v e3ezt dp6&Tzqgj 1 REACTOR FOR GENERATI NG MO STURE CROSS- REFERENCE TO

| NTERNATI*ONAL APPLI CATION 5 May, 2003 This applicati i S ated to and
clainms the early filing date of International 4 5 M

PCT/ JPO0O/ 03659, filed June 5, 2000, the entire disclosure of which is
hereby incorporated by reference. FIELD OF THE | NVENTI ON The present
invention relates to inprovenents in a reactor for generating 10 noi sture
used chiefly for sem conductor nmanufacturing facilities. More particularly,
t he present invention r _ra g noisture which is
i nproved in safety and @mﬁ%ﬁ%mm&m “grature fromrising
too high locally in the reactor, thereby conpletely preventing such

troubles as ignitign of hydrogen, backfiring and the peeling off of a
pl ati num coat cat alQRQSS- R%MEC EN\Q%%[ ﬁ tion in

manuf act ur i ng COoghR. @%ﬁ%ﬁ?ﬁ% %;t{)]r HEd cW@qﬂeoe\Arl&gﬁl% ﬁ?e Ff hg%ﬁ&%n'alng on

silicon in a sem con ring process q sccm (1, 000
cc/ m nute WipkeatidvhaPCBRIHO®OTEHOt ifeas Juref 5 ho @i, pHe leInMrdTBisélbwr@ of Foliich hat
purpose and ot hers, the present inventors had earlier devel oped a 20

react of forhe@bhmcamomtetb refiérenogr e of a construction as shown in FIG 6 and
di scl osed the sane in Japanese patent application No. 10-297907. In FIG 6,
the reference character A indicates a reactor shell; the nuneral 1, a 25
reactor (structural conponent ppRLB/OF PTHEIMNS/ENTIONE nuneral | a, a gas fed
port; the nuneral 2, a reactor structural conponent on an outlet side; the
nuneral 2a, a mlﬂwuprese@asn\teak@l @datepdotlmmmmﬁemaa rsact@qurrxe@pria@ng space
on the |nIet .si de ra 4, an inte he o S| de t he
nureral S, Toiftfe ised afieBh i samichp R R RaRs" MOt et Br b on | he
outlet si depres%ﬂﬁn@éiﬁ’%ﬁ%lat@s tcﬁ‘a f@&t@} fok | Eﬁé?itingatﬂéisﬁlp@wﬂiﬁﬁﬁrlﬁ’{pr&edﬂl QlEay i num
coat catalyst |ayer 8. 5 he pl atinum coat catal yst™ | ayer
8 is poovi dmd servidehlde |b5[skedmng tthe‘ tam@enature iy dsiog doo bighUodally an theawmment 2
on the outI i de The |layer is for of a barrier coat nst ance,
of TiN on tHEePhoTompgh| beuriaEe N (RGPS, I8P, GE R EEBORBHIRE o on

the outlet glyqge g&gag ot dtta eﬂg%liﬂggxoﬁﬁt g’ﬁal}'étgfyﬁﬁ ang}?%{;}mt@ sﬂ_&taﬁﬁﬁldr‘éﬁfctlon

noi sture, a mxe G pr a specif
in manufacturing costs.

BACKGROUND OF THE INVENTION
15 Oxide film coating on silicon in a semiconductor manufacturing process
requires 1,000 sccm (1,000 cc/minute under standard conditions) of high-purity
moisture.

For that purpose and others, the present inventors had earlier developed a

- reactor for generation of moisture of a construction as shown in FIG. 6 and disclosed the
20 same in Japanese patent application No. 10-297907.

In FIG. 6, the reference character A indicates a reactor shell; the numeral 1, a
reactor ,structural component on an inlet side; the numeral 1a, a gas fed port; the
numeral 2, a reactor structural component on an outlet side; the numeral 2a, a moisture
gas take-out port; the numeral 3, an interior space on the inlet side; the numeral 4, an

25 interior space on the outlet side, the numeral 5, a reflector on the inlet side; the numeral
6, a reflector on the outlet side; the numeral 7, a metal filter, and the numeral 8, a

platinum coat catalyst layer 8.
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ratioris fed into the reactor shell A The mxed gas G fed into the
intetior ‘space 3 on the inlet side of the reactor sheH A mi édiffused by
the reflector 5 on the inlet side and the netal filt flows into
the interior space 4 on the outlet side. There, the m xed gas G cones in
contact with the platinumcoat 8b, which activates Oz and Hz 10 Hz and Oz,
whi ch are activated in contact with the platinumcoat 8b, react into

noi sture gas (water vapor) at a terrperature of as high as about 300 to

r5r8|0§t urTgeggg' ts ;Er@ﬁ% 5155'?1?5%05 ifwert ﬁésggfqu e%gg'ﬂfk}é%vh\“sstq%gé‘ﬁr{m QEttlEFr 6 and
the react Ofesid léﬁﬁé{ﬁf’al ﬁﬂf%}%ﬂ?ﬁ”on%hé)&xtfe?%dé’mrh@iagéﬂ ﬂ%rﬁédocmatmmoﬁtt ure

gas take-out port Z2a, nol sture gas I's supplied to a process
chanmber ( néh, fohomsnajcd, of Tﬂéunahmnlude odnll senface ad ther ieagtof stoudtural @snponenttzhe
reactor shell A V\/nereg(r)qz and react a(; a high tenperature, the

terrperatur@“ﬂi‘??‘ﬁ@t pifi %plagmggat:&b ired thegg@nnt ai ned at a tenperature

bel ow g he 1.0n t1 20 pRAiBE nBl %, PhoRR HECHRIRAIYY ARSI GO asplinand 2

are reacted at a proper ra a speci f

rate whil e rifio 1@!&911 1631) thé ﬁeaﬁtroe‘!{l@dmtﬁdelé mmeagw'(}rtsdaﬁo&re ifitepbp spa¢e 3 loakd i on.
The reactor shell A shown in FIG6 is very small in size but capabl e of

produci ng Hlesidsuef fthy fm@tﬂhﬁ’é k@rﬁlﬁiﬂmé@yltbe aqﬂeatoaésom ¢he mlepwideand thnd at a
nf g react oot L A0Sl IR R BRRIHLSL: TS 1A 86" MBIl very

practi cal OWh in as a

nunber of @ﬁ@do@ﬁfes}tﬁéonmt%hbﬁe ﬂ@ﬁmdcoaé\mnﬁnémmivaﬁebe)zah@blzews requiring
urgent solution are nition of Hz, and backfire fromthe gas feed

port 10a to the éhilﬂé &hprng@m agsivatgehén Q@)acf)éwﬂlltm plotiBum ggatolly, reastiinédni ng

Cenper at ur Ao i AR FBhal B amAghuhol B B8 B P CFRL TSR ol S 1 1
the interi gRoiRRRCHS (Whtet k}@pdrwﬁisqumea kow® ot tostHEBhsikmkd 88k @ke-8BOpdrt 450 to

500C-the tenperatures nuch | ower than the | owest 2 .t S May, 2003 ignition
poi nt of HZadhroagh the- gapmlmtwemghgaeﬂem 6| apdthe reaan smmtuprwmpqnsntabomt 560C

and varies (o s . egr e depending on t g io of Hz and . Thus
2 and 0 4h OBRE R od FoOHE IRt Sy Ak Sl B 2% 2B JUFHLTE 8 s b
reactypn | rbu?ﬁli%ﬁttb & ProdeVEdMber dnbt éh%vs)ﬁ?fdf séhicbhduddr xﬁﬁmka%ﬁﬂmtgf}ﬁ‘clﬂtfegper ature
bel ow the 5 lowest ignition point perfectly and continuously in the

interior spaces 3n the géactdresheiadf wheh®) land. Hj reactiat faaligh rtemperaturd)ethe

tenperature rises aboye.the | owes i tion point |ocall on, the, i nside
wal o ¢ hdeTRSEREERAbE LT SPaces o T ANSH o heermpBpreboiey the Riighor or

structural LAREIENE:r £ ARLcORGiInRIY! da8 50 Shal F1.L4ndl OF ale #8ctb@at & PiBper ¢AE QDS
produce moisture gas at a specific flow rate while H, and O, are prevented from causing
20 an explosive reaction.

The reactor shell A shown in FIG 6 is very small in size but capable of
producing high-purity moisture continuously at a desired flow rate and at a high reaction
rate in a simple procedure. Thus, the reactor shell A is very practical and useful.

However, the reactor shell A shown in FIG 6 has a number of problems yet to

25 be solved. Among them, the problems requiring urgent solution are (1) ignition of H,,
and backfire from the gas feed port la to the gas supply source, and (2) partial peeling
off and coming off of the platinum coat catalyst layer 8 owing to a local sudden rise in
temperature in the reactor shell A

As mentioned above, the temperature in the interior spaces of the reactor shell

30 A is maintained at about 450 to 500°C—the temperatures much lower than the lowest



Even . f the tenperature rises above the | owest ignition point locally on
the 10 inside wall of the reactor structural conponent_ 1 on the inlet side
or the reactor structural conponent 2 on the outlet 2 nd HZ wi |l |
not al ways undergo an expl osive conbustion reaction, causing a backfire
toward the gas supply source. Usually, there is no ignition or backfiring.

