating a reactor structural
conponent on-the inl i de having a material gas supply passage and a
reactor struygtural apERPpRMin@Matehe outlet side having a noisture gas

t ake- out passage, a reflector provided in the interior space of the 25
reactor shellT, and &ipbasepltan coat ed catal yst |ayer provided on the inside
wal | ﬁyrfac?gof t he &g@&gﬁgmﬁ%rugtural conponent on the outlet side.
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recorded by a recorder R. The moisture gas is squeezed and reduced in pressure by
pressure reducing means RM (in Fig. 1, an orifice), and has its residual gas measured by
hydrogen sensors S1, S2 and is then sent to a process chamber C via a filter F. The
quantity of residual hydrogen is also recorded on recorder R.
25 The gas is heated to 140°C in the shaded area BA to prevent the gas from
adsorbing to the inside wall of the pipe.
The moisture gas sent from filter F is sampled by a sampling valve SV and the

composition analyzed by a mass analyzer M. The process chamber C is a, for instance,

a semiconductor manufacturing apparatus. The gas is drawn by a vacuum pump RP via
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~(#10%WKVE fehtion does not proceed exactly according to the theory. H, gas remains unreacted in
a small quantity, and the flow rate of moisture gas is slightly smaller than 1,000 sccm.
To increase the total pressure of Hj - O, the flow rate of O,, which has no adverse
effect, is increased.
30 As is evident from Fig. 3, if the flow rate of O, gas is increased in the range of

600 to 1,500 sccm, the pressure of the reactor rises linearly in the range of about 400 to
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5 Fig. 4 is a graph showing the concentration of unreacted H, gas while the flow

rate of O, gas changes as in Fig. 3.

Even if oxygen is supplied excessively in the moisture generation reaction as
shown in FIG. 3, the quantity of unreacted H; is at most some 0.08 percent.
Furthermore, the pressure in the reactor can be maintained at a high level by the

10 pressure reducing means of the present invention. Thus, the ignition point rises, which
definitely keeps hydrogen from igniting and ensures that moisture can be produced
safely.

In Fig. 1, an orifice is used as pressure reducing means RM. As an alternative to
that, a valve may be used. In case a valve is used, the flow rate ican be adjusted

15 because the opening of the valve is variable. Thus, the pressure within the reactor for
generating moisture can be freely adjusted. Also, any means that has a squeezing
mechanism and permits adjustment of pressure or produces pressure loss can be used as
pressure reducing means RM, for example, nozzles, Venturi tubes, capillaries, and
filters.

20 The present invention is not limited to the embodiments just described. It is to
be understood that changes and variations may be made without departing from the
spirit or scope of the present invention.

Embodiment of Heat Dissipation Reactor for Generating Moisture
Fig 8 is a vertical, sectional view of the reactor shell of the reactor for

25 generating moisture according to the present invention. The construction will be
explained briefly. In Fig. 8, the same reference numbers are used to refer to the same
parts as in Fig. 5.

The reactor shell 1 comprises a reactor structural component 2 on the inlet
side, a recess 2a, a reactor structural component 3 on the outlet side, a recess 3a, welds

30 4, screw bolts 5, an interior space 6, a material gas supply passage 7, a reflector 8 on the

inlet side, a material gas supply joint 9, a moisture gas outlet passage 10, a reflector 11
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on the outlet side, a moisture gas take-out joint 12, a platinum coated catalyst layer 13,
a barrier coat 13a, a platinum coat 13b, heat dissipation units 14, a heater 15 and a
heater pressing plate 16.
Fig. 9 is a top view of the heat dissipation unit 14, while Fig. 10 is a sectional
5 view taken on line I - I in Fig. 9. The heat dissipation unit 14 which releases heat has a
large number of heat dissipation fins 18 disposed in parallel on the base plate. In the
center, there is provided a through hole 19 for the joint. A cut 20 is made that extends
from the through hole 19 for the joint to the upper side of fine base plate 17. At the
four corners of the fin base plate 17, fixing bolt holes 21 are defined that reach reactor
10 structural components 2, 3.

The fin base plate 17 and heat dissipation fins 18 are formed roughly central
symmetrically with the through hole 19 for the joint serving as center.

In Fig. 9, the fin formation is not perfectly but roughly central symmetrical
because the cut 20 is formed in unit 14. Because of this roughly central symmetry, the

15 heat dissipation of the heat dissipation unit 14 exhibits a central symmetry.

