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FI ELD OF THE | NVENTI ON The present invention relates to an apparatus for
generating and feeding water 5 0 ~5 vapor, hereinafter referreﬂmm\mlﬂm“”mm“l“l
noi sture, and a noi sture-generating catalytic reactor for use il
apparatus enployed in the production of sem -conductors. Mre speckfysally,
the present invention relates to a reduced pressure apparatus for

generating and feeding noisture in which noisture gas is supplnuﬂm"mmm
reduced pres8HACTQRR (H{ER dobMEBR ASENE SHigd! FURIRE MEOIBTOREWI | e nmmmun
el evated internal pressure in the portion of the reactor for generagjps

noi sture. The configuration thereby prevents hydrogen from spontaneously
igniting in the reactor. The invention includes a heat dissipation-type
reactor for generating noi st uFRELD Qi CHEHAMENEH2Nat ed in the noisture

enerating reactjon is forced to, di ssipate through fins, increasing the
quant ity of i sfif RrespehEVERAR RIS ( A snparas (o seneinandieding WARKGROUND

OF THE | NVENELONerdiddfePRra¥dddS b iRl SRE 4 ABishite BBAAH] %g@@&' LQey, for
exarrpFe, ‘can ne’eg rlrxi)re 208§5 tﬁan 1,000 sccm losr %gglillc cegﬁctai ters/mnute of
hi gh- pur i t yfonatesin thevagpasttesaapldyest iattbe prodsaivnodsenctardun®nufldotaur i ng. For
t hat purpose, the inventors, earlier devel oped and di scl osed reactors for

gener at i ng $Regificall the pragsnt inyprilongrelates i air‘%“FF Pressurt@PRerajus Wr gehfgatiigact or
hel | 1 Shown: fobi-Ej ghr 5. . ing.an t
> on e 1 rhR feBdif Fotdh In LARICHT oI Bls Bk BICP bedbpdd WA 1R ON N

structural govmeesntsidd o¥thd faectotivhidd malntdningih B vatedDitSindl Sregsage inake- out
joint 12. In the reactor shell 1, a reflector 8 on the inlet side is so

cl anpéd by pertiemobdetreacwrder geperating moisianee Fhegongigyrasion gleyelyevemts 7 and a
reflector 1 n t outlet side.to.face a npisture gas outl et age 10.
The 1 nsi de Tufectufort seogineplidl idineditog veiBbS i Fullafifich s BRERNCS 0L o
side is proyissgstionttyPe RablbAfor RERRaMR Rdisaaé Bl Wiith hadt @enckded Th thel GisdR: Wal |
surface of the reacfor structural conponent 2 on the inlet side and the

out si de sur geresgingfreactien isdbtoed todissip&te dhroughefing, insreasingd éheaguerntiteofr ef | ect or
11 on the outl et side a‘iﬁ/i roviaged with a barrier coat 13a forned of a

nitride sucPORLUSERNSHHF N 3 Sale I RUCEIYVS&Y at er. The pl ati num coat ed

catalyst layer 13 is fornmed on the barrier coat 13a of a nitride |like Ti N
provi ded on the inside wall of the reactor structural conponent 3 on the 5
outl et side by fixing the BARIKGROUNBIOE IHBLINYENFIANposi ti on techni que,

[ | ati t echpi. 1 the Jike, In th || 1 sh in Fig. 6,
her 1S provi deosiiaoh aRAeIAFR ymEcebY BORUEL Gesion. HhGAael) FRREES BFY aco

of the reacypp c]iio'b%‘&%d{%?‘E@Q@QR&%?%rs%iﬁﬁ‘teto'?ﬁgg%'rﬁ} witeffh 4 StaRdLY s@RdnW th a

pl ati num coated catalyst layer 13 forned of rrier coat 13a and o platinum
coat 13b. Themicasiuder manfificering. Fhethaepurpose, it inehtoratariengeenleped 2ndon t he
inlet side and the L . . - .
disclosed reactors for generating high purity moisture as shown in Fig. 5 and Fig. 6.
20 The reactor shell 1 shown in Fig. 5 is formed by mating a reactor structural
component 2 on the inlet side having a material gas supply joint 9 and a reactor
structural component 3 on the outlet side having a moisture gas take-out joint 12. In the
reactor shell 1, a reflector 8 on the inlet side is so clamped by screw bolts 5 as to face a
material gas supply passage 7 and a reflector 11 on the outlet side to face a moisture gas
25 outlet passage 10.
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



out'si de surface of reflector 22 are provided with barrier coat 13a but

w t hout the platinumcoat 13b described in Fig. 5. Thus, the surfaces of
the reactor structural conponent 2 on the inlet side and reflector 22 are
not catalytic, thereby preventing 0 15 and H~ fromreacti ng on those
surfaces and raising the tenperature locally. Referring again to Fig. 5,
hydr ogen and oxygen, i.e., the material gases, are fed into the reactor
shel | 1 thr®ogthednlenside amd thgasflectgypl lyorphs satle sideand paveledivittus atriencdahe
interior space 6 by the reflector. 8 on the injet side and the reflector 11
on the outlkia ngﬂ@y(lfla mitiecypas TN (‘Yg?&ha% I Bgidescritied 19emt i num coat ed

catal yst |ayer 1 ] | e] i .at | cqat ed

catal yst | ayer 1@,‘8 %fg@ﬁ}g@%g:g%@y %g%’ﬁe?é? Zscfo#&eggg%e?aﬁlll%edaogtj |mva| c}‘;a by the
catal ytic afitridenikefTiMl grbvidedrom i iaside ivall RE thel rBAcdort SictPal Gahlpedertadinaat i zed
state. As radjcalized, the hydrogen and oxygen instantaneously react into
noi st &ir e atouslet ddpby Axineshe plagrumcaat 13bdy YR depesision techaiquenien platiag gas

wi t hout hi r at onbustion. The high purity noisture is then
supplied tgtlg{ﬂﬁgwooa\/{ﬁg{ﬁlé%m 25 side through the noisture gas outl et passage
10. Simlarly, imthé@gatashar] stvhl infFighe\Werd i3 groddeda rdldevelpingdk al gases
conpri si ng hydrogen and Qxygen are fed into the reactor shell 1 through the
mat eri al gastlettippls apd dwaigeidg sunfate oif theargagdtorsstruchgalicefipeners3 @pthe gfldtusi ng
in the interior space, 6., The diffuse erial es of dr ogen _and pxygen
come ' n CorBAts RREE ih ARGl Bl 5b s Ef fEed 5 Brip 4 St
convgpted inbLGndn tadigpl i zed state. As described above, 2  hydrogen and
oxygen instantaneously react to produce high purity noisture wthout
conbusti on at a Thginsidespdacatafitiee redtter stamotralrcogipehent @f thehelecods tndhei on

as shown in Fig. 5 and Fig. 6_has attracted nuch attention.in the
seni conduct‘E)‘%tS‘gr"aﬁ‘Hfa&Etoﬁqug?ﬁtofggﬁFFoFPrSZjidéélwl i BIfTEr SOBfel3g Rk Withopthe t s a

substanti al .5 i . App f i d feeding
o on oot P RARE LA (00 RO RPN W BT Fn BTN
standard st@dmeponehd? an thedhlet sideasd feflettyr 2D drem@s padigtiv,eahesby preitgrOof eat ure
of the reactor _shell 1 of Fig, 5 and 6 is that hydrogen and oxygen are
handl'éd at @ndHEniiemgeantiag oa those sutfacss apd raifing thefempgrairalasalls i gnition 0

t akes pl ace. Moi e | r j 2actl o l. us
hi gh-purity nois %frég?ncga%agletggg%ﬁ?ggé{rg%%& %ludﬁ)’{y%%rgﬁga#% y?l% 8??%8?%?%%& t he
i nventors hiavethdexrtRRell 2 thruigies materfabgdvBufiple patsags Aiafi€ atd flagddaihyhd C
reaction efficiency in noisture generation accordi ng\ to the aforesaid