However, it can happen in rare cases that HZ will be ignited or backfire to
the gas supply source, especially if H2 is present in a high 15
concentration in the mxed gas G 1t is still not yet known what causes the

t enper at ur @nitign pioind of &b ir jap niaipiepaasy The lowestrigaiiempoist isuabpul $0°C

conponents_1, 2 he netal filter 7 or the |ike, ~kgnitiNng t ri-ggering
o backi 1+ candryaEien o hureAcBies dobyingotihe fifins fetBior B 08P e Ha BT e
H2 and 02 i pr&Rnitd ok @tlieBRinga fiddedGkpl¥aleebmbustiBi fattigh catal ytic action
on the inside wall surface of the reactor structural conmponent 1 on the

inl et side, the buprmeticauhbaces, dfisswech ddfiewdy to kespnidertempergture delow thee

react Qr shel | as the reflector 5 on the .inlet side, reflectqr 6 on the
it e s oeraifiop ppinbperiinahd Fertppi’ I ReackE by LG Bt ¢ i'ce
too high | geflA yitaad napsidaRithétentpatardb As8S A oe tRSlodRstWBhitio® poihRchllyke.
This observation is based on the 25 inventors' past experience in building
and appl yi nyg theemside vallf afr thg eeretant strntuedl aeoipshent d. orstiehinleaisids, the redmtonr eact or
structural corT'Po]Pent 1 o&th i nl et if%i de, reflectors 5 6 and netal filter
7 are al | NEHfEUgkcamponggtien the gutlet sidgar thy lkefoESAMREeRANS SUS316L. The out er
surfaces of thos 1 I i I film
of a variety of ﬁ%ﬁfftﬁﬁ@%&gﬁrﬁ? ﬁgeﬁmb}"ge ?B(;ér gn&jefsingml}%gl {/?Ht_sl_ﬁigkélg ?l} ?ﬁneg
restritcct winidei walt @f | thel rédttarastalopirak corapatent/ilt yn tthetinlets sids wal thy elder ved on
the surface of stainless steel. 3 5 May, 2003 If _ihe aforesaid oxide film
and passi v&reqtarek compegest 2 en Fhe utletosideeOpiand Fyadll aot lways nindgrepzan n a

hi gh conce -1 0 . te t . hi tg 5 g tine,
the oxi do_ Pra Gofbufioh HREIG alsiig o bAKARE dalhd o Ul iy JobRe)

ot her case#suillyethere il @ofigditiorcarbdeRfinigd UdewleveSit earr leppérd in rfateecazes thht Hyur f ace
is Locally exBosed 5 and bhare In addition, the netal catalytic activity on
the outer 30 pesdited of bagkiirestosthe gawsunply source; gspreially, ifithtis pegsemtip a high

accelﬂ}rati @gnc%miroggﬁlinq&aﬁ&wgﬁp@,t ween Oz and H2 That will raise t he

tenperature at areas other than the portion provided with the

pl ati num coat caltalsystill nay et &ndwn tvieat i calisssi the temperaturd,todrieef 1dchlyy ardict or
shell A Also, the tenmperature will rise above the | owest ignition point of
H2 or an Hsuddsnlyan thergagiamstrucoiralicamprnenss 1,2, thesmetabfilterthor the ke, ignitiag at ur e
on the insige 1] . i with the platinumcoat catalyst layer 8 in the
react or st?ffcc{ruﬂ%ﬁerlgé%\p{%%ﬁ? 2 on the outlet side rises high especially in

the center of thehe pafiaBl cavbé Hittigtifdn 6OHP RRMidere@ o b8 ehad Bl £id G @Aethe
Especially when the mxed gas G as used is diluted with N2 to increase the

flow 2 velmjzed gasdparg addivated by, methllic catalytie actinneomihe inside wald surfpeeeofithe t he
porti on 1 gl e kRl LSINnl § b%6 T8 b MGurk bl BEbO or Bl ol
i component parts of the reactor shell A as the reflector 5 on the inlet side, reflector 6 on
the outlet side, metal filter 7 and the like, causing the temperature to rise too high locally
and suddenly at the aforesaid inside wall or the like. This observation is based on the
25 inventors’ past experience in building and applying reactors for generation of moisture.
Such parts as the reactor structural component 1 on the inlet side, reflectors 5,
6 and metal filter 7 are all made of stainless steel under JIS designation SUS316L. The
outer surfaces of those parts are covered with oxide film and passive state film of a

variety of metals which are usually formed naturally Those films restrict what is called

30 catalytic reactivity that is usually observed on the surface of stainless steel.



I f, thherefore, the cause of the ignition and backfire to the gas supply
source si'‘de lies in the inside wall provided wth the Elatiﬁﬁn1coat

catal yst layer 8 of the reactor structural conponent outl et side,
the follow ng theory nmay be set up That is, with a sudden increase in the
gquantity of the mxed gas Gflowing in the gap L, the 20 reaction between
HZ and 02 will be further activated in the part of the platinum coat

catal yst | ayer 8 opposite to the peripheral edge of the reflector 6 on the
outlet side. As a result, the tenperature on the inside wall w_I| suddenly

rise to reach t H@theo%f)@@ﬁa‘ii g’ﬁldﬁf@ﬁ apd ipassveritats §lm ate exposrd tothe @ixede2as| ati num
t t al 8 t h ht
of Lo pr evaroneiE 17 EnBR cbhninli TR, inberalhE ot Bih 8850 NG CRor w00

interior spagee3theoxide filRtaridehe liRé cahpdel oﬁt drsofe dfhinasoge ddees. r@asthar shel I
A to increase the thermal capacity and tg@gr ovi de a heat dissipation or

cool i ng unﬁﬁse%@l%@ﬂ@%ﬁmp%“ebft Frdueeso| Ang resitiather Metalvaurface isnlosdlyrxpewsd

f | d |
voual By o e hoiadliip, 6 fuetd RpiBt o5 SR pESins ot PENRRRRBANG, o, o
size 30 reguab wakuﬁteﬁﬁv&)s%aeﬁduhg al 1500 Fdadtidn BedRtbdn O RMHI NP SFll fikset he

reactor for generation 4 May, 2003 of noisture auxiliary to the
sem conductl@rtemﬂamxa@aummgaréacmthcrt thas the| portign prcacdqdc‘aith yhe nbbmsn lsbat t o

adopt the neth by, which the platinu a revent ed
From t ho. pERRTRdesEss l%wen'ateflarF S GRmtirrnt y ARG el L e
reactor fogi0906had @B 18es nﬁ%fﬁ?@l; hPASdoRARMUG Jay. enl arging the
reactor shell A and 5 provi cooling unit. The present invention
addr edses t hose MeabViblesitvis khowm ehap theotengetatyre ot the nfscﬂe wahproatidied rwithf

nmoi sture sych that even | aturelnthe|n5|desace of

reactor stf cﬂl?ffné}fn AGhsataast Paire TeAstar strychiaral pompenent ?ﬂf‘t%‘? oé"ilF'iJCt ur al
component gdp st i ngtgsé%ﬁaillz ifl&nef eﬁtbf-‘of BRCHAftoP faahétm%l B Fspém ubstintial ly

| ower than t t1on point Hz-contalfning gas, Hz is
soneti nes ogthat tsidle, Espedfzﬂiyrvdxmcthé héxedagms ﬁjmmhspdssndntmeﬂ with N, aodnerease olte t he

pl ati num cqat , cat al yst yer 8 will partiall me .of f ile sture is
bei ng geneflaWVig Y§cHy apqilgom rﬂﬁ‘dtl&a@“wrﬁwrwlyﬁ“g‘ehf‘%“’c ﬁé’@ﬁtor“a#f‘?‘ﬁﬁ he

SU YO: I \V ect of this invention to
provi Pa?ﬁlt Wﬁlﬁ-é%ge%féﬁfrgﬁgﬁgéwgrr%loélﬁgtr%&at hat can conpl etely prevent
igniti on of Hz, Hathkfefore, the chire of édt ignition yndstmickfire ts itlebegaa sdppie sdurcgsidd f - of
the platinuymcoat catalyst layer 8 while in operatlon The problens are

sol ved wi t Hesiiny tigdngde wall Ilj@ﬂé‘?cbwltbrfh%ﬂ’laﬁ'ﬂ?@t‘iﬂab cyalygt lggar8 §fréhe| reaftok and

not by e”' T &pﬁ rd’n%ﬁlC# ph Aﬁé‘&{tLet ﬁdfx, Gnd Rifo th%@ &M apﬂﬁ fsy or

providi ng t e reac ar ge co 0 su stan |ally

i ncrease t hathcoobdded inepaeiihthe 4Qantity be tﬂeomkﬂeﬂgas rG @o{vﬂ% inrhbleapd., ahe
ignition of HZ and backfire to the gms supply source si it has been
di scoRr ed r¢astien betavepy Flatand Oawdll baducther écta\fa&edcradé\ed)artrpfeﬁhs [datingm a3k

fol | ow ng RLAf gtslgjf 7 8 pRngueno tf?e)as( %edne h];%aoéagt%rof EﬁL eh%&gr 4 o st% u@?t stx&e R#& er

metal surface rn erior he “reactor pee

catal ytic aéﬁultvthb)terﬁgwerhﬂilﬁe o®ti! inside (valt evill Suddiehlytrive 25 raueh khe Bfwéattigﬁu@:f\ t he
catalytic activity of the netal surface, the reaction of Oz and Hz locally

proceeds viPoinkaRd igniie\Hz phease theatlatinuppgoat qatalstdaysy 8 topartialieamg off e on t he

nmetal surface abgye th |,.owest f i . 2) The
emper at ur o of ¢ RESHTAAHIHRE s HELH PO s e BU O Jokef R
peri pper al e@eagvag i t'h@ 'ihtéﬁortsBScers 8f 4 F il refttONshelN A i9¢d bilhrgs itkicrehdtoesheliocal |y
above the | ownest 03 ignition point
A to increase the thermal capamty and to provide a heat dissipation or cooling unit so as
to raise the cooling capacity.
Yet, semiconductor manufacturing facilities are typically installed in a clean

room and usually a large space for their installation is not available. Therefore, size

30 reduction is an especially important requirement imposed on the reactor for generation



.The i,nventors have al so found that noisture can be generated at a high
reaction‘rate even if such parts of the reactor shell_A as ﬁEe interior
space 3 on the inlet side, reflector 5 on the inlet tal filter 7
are renoved. 5 The present invention is built on the basis of those
findings. The invention according to a preferred enbodi nent conprises: a
reactor shell with an interior space made with a reactor structura
conponent on an inlet side and a reactor structural conponent on an outl et
si de di sposed opposite to each other and joined together by welding, with

t he react oof sibisturé wngiliargosspthe esemicondiudier mahefactarinke fadlities. oVik de @rastitdllya gas
feed port and t qe reactor structural conponent on the outl et side provided
with a noi EResEdlgiRaqopk thegnethpd by Whichythe platipyp cadt cakdyst labet® isindevepisdi ti oned

opposi te tﬁ‘@mgcﬁé pESfﬁg OQPHV Jf Nt 1%&1'4&%1%3&1&’& S80S efberalife lirf@fét hetof for
reflector on the out § positioned opposite the noisture gas take-out
port in thgeriemtlenlaﬂmimﬁe asaﬁﬂn@oxteﬂaibdwnbyceﬁlhrgmgt mey%acimyﬁkllfmer on
the inside wal]| of the reactor structural 15 conmponent on t he outl et side,
wher ei®n  hy BRSNS a6e9lipgyyen fed into the interior space of the reactor
through the gas "I'l% &e?e\?)gﬁnv%{l onb£d)cfrlgs|3és éh?ge pr%ﬁ@ﬁ%%xth\’\{heg{r}oberﬁregétop gdp coat

catal yst layer to reactivi ereby réea rogen and
oxygen i nt gendfdtidh dfﬁn&sﬁﬂ%ls@&{mﬁﬁfebgﬂ lﬁﬂ@t@mpér@tutrbem ltﬂé\/ﬁl@idwpa@cspuﬁl ng to
anot her enpbodi nent, there is provided a round 20 recession with a flat
bot t om f or FRegtop strudtieral mmemal Drs thefinkeh side aed therreastor stmigiugal comppm At on

o Caper od Bbigs Bk SREHE Ineteneipr $hal o BIEERR sty o b o e oy © "
refl egt or fgautohg)omtdﬁ Hza&l chél{iﬂnﬂgtgtagp anfs dohiRtim@a fEnREd, Habkire 4b dhe gaYTPONENt

on the inlet si and also at the perlpheral edge portion of the outlet
refl ect or 8ipplyhsoustedside a@ursg of Ithe platinusmcodt catadysp byeed orih partially gome roff
conmponent Q ut | rein he r cto n the, inlet side
ond Che ' et PR it seiéra® St T et e vEh HE LS high BobetRupttict uy o
conponent on the inlet side and reactor structural conponent on the outl et
side, each with a gap provided between the bottomand the reflector. The
invention of a still furtheSL%MMddhﬁ@Eﬂ}ﬂbﬂﬁVEbHBONa reactor shell with an