The unit is so designed that, because of this central symmetry, the temperatures
at two different points equally distant from the center and located on the same diametric
line are about the same. If the heat dissipation characteristics of the reactor structural
components 2, 3 are made central symmetric, then the temperature distribution in the

20 interior space 6 of Fig 6 also can be made central symmetric. Moisture generation
reaction can be equalized central symmetrically, and thus the temperature in the reactor
shell 1 can be prevented from rising locally. In other words, this prevents hydrogen gas
and oxygen gas from locally igniting, thus promoting the safety of the reactor for
generating moisture and prolonging the life of the reactor.

25 Fig. 11 is a side view of the reactor for generating moisture with the heat
dissipation unit clamped on the reactor structural component on the inlet side. Fig. 8 is
a section taken on line II - [T in Fig. 11.

To attach the heat dissipation unit 14 (Fig. 10) on the reactor structural
component 2 on the inlet side, the material gas supply joint 9 is first inserted through

30 the through hole 19 for the joint, and the fin base plate 17 is closely placed on the



G10% & ()- G10%& ()- G 10% & ()- G 10% & ()-_?NA410G G 10% & ()- G 10%
& ()- G10% & ()- G10% & ()- G10% & ()- G 10% & ()-: ?NA410G] [Y ~$+28C:
G10%& ()- G10%& ()- G10% & ()- G 10% & ()- dDNAKLARGE] 268210% & () -
G10% & ()- G10% & ()- G10% & ()- G 10% & ()- G 10% =TT DNAALOG [Y

outside wall of the reactor structural component 2 on the inlet side. Then, bolts (not
shown) are screwed in and tightened up through the fixing bolt holes 21.

To attach the heat dissipation unit 14 on the reactor structural component 3 on
the outlet side, the moisture gas take-out joint 12 is first inserted through the heater 15,

5 the heater pressing plate 16 and the through hole 19 for the joint. Then, the fin base

plate 17 is placed closely on the heater pressing plate 16, and bolts are screwed in and
tightened up through the fixing bolt hole 21.

The inventors conducted intensive research in seeking to raise the heat
dissipation efficiency of the heat dissipation unit 14, and found that the heat dissipation

10 can be improved by giving an alumite treatment to the surfaces of the heat dissipation
fins 18.

Alumite treatment generally means formation of a thin oxide film on
aluminum or aluminum alloy. Colored alumite treatment is now possible. Alumite
treatment is generally applied to increase the resistance to corrosion and wear. The

15 inventors found that alumite treatment is effective in improving heat dissipation.

The larger the area of alumite treatment, the greater the heat dissipation of the
heat dissipation unit 14 is. Therefore, it is preferable to give an alumite treatment not
only to the surfaces of heat dissipation fins 18 but also to the surface of the fin base
plate 17.

20 To compare the alumite treated heat dissipation fins and the untreated fins in
heat dissipation, the inventors tested three kinds of reactors for generating moisture —
one with alumite treated heat dissipation fins, another having fins with no alumite
treatment, and still another without heat dissipation fins.

Fig. 12 is an end view of the reactor structural component 3 on the outlet side.

25 The reactor structural component 3 on the outlet side was holed at five points. The five
holes were drilled at intervals of 1 cm starting with a point 1 cm away from the center.
Five thermocouple P - Ps for measurement of temperature distribution were put each |
mm away from the inside wall to measure the temperature distribution in the radial
direction in the interior space 6 on the downstream side. Furthermore, a thermocouple

30 P for temperature regulation to measure the temperature on the downstream side was

inserted at a point 3 cm away from the perimeter so as to see how much the temperature
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was different from the set temperature of the heater 15. Also, the temperature on the
upstream side was measured at the corresponding point on the reactor structural
component 2 on the inlet side.

With H,/O, set at 10/6, or with excessive supply of oxygen, moisture was

5 produced in the oxygen rich state. That is because the oxygen rich state increases the
moisture generation efficiency and reduces unreacted material gases. The measurement
results are shown in Table 1. Measurements of thermocouple P, are not given in the
table. (See Table 1).

As shown in Table 1, the temperatures on the downstream side almost agree

10 with the set temperatures, which indicate that the heater 15 works according to the
regulated and set temperature. The temperature is regulated and set to send generated
water vapor to the subsequent facilities. The temperature is set at 300°C as an example
[t is also pointed out that the temperature on the upstream side is lower than that on the
downstream side. That indicates that moisture generation hardly takes place in the

15 interior space 6 on the inlet side.

In the interior space 6 on the outlet side, moisture generation reaction is caused
by the platinum catalyst, and therefore, the temperatures are distributed. high around the
edge to low in the center. Of the thermocouple P; - Ps, thermocouple Py, which 4 cm
away from the center, shows the highest temperature. It means that moisture generation

20 or heat is liable to concentrate at that position. That is because the higher the moisture
generation is, the larger the self-heating is. It is understood that the unit for the quantity

of moisture generation is SLM, or liter/minute in the standard state.
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If the upper limit temperature for safe operation of the reactor for generating
moisture is 450°C, for example, the quantity of moisture generation where
thermocouple P4 indicates a temperature below 450°C can be regarded as the quantity
within the safe operation range.