7

catal ytic rigégsior space Pypbe sgilesior son thainletsidsrnd the religetor ppovkeputiseside
structure of, %rﬁbecorn?e%%%m%& ith {hgd?%%u&h%gge%%{a%p%ygyw.O@ﬁogn Edt0%,
ydr 0gen a

noi sture gas by Tncreasing the reaction ween ( oxygen. Al so,
t he ibpvent ogsntdvavigthdRy plaBiRed caatee chiaiyatigydrds, biiges asd Rdrbfién dre akdréR8d
bet ween hydrogen and oxygen by gradually increasing the flow rate of

hydr ogen; amdeagioithidy thretarptiodctioaiod plaginumend azcuimed inetthe sorcaliesr ogen and
oxygen by startij.n e suppl.y ,of drogen after the supply of oxygen while
cut Chng of {RHBLERARS 38°Bia Ferh e hRESRr wof Shesh BR9BRSo R BaTA 1 o
those technigufe af NRnRAGIEN0wEShAn thedniBEOPGInG &F tht Fix&l @idwiflddt higncan
produce and supply high-purity noisture al nost free of reSidual hydrogen.
However, themperdtgecdumbtsionndhnefhaght puritp gndisture ihthen auppiegao thmdwernsokam

t r eat_ nent pg}.aé:g]srge t}hn whi ch noi sture is L d under reduced pressure, for

exangfe, se ¢ MO SPRBYC PATERSSEs, hydrogen and oxygen under
reduced pressureggfigarfye thBtQcldr8hélEBERin 28 .|6,%hé&9ﬁ}ihh§as@5&ﬁ¢@inggas

supply passage 7. Consequently, there 1s a possibility in those reduced
pressure prbhoksgmsantvaygennire ied ine thgméactoshgibl trowgrhothp imraggriah gds suppty wi | |
spont aneousl 37ite i.n the reacyor 7.is an ignitabilit 1 rve

i . FI . [P m.t
for a 2 : 1P Sség% ANGHiY 2gaingt thedeligetep22, 9@5}% 1B e nEHREFRACE O ﬁ%ﬁlﬁfvﬁéﬁumh

a radi us of . T f ve | Ll i1t f a
chem cal harr?égglgﬁggsf %ﬁ'@mﬁgﬁegﬁgg °F‘%&% Cﬁg{f l[ﬁ)ﬁ llﬁfiétk}}glg{ E&s p??atﬁﬁl;ﬁe%&@eogubl i shing
conpany. Theataystigyres 1®and he condérreiltiatol anddicalidishste.t At déscpibed abowve, of t he

m xed gas while those on the abscissa indicate the ignition tenperature.



Assum ng fromFig. 7 that when the tenperature inside the reactor is set at
400C the total pressure of the m xed gas of hydrogen and oxygen is reduced
to several 5 Torr. FIG 7 shows that the ignition point for several Torr of
pressure is about 400C. Under this condition, the ignition point approaches
the set tenperature, and hydrogen can ignite spontaneously in the reactor.

If the set tenperature is still higher, ignition will occur without fail.

As i ndi cat e8ydrage and oxygemiEsiagisnequsty fsastie Pesrdups bieh purtSHaispiry withows as t he

total pressuyre,of.th ! of hydrogen and oxygen decreases. Even if

t he terrpe_ra#ﬂ?’guﬁtgnsaga?@t)ﬁ?%lg%%%%r ogen wi |l not ignite when the total

pressure i s hi ghTheteaean shaPpenthelahstiitdbRaeshowd ih Psgl.cmﬂlsd?! @pite if the
[

total pressure drops. If hydrogen ignites in the reactor, s Narme fl ows
back t owar datttaeted peuchasiantsirdia thhsesigbndugr mangfachuringaechsalogiopl feldsage 7a

and there is danger that conmbustion wll. ta place in t area where ~ 5
hydyoden an ew%ﬁﬁeg?@s arﬁ&é‘&fm%fzteir‘é\%ucgﬂﬁOgﬁ\fﬁpﬂétufﬁ‘é‘?%ﬁ%igﬁ‘bﬂ%% usi ng
a fire to spdeanf} AP PISte md1QuFceRElcah prafued hRte MR Rl0BNCWnRuteng a'seRgsar of
Fig. 5 and 6 for generafing noisture is that since the noisture-generating
reaction i sstare eiibahegher cactedtytandmespohsivepensr at ed reaction heat will
overheat the whole of the reagtor shel and. t he nerat ed, vapor steam
For 20 exanpl e, g gt B0 r?%dﬁﬂ%ﬁiﬁé@ﬁ% 3l Sraie! drogesrnd

cc/ m nut e, r IOk = e of

el T heat | ng T ¥R R ol miB ke K000 SR R piondibu R

t enperoat ur e takles phater Modgpat isprolucddsadtalbiGeanidn afymepacithtihkighgurity on poi nt
of hydrogen and oxygen or 560C, bringing about a very dangerous state. To
avoi d such #quYicBN b sseuredand pypelied seflY. of the noisture generation in the
25 peactor for ORNRRANIAE FPISLHER 1B bR B lle: SPASRAHGL 8. 08RO Pe

1,000 cc/mnute in terns’o standard s o ‘rncrease the

noi st ure gengrBiic dhctisn tHictk Ri0Rolshee gaRedtih ®bedingho tRUAfotdigidTh@b tic
increase raises the costs and enl arges the size of the apparatus for
generati ng &gfgliomedp he spasifis dreanvertiers presiorproyed tha siretiuresif vesrea¢ioste
problems with the prior.art reactor, for. 30 gener.atin istur.e, .including (
1) the dan§Eiot erremainid ydrin B e POIRER ST Dorarrg a8t SN Rr ogen
and oxygen ﬂ?@d@@én aroxygin NRIsS! the Sn SARRE Bédleévél@bedJ@teEhMﬁhélm?ihqsfeasir{gf mted
because the tenperature of the reactor for generating noisture itselt would
ri se and couleadreaetiosiebeigeenthiydrogef andexygeo dygraduallyincraasiog uheflow ranof eased.

SUMVARY OF HE | NVENTI ON, | t Iﬁ‘?‘ an obj.ect of t.he prese t inventjon to

orovi de a s 8 TORFIABEATYELEPad O BiFiEe ths seacliol bEOERT BidrBS PHLOEN Phedi ng
hi gh purity sppist e %uﬁph‘y%f SR B laBleY 1HRlsLPPIDBE B8Ry deR RSBt R dF YheQlupplhe gas
igniting when the total” pressure of the niXxture of hydrogen and oxygén

dr ops20as newf hpdregeradzolier thdrt oxygemnot her obj ect of the present invention to

provi de a safe reduced pressure-type apparatus fo ner at i nd di ng
moi sture that tO@IQS?SLHF%“S‘EWCSIGWL&Q&H&%W §l}‘ﬁ5ln{ %%@8&‘@ ) qugn? ?P%E&gf
feeding moi shilpRdaaSatiBbly high-hEGY GRSl LA recdiSEERAI homRERD t he
internal pressure of the réacto r generating noisture at a high |evel.
It is another objHmtevef, thedhenpeesiaatr mavefattiuang lioe pasowiacee runhisatof diestgiepait i on
type reactor for generating noisture that is so designed to pronpte heat