30 interior spacge.nmade @n acté)r structural corrponent n the inlet
side and a react Bs gccor n&%a@@ c"s‘? tﬁEt‘ﬁYe‘a‘F‘O%b‘hﬁ'&’f {3 IACtPR Eor gengrations ge
di sp do i C dig t he
reac'?f;:};J straﬁlglt% E{ru? {@gen%o%gﬁ}l et8 H&}“ %a?%fn/rle gé/dﬂ/é% hG@I}ég@r eed

port and t kide randqiesling offuaft Maplammmnmtatdysttlmrwwme ini aperaioayvi e wit h
a noi sture t ake- out a reflector facj t he as feed port dthe
moi sture 5 Pgﬁﬂ%ﬁ{e sphyed B’SF‘ta feRCIP or BepeRligh O 5@5%10 arery smel e
pl ati num c t
structural %% n“f)one %{‘%otrlllle? eEooru&lEfeT?ggl Phhctas Eeﬂrézﬂlh%q%\{\%%%acg% Otrnﬁo‘ggl%gﬁéfed
into the i Maetar(shells@wh addrgé beolingamitao sutkstamngllly mbleasgabe Eadulg papdcitar e

wi.th the platinum coat c | yst. layer to activate the

brought i nto contact a

reactfdity, ther&@k}let‘%‘&‘é‘l& IRl tﬁ?&’r’@é“é’?ﬁ %fr\%!“ﬁ%@'te‘ﬂ Wilttﬁckléfﬁé? thergag supply

non- conmbus t; on

t he insi detSb&P? §IH€ fﬁes'%regrggtéggvegﬁ fth%g ml&ﬁ]algdn{édﬁghrebaq{; tﬁglmlezrilﬁne%la{emég and
react or st thecfollowing posgesseent on the outlet si de) wherein the outside

di anmeter of the aforesaid reflector is slightly smaller than the inside

di aneter of the Ab&beexidn filmiosths hk@fqr@p@pnuthe puleragtab surfacs ipahe iRsIcal edge

portion of 0es bPle®ehbr Blkid B a2l e CASIHAY ability" SARE Hetal surface is put to

25 work. Because of the catalytic activity of the metal surface, the reaction of O, and H,

locally proceeds violently and intensively, partly raising the temperature on the metal
surface above the lowest ignition point of H,-containing gas.
2) The temperature of the platinum coat catalyst layer 8 opposite to the

peripheral edge portion of the reflector 6 on the outlet side rises locally above the lowest



15 styuctural conponent on the outlet side and wherein the aforesaid
reflector is fixed on the reactor structural conponent_en the outlet side
wi th some gag provided between the reflector and the 1My 2003rhe pl ati num
coat catalyst layer is forned of a barrier coat and a platinumcoat. 2p
Non-catal ytic barrier coats are forned on parts other than the area
provided with the platinumcoat catalyst |layer and on the reflectors in the
interior space of the reactor. The barrier coat is preferably fornmed of a
conponent selected fromthe group consisting of the conpounds Ti N, TiC,

Ti CN, Ti ANjgnitlkidG®intCr 203, Si2 and CrN. 25 | n another enbodi ment) the gas
feed port o reaﬁ&gr.structural C rrpanent on the {nlet side is provided with
a material gas niR§ HYCHAT }\aé‘ééﬁ?léuﬂ ithat meisture fap Re eeRerapd 8y e alreacio s, a
T xed 925 Hho el RU80: BAT B HATdactb (AL BELinfROSDIIRN op LIEIRLER! 2 025
m xi ng and teeding unit conprises a hydrogen feed pipe to feed hydrogen, an

oxygen f eedefRice Ston themitt eidy gah metul fiker30are odieaidor to join the downstream
ends of the two feed pipes and connect the pipes to. , , 5 May, 2003 the
mat eri®l gas feedhpBresens nyentiesy i builttaehe b ttheseififdings.f or med of a

plturality of sma | te | pe sect | aaﬂﬂ' - di ter pi tions
that the small - dilrg?re vgrrlt Oéln£ Cﬁlédr%%fet-%d? Q}r?g%gep o] ﬁgﬂé%lgtclggﬁg?egr %rg‘ﬁCf"grsﬁg ed to

form a pi pevithl 4 iateeibhepace MyAdiwiENA réuctor ¥BeEatdl cempemsat 8h @ iflet didedndand
maintain the 5 tenperature at a specific |evel is provided on the outside

wal | of thaeactcstmectusalreamnponant emapcrdat sige dispesednbrRosite de eachdothie andact or

structural .conponept on the. outl.et side, In_a yet further enbqdi nent, the
Cenper at ur dSPBLHEESF By vedingo P 08 e e fial Spmponent SR HIEk K
enbodigrent ,préfigedCRith 8/gak Fecd poH1afd e 168261 SflchirBScdmptRentOsh tHReoule: Qud er
surface of the reactor. Further objects, features and advantages of the
present i nypeonidesinwith|d nivéstuneegaappke-outt pént;oanreftastddeom thecutleDesgter positioned of

Preferred Enbodi nents, ich.foll ows, when considered tagether wt he
e fched. DomRpTis T e hestin D1 Bitrier TTHE S TSReier 5 eion o ol ('t cal

Z ﬁggg?ﬂgkt Vs;i)c?V\fEd%Ltioﬂed %gﬁ&é% he'mEQnRy %isi AReBlt FBHShUhE iReAY gﬁa@g, iR & first
present invention. FIG2 is a partial, vertical,
secti onal \plainushoodtngattlpg fayemdiorined of the pinsitte nvall of the reactor structural
15 component on the outlet side, wherein hydrogen and oxygen fed into the interior space
of the reactor through the gas feed port are brought into contact with the platinum coat
catalyst layer to activate the reactivity, thereby reacting hydrogen and oxygen into water
in a non-combustion state.
In the invention according to another embodiment, there is provided a round
- 20 recession with a flat bottom formed on the inside walls of the reactor structural
component on the inlet side and reactor structural component on the outlet side, wherein
a tapered portion is formed at the peripheral edge portion of the inlet reflector on the
side facing the bottom of the reactor structural component on the inlet side and also at
the peripheral edge portion of the outlet reflector on the side facing the bottom of the
25 reactor “structural component on the outlet side, and wherein the reflector on the inlet
side and the reflector on the outlet side are fixed on the reactor structural component on
the inlet side and reactor structural component on the outlet side, each with a gap
provided between the bottom and the reflector.

The invention of a still further embodiment comprises: a reactor shell with an

30 interior space made with a reactor structural component on the inlet side and a reactor



coat catalyst layer. FIG 3 is a partial vertical, sectional view show ng
the formation of a barrier 20 coat. ' FIG4 is a vergM:aSE 20ECt Il onal view
of a reactor for generation of noisture according t enbodi nment of
the present invention. FIGS5 is a vertical, sectional view of a reactor for
generation of noisture according to a third enbodi nent of the present
invention. 25 FIG 6 is a vertical, sectional view of a prior art reactor
for gener atTUSHE)CoOmpPRIG 08, the joutletosidRdispossd c eppesite rtal eachh ottea and joifest

generatio ' re 8 ..1.5 Ma 003 m xed gas V interjor space L gap
1r eact or Sr“tto%%%é# gﬁ‘ﬁpgﬁgﬁpe Bﬁc%héapﬁf@fcgﬁﬂamgﬁﬁége f"é“ééldﬁoﬁfp‘fg? act or
struct ur al with B E&d i ' R .
port3interior rﬁg%qce olsryatt 1élrteaetlhgIlllEeJ'Ecﬁ'I,sri %‘ggﬁﬁaﬁe@ra F@p@g%@%%@@ﬁﬁ%&f]ﬁogg ed

si de105r ef Webtaonoittnre e taletatt poitde feftkior Cioig 08 gab feed Yokteindsthe motweiral

fil tegﬁpl atinum coat catalyst |ayer8abarrier coat158bplati num coat9barrier
coat t h83§ W&F-a@t Reat in theinterior ispacetof dhelepactor;tand arplatinuor coat catalyst layer

structural : ri.er.coat on the outer surface of the reflector on
the inlet g%?ﬁ@f?‘%@%w lgﬁqtﬁﬁbeai'fr g ‘515’?‘?1"‘*%&%‘3&8“%‘?‘? Si¥eWiTERet si de
sur f 2013cl dpdriopéh &1l d: %@ﬁg@ ' s WRl Al gf i xi ng
bolt hol el?refFectqrfg ol e ?g‘?&%oqh%{rpﬂn ?ﬁg”g%gat ?%é&%éikw%

t her nonet erd1obraxghtdntocoatacowith e platimeim soat fartysohydrite acafdte cheore2@ivityer i al
gas m xi ng an f eedi ng #Ifnit 9 5 Nav, 2003 21 hydrogen feed pipe 22
oxygen f eed BFYLCHAINg BrdroBenAnd DXYRSI A WAtEF 18 3MogombYRtion $Yeheat er 26

cool eng27 heater press 27a, cooli. i SCRI-PT]I OF THE PREFERRED

EMBODI MENTS 10 Hergxirﬁgg%@?@si%ygﬁ%gﬁﬁ%{@s&m}c%npr esent invention wll
be descri betlieintide wafl esfetivereactot heuetuml ddgpontd itk inlek sidpadnidsicacter
referred towth Iike referepnce nungrals. Enbodinment 1 FIG 1 is a vertical,

sectional VBRI comipancat op theyputles mideawhencinotae mytside dlamast 9F gher fptsseit o ¢ he
first enmbodj faty | Rk | . tt A
i cat o o B sUbiiy SfEia WREHAS Blmeld of W2 dhoestiOf, DRESHE 6Pl &1 OF

t he nuner al fotmed onethe periptetal wdpeipottionwsfthaeefiectn dhthei sideefachigtthe réactar a gas
feed rt; reactor structural conponent on the outlet side;. 23, a

Ry oSl Siardoetion e cul icaiorrn e osrert Sgaor§ fad on
J loBs ' - 20
barr or conte Al oot 8 BeBlBHACOR) 6B B Blov R Bewdliind B0

Though not séfteator ahdehelbatioiner coat is also fornmed on the outer surfaces of

B1 a1 num coat sb | el A ST BoE  CR B LB AR o opacers

13 a cones iﬁhtﬁgﬁtc%g‘t‘-of the inside surface of the reactor structural
conponent on the qutlet side. .
20 on-catalytic barrier coats are formed on parts other than the area

provided with the platinum coat catalyst layes and on the reflectors in the interior space
of the reactar.