5 Therefore, the upper limits of moisture generation for the respective reactors
are: the reactor without fins = 1 SLM, the reactor with untreated fins =2 SLM, and the
reactor with hard alumite-treated fins = 2.5 SLM. In other words, provision of fins can
increase moisture generation twice, and provision of alumite-treated fins can raise
moisture generation 2.5 times.

10 The above-mentioned alumite is a hard alumite 20 um thick. Tests were also
conducted with colored alumite (black) 20 pum thick and hard alumites 5 - 50 pm. They
made little difference. That is, readings of thermocouple P, - Ps were varied only
within several degrees.

In Table 2, temperatures are measured in the reactor for generating moisture

13 with different thicknesses of alumite and different kinds of alumite with the moisture
generation at 2.5 SLM. (See Table 2).

To summarize, heat dissipation fins are effective in dissipating heat and
narrowing the temperature distribution. The moisture generation can be increased
about twice.

20 It is also noted that alumite treatment on heat dissipation fins can improve heat
radiation rate. That is, the temperature can be lowered by some 50°C in comparison
with the fins having no alumite treatment. And the moisture generation can be
increased some 2.5 times.

The results shown in Table 1 are for heat dissipation fins disposed central

25 symmetrically as shown in the drawing. The same results can be obtained with heat
dissipation fins disposed roughly axial symmetrically. [t is understood that axial
symmetry means a concentric arrangement of heat dissipation fins. In the axial
symmetrical arrangement, the aforesaid temperature distribution will also be axial
symmetrical, which can enhance evenness in the interior space 6 for moisture

30 generation.
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The present invention is not limited to the embodiment and examples just
described and it is to be understood that changes and variations may be made without
departing from the spirit or scope of the present invention.

Effects of the Invention

The invention has the following advantageous effects:
¢ Hydrogen gas can be reduced in pressure by pressure reducing means provided on

the downstream side of the reactor for generating moisture before being supplied to
the downstream side.

e Ignition of hydrogen can be prevented without fail and, therefore, a safe and stable
supply of moisture can be provided because the internal pressure in the reactor can
be maintained at a high level.

e The pressure reduction and ignition prevention can be effected by such simple
pressure reducing means as an orifice. In case a valve is used as pressure reducing
means, it is possible to vary and adjust the opening and also the degree of ignition
prevention.

o Unreacted hydrogen contained in moisture gas can be minimized, which further
enhances the safety along with the pressure reducing means, because the platinum
coated catalyst layer causes hydrogen and oxygen to react into moisture with a high
efficiency.

* The temperature in the reactor shell can be lowered by dissipating moisture
generation heat through heat dissipation fins, and the quantity of moisture
generation can be increased.

e Moisture generated by maintaining the temperature in the reactor shell at a proper
level with a heater can be led out as stable water vapor flow to the subsequent
facilities.

¢ The temperature distribution in the reactor can be made centrally or axially
symmetrical, preventing the temperature from rising locally and effecting safe and
smooth moisture generation in the reactor shell, because heat dissipation fins are

disposed roughly centrally or axially symmetrical.
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maintained at a high level.
2. A reduced pressure-type apparatus for generating and feeding moisture
as defined in claim 1 wherein said means for reducing pressure is one or more
10 components selected from among an orifice, a valve, a capillary and a filter.
3. A reduced pressure-type apparatus for generating and feeding moisture
as defined in claim I or claim 2 wherein the reactor for generating moisture comprises a
s reactor shell formed by mating a reactor structural component on the inlet side having a
material gas supply passage and a reactor structural component on the outlet side
15 having a moisture gas take-out passage, a reflector on the inlet side so provided in the
reactor shell as to face the material gas supply passage, a reflector on the outlet side so
provided in the reactor shell as to face the moisture gas outlet passage, and a platinum
coated catalyst layer provided on the inside wall surface of the reactor structural
component on the outlet side.
20 4, A reduced pressure-type apparatus for generating and feeding moisture
as defined in claim 1 or claim 2 wherein the reactor for generating moisture comprises a
reactor shell formed by mating a reactor structural component on the inlet side having a
material gas supply passage and a reactor structural component on the outlet side
having a moisture gas take-out passage, a reflector provided in the interior space of the
25 reactor shell, and a platinum coated catalyst layer provided on the inside wall surface of

the reactor structural component on the outlet side.
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