di ssi pat i on PFRcGRacE HéWBwi@%guwaﬁ Ifedo‘I‘“th@dP%%@cﬂrﬁ?S“%eof%sexf“BPl?oﬁiﬂeg‘cR aoy-
elimpate t o0 Ll ' i on
ner cages ad HSRE Pkets KEORAFpl gkl Hnder se B plefrRle LMty SENEALY
invention tghgl D¥iogtetha niverial ghsSSippBL padshgk VP € onea@ietly, figdre genpssaibilitg in

nmoi sture that is small in size yet can produce noisture in a |large .
quantity. RERRSEseHuUPpdBEETUES PRPSeSSERthat vrthfthe s narpaintdgompngthydeogas vabt

forth above, . af. r rating and feedi ng noi sture accordi ng 20
to the pr es(SR%I:&}IC@@%?#%}{AHME%r\ﬁog&grgj ectives to achieve, that is, ( 1) to

suppl y hi gh- puri tRIGga% dtnigeitabilesi Ui cive s&we: t GbytvaturdewnbitireanHsi-d®, inand
(2) to keep the ignition point of hydrogen at a high |evel by raising the
i nt erifal pr @a$pherical pontpper it e sdiysrf Tybprar dthe seurapPEthacerveligtiathsd i s
prevented b | deni | f e bet yween t I anlti.qn i and the
tenperature%ggkgfbFqﬁg%gghggmégﬂg%%Fpgﬁnﬁ%’pﬁékﬁéggpgpdﬁgﬁaggﬁéFating

noi sture. zs After intensive research in trying to solve those problens,
the inventors discovered a neans to sinultaneously achieve the two

obj ectives. It was discovered that, if a-“means for reducing pressure, such
as an orifice and valve, are installed on the downstream side of the
reactor, it is possible to generate noisture gas under a high pressure in
the reactor for generating noisture and to supply the generated gas under a
reduced pressure by squeezing or restricting the noisture gas flow by the

o r o —— M Y b1 e .



feeding noisture as defined in claim1, wherein the neans for reducing
pressure includes orifices, valves, capillaries or filters. The invention
of claim3 is a reduced pressure-type apparatus for generating and 20
feeding noisture as defined in claim1 or claim2, wherein the reactor for
generating noi sture conprises a reactor shell formed by mating a reactor
structural conponent on the inlet side having a material gas supply joint
and a reactpoblighingieerapany. dbapombars corihe prelinate indicaty e thaliresyuee afvhst ure gas
take-out joint, areflector on the inlet sjde so provided in the reactor
shel | as tdmf‘ﬁq:gasawﬁ’ﬁ?@ﬂ;ea?” g‘ﬁ?&%ﬁI"iﬁ%%g"ﬁd%r}lt‘%‘?feéqﬁeéaé‘t‘%r on the 25
outlet side so p{QUnARrdA Fife thOBFRAIthS RPhlerASretifsifi@tR (o3 68 20f a

noi sture gas outl et passage, and a platinum coated catal yst |ayer provided
on t he i nsi496°Gdid totalipfeasme of the nixedgastaghydtogean and axygeo npedeced to e telnad

outlet sid T jnventiqn of claim4 is are ed pressur.e- e ar at us
Por chner atham Eicy TeB0ts ik iifaifipEbaict reppiecel 1ot ol Rirnine S abaRoPe
wherein th . i - j i hel |
for ot by rogeR SOEordord BRAEALRGotiPa bR e SHRERSARP FOFEUEITR | &
mat eri al gaan sgrielspontandvusiania tie resamt df thetsetutempemture Gngnidirteglierpugnitionhe

outl et side having a noisture gas take-out joint, a reflector provided in
the interi d*r"“é’ﬁ&%rewkSlﬁo‘ttfﬁ%l-react or shell, and a platinum coated catal yst

| i ded i i . ] t |
C g)r/rg{) ng:lf Vlonet hg/{lso%‘tg ﬁé‘{eg 2’:‘ g% %gtl &F{l érgf pgf‘lgfo%?}a%% ggﬁéerg@t%%%%rt“goﬁaelr ating
Moi stair e Thgedsinead Tty miNed\yas 6OMdredectind Pk 9Fh deercasise Bven ifl the @gderaigret O

prevent excessive self heating of the reactor for generating noisture and
di scover ed iasoreei that hdrogereyitheptigrate whgnethe tasalepressuig ip highnig caxbeappsnykaty by
provi di ng l.ar ge nynb f. heat. dissipation fins,Qn the out.side,wall of
the react oﬁl_qugo “fwdﬁ Sb@%@ﬁa‘??‘ﬁeg{fmﬁ tgf%Bge.ssufﬁS{opai L@};&‘E}%‘“ el Si”.f tt}Sossi bl e
to rai se Mkl /s dameTRWs®AcK foWard HRQPsesdnibias tHRolgh Re AMlerful £RI fiphs t O

wi t hout much increasing the size of the reactor for generating noisture.
Furt her nor epassage 7hend thdiesisidpager that efrhbedtionoxillsakel mladsan iz areal wireree when t he
heat dissipatjion fins are al un‘ite-t@eateg aEd t he noi sture generation

coul & be f UPAFREERBRS OXYREP sBired e ling 2BpgreagingithypiRIngARd cASRS A 5% 00
claim~ is @ haat;fHeSe RaLiopn type reactor for generating |5 noisture
conpri sing reactor shell with an interior space forned by mating a

react or struct urAhotbermuoiemtwitintht heactarlod Fig iScad #érfdr geneemicigonoisturaisithat al
conmponent on the outlet side, a material gas supply.passage proyvi ded on the
reactor st rsewqh%lmozé&fﬁzgﬁ%ﬁ?mzﬁf%@nilf».%t:?@ﬁ%rgﬂf Eﬁ%@@mﬂgﬁ EEH BTN gases
into the i ntar il oRRRGE theOWHBM 6f theke83 sRUPPLY |HRIgRheraRANGHS AR ESE

mat eri al gas supp?y passage, a noisture gas outlet” passage provided on 20

t he e@act orexamplec whea waco vpporas prodncede tietatead! 1s00decctminhieg cheaetpenatust ur e

gas fromthe interior space, a npisture gas take:out éoi nt. connected to the
moi st ure g VRIEN vepopigaches 490 £ #30°Gahesause f self-heatingn dftheimoistregenergop ut si de

Il of th I |
on the 11 n Bagae ferakbd fetefineRRFPANGHEP AL iy FCRE TP o Bonrbach2 <l ype

reactor foriggi€iogpaint 6fhyhrogami HidwkegasordsDPOstingingcdbaun derywaagabis dtive. fin
base plate is attached firmy on the outside wall of the reactor structural
conponents wit h B mexd sichappsaibiidnttes upnes sigippithe meisee gepeeiwein thyhe
inveption o im7 IS. diSsi ion .t I at i r
oo b Phire R BB CUARE BALL e OR A 8 d SOOBSURIALERS
30 symmet ritgahd of tBE sNdAd kidteS YOV Ay ©ahdr¥aseithdmblieursgéiratedn igasesibigp! v
joint or the noisture gas t ake-out joint serving as a center. The

i nventi on ohe edagiomsieell B Butibesizeines¢agardissa thegstsrang enlarges dhe sjehel thei ng

noi st ure wher eiﬁp the heaatt. di sgi%ati on .etffi ciency is inmproved by providing
an al uni t e PPERIYSHRE 8T5TARG 20 f E€s" P fhe heat dissipation fins. BRI EF
DESCRI PTI ON OF THEe jRRAW NeSntorofves Indse probichewRh it sHRGFARAE: R |
enbodi nent of a reduced pressure-type apparatus for generating and feeding
noi sBUr e acgsoemting nmoagsteigeinphudingri) thadenger ¢irat igri@n canjoscur wherpthedetalvi ng t he