The barrier coat is preferably formed of a component selected from the group
consisting of the compounds TiN, TiC, TiCN, TiAIN, Al;03, Crz0;, Si0; and CeN.

25 *In another embodiment, the gas feed port of reactor structural companent on
the inlet side is provided with a material gas mixing and feeding unit to feed the matenial
gas, that is, a2 mixed gas of hydrogen and oxygen,

In a further embodiment, the material gas mixing and feeding unit comprises a
hydtogen feed pipe to feed hydrogen, an oxygen feed pipe to feed oxygen and a

80 connector to join the downstream ends of the two feed pipes and connect the pipes to



.25 The reactor shell Ais forned of reactor structural conmponent 1 on the
inlet si'de and reactor structural conponent 2 on the outlet side that face
each other and are welded air-tight to forma circul | ow di sk
Conponents 1, 2 are made of stainless steel under JI'S designation SUS316L.
10 5 May, 2003 The inside of the reactor structural conponent 1 on the
inlet side has a circular recession wwth a flat bottomw th which the gas
feed port 1 a communicates. Also, the inside of the reactor structural
conponent 2 on the outlet side has a circul ar. regession with a flat bottom

wi t h whi chthematers] gasdeed ppisandawkerein thessmnpecser is soiRTAed £F a plurglity of shdllnor e,

the two re uct I - i W i nwar d
fl ange andgigé’gtreﬁﬁ‘{ee%cgé‘?st f“gﬂg? %] ?ﬁ&g\%ﬂg u%SQJv(\:nﬁ?ﬁsaﬁﬁte%%}n? f‘glr%ﬂee[ odi es
faci ng eachrgtdifthetbOpip@sdRibiars BleGhAd Pkt aipd N the first enbodi ment, the
bottonms of the circular recessions of the reactor structural conponents 1,
2 are flat. Needinearothes embodimpnt ddemperstuneyesidaten e hicaiand rmaigtawhthse. The
refl ector on the inlet side.i.s a djsk body. Wth jts.center fac to the
Gas f deq pirpelS af Bishicif f¥elaf pEeR oo B Cutalstnal P e MRRRER' O o
the refl ect@hpdneon the irllétlsRie ahll 4R resctdi tR@tuRdl coRPorid@Roh Bie Gitletisilelr al
conponent 1 by clanping bolts 14 with a gap L left between the bottom of
the reactor str ubtayetlfugherpormediment,thel tankperatae| reguletor & a ¢oolgthie gast thect or 5
on the inlet side is nmade of stainless steel under JIS designation SUS316L
and its di S3EPEr is set slightly smaller than the inside dianeter of the
recession. Likew tofd ' Fika then shape
to the refl ect o\rl\lnéf%r?ht g{ﬁl{)iﬁﬁ]g{?ag{e%&\fﬁ?ﬁ ?gidcggn%f?rog?%gciﬁﬁsarﬁde%mi sture
gas tlike- ouutepmnfac@ef the reédetorr eact or structural conponent 2 on the outl et
side, the reflecpor, 6 %n th? out | et sjde isc{&:FEd on .20 the reﬁgtor
structural conpoRuHher Pisgtscfeathsespd sivetages qfjthe Presepy dnyenfign il decome, ¢ he
bottom of §he & &ShPhe Petdilel WealritRARE PRIl BRBodifBnts ShAie FMowR, wildie
peri pheral edges of the reflector 5 on the inlet side and the reflector 6
on t he out ketsidralagogétherhetlr thaattached Drawings al conponents 1, 2 are tapered on
the sides facing the reactor structural conponents 1, 2 at tapering angle a
as shown in FIG 1. Because 25 of the taper at the tapering angle a on the
reflector 5 on the inletpgi Rnﬂt DR ANNgsf rom the gas feed
port 1 ais diffused srm%t y F%tbo t I)gﬁ?(r??erlor space §/At the reflector 6
on thes outl et siBEG 1 fis bhertiiait eoenab&ieneef at feactoe fdregéneration ot mbistueait | et
side and the platinumcoat catalyst layer 8 is uniform heating wll
concent r at @cqording to & fiesh embedimentcof thy prespatingentiole pl at i num coat cat al yst
| ayer 8 to which nerj ral.. . . . g r adual
narrow ng of the%@i% 'E%éisa RS‘?O\\%-nc:%g%%%@B%l %&%ﬂﬁx&@ﬁ%ﬁ%f:ﬂ{ﬂ&a&% plﬂ&ﬁmg

coat catalyst layer.

FIG. 3 is a partial vertical, sectional view showing the formation of a barrier
20 coat.
FIG 4 is a vertical, sectional view of a reactor for generation of moisture
according to a second embodiment of the present invention.
FIG 'S is a vertical, sectional view of a reactor for generation of moisture
according to a third embodiment of the present invention.
25 FIG 6 is a vertical, sectional view of a prior art reactor for generation of

moisture.

List of Reference Numerals

A reactor for generation of moisture



*5 May, 2003 concentration of heating In the present enbodi nent, the
refl.ectors 5, 6 are fixed by clanping bolts 13, 14. The reflectors 5 6 may
be wel ded to the reactor structural conponents using supports (not
shown). In the present enbodi nent, the clanping bolts 13, 14 are

spot-wel ded after 5 being screwed up to prevent |loosening It is also noted
that the inside wall area near the spacer 13a of the reactor structural
conponent 2 on the outlet side is not covered with the platinumcoat 8b so
as to prevent local heating of the clanping bolt 13, as nentioned above.
The ni xed Has GP&ed &% toward the reflector 5 on the inlet side through the
gas 10 feeg portimJe iﬁr ﬁ)%éi des against the surface of the reflector 5 on the
inlet side and i's The Jetted through the gap L in the direction of the
arrows andLdi ffusgs into the interior space V The nmixed gas G jetted in the
interior space V collides with platinumcoat catal yst |ayer 8 where the

m xed gas Gis catalytically activated. The m xed gas G then flows toward

t he noi sture gas ta%ke-ou ort 2a ﬁhrﬁ@rﬂ?}? Lh? gap L between the reflector
15 6 on the out I"EFET YBCHHE ORROPFYL LR lebsifle Catal yst 1 ayer 8 Furthernore,
whi | escol | 1gi ng {hg@ééa%nt he platinum coat catal yst |ayer 8 and proceedi ng
through the gap L, the mxed gas G Hz and Oz are activated on contact with
the catal y3t | aywactgr stausthralvompoaerd og theoyslebsidee wat er under what are

cal | ed nongonbustion conditions. 20 Then, the noisture gas (water vapor)

t hus produt®d ismf"éﬁlr‘?gast ASC-AYiR9r e gas take-out port 2a through the gap L
bet ween the reflgeligf sfhcOBn ttEnRLSi4€t Side and the platinumcoat catalyst

| ayer 8. The platinumcoat catalyst layer 8 is formed on the entire inside
surface of 4t he riatecibospast ontheundlet siderponent 2 on the outl et side nade of
stainl ess steel under JI S 25 designation SUS316L (except for the area near
the pfrt wPth whi€ Fl“f’h‘é“‘?’ﬁé%létrm;’aa comes in contact) As shown in FIG 2, the
barrier cogt 8a KL el d fornmed on the inside surface of the reactor
struct ural ecorrpo%gﬁ%;bg{)%ﬁwt ugéti)sﬁ(!ﬁoet side and then the platinumcoat 8b is
formed on The bametakfiltesoat 8a. That is, the platinumcoat catal yst |ayer 8
is formed of the barrier coat 8a and the platinumcoat 8b. 30 The thickness
of the plafi num PlaBaungeoat satglystlayeiply 0.1 umto 3 um In the 12 5

May, 2003 pgesent ent, the platinumcoat 8b is about 1 umin

t hi ckness. ri;%he t%ﬁggﬁ%s?geof the barrier coat 8a is preferably 0.1 umto 5
um |15 t he8pr eseplatimimpoedtnent, a barrier coat of Ti N about 2 umthick is
formed The barrier coat of TiNis formed not only on the reactor structural
conponent 2 on tbhaTieuepdt osjthe ipgide avalnen sheyinletydide it the Feagtgis stractumal oy g
is forned &B@r{eﬁp on the inside surface of the reactor structural
conponent on e inlet side and the outer surfaces of the two reflectors
5, 6, as indicat bstriat coat R tia) Gutél suiflice Jfthé refledtor dn fe@nldt sidows a barrier
coat 9 on the inside wall of the reactor structural conponent 1 on the

inl et sidelln fobsriggcaatiag dbepsle ouper Wepeq @y theoutlet sgle suf 10, 11, the

surf s ofi,the [ tive parts are treated properly to renove oxide
fil nsaﬁgnd ;%ssi véﬁg?gépeb%ﬁi | ms of various netals naturally fornmed on the
surface of 1Bpe skgicet ess steel. Then, the respective TiN barrier coats 8a,
9, 10, 11 are fornmed on the parts. In the present enbodinent, TiN barrier
coats 8a, 94 10, clampisg boflout 2 umthick are formed by an ion plating

t echni que. %5 Mat eri.al s other than Ti N may al so be used for the respective
barrier codt® 8aPE 10, 11. They include TiC, TiCN and Ti AN Those

materi al s gge n%eﬁﬁﬁ%all ytic and are excellent in resistance to reduction
and oxidation. Also, the barrier coats 8a, 9, 10, 11 are preferably 0.1 um
to 5 #mn A dérri efixmgdbltwioteh a t hi ckness not greater than 0.1 umis not
sufficient in performance, while a 20 barrier coat with a thickness greater
than 5 um tldkes ﬁ?fg’ﬁtqrabor to formand could conme off due to expansion

di fference jign heat.i ! T i her than ion plating for
formng a blasrri e?luce(r)}g{&%%é/t etuﬂglgegt.h Qﬁ@}"ﬂ‘?ﬁﬁ‘gg PVD such as ion sputtering
and vacuumMapor bdrizosodtionrth@ogtechiefice af the agftector

20 material gas mixing and feeding unit



«deposition (CVD), hot press, and flanme spray coating. 25 After formation
of t.he barrier coat 8a, the reactor structural conponent 2 og the outl et
side is coated with the platinumcoat 8b. In the pre a iment, a

pl ati num coat 8b about 1 umin thickness is coated by an ion plating
techni que. The thickness of the platinumcoat 86 is preferably 0.1 umto 3
um A coat not thicker than 0 1 um cannot exhibit catalytic activity for a
long tine. On the other hand, 30 if the thickness is larger than 3 um the
cost of formng the platinumcoat 8b will 13 1 5 May, 2003 i ncrease,

al t hough t Aht wihydropehéeddipipd e difference in catalytic activity and service
life. FurtZgrm)re th{e filmcan cone off due to expansion difference in
heating. T&thni UYESLEA2PPERan ion plating for forming a platinum coat 8b
may be usegs Theygpnh&gbude ion sputtering, vacuum vapor deposition and
chem cal vapor deposition 5 (CvD) and hot press. If the barrier coat 8a is
formed of 2dich efempenatwre cqpotibart i vity as TiN, plating is possible to use. In
the first Sgbodi nent of the present invention shown in FIG1 to FIG 3, the
reasof t he“barri ¥ oat s 9, 10, 11 are formed on the inside surface of the
reactor stpgcturglggonponent 1 on the inlet side, the outer surface of the
reflector 5 on the inlet 10 side and the reflector 6 on the outlet side is
that those2part shebterpres6 are not permitted to act as a catalyst. Thus, the
reactor structural conponent 1 on the inlet side, the reflector 5 on the
inl et side2’dhe $iPRERor 6 on the outlet side and the |ike may be formed
of a material that is not catalytic and resistant to reduction 15
Enmbodinment 2 FIG 4 is a vertical, sectional view of a reactor for
generation of noi st DESCRIPATON'QF TMR PREEERRED EMBODIVEEI TS t he present
invention. In the second enbodi ment, one reflector 17 in the formaof a
boardld s fixed oHetehafterdke embedimgeats pfthe prsers iayantion gyill bgedeseritled (with de by
clanping b 3 i,n t.he i.nterior.sp of ot 0. r.eact or A
The second%ef%r%%% e e idgang%sl Wé‘gfrl)ltl}k%a Cf?snxgo'fneg r&‘éc | gﬁ&wﬁ%% r?fﬁltelgH rst
enbodi ment ngmeraR. in FIG 1 except that only one reflector 17 is used. In FIG
4, a hole 18 for nounting a sheath-type thernoneter is shown. The

sheat h-type thernoneter (not shown) is inserted in the reactor structural

conmponent %mbodiment 1

FIG 1 is a vertical, sectional view of a reactor for generation of moisture

15 according to the first embodiment of the present invention. In FIG 1, the reference

letter A indicates a reactor; the letter V, an interior space; the letter L, a gap; the numeral

1, a reactor structural component on the inlet side; la, a gas feed port; 2, a reactor

structural component on the outlet side; 2a, a moisture gas take-out port; 5, a reflector

on the inlet side; 6, a reflector on the outlet side; 8, a platinum coat catalyst layer; 8a, a

20 barrier coat; 8b, a platinum coat; and 9, 10, 11, represent barrier coats. Though not

shown, the barrier coat is also formed on the outer surfaces of clamping bolts 13, 14 and

the outer surface of the spacers 13a, 14a. Platinum coat 8b is formed on and around the

area—with which the spacers 13a comes in contact—of the inside surface of the reactor
structural component on the outlet side.

25 The reactor shell A is formed of reactor structural component 1 on the inlet side

and reactor structural component 2 on the outlet side that face each other and are

welded air-tight to form a circular and hollow disk  Components 1, 2 are made of

stainless steel under JIS designation SUS316L.

10



on the inlet side. A platinumcoat catalyst layer 8 is forned on the inside
wal |. of the 25 reactor structural conponent 2 on the outlet side.
Furthernore, on the inner surfaces of the reactor stri&@ﬂlﬁﬂgkonponent 1 on
the inlet side, the outer surfaces of the reflector 17 and the like form
barrier coats 9, 19. The reflector 17 is made of a relatively thick

mat eri al whose thickness is nore 14 5 Mav, 2003 than about 1/2 the

t hi ckness of the interior space V, for exanple. The overall formis
disk-like with an outside diameter slightly smaller than the inside

di ameter of the The wsideef theaeastar stwetupgrcpmnemlt lqindthe ifetside happcsewlar 17

that faces_the.inside of t. tor r ral __conponent t he
out | et "1 aeRSiopIF AT boutsin shlFER BiChas T4 B0 R cefRRRAGE, ey e
structural lr@fammmeactér s@u@ﬁlﬁl &&ﬁp&ﬁﬁd £ohQhe bitl@RicRIY Qfcufit RLRSS
steel. The inner surfaces of the reactor structural conponent 1 on the

i nl et si devathdatflae itoar weithr fehichs thef mmﬁeurcegaseta&cwunpoar @a comenungtatsist h t he
he reactor. uraI

barrier coats, 9, nbodi ne 4
conporen  TURHETRES it aro Setdon i Gwrl GOTBINeTs by Mfoeb HrOHAEH
rion- Cat al Yo AW kil oHRghERR el N8 el i R0 efseasgﬂl ment

ignition of H2 and” backfire to the gas supply source side can be conpl etely
shut out. leachadtbiérttd dorm theeeacedrlsbedtAr 17 is large in thermal capacity and

can effectively prevent the fenperature fromrisi excessively in the
center of the pl glﬁﬁt#fﬁtc%?o‘@‘&?'g! bqt%r"ﬂe IﬁﬁF@%‘e’r"ﬁfﬁs’é’“s PEQ%V'@F‘%?% (t hat
I's, dead z | C I duced
i ot hor 187Gl cbforeBtCt, e Z?&Sﬁ‘f%?ﬁ ol e HouBRE shay bRt

al so i@ci I |shap‘ees t he repl acenment of gases when the mxing ratio of the

material gas, that is, OZ and H2 is chanaed Exa ‘r’rwple 1 1In the first
embodi ment  shown The reflector 5 antbe il sideiiz adisk bedyf Withdtscenter ficed trothe 229 A

were: the QS Sﬂé)g{gleéjgfﬁtr%{lﬁt&r Mralt%%lpggérﬁkngﬁ the: eﬂg&ile,tt?g r&ﬂ:‘cﬁ}? nesg of

the interior He T nei I airet er of error space V 108

mm the outthd @Rt didaisefoed oafthé fectoefstractitl componeht1 by Blagipirfy sbdts dddvitihe
reflector 6 on the outlet side 80 mm the thickness of the sane 2mm_the
gap L 1 nmg2p heeft beigtern die hatlom efjae eepcton strueteral companenhband deirefladies dat
catal yst | %ﬁ%rreﬁectg} X Bﬁ”t ' eJ ef%%te R HMe OPtstaYrﬁ%E sQ?e? uiidbr Hsedaggm@“ al

of the barriéer coa heréactor structura nponent

inl et side susbithand w@draﬁ\ueeest set Slightly drdallef itRdn(the ingikde Mhhﬁatd# Iof therecagsiogr at ed
using a material gas conprised of m xed gas G of OZ and Hz in which the

content of H2 wadikewwse; therreflentor @gmﬂ@l qutked siderisy smilardm shape todhe rflegtonso to
;Sgoc W t h S he t t)é%e wﬁ{ EDCCH er acmg ﬁ‘leerntK?lS ure gas(%a'ijlg -(I))uq pr(])trtSZaaéf the reac OII'St ure

structural component 2 on the outlet side, the reflector 6 on the outlet side is fixed on
- 20 the reactor structural component 2 by clamping bolts 13 with a gap L left between the
bottom of the reactor structural component 2 and the reflector 6.

The peripheral edges of the reflector 5 on the inlet side and the reflector 6 on
the outlet side of the reactor structural components 1, 2 are tapered on the sides facing
the reactor structural components 1, 2 at tapering angle a as shown in FIG 1. Because

25 of the téper at the tapering angle o on the reflector 5 on the inlet side, the mixed gas G
flowing from the gas feed port 1a is diffused smoothly into the interior space V. At the
reflector 6 on the outlet side, if the distance between the reflector 6 on the outlet side
and the platinum coat catalyst layer 8 is uniform, heating will concentrate in the area
near the portions of the platinum coat catalyst layer 8 to which the peripheral edges of

30 the reflector face. The gradual narrowing of the gap L as shown in FIG 1 prevents local

11



'generating rate of 1,000 sccm No ignition of H2, backfire or the peeling
of f of the platinumcoat catal yst |ayer 8 resulted. %igggizwﬁgln t he second
enbodi ment shown in FIG 4, the specifications of the shell A
were. the outside dianeter 114 nm the thickness 30 nm the thickness of
the interior space V 10 nm the inside dianmeter of the interior space V 108
mm the thickness of the reflector 6 nm the outside dianeter of the
reflector 102 mm the gap L between the reflector and the reactor

structural conponent on the gutlet side 1 nm the g bet ween_ t

reflector ame@twéwﬁ@éé%mgstkuﬁmr%aenfcemm'amt @EJﬁﬂ%qﬁ%rS.Smﬁe@resﬂxaé%s 10 mm
the length 1%pihgeoo?té‘ﬁ§r 94 St AbRcrols W(WG{JM%S%'& %agct&)sstrumﬁal

pl ati num coat " ¢ I'ayer 8 conpri sed arrier coat um + pt coat
8b 0.3 um cd’xh@orﬁﬁﬁsasmgku@bletdnﬁpdwsr(mbeghoma{ts 9, 19 of the reactor
structural conponent 1 on the inlet side and the reflectors 17 coner sed

s

TiN (5 un) Moi st@r@egﬁﬁ‘ﬁéﬂfaﬁmh@d‘mé@t sheelpmpingrhaltadl3p Jd asppet-weldeksaltethe same
condi tg ons, nition of H2, backfire or the peeling
of f of5 the ﬁ%\gé%%érzrild?tgt e et“é{ooy%dggyer 8 resul ted Enbodiment 3 FIG5 is a
vertical, sect | opak aléb%t&f that tRAGisRie WAl a@@%ﬁﬁiheo%)a@ér i St (e Geqtésior di ng
to the th| rd enbodi nent of the present invention he third enbodi nent