dependence of the pressure of the reactor for.generating noisture on. NZ gas
how rare. MpsurpHyaRin Snfoxipsa el G poidien cetise i aer s efiB sr ¢ b
reactor for to generating noisture on the flowrate of the m xed gas of H,
- . FIG 4 is a graph showing the concentration of unreacted Hz gas while
the flowrate of O gas changes as in FIG& 3. FIG ~ is a sectional view of
an exanple of the reactor for generating noisture. FIG 6 is a sectional

vi ew of another exanple of the reactor for generating 15 noisture. FIG 7
is anignitability limt of a 2:1 (by volune) m xture of HZ - O-. FIG 8 is
a vertical, sectional view of the reactor shell of the reactor for



generating noi sture according to the present invention. FIG 9 is a top
view of the heat dissipation unit according to the present 20 invention.
FIG 10 is a sectional viewtaken onlinel - | in FIG 2. FIG 11 is a
side view of the reactor for generating noisture with the heat dissipation
unit clanped on the reactor structural conponent on the inlet side. FIG 12
Is an end view of the reactor structural conponent on the outlet side. 25
Li st of Ref énsteddetantd thiesermpatatirenelitht seatior farpen®ndng nyisubA itvelk iwogldaiea C
process chanber F filter ss analyzer 30 MFC 1 - 3 nmss flow controllers
MFC 8  p1angxo ¢6@)§EF@1'¢F&”’2&‘3&@ dugtiog of sropgurses mfw%orderRNpressure
reduci ng rreansRPvacuum punpS 1, S2hydrogen sensorsSVsanpling valvesV I - V
| 1lval veW/Greactor for generating noisture lreactor shell 2reactor

structural conponent on the SUMMARY OFTHERCBENGION structural conponent
on the outl et side3arecess4wel d5screw bol t6interior space7material gas
suppl y passage8r eftligan objegrpf theepreseng inventipoigareyidgp S@fgse@%@) piessure-type

GG T A RO e

coat 13bpl at assmln aifw%atl wtiss vRad tHenotdn k&ﬁk’@@ﬁtﬁéhﬁh@x@é 6f hyRlr &R81aH8
platel7fin ase p?atelS ea% d|€5| pation f?ns S 19 through }ﬁlol e for the

j oi nt 20 novbyygerHrépsasmensioned ¢h§>|ve has prdthesebiact 6f the prespat lnh@rtmc@upl es for

measur enent of .te ratur d| strlbutlon Pt erm)cou Ie f terrper ur@?
regul ation BE aé‘“%%f) %wﬁqrg t he

present | nv%}glq)pﬁrelwlri(§ hﬁﬁ—o%?ﬁf&ﬁﬁ mt%oﬁﬁy iten by ﬁeaﬁg ‘?ﬁcﬂ&ﬁf‘e éa@ uhf&

drawi ngs, where€i e parts are given t er énce nuner al
Embodionent s rafucedipreiindy) ceetiyriessing ehefinfeama pussire of Gereaaodi fog gamﬂatﬁgedl ng
Hgh moisture at a high level.

It is another object of the present invention to provide a heat-dissipation type
reactor for generating moisture that is so designed to promote heat dissipation from the
outside wall of the reactor so as to completely eliminate the danger of the gas igniting

13 when the moisture generation increases as mentioned above. It is a further object of the
present invention to provide a heat-dissipation type reactor for generating moisture that
is small in size yet can produce moisture in a large quantity.

Reduced Pressure-type Reactor for Generating Moisture

As set forth above, the apparatus for generating and feeding moisture according

20 to the present invention has two objectives to achieve, that is, (1) to supply high-purity
gas under reduced pressure to the downstream side, and (2) to keep the ignition point of
hydrogen at a high level by raising the internal pressure in the reactor for generating
moisture. Ignition is prevented by widening the difference between the ignition point
and the temperature set for moisture generation in the reactor for generating moisture.

25 After intensive research in trying to solve those problems, the inventors
discovered a means to simultaneously achieve the two objectives. It was discovered
that, if a means for reducing pressure, such as an orifice and valve, are installed on the

downstream side of the reactor, it is possible to generate moisture gas under a high

pressure in the reactor for generating moisture and to supply the generated gas under a



* Puri‘ty Moisture. Fig. 1 is a schematic diagramof an enbodi ment of a
reduced pressure-type apparatus for generating and feeding noisture
according to the present invention. Fromthree kinds of gases - H2, OZ and
N~ - , one or nore gases are chosen by nmeans of V 1, t5 V4 and/or V7 and,
with the flowrate controlled by nmass flow controllers MFC1, M-C2 and/ or
MFC3, fed into the reactor W/G for generating noisture through val ves V3,
V6 and/ or \V@dudEdepressiinedyy sqReezig qinestNging the mohnwrstgay owery, thimeanefoai | s of
the reactor WG for s(;heneratlng noisture is omtted in the draw ng because
it is shownAHCRE B85 or Fig. 8 that will be described later. The
pressure of noi S{pd &n@%&z&%ﬁ&tﬁhm& E&e?aln@eﬁﬁsﬂfe WG Jt@rso@ﬁff&{ ating
moi sture is neasured Dy a pressure detector P 1 and recorded by a recorder
R The noi s¢xameplgal thestoml pesaee ofithd mizdd gacbfihydmges and exypenps adjssedto
reduci ng nmeans n Fi orifi , and has  its residual gas,
measufed byl%dk %&ﬁogéﬂg&én@ t%e r@gtoarcﬁ@)gegertaﬂgg] modstyrey @eégrﬁp%‘bé%@‘ Ehanber
Cvia a fil o t on
recorder R 55 OC AR R TREUEH ARG e EniBb A Bofaf SR LT
t he gas fromrqﬂmrblmmaonmé and shede iswed poseibilithef hydregenTseH-ignitiag ur e gas
sent fromfilter F is sanpled by a sanpling valve SV and the conposition
anal yzed byKgepipgthesempsraure Mfferﬂaee pidsorrs engniyregendrqm ignitinggnd mategice, a

sem conductg Js(PR f%&gr&a&&%‘ é?’érgfteﬁ'; The gas is drawn by a vacuum punp RP

via to ter pressure i s neasured by a pressure
gaugeoP2. UnneceShalnvefiash ofcldinSCidhgresds b hedudadpressne-vgedppdratus fier pressure
of the material gases flowing in mass flow controllers MFC 1 - 3 is 2

kg/ cnzG  Theererasingraad éeedingemeisyug eareprisieg a gacter forgenraling moiswradiom i n a

standard 5 The inteynal
pressure of Ei{cﬁ %ﬁ%géé(gg%@n‘ﬁé%yt&f ﬁMé’méodﬁ angétrgaanﬁgor re#‘bﬂ“&)?}reﬁ%e 9%985‘{?&1 punp
RP. The orifjaR désREtresm B8 S$ u{e%em&wrh@gmm@egaw rbduc@d 6n PREsduRe BY aREt €,
and the tenperature inside the reactor WG for generating noisture is set
at 350C. Fi gleax?s ﬁosreaiuglmgpmssm@md\glnprhleddrepherddmeteezmi sidbevhple s she sanf  t he

reactaor for eneraL noi sture on, Nz as fdl ow )rggggl Wth the vacuum
punp RP stoBB’@dt h’&e‘f“ﬁ PIESFReMNG Feap 9k fdha iaHE ﬁl‘ﬁ@ *Wamber Cis set at
the atnospheric phessdhson dftidibi isSt RliGoed G sGOUY R Ebhrdndl fol Genelating A" ged
with Nz gas al one. en t%e fl 1ow lrSa te oe I{I’? Sas |ys mc?easedg"l-nr(l3 tﬁ% range
of 1,000 t ofdad@Gnsistarg astd&énpd msdainel .ofhar¢ie thmearrsrfowekihcmg peesburaear|y in