i.s made up stedctarakcomppoendi2 erhidieloufletadidet i gof ¢qutedewﬂothp piatinumgontadtesd a8l gas
m xi ng and, f eedi ?%% qlt 20 ﬁgd @ te eitﬁléure Le tlg)r 24 attached to the
react or shiq Preyentigeak heating of foe'e 5'8{ p S Iﬂelb 8‘% i rd enbodi nent is
exactly the sameTRSmbxeadiga$Gq¥tted fowatdahk refléttdr®on tHelifleCHMROMrGHRMthe Eire

reactor shell A shown in FIG1 is used 25 Alternatively, the reactor shell
A of lhe sé&edmportelrendlidesagainsiche surfacEloftle reflgctbe S onetlie lrmesndmmir usethengas

m xing and.fe n It 20.i.nc ogen fee e 21 en feed
pi pe 22 an#f ttﬁgqj'ﬁ’ g%?lber gapsLyig t }'B%He?tf?é‘ Foé’%?rﬁrgingbgﬁls 'f“i?e ¥

pi pes and G&{&@Qﬁt ThO $iRIdPES G YettetPint e iftBribRE LS 3 c&lﬁ&esf\@ﬂﬁj tpﬂtﬂﬁiflm|c%at0‘c the
react or May, 2003 Structural conponent 1 on the inlet side. The
connect or zaa]yst layer Bexhend the muiked ghs Gys cﬁtalstmlly ach\atﬁelt eFhepnized gecGitbers 23 a,
23c and | arge- di anet er g@e sections 23b B II-dlamete% and

| ar ge- di amdP¥F IQV4E thempising sagtakesPytqtha “ighrtls g1 L hefyieen the reflector

15 6 on the outlet side and the platinum coat catalyst layer 8

Furthermore, while colliding against the platinum coat catalyst layer 8 and
proceeding through the gap L, the mixed gas G H; and O are activated on contact with
the catalyst layer 8, and then reacts to produce water under what are called non-
combustion conditions.

. 20 Then, the moisture gas (water vapor) thus produced is led to the moisture gas
take-out port 2a through the gap L between the reflector 6 on the outlet side and the
platinum coat catalyst layer 8.

The platinum coat catalyst layer 8 is formed on the entire inside surface of the
reactor structural component 2 on the outlet side made of stainless steel under JIS

25 designation SUS316L (except for the area near the part with which the spacer 13a
comes in contact) As shown in FIG 2, the barrier coat 8a of TiN is first formed on the
inside surface of the reactor structural component 2 on the outlet side and then the
platinum coat 8b is formed on the barrier coat 8a. That is, the platinum coat catalyst
layer 8 is formed of the barrier coat 8a and the platinum coat 8b.

30 The thickness of the platinum coat 8b is preferably 0.1 pm to 3 um. In the
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5 Tha second | arge-di aneter pipe section 23 d is fixed to the gas feed port
1 a.of the reactor structural conmponent 1 on the inlet_side wel di ng, for
exanpl e. The tenperature regul ator 24 heats the reactiMﬂihm%yA to a
specific tenperature and naintains the sane at that tenperature. As shown
in FIG5, the tenperature regulator 24 conprises heaters 25 to heat the
reactor structural conponent 1 on the inlet 10 side and the reactor
structural conponent 2 on the outlet side, a controller (not shown) to turn
on or off the heaters 25, and coolers 26 to cool the reactor shell A The
heat er 25 Present smbediment theaptinunheqat 8b imaboat haun irothighnessi Tae thisknesseofr eact or
shell A by.,a.disk-s ed heat er ess T ontroller i ntains.the
react or shte“ell%flf1 eerltcogtaés)aplécﬂr%?régl?egl?rfpg'rnattoprEm( P@a@? BFeS?net_r%nebro U ¥e)al tf)af 'Fur ni ng
the heat er c@h BTiNab&Ut!R2 prhiBick & oRRE fTke bLABIAt Bf TN B férnedmpebalywne t hat
is lower than the ignition point of the hydrogen-m xed gas and at which
hydr ogen atht ressiefesiructusalt cosfponentéhen he auiles side miwreatherpatingmseqat gatalystr abl y
not higher ,than. 400C. .Furt hernore,..the.cool.er 26 is attached to e heater
ress By W Lisdpaetitase o3 e fyeé aFeR ALt ke e b Hampp Bt At e
reactor tepRahei MLard'1REbGRE furfibes ST dWvE rehBQBLSE 604s iNGiBdtbASk RineRalé §ACT T ON
20 between hydrogen and oxygen so as to stabilize the noisture generating
reaction. 16, 1hen Fi@sknt FiGvEshowna tareascoat Reon theamsitbevatlaoft theaatatar wi t h

t he platinum coai cat al %st I%%er 85{en the interior space V of the reactor
shel | A ar STRHWaL cMRAnEDt & puthgddletsifieal yiic barrier coat 8a that is
excellent in resystaRee e ragbdive Bardidcsd 48t bono, THefR! Qirficed BERe I S NO
fear that the catal ytilgg nmet a%gsurkacgqé}scexpos’ed’ bar e ’V\/I[”li | e tﬁee 25 reactor
i s i nlbper a¢spentive Amrta areetudted peaperly itd remoed oxide ifting emd passive stme fignsaofri xed
gas Gwith Hz in high concentratjon for a_long.tine,. there js po

possi bi | i t Y3HeHst iAo EFOrRE vfored, 1 i pufface o ttheoéfaanf%s steehusthes the

catal ytic a&hbQileOfiNt BB 84T 6266 Pl BRY fdrkied dnh | MAMEEQabsendt al yst
| ayer 8. Thug, the lpogf]l‘lglﬁ?éti/ of i griifll on of HZ angle@e?c fire tgﬁt%ee gas
suppl y sourmbodingst, Talkibatriec oodtsl 8inadOn 1 Wof hbde pmi thick ard formad bpan ican be
conpletely 30 precluded. 17 5 Mav, 2003 It is also pointed out that one or
two reflect 188 feg BAYS, 12 are provided and since no netallic filter is put
up unjg ke in theyphd ol &g&%ﬁi&fﬁgﬂﬁo bEL &l ¥ﬂh¥.ré§£&ﬁe'b9rrfé&’& gdg, @i amet er
and thickness can be used. Is feature 1s effecti-ve 1n preventing’the

t enper at ur 40f tnThéysintlgdé IC, IMTION dnd TIAN ¢ @hbsy maferialo @rgphétt dabalticmdtare

catal yst layer. 8 and. 5 can elimnate the possibility of the platinum coat
catal yst | &yesllest ip resiptangerintgdegtion|agd @KidptiorFur t her nore, the reactor is so
configured that th ive refle S, ar i i | a . out si de
di aneter and wt %’hé}%;lga‘r?ﬁ%hcggglS%ecbi’ggé’gl(%ratr? ﬁef%%%lglﬁ)éefap}g{;t%{k a Ié]ri'&ngglgﬁgl e a.

That i ncreassswithe thiokiss®hotCgpaed thin 0f1 fheis met lsefficient ansérfoanamt whild ¥el y
prevent the tenperature fromrising excessively in the center of the

ptat i Alim cdatrier Foatawih asthigkagssrgreaten thapduim hes mheh dabat te ferarandhcowid
e o SRR of B b MR B s kg o i oot ates
i Techniques other than ion plating for forming a barrier coat may be used. They
include PVD such as ion sputtering and vacuum vapor deposition and chemical vapor
deposition (CVD), hot press, and flame spray coating.
25 » After formation of the barrier coat 8a, the reactor structural component 2 on
the outlet side is coated with the platinum coat 8b. In the present embodiment, a
platinum coat 8b about 1 pm in thickness is coated by an ion plating technique.
The thickness of the platinum coat 8b is preferably 0.1 pym to 3 pm. A coat not
thicker than 0 1 pm cannot exhibit catalytic activity for a long time. On the other hand,

30 if the thickness is larger than 3 pm, the cost of forming the platinum coat 8b will
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possibl e to produce noisture at a snmall flow rate using a diluted gas and
to further reduce the size of the reactor shell A |In addition, the

peri pheral edge portions of the respective reflectoréiﬁkﬁl&ﬂsbred 15 at
tapering angle a, which prevents the tenperature fromrising locally on the
peri pheral portion of the platinumcoat catalyst |ayer 8. In case the
material gas mxing and feeding unit 20 is provided, the naterial gas G

wi th oxygen and hydrogen well mxed is fed to the gas feed port 1 a through
the connector 23. This inproves the reaction response characteristic of
hydr ogen ah@rease, ¢ihersh thawillimake littheadiffargeneenin pavalyticu petivife rpad serving leact i on

rate. |If the.femmeratuse requl at 24 1S _Pr.OVi: th eater 25 works to
i ntai n ¢ RartDEBR, Medfifh ok BoinE b8 fo paBROL U BERped WM U1 o st age of
operation of the TRBfiLEds dth@lthanon platifg for férinGfg & BRtiMEM @bat"8Y hidyBeused.
generation reaction rate between hydrogen and oxygen can be obtai ned

begi nni ng Whehinchide jion sputteriog avasunh Gper depastiionfant ehemisak vapor glgpositiops A,

Furt her nor e oler 2 i ncludin he cooling fin 7a, | t.tached to
Che r dhor ofCYRERR ROUGest feshé Fariepohe 54 e ey SE et Bt sanefvbie
t'enper at ur i pidthhg if FRASbRIoe! | A rises because of noisture generation
reaction, the reactor shell Awll be nmaintained at a proper tenperature

t hrough heat di shi thatfirsrembddinvhi bthe Ipeespmtasemtion shaevit indfiGhago HE@ 13, the
illustrated b aps of sever preferred 18 5 .May, 2003 e di nents, one
of ordi nar §e%%1 e Paimieh &51F Ol 17 wEcgHRSE onrbe HA0H Fidite Sladreerae,
substi t uti QRSgctARfcdmRneNeNBRtiR igﬁ?siQ@, éﬂ@gﬁem&a‘ée bR BAQEoY b3 ihiBe Scope
and spirit of the invention as defined by the attached clainms. 19 5 My,
2003 What issle ahditheadflécsor Glon theraurlet side fsdhatgboserpatts g S n® ast not @ernuiedtd si ng:
a reactor shell with au inlet and an outset side, said reactor shell

conpri si ng3°Es3 @RYSt-or structural conponent on the inlet side; and a

: roct o . . .
reactor sriruc Ugfrlc;is, m%@#ﬁﬁnﬁﬂn&%n@%ﬁg o%'tﬂ@mléﬁ@i%&,ﬁt‘h@H{l&cﬂo@}%%@'tﬂé space

is forned with s reactor structura onent on t and sai d

reactor st inlettsiteatheaeflgeeoreindn the cutlet sidet dndtthe likkemaly b fosmed op p asatdral thach

ot her and j oi ned taqget her, )
is not catalytic and resistant to reduction

15 Embodiment 2
FIG 4 is a vertical, sectional view of a reactor for generation of moisture
according to the second embodiment of the present invention. In the second
. embodiment, one reflector 17 in the form of a board is fixed on the reactor structural
component 2 on the outlet side by clamping bolts 13, 14 in the interior space V of the
20 reactor shell A. The second embodiment is almost identical in construction with the first
embodiment shown in FIG. 1 except that only one reflector 17 is used.
In FIG. 4, a hole 18 for mounting a sheath-type thermometer is shown. The
sheath-type thermometer (not shown) is inserted in the reactor structural component 1
on the inlet side. A platinum coat catalyst layer 8 is formed on the inside wall of the
25 reactor structural component 2 on the outlet side.
Furthermore, on the inner surfaces of the reactor structural component 1 on the
inlet side, the outer surfaces of the reflector 17 and the like form barrier coats 9, 19.

The reflector 17 is made of a relatively thick material whose thickness is more
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14 by welding; a gas fee port engaged with said reactor structural
conponent ova the inlet side; a noisture gas take-ougiﬁgéiaﬁg?aged wth
said reactor structural conponent on floe outlet sides i nl et

refl ector disposed on the inside wall of said reactor structural conponent
on the inlet side, positioned opposite to said gas feed port in the
interior space of the reactor; an outlet reflector disposed on the inside
wal | of the said reactor structural conponent on the outlet side,
positioned opposite to said noisture gas take 20 out port in the interior
space of tHensbow W2tk @fckngﬁsmf ahe intarios spacecatiar gxampley dhe pyenglh dorghist he

i de vl il o Rl oh SARI G HEHSSUAR) PR Yo Rl A8 bPlne o

conpri sing a noh-catal and a I hum coa

non- cat al y§gage lwar'meqfenpmhl ﬁwmﬂe fufletar 1Pt Facks €heéiifkedl Whil bf tHeQedtkat i num
25 coat catal yst Iayer in the interior space of said reactor and on said

ref | ect or sstrughrledompopent Sgemtha utle sidgantapered feaitapering aﬂgéeqtnt erior space of
said reactor thr aj. d as feed rt and 0 cont ac h said
pl ati fum coat caf";k%&? the tqrétra&tpf)aggqxgpqr}qg Srlegr%t“f’\}b S?tof tha gen and
oxygen, thegf &QXleEseﬁgél' MGhe AL QQ%eE‘BP'th@)fW&?ﬁ étx%ﬁlréll’%b ohéhtal &Pt'Pne(?ﬂE‘thSt Ion

state; and 30 wherein a round recessi on | at bo tomis forned on
i.nsi de wal kide afd twi cdlterw(fams of ttheceflectat ltalremmemtl wath thedarrier ebatsi9gdé9and

sai d reactqr st tural May, 2003 cqnponent on th Ie S|de
wherein a é?j%b%rem GHmPeé‘t f‘g? ﬁ%{oéts%‘étr“ifgrfé’ﬂkﬂc’“@&g’e Obdﬁ? FtsSt

i nl et ref'?&fe%rfl‘?ﬁl &‘(t}xe‘d%sf (Egn\egﬂyugina fl reactor structural corrponent

on the inlet side an out ector acing the inside wall of said
reactmr struct urhithewmmmhéll Anftledseoorid @hbaliment, @mrhoﬁ offiB raed backfiga i s
formed between said inlet reflector and the inside of said reactor
structuralt SHRRMY seurce midejcan be campletely,sfut gubyafn ?iﬁa Hgs dhreblestaed 15 ai d

outlet ref ?aﬁﬂ‘g& &R&%BQEpACE?reaCW drive 'gr CEhQrte i@é&?&r&”ﬁém ”e“t

on the out or g ture conpri sl

reactor s hékdesm'dl)hm&ﬂe caltét ofthél plafiéin 3dat Watalysi la§ér®) FWﬂﬁHhﬂbﬂ: Hidl \d)hfrﬁélCt or
shel | conpri ses: reactor structural conponent on the inlet side; and a

reactor st (ﬁhé‘tlﬁbr@lad @@m)(ﬂféhﬁt lntﬂﬁlof prace of thetreagtefeshell Asaprherreduredn In ather i or
space,,i s fQ sa reac ructur C ne. ll’l| et, side
and sagl d rgvac Ortwgtsrlzuec f?l?:l § " ?%‘Sﬁtko"ﬁ“ ﬁeer tﬁnP(gt Eﬁaﬁ ﬂ%‘? ??)% falgs 3%%05| te
to each ot glacemeény 6ff gees Whae teemixhig 16bdifbe nAtGRs gheabatfor o, endagasd W th
said reactor structural component on the inlet side; 20 a noisture gas

t ake- out p@hftngéﬁgaged with said reactor structural conponent

Example 1
In the first embodiment shown in FIG. 1, the specifications of the reactor shell
20 A were: the outside diameter 114 mm, the thickness 34 mm, the thickness of the interior
space V 14 mm, the inside diameter of the interior space V 108 mm, the outside
diameter of the reflector 5 on the inlet side and the reflector 6 on the outlet side 80 mm,
the thickness of the same 2mm, the gap L 1 mm, the length of the tapered surface 10
mm. THhe platinum coat catalyst layer 8: TiN barrier coat 5 pm + Pt coat 0.3 um The
25 material of the barrier coats 9, 19 of the reactor structural component 1 on the inlet side
and the two reflectors 5, 12: TiN (5 um)
Moisture was generated using a material gas comprised of mixed gas G of O,
and H; in which the content of H, was 20% rich continuously for more than 100 hours

at 450 to 500°C with sheath-type thermometers inserted at four points at the moisture
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.on the outlet side; a reflector positioned apposite said gas feed port to
said noisture gas take out port in the interior space of said reactor; a

pl ati num coat catal yst |layer formed on the inside wal 3IMay. 2003y reactor 25
structural conponent on the outlet side and conprising a non-catalytic
barrier coat and a platinumwar; and a non-catalytic barrier coat fawned on
parts not provided with the platinumcoat catalyst layer in the interior
space o0 said reactor and on said reflectors; wherein hydrogen and oxygen
are fed into the interior space of said reactor 30 through said gas feed

port and beenggingirateccic bAeGseci e ignitionpofalls, haskfirer thapaslipgtoff aféhe t o
activate the.reactivit e hydrogen and oxygen, thereby -21 5 My,
2003 react Pﬁanmﬁ?%&ﬁxgﬁay%gfﬁgﬁte nto water in a non-conbustion state; and
wherein a round recession with a flat bottomis formed on the inside walls

of said reactor structural conmponent on the inlet side and said reactor
struct ur al Esempledent on the outlet side; wherein the outside diameter of 5

said reflector i i ghtly | er than .t i psi de di. ter

recessi on; where "nalﬁ S?%%‘éireq?tgosdf%?% O¥R i E.ZGp@ t?’f)ﬁ@?‘:éfaca {S&Ptrf’%ﬁ%O of said
ref | eqf or @m:ntmves& dre B@t@l’d@gha%?ét& naa:ﬁhomesmcuﬁésy raelnuﬁomeot%%esg of ke
outl et side; and wherein a gap Is forned between said reflector and the

i nsi de wal inttriorsﬂpacb Ved@tom, she mstd&r dlhmctonpﬁnkmuntmmrt $paceo X |168 mingde¢be 10 3.
A reactor as .defi ed| claim1 erein arrler coat, is fornmed
of a conpolfifess é’&"t'@ e‘?‘%ﬁf‘t‘!‘régﬁ%ﬁﬁ‘ﬂm@ P? ﬂ{f rgfectoy) 102mm, theigaR L i Al N,
Al243, O 2%»\% Pﬂ} e ec%lj\!mdlt%e 4eac€br ds%‘gl(&ﬂx?z{l c@ﬁlpgﬁén't Qe&' fh@ o‘hltl@f mié' 1 %2

id gas

wherein sa port i s provi a’ mat gas m XI ng

f eedi ng unthe gatprbefve&dlthkgrdeditbxenﬂ the Yeatoryyracimgd mompdn@x;?gmrthe ﬁllet/hdeéact or

as defined in claim4, wherein said material gas m xi na and 20 feeding unit
n

conpri&es Hmyhe lspgh Ofé}@daliﬁf?fbs‘{f@ﬁe Phawm (apeiipgrmagen; < 8an Tepatinumesat pi pe
for feed ngatg@/tqu%r %rk% Qf?ﬁfﬁé)rﬁfufe ‘g 8 k9 'Sgu ﬂt%atﬁﬁ%'?é{rﬁ gﬂ']hg ﬂl%efnﬁf the

two feed pip con to sal gas Teed

port; and \WhtHedattier Iasateen[mafﬂfe rE&b‘tchBsﬂrquura?l cBinp6@dnt 1YonCthe S8 sideCind TR er
pi pe sections and | arge- di anet er i pe sections, and that 25 small -di aneter

and | ar ge- d¢flegiorel? ?ﬂfﬁEISQ‘é@thﬁB xe alternated to forma Pi pe 6. A
reactor as defin wher.ei n sai.d reactor further.conprises
renperature rogias et & e HEHEL Py Dof AGOREE e ISR ' 234
speci {3 ¢ | @YBkim@AOd, WodpMition SEHY theli?e bathépReliRBH ¥ thé laﬁmmﬁ%amm n the

outside walls of said reactor structural conmponent on Phe inlet si (feg and
said -22 layer 8 resulted.

Embodiment 3
FIG 5 is a vertical, sectional view of a reactor for generation of moisture
according to the third embodiment of the present invention.

20 The third embodiment is made up of the reactor shell A of the first embodiment,
a material gas mixing and feeding unit 20 and a temperature regulator 24 attached to the
reactor shell A. That is, the reactor shell A of the third embodiment is exactly the same
as that shown in FIG. 1.