t he range of bout 00 tq% , 900 Torr. ﬁ 5 Since an orifice is installed as
pressure red% dﬁ@" S5 VARKAS: REP léaéées\%fte‘ét ay to increase the pressure of
the reactor as t gsg‘%,g Ho & folBede-QWotpaqt he
downst ream si de ?ge rAggx\ﬁl%rﬁa %5“ %\Iﬁeaglg%(%eiagg. eczyi%sﬁﬁ)taﬁz prgg%uremlgsa

i ncremsed WideHinzm@istare dstdefinedinpeaiet ot tiaim 2 hehatinghe rdaxed f@agnevaling ri se in

pressure. FIG 3 is a graph show n(% t he dependence of the pressure of the
reactor for “@Qﬁt‘g‘é REMRFISTE rﬁ%ﬁtgrt el Tonnedihy matiig 3rr§f“é‘°b$m’ccﬁgalrﬁ%§@“§“als°“of H-
- z. Refer et at
| Torr by ogsnaiel RaEbiRinga rialiePREPSYRG, Biny itFp RPEE SRR B pdneh o 01

|, 000 sccm tHehwutlel side htigy ®motHure gas ARE-DASRtht PreflectoPOn thel inkOEIds sem
Theoretlcally, the flowrate of OZ gas to react with 1,000 sccmof Hz gas
is 500 25 sewvidesnd thergaqtorshell as ko BFe aamril 63 WBPYNIFBEGSTCISCPr @iiescem
| PebrAct] ce o NS, b ORAGL IR HR5S: JRU RIPEEHEHREL Yo BRARE dh ke | D

theory. Hz Siarms’ unt edc quant’ a ow rate of
noi sture ga§ads§ges bh@Ablayinsmmloh®d chtaB@t layHovieeddn the indide @as euifite of thel
pressure of Hz Oz, the flow rate of Gz, which has no adverse effect, is

i noreased. BRACHS sirecten] eRIMPOrERn thegutlet sidet the flow rate of Oz gas is
increased in the nge of 6 t he pressure

rises linearly i I‘fg' P%\%%P%?mhﬁmregﬁﬁ‘atpd ssurﬂ%ﬁ)er%ﬁplaraulxst R)Ir §e%ﬁra“ %aa?‘trdom
FIG 7 that fé@dmavlrﬂo@tmlréasmeﬁéalrrﬁclﬁmg%r clal¥® 21 @RérkinORe ALY fOf gelv@tingen in
the reactor is about 560C, that is, about 210C higher than the set

t enpellat ur e rruﬁst%mpnlmrverea@at:ﬂ@tl fofﬁl'mirte/f mAdNg & reector tsuatirabensrpdsieniQry t hat

hydr ogen wi || nite.in the reactor. 5 Fig. 4,is a grap ow ng t he
concentrat i Oif ‘8%‘ SiAF dadped %er&igawﬂppg JP%@ apd ?)WaFE’?étr‘é‘f uﬁgcﬂﬂg‘%g’ﬂg%rbes as
in Fig. 3. Even if oxygen is supplied excessively in the noisture
generation reaction as shown in FIG 3, the quantity of unreacted HZ is at
nost sone 0.08 percent. Furthernore, the6pressure in the reactor can be

mai ntai ned at a high level by the t o pressure reducing neans of the
present invention. Thus, the ignition point rises, which definitely keeps
hydrogen fromigniting and ensures that noisture can be produced safely. In
Fi g. 1 an orlflce |s used as pressure. redu0|ng means RNI As an alternatlve

b o - r 1 N .



Fig 8 is a vertical, sectional view of the reactor shell of the reactor for
?5 generating noisture according to the present invention. The construction
will be explained briefly. In Fig. 8 the sane reference nunbers are used
to refer to the sanme parts as in Fig. 5. The reactor shell 1 conprises a
reactor structural conponent 2 on the inlet side) a recess 2a, a reactor
structural conponent 3 on the outlet side, a recess 3a, welds 30 4, screw
bol ts 5, anhe pitlst pige haying a mpistyrergas dakeAut jriat, 8 meflsicior prasddeskinzhe imterwk | ect or

passage 10 Pt iGendp el 43 FRR0FHEBK: FAMIL e B RARLOA P W™

t ake- out Jantsulf%ce@ftnbaéabwmr@aataedorﬁgé@ht/ﬁthleamaétsl@e a barrler coat 13a,
a platinumcoat 13b, heat dissipation units 14, a heater 15 and a heater

pressing plféﬁtaeDid@lPaﬁpg Type ReacaoltfepG&n@Wlog Mdigutseat di ssi patl on unit 14,
whi | e Fi 10 a.sec w, t ake in 9. The heat
di'ss1pat Pon uni tTEARERISSh AF i 2adhS¥ e gesrarc iy aeckinerbroneThesgessive

di ssi pati ortetflh@auﬂg%trth@eaaefifdrrgeﬁaraaté Bloisflle bAEdRESR é“ﬁt@anslfer t&? ifgenter,
there is provided a through hole 19 for the joint. A cut S e t hat

ext ends fr dhe tehpetaure fign hshg e&@smaclytbh@rcp\odmg atlarge hembppcdrheat dissipdtiohi ne
base platefl A\Ethefou or ners of t}efln hase plate_ 17, .fixing bolt
hol es 21 arf@s@aithsusidpaell éléﬂtfe?“éabt‘-‘&fﬂ oF SNFRAHPG MAISEE I HARHELOVETY 3. The
fin base pl ngy tral
symetri calrﬁ%/O%v{ntlg%%%% t'{}‘? rou OES%}lt %L}gt édoﬁé?hlgo@(%h%ﬁge@gl ng as /[%:{gl% er. In
Fi 9. 1®, t hewitliont fxmr:hir&tcraemgshmgtze oiemée@tctdy f@tgenéxraug@hmmmt IFaktheyrorgt ri cal
because the cut 20 is forned in unit 14. Because of this roughle/ central
symmetry, ttheheat dispigationgtSsicper samd be raised meravhgn dhg brat dissipan finvprexhi bi t s
a central T b { f_1h ral
Symmot 1y, CHUTC e A M o el A A AR AR e MR SR 't e
center and deggiated on the same dianetric |line are about the sane If the
heat dissipation characteristics of the reactor structural conponents 2, 3
are nmade centraITfE;anﬁeltlpn@fCltaheh ig heetteirwmaapmt}@edﬁ;af,tqrufbmetn@ratune the 20
interjor space b of Fi a central. s ic. Misture
genetht | on TESeR Smciihes tad e ol B kror Shtrm o T DRTsgAERAE ¢ he
tenper at ur &hBrutdl @ompéedn®bn ﬁtbqhtet dide and Qeearafoweﬁ&@qu tdrﬁ@r{ehsbmeldaﬂed ly. In
ot her words, this prevents hydrogen gas and oxygen gas fromlocally

i gniting, tslrdnsaprammﬂ easgpupbly peafagt profidadm the sator straturgbemnparienyomtiiest ur e
and prolon g .t he Ilfler{gf t he. eactor ?5 Flg 11 is a S|de V|e of. the
react or for“G Hds @ §urgly ?gtatﬁné‘ §75Eh Ny e RETIOHTRaLS. BARAteREl B3 FURR %t%%‘d on
the react Orcoﬁhédt&itt!drtﬁé mﬁ@FiHPé’h%% 8 phli8ed, '&'rﬁ&st%f%s olt16k palsdgd pRovi&&ldPn
taken on line - F To attach the heat cﬁsm pation unit 14
(Fi g20 10) che tdaetor aac:ltltral ®tmpm1'cn|trcat thconthcirseiettomeadmut h@lstmﬂe@as §iothethe t he