In the third embodiment, the reactor shell A shown in FIG 1 is used

25 Alternatively, the reactor shell A of the second embodiment shown in FIG. 4 may be used.

The material gas mixing and feeding unit 20 includes a hydrogen feed pipe 21,
an oxygen feed pipe 22 and a connector 23 to join the downstream ends of the two feed

pipes and connect the pipes 21, 22 to the material gas feed port la of the reactor
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5 May, 2003 reactor structural conponent on the outlet side. 7. A reactor as
defined in claim®6, wherein said tenperature regul ator i S EEOVi ded with a
cooler for cooling said reactor shell. S 8. A reactor ed inclaim
7, wherein said cooler is cooling fins fixed on the outer surface of said
reactor shell. -23 . AU

y. AS3. AY. A@AI 2. A AyL. Al . A(I'l . AE. AE. Af | . AL Al . Al | . AY. ASY. AY. AaE. AAy. A

h. AU A3y2 "([ $; Xtw beAD $ & 2 ~

Oi zuoj e [ V] ca] ca] ca] ca] cal} c™a] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] sujawpbecmpeapetal] e tiednlgtcedd} cal p h Zd~
a

R ot By sl o

" M| wr mhe” Yhe hgdiaggel gighert @L%@Jt%]; 98 CAC ahceaarﬁamlcﬁarﬁ&teﬁlﬁ@ﬂafg%lcﬁaﬁ&@d ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal M " PH##Z$$% ORB&E&D' " J' (+3++. /| AOL

ONOZ0i 001 Qpipe{segsicns aig]alteriated]to fpromd pm]:ca] c”alU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”
hoabafLcal s5brahheladhs Rhaahanuir e ealailinl fed PR B ARV Rocp 170 8
a3 xsni o Zideksadcatiarazboabial 1%l o ab eaberbsatoabsaneal cal cal cal cal ¢
a)J ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EHEEEF<FFFG+Gz
GGGHXHH| wr mhc” Y] The npetataieaegudatbrzyg bea}scth]a ca}:m}sbeﬂ]msq g sfjecifictethpahtoed cal ca]
HH, 1 11 31 2] KI I LLLL) MNMXMx MDNN
b e R TS AL AL Rt
b@%&?%&&@% &Qv@ fsgiﬁe%lé}@h’i’d frl GRIEacA sEruBh A LEAPGRRE Fod HEMAY
ceeeedgg| wsidelah&K}Hec@hctal sifimchwrall @ajpoaént @] omihe judet sidd a’w@htralla dhatashowhya] cal c
I g
o s ahaakia ﬁaﬁ:@;@%ﬂ S8 e 3 e ctor st 4

Ca] oa] eaj cal ca] calt SPAERAE M £ BLEMed R Rl BN Bbd BKETLE B RERt Gl o

caj] ca] ca] ca] ca]cal ca r<rrr uuv<vv

vEw<w=wHWx shally X B2 z{cﬁdkl-dhupermmtéjr]p}esa]m a]rha]:cnahﬂlai aainCalsCthé e@]cma]sﬁélla&x@a] ca]ca
] ca] ca] ca] ca] ca]éca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljca] cal | ||| L}~~"r"$/ YXa.

3| wr mhc”Y] 19 94§ &}w%@t}ltfaqre@f@aqemf@mr@)alyk sireiag dhg Beateradx ap @a]%] Eh‘} cal c”a
#aGRQ/t
Ly oy Ih oL PR FAARRL R0 RhEeh sﬁ% Rt L TS bhfiE K e 2 P2 LT

ca] ca] ca] C;?'H{ofgén-mixeld-r as and at which hydrogen and oxygen react efficiently. Th1s

i kWw mhc”X] ] c”*a]ca] ca ca] cal ca] ca] cal ca cah@c):a(’] cal ca] ca] ca]nca] ca] caljca]ca]c
a] ca] ca] ca]tempeaiica]scet qutlerablyanet hiples! thim-¢ urthermore, the cooler 26 is

cal ch) ca] CAPaEEpOkF SR RS D ARSI N TGRS FaBAR Ch O

] ca] ca] ca] GidvealsQRd Faberlémleal fetém gkamp 46d hizhbRlARd 6£h&ahg 8 Gabsabgal cal c

a] ca] ca] ca] ca!

NAxz gBex| wrhetveqer(hydrogpe afcdcaiygeal sapcia]stabiliza Preahoistucagengiating csbtierd. c 2 a] ca] cal ¢

“ f IMILO %68 M I
R ey e
10%& () - MdaPikt (aler! 8 BV iftbrion/spAER dPthd Aol sﬁélr A]aQé)/@&'eﬁ)d' #ith the non-

bedE+, # 10%G&' & 10%G&' () -S) 10955 () - 3(s10%& () -y&
10958 () - @Rptabyicebariiers coa8a (tl)a,telAD:mellEnum résisomice to reduction and oxidation.

- 1096 () Thse(lgel, r%%gﬁ%ré 1S 1% éLaQ(y t%)e cata})gloc/zﬁﬁgfet su acg 01/5&3§pr(c?se Eareocy € t(h)e )
25 reactor is in operation. As a result, even if moisture is generated using a mixed gas G
with H; in high concentration for a long time, there is no possibility that O, and H; will
violently react locally because of catalytic action of the metal surface other than the
platinum coat catalyst layer 8. Thus, the possibility of ignition of H, and backfire to the
gas supply source side, which could happen with the prior art reactor, can be completely
30 precluded.
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# $ & 2 ~ 0OgH 10GE 10%& ()-F 10%&k ()- 9l0%& ()- Y10%&' ()-3MLO%& ()- 10GG
ELOGGOIi p ‘iiBH 10G&Z109%&' ()-S IlO%_&' (O)-'i S?/(iOiV&' 0 - 1I0%&'_5( - L 0%_&' 0 -
10%& ()- h ZdEH 10GG$ 10%& ()-S# 109& ()- !'yl0%& () —hﬁﬁm Y
109&' ()-#109%& ()-d~ tdEH 10GG 109%&' ()-L-109%& ()-+ 10%& () -
)109& ()-F(109%& ()-& 109%& ()- UAdEH 10G@#109%& () -, Y710%& ()-5 10%&k ()-3
109&' ()-S2 109 ()-O0#10%& ()-U{\= 10G 10%=% ()-1 10% ()-!0Sg
109&' ()-m 109%&' ()-s 10 10 10&s< 10%&' ()- UFBAE{\ = 10GL0%& ()- S 0%=X' () -,
10968 () -f#10%& () - 109%6& ()-910%& ()-B; _dE{\= 10G¢ 10%& () -
1 10%G&' () -, MLOYAESS @lso podmERowt)that1@weas two- reflaatoskds? ¢1) 5442 ai{previdatznd
109 () - +%%1gg/%§l rglgtélﬁ% ﬁjft%?/&las&pngt) 1-1;!) %‘fil(()e%m igf;e( gr-ior art, reflectors relatively large in
outside diameter and thickness can be used. This feature is effective in preventing the
temperature from rising too high in the center of the platinum coat catalyst layer 8 and
5 can eliminate the possibility of the platinum coat catalyst layer 8 from coming off locally.
Furthermore, the reactor is so configured that the respective reflectors are
thicker with a larger outside diameter and with the peripheral edge portion tapered at
tapering angle o. That increases the thermal capacity of the reflector and can effectively
prevent the temperature from rising excessively in the center of the platinum coat
10 catalyst layer 8. In addition, the dead space in the interior space V of the reactor shell A
can be reduced, which facilitates replacement of gases in the reactor. That makes it
possible to produce moisture at a small flow rate using a diluted gas and to further
reduce the size of the reactor shell A.
In addition, the peripheral edge portions of the respective reflectors are tapered
15 at tapering angle o, which prevents the temperature from rising locally on the peripheral
portion of the platinum coat catalyst layer 8.
In case the material gas mixing and feeding unit 20 is provided, the material gas
G with oxygen and hydrogen well mixed is fed to the gas feed port 1a through the
connector 23. This improves the reaction response characteristic of hydrogen and
20 oxygen and further raises the moisture generation reaction rate.
If the temperature regulator 24 is provided, the heater 25 works to maintain the
reactor shell A at 400 to 450°C even in the initial stage of operation of the reactor shell
A. Thus, a high degree of moisture generation reaction rate between hydrogen and
oxygen can be obtained beginning with the initial stage of operation of the reactor shell
25 A i
Furthermore, the cooler 26, including the cooling fins 27a, is attached to the
reactor shell A so as to accelerate heat dissipation Even if the temperature of the
reactor shell A rises because of moisture generation reaction, the reactor shell A will be

maintained at a proper temperature through heat dissipation.

30 While the present invention has been illustrated by means of several preferred
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g10%r& () - <FFFG+Gz GGaBGeactor shell with an inlet and an outlet side, said reactor shell comprising:

5 a reactor structural component on the inlet side; and

a reactor structural component on the outlet side;
wherein an interior space is formed with said reactor structural
component on the inlet side and said reactor structural component

on the outlet side disposed opposite each other and joined together

10 by welding;

a gas fec port engaged with said reactor structural component on the inlet
side;

a moisture gas take-out port engaged with said reactor structural component
on the outlet side;

15 an inolet reflector disposed on the inside wall of said reactor structural

component on the inlet side, positioned opposite to said gas feed port in the
interior space of the reactor;
an outlet reflector disposed on the inside wall of the said reactor structural

component on the outlet side, positioned opposite to said moisture pas take-

20 out port in the interior space of the said r¢actor;

a platinum coat catalyst layer formed on the inside wall of said reactor
structural component on the outlet side and comprising a non-catalytic
barrier coat and a platinum coat; and

a non-catalytic barrier coat formed on parts not provided with the platinum
25 coat catalyst layer in the interior space of said reactor and on said reflectors;
wherein hydrogen and oxygen are fed into the interior space of said reactor
through said gas feed port and brought into contact with said platinum coat
catalyst layer to activate the reactivity of the bydrogen and oxygen, thereby
reacting hydrogen and oxygen into water in a non-combustion state; and

30 wherein a round recession with a flat bottom is formed on inside walls of

said reactor structural component on the inlet side and said reactor structural
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15 4. A reactor as defined in claim 1 ot 2, wherein said pas feed port is provided

with a material gas mixing and feeding unit for feeding a mixed gas of
hydrogen and oxygen.

5. A reactor as defined in claim 4, wherein said material gas mixing and
feeding unit comprises a hydrogen feed pipe for feeding hydrogen, an
oxygen feed pipe for feeding oxygen and a connector for joining the
downstream ends of the two feed pipes and connecting the feed pipes to
said material gas feed port; and wherein the connector formed of a plurality
of small-diameter pipe sections and large-diameter pipe sections, and that
small-diameter and large-diameter pipe sections are alternated to form a
pipe.

20
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6.  Anreactor as defined i clairi 1 or 2, wherein said reactor further comprises
a temperature regulator for heating and mainteining the temperature at a
specific level; and wherein said temperature regulator is provided on the
outside walls of said reactor structural component on the inlet side and said

30
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