mat eri al gas su g)l joint 9 is first |nserted rtg‘ 30thetﬂrough hol e
19 for the ‘]‘t‘}f‘ﬂ? pa ‘h& PerEtLFS %SBQE%O‘HIJ%‘PEC‘?’V‘C?@ EIQSIIERASQUEH the 13
out si de wal t r ﬁ%rmg t jde. Then,
bolts (not dahﬁ%n t’ﬂgt?e{es@ %&%&%&feﬁﬁn thf]g tenggpﬂvggt ﬁ?lgurg tdtnjhge Hu% ng bol t
hol es 21. Tonmgiohamhatde dngeatunibes oif fiak s@ruplonithe fid base glixes.r eact or st ructural

conmponent 3 on the outlet side, the noisture gas take-qut joint 12 is first
i nserted through Therjavensign of clpgn 6559h‘€ath%§ﬂﬁlobF>@§§F4‘F§°rprfa$"é‘e&36m8nd t he

t hr oygh hol r T ed

cl osg?y on 'ﬁ%&%he%tdeegngcg lesésl?ﬁﬁbs ‘Pﬁ{}em t@?ﬁ gs B%?C@ ésoiat?dtéﬁ%dgfr?emgc?q |tﬁgand

ti ghtened uutdity eaigbf ﬂtlaeeefcmﬂs[tgcﬂilfﬂl tcompbigentslwitll b eatavanadt Dhichtet pacty plasel

i ntensive research in seeking to raise the heat dissipation efficiency of
the heat diRdasegdeivsnunit 14, and found t hat the heat dissipationt o can

he mproved by ohy R ed g £ RSRBALA B0 LIS UL AERerRlaiie he

di ssipation fins mte of a thin

oxi de fil mmeistkrdWhérdin B afrésaidhaa atlstlpauon@ittscarr@dlspd,gdmcmratlryeat ment is now
possible. Alumte
30 symmetrically or axially-symmetrically with the material gas supply joint or the

moisture gas take-out joint serving as a center.



treatnment is generally applied to increase the resistance to corrosion and
wear. The ~ 5 inventors found that alumte treatnent is effective in

i nprovi ng heat dissipation. The larger the area of alumte treatnent, the
greater the heat dissipation of the heat dissipation unit 14 is. Therefore)
it is preferable to give an alumte treatnment not only to the surfaces of
heat dissipation fins 18 but also to the surface of the fin base plate 17.
20 To conpare t héhainyapticen efrcdaimediistachnat dissyipatipatty preastasfos ganaraéngunt r eat ed

fins in heat dissipation, ,the.inventors .fested three kinds.of reactors for
gener ati ng. MSFSEEPregR e e roisiiRn e oyt bk S SRR fen fffS

anot her haviBgmthits (N §udfades ofl tHEhéR dissRatioenhs. and still another w thout
heat dissipation fins. Fig. 12 is an end view of the reactor structural
conponent 3 on the outlet side. 25 The reactor structural conponent 3 on

t he out : et fsi de was hol %W@g&gﬁ&a d’ﬂ%g‘fgay%t@)mwre drilled at
intervals of 1 cmstarti 1 center. Five
thermfcoup' e P ridi ifsfars_cm@aiwcﬁgg?% d¥fan e RHREMANY b La FdBEdd atdupiiyper e put

each nm away fromthe inside wall to neasure the tenperature di'stribution
in the radi appasitoefor gemeratingtdnd feeding moistepac@rding o thegraomnavemmm si de.

Furt hernore, a thernocoupl o P for tenperatuyre regulation to asure the
t emperature on tﬁ@-&o&ﬁﬁﬁr?@aﬁ\wwﬁ%&m%w%e&re uf)eo‘i)fl eéeaﬁmrrrg?/ﬁay from

t he peri net : : 0 s”t‘l’&? e tenperature |4 was different from
t he set tengéel}eg%ﬁlgzn%guﬁ@ﬁé%er é%tQ'AI so, the tenperature on the upstream
si de was neasur e@[@t3 ishgragh shespi i digpsrdende afnthd pressuencf the raicton ddrur al

conponent 2 on the inlet side. Wth H-/Oz set at 10/6, or with excessive
suppl ¥ of ogerseatingraoisura en hadlosv peoefitbemixed ganef Brydbn rich state. That is

because the oxyge ich state,increases the moi re rati hCl ency
and reduces unrea {cfécf' ’rsrﬁtgé?ﬁhaﬁhoa'é%t ¢ C%Ceenﬁ@té%mor eu?r'éenatcgr‘ag?sﬁﬁg% s‘ﬁ?ilregﬁés%% in
Table 1. MeasuheOepischahedsheisPrRPWpl e P, are not given in the table. (See
Table 1). As shown in Ta%)l e 1, the tenperatures on the downstream side

al nost agree t 0 W@ isheegimnat erperfanexenplewtitereasidi vagenarsiing mostureat er

15 Kk di th t ed d t t t he t t i
rogulat ad and set PG SeRaeludl G S GIPUF DRpE Lot Receuhaemie

faciljsties. figuenperature is set at 300C as an exanple. It is also
pointed out that the tenperature on the upstreamside is |ower than that on
t he downstream si 8&. TThhat ignithbday Esit dfeet 2:infb s valnme pmmdumgtafdh -H3x dl y t akes

place in the t 5 ipterior space 6.on the inlet side. In the interior space
6 on the outl et sH:cté ﬁtﬁ‘i‘@f‘éﬁag sgatnmabyieypfit Eﬁthrnsef“ieg ogg?.’fsréﬁc_tﬁﬂ/ he
pl ati num Cag@rke)éaﬁno rﬁé‘i@tu}@&{cﬁﬁd’i’ﬁfeo th@%r%@xﬁ?ﬁ&e%b‘ﬁ.es are distributed, high

around the &dge tJ [ow in e center. he t hernocouple PZ - P5,

t her nocoupl e P. ~, Fithi Tis adop mieaxnafythé heandidsmpatemtust accohbug tat the phasgitest
tenperature. It means that noisture generation 20 or heat is |liable to
concetft r at e BENHPt position. That is because the higher the noisture

FIG. 10 is a sectional view taken on line [ - I 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



generation is, the larger the self heating is. It is understood that the
unit for the quantity of noisture generationis SLM or liter/mnute in the
standard state. 15 Tabl e 1: Measurenent results of tenperature in reactor
for generating noisture (1) Reactor Gas (SLM Tenperature P(C) on upstream
si deTenperature P(C) on Downstream sideSet Tenperature (C) Tenperature (C
at a point 1433 ?}cmfrom downstream center Tenperature (C) at a point P, 4cm
from downstirledi centPESTERFERSIT e (C) at a point P3 3cm from downst ream
cent er Tenpeg at ure (%cog%e a point PZ 2cm from downstream

cent er Nzl 23830230027 7283290295W t hout

fi nsH20131 5RVI6- 3803 P& Eur8 Faddelilp, h881B471- 478484474466W t h heat di ssipation
fins NZ 1 1}%&)3 302 300

vacuum pump
5 S1, 82 hydrogen sensors
SV sampling valves

V1-VI11l  wvalve

WVG reactor for generating moisture
1 reactor shell
10 2 reactor structural component on the inlet side
2a recess
3 reactor structural component on the outlet side
3a recess
4 weld
15 5 screw bolt
6 interior space
7 material gas supply passage
8 reflector on the inlet side
9 material gas supply joint
20 10 moisture gas outlet passage
11 reflector on the outlet side
12 moisture gas take-out joint
13 platinum coated catalyst layer
13a barrier coat
25 13b platinum coat
14 heat dissipation unit
15 heater
16 heater pressing plate
17 fin base plate
30 18 heat dissipation fins



274 282 290 295di sposed in parallel (without alumte treatnent) H20 2 287
406 - 427 436 41 8 403Hx0 2.5327467-491502481 464Wth heat NZ
1210351350314326336343di ssi pation finsN, 1184302300270280289295di sposed in
paral | el H O 223435G 379389369353(with hard alumte!-1,0
2.5265411-43544842640720 Eun thick)H, O 3295466- 493509482461 | f the upper
limt tenperature for safe operation of the reactor for generating noisture
i's 450C, f ol exanpl ghroupkehojedot the yoiof noi st ure generati on where

t hernocouple P.~ indicates a tenperature bel ow 450C can be regarded as the
quantity within the @&?\a operation range. 5 Therefore, the upper limts of
noi sture geperation d,0r, phepsiespective reactors are: the reactor w thout
fins =1 SL t he react% wth untreated fins = 2 SLM and the reactor with
hard al um t2> treat edefléassr = 2.5 SLM In other words, provision of fins can
i ncrease noi sture generation tw ce, and praqvision of alumte-treated fins
can r&ise nbisture JosEIOSPYRIPS for mepsyreraentad teppReraNERAUSHBHEPDNed al unite is
a hard alumte 20 ducted with colored alumte
(bl ack) 2onib~ m t hi c@’%’ﬂ{c?%ﬁ‘é‘%%?%ﬁgﬁ a8y They made little

di fference. That is, readings of ther rmcoupl e P~ - P;, were varied only

w thin several degrees In Table 2, eratures are neasured in the

reactor for generat DFQSQ%‘PS'H&}NEOF'QHEP ERREBEMBORIMEDNES of aI unmite

d different kipds of alumt th { SLM
(See Tanre 2) . ToanpePsE of ultoehet CRudioB il eI Batw ity
di ssi pati NGrefi@oedd then s Aok d1R 8 FRIEY & 4 Rntheteférbiel fitnerdige mol sture

generation can be increased about t~.i~ice. is also noted that
al uniloe tre@mbm‘ltnemm oﬁémtkedue&nilfmtsumAppamtwdw Geqnmmgf tvebbeadinyi Highon r at e.
That is, th erature can be | owered by some 50C in conparison with the
fins haV| ngﬁ ﬁ’l“f’e treatnent. And the noisture generation can be

i ncreased sone 2p 12 {idBs gex-ﬁgt‘?c Hﬁgﬂél'ntéfa?l%dirﬂe T%?E?ecﬂuc@ﬁ&mgsmre?ﬁﬁt dr awi ng.

di ssipation fins disposed central 2s synnetrlca y as sh In
The sane r e@platasuscfan gdsxteranimgandée:édmgtmoﬁem aatbslng@t the presemsndinsipos Etbm

roughly axi ymet ri cal | i.S.understood that axial symetry ans a
concentric 'gxrqe r&as“éf“ Iﬁe&h 23 i peNe SR MAre gasep Are qhasendy yaqnegrgﬁrﬁ#gf i cal

arr aq?e”e”t V4 S/o hd a\!vﬁh HRTRSS AU Shllisd B}r] Bk ﬂB‘w"c‘!‘oh rolfPér§R/1}E€]f MEE

symetri cal can enhance evenness in the interior space 6

nmoi st ur ef 30ar@Ed$t€MECBpffRd ito the r-Eacb?ﬁWNG Wa@uexﬁnﬁg\mouse&altMugtﬁ vﬁleaspes a@re in
reactor for generating noisture (2). 00 Tenperature (C) Tenperature

(C) Tenper at #dor(\J- TERpEa vsUY 2 Ybn&]v%wéaleﬁﬁaalwm hedetqisiafythe reactgbi nt PS
Scmat a poi P p N i m
downst reanf%vm v%g?# ea%r&(r%o%gr o%m%%ﬁ{gg miahe (thomg Becdsl T is SholR b Iglg%’ 6

downst r eanterkigr & gat @it BniQcabed laferlaThHe pletkiird 6Smbisille gasHdbhSrheairiddde 2Har d
al umitel0 nHzO 2.5437451428410Hard al umtel5 nHzZO 2. 543(451427409Har d

al uni2Pe50 i Terptor ¥ 64 feugraatng sOteE dtmgrwnd Ry xopgrr odsteganBhash 24405
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



The  present invention is not limted to the enbodi nent and exanpl es just
described and it is to be understood that changes and vari ati ons may be
made wit hout departing fromthe spirit or scope of the present invention.
Ef fects of the Invention 5 The invention has the foll ow ng advant ageous
effects: Hydrogen gas can be reduced in pressure by pressure reducing

means provided o he downstream side of the reactor for generating
moi st ure bef \schée Bad Agd §E|k5‘;5?fP%1cPf?5t§“‘FHémd’6§/%§‘f PeaRpiesie 2augeg: t asecesary

hydr ogen ¢ quedi?&ﬁy ttﬁ%ugﬁwgr%(}f@i' and, therefore, a safe and stable 1
0 supply of” noisture’can bé provided because the internal pressure in the
reactor can be rEientrassnetbfahe materighgdseyfibwingihenass €ssioatrd ety 0AFON- and

ignition preventgon can be effected bé such sinpl e pressure reduci ng neans
as an orifi<ke/cmiGcabe flgwirgles areregulated teisNpT dsHdYldlitegaupitadn pstandardit i s

possiple to ang, adj t openi n l [ of ignition i
5 pregenti osr@./tgf’ ﬁﬁrtrab;%t g(? I‘hlﬂ?}aarn E)jgzzn @gntl%l\gdq}hg l%ig)ﬁntsdp ' eS%‘geagF%’%R’% >

m nim zed, ¢Mahbbr €us ad]eitecefmlamsﬂ?oyttllf@v&aﬁ@gmnad RPJ ThE bifitd Bsddra8 poasb@e

reduci ng neans, because the platinum coated catal yst Layer causes hydrogen
and oxygen redudiegmeans R ig0ibsmay ia digmeiern and Hie temperaiushingide2le reqerer

t enper at ur e he reactor shell can oowered by dissipating noisture
generati oneWIe\&‘tfqriﬁf‘Bff@Hn%@&fsugfés_sﬁegﬁttfsg)nbfi ns, and the quantity of noisture
generation can beripnE{s8a88sh shoWRhSiHeIRpERIBREA R BiesitRé BF ieRbebribe
tenperature in the reactor shell at a proper level wth a heater can be | ed
out a8 st abdememting morsiperonfN pgastfiowt tage. SWithabrreasuRpungrRPistdpped andrthe
tenmperature distrjbutigon in the reactor .can be made centrally or axially
syt 11 cal Ve ShEABTE RGBT LRROR & if Sof TP STRGPHORSPE EhadhRect | ng

safe and Sn@?khhgpélgbfg}!él‘?t iHFIG" F“S‘ﬁ{ﬂ#f"gﬁﬂﬁgrg‘ﬁ‘?%fi’é #eh :tlre @%%@%fﬁggf' 15

di ssipatio Ins a I sposed ro y or axially symretr

The t enper agasrieincreatdien tiearhge o5hed0 toch00 o ciny tHepresshievenkereatdr tilerisf or e
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25 sccm, and the flow rate of generated moisture gas is 1,000 sccm. In practice, however,
reaction 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 H; - 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 scem, the pressure of the reactor rises linearly in the range of about 400 to
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claim1 or claim2 wherein the aforesaid heat dissipation fins are di sposed
centrally symetrically or axially-symmetrically with the nmaterial gas
supply joint or the npoisture gas take-out joint serving as a center. 4. A
heat di ssipation type reactor for generating noisture as defined in 15
claim1) claim2or claim3 wherein the heat dissipation efficiency is
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pressure reducing means RM, for example, nozzles, Venturi tubes, capillaries, and
filters.

20 The present invention is not limited to the embodiments just described. Itis 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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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 |8 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. § is
a section taken on line II - I 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
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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 1
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

14
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water vapor to the subsequent facilities. The temperature is set at 300°C as an example.
It 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.

15
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Table 1: Measurement results of temperature in reactor for generating moisture (1)
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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 um 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

15 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 [t 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. It 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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¢+ v110% 1°
v110% 1°
v110% 1°
v110% 1°
v110% 1°
v110% 1°
v110% 1" &

v110% 1°
v110% 1°

& ()-P v110% 1°& ()-P v110% 1 & ()-P

& () - PPAO\ 9%C+s1UY] aei _gK+ v110% 1° v110% 1°& () v1109% 1°& ()-P

& ()-P v110% 1°& ()-P v110% 1" & ()-P v110% 1" & () - Pi j bBgK+ v110% 1°

& ()-P v110% 1" & ()-P v110% 1°& ()-P v110% 1" & () - PPAO\ 9%C+s1_gK+
v110% 1° & () v110% 1 & ()-P v110% 1 & ()-P v110% 1 & ()-P

& ()-P v110%1° & ()-PbBgK+ v110% 1 v110%1°& ()-P v110% 1 & ()-P

& () - P v1ThOprkselt (rjveRirerols I mlted korthe Eiiidiment 2 ehdmples just
& ()-P v1109% 1 & ()-P v1109%61 & ()-P vi110% 1 & (): P

& ( 51 SPB d it is to nderstood that anges 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.

o 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.

o 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.

e 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.

o  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.

e 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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v v110% 1° v110% 1°& ()-P v110% 1° & ()-P v110% 1' & ()-P

v110% 1" & () - PPAO\ 9%C+s1 gK+ v1109% 1° v110% 1° & () v110% 1 & ()-P
v110% 1°& ()-P v110% 1° & ()-P v110% 1' & ()-P v110% 1 & ()-P I|[: v11
z#10%MBz& ()-  Vz#109%8& ()-)10°1°10°1'10 1°

v110% 1° & ()-PPAO\ 9UC+s1im(|[:: v11 TY!' $109R68&8& ()- | Y!'$10%‘J5"&'()- )
C t1&#10%6 & ()- 10%62& ()-P g zY$10%& ()- ¢ Y$10% 6 & ()-

| [ NA410z62 19z Gbgmr@tummm&aw: shelean be fortheesiqyered M@Sﬁtwf@ﬁ@& ()-P

c. E#10%62& ()- .

svuxyj J* L} * 1o%%St&ﬁe(g)e“i‘}au‘i‘bé}“lbeé“(tf‘efL‘}‘“fbiﬁdszeéa%e the surfanes ofheay |1+ 1006 1° &
() P s10% 1" &q( s are alumlte-treated to 1mprove heat dissipation,

"10% 1° & () - erB*L}*locVn ()-L}*109% 1" & ()-L}*10% 1 & ()-5VaUS[ #{*L}*10% 1

& ()-L}*10% 17 & ()- %&_)*SV\aUS[#{*L}*lotVl & ()-L}*10% 1" & ()-L}*10% 1" & ()
-L}*10% 1°& ()-L}*10% 1" & ()-&123CScsl L, 5L}*10% 1" & ()-L}*10% 1" & ()-L}*10%
"1°& ()-L1*10% 1° & ()-L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & () - st uvw~vV6, 5
L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & () - 5\WauUs
[#{*mV,5L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & ()-5VAUS[ #{*1L}*10% 1" & () -
L}*10°/‘1 & ()-1-,5L}*10% 1" & ()-5WaUS[ #{*L}*10% 1" & ()-L}*10% 1" & ()-L}*10%

& ()-L}*10% 1°& ()-_?,5L}*10% 1 L}*10% 1" & ()-L}*10% 1 & ()-L}*10% 1" & (

) - L}*lO‘Vl & ()-L}*10% 1° & ()-L}*10% 1" & ()-nN., 5L}*1096 1° & ()-L}*10% 1" & (
)-L}*10% 1°& ()-L}*10% 1" & ()-L}*10% 1" & ()- 5V\é\US[#{*I /[ mvt,5L}*10% 1" & () -
L}*10% 1° & ()-L}*10% 1° & () - 5VAUS[ #{* 1L} *10% 1" & ()-L}*10% 1' & () -/ 37:

2@ -, 5L} *10% 1° & ()-5VaUS[ #{*L}*109% 1" & ()-L}*10% 1° & ()-L}*10% 1" & ()-L}*
10% 1° & ()-PVAbfjn_?,5L}*10% 1" L}*10% 1" & ()-L}*10% 1" & ()-L}*10% 1" & () -
*10% 1°& ()-L}*10% 1" & ()-L}*10% 1" & () - nopqr sNggF5L} *10% 1° |~ $109&' () - 4
R “$10%& ()-410"1°°10°1°10 1°L}*10% 1" & () - 5VAUS[ #{ *gY" 11| [: F5L} * 10% Yf
$10% 1. & ()- s$10%& ()- WB109& ()- sl $10%4& ()-4 al  $10% 1
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& ()-4 sl $10% & ()-41|[:-5101 s s<10%& ()- | (%109 1* & ()-

sl ($10%+& ()-g bl ($10%& ()-g ~I ($109%6.% & ()-g sYf $10% & ()-hbUH; 1
10d. 10d. 10d. s&9<10%l. & ()- s&F 10%. & ()- s&l0%l. & () -

s'10%. & ()-101101q|[:bUH, 1 s@109%R& ()- smlO%®R& ()- s #109%2& ()-m
#1092& ()-m sf109%R& ()- s 10%& ()-G I |[:bUH 1 s$109%2& ()- sSSS#

"109%R& ()- s!'m10%R& ()- s 10%& ()- sLZ10%R& ()- s10%& ()-E*-|[:bUH; 1
s9109%R& ()- s -109%R& ()- s+ 109%& ()- s *3109%2& ()- sY(10%R& () -

s&@ORE () - Nor mal " "Headi ng 13]c" "Heading 23] c" "Heading 33]c" "Heading
43] c" "Headin ? c" "Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c"A " D@f}&l&lstc &raph Font co$- 7@ & QZcnxv' } r- (GKPo>zs defghlj KI |

X/ rBlr&x(-15:>3B{ D0 J KKKLe 5{}&#4Fi|
"6Ui | ( &s/Pngl- rmopgr_ﬂs U\}\ﬁi&?ﬁﬂ‘ YPE ¢ §%%§RM’¥%¥§1&&F§ ur| er W‘h Root

Ent r yWor dagtorshtlichavin! aﬁmlér)sgioe fofrRed23 RSB % reactor structural component
<=>? @ABCDEFGHI JKLM\OP YZ[\]~_ abcdef ghi j kIl mopgr st uvwxyz{| } ~
on the inlet side and a reactor structural component on the outlet side, a material gas

30 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 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 walls of the reactor structural components and a
5 large number of fins set up on the fin base plates.
2, A heat dissipation type reactor for generating moisture as defined in
claim 1, wherein the fin base plate is closely attached to a heater pressing plate with a
heater and a heater pressing plate placed between said reactor structural component on
the outlet side and the fin base plate.
10 3. A heat dissipation type reactor for generating moisture as defined in
. claim 1 or claim 2wherein the aforesaid heat dissipation fins are disposed centrally-
symmetrically or axially-symmetrically with the material gas supply joint or the
moisture gas take-out joint serving as a center.
4, A heat dissipation type reactor for generating moisture as defined in
15 claim 1, claim 2or claim 3 wherein the heat dissipation efficiency is improved by

giving alumite treatment to the surfaces of the heat dissipation fins.